
Agency Materials on PFAS Research 
Title Description Link 

Centers for Disease Control and Prevention (CDC) 
CDC/ATSDR PFAS 
Project Highlights 

This document provides an overview 
of ongoing and planned PFAS research 
as well as some research support 
activities. 

CDC - PFAS Research Project Highlights

Department of Defense (DoD) 
DoD Projects An Excel file summarizing ongoing 

DoD-supported PFAS research on 
ecotoxicity, bioaccumulation & 
biomagnification, and fate & 
transport.  

Data to Support the 
Development of 
Toxicity Reference 
Values for Per- and 
Polyfluoroalkyl 
Substances in 
White-Footed Mice 

Army Public Health Center 
presentation slides providing an 
overview of potential PFAS toxicity 
concerns using mice as a model 
organism 

Comparative Serum 
Pharmacokinetics of 
Per- and 
Polyfluoroalkyl 
Substances (PFAS) in 
White-Footed Mice 

Army Public Health Center 
presentation slides and brief written 
summary on PFAS pharmacokinetics in 
mice 

Environmental Protection Agency (EPA) 
Per- and 
Polyfluoroalkyl 
Substances (PFAS) 

EPA’s main webpage provides an 
overview of PFAS and links to their 
ongoing work such as the PFAS Action 
Plan and current research. 

https://www.epa.gov/pfas 

EPA’s PFAS Action 
Plan  

Provides an overview of EPA’s strategy 
for PFAS research and relevant actions 
and a link to the Action Plan.   

https://www.epa.gov/pfas/epas-pfas-
action-plan 

Overview 
Presentation of 
EPA’s PFAS Research 

The PDF slides from a presentation 
providing background information on 
PFAS and EPA’s ongoing work to 
address PFAS contamination 

https://www.epa.gov/chemical-
research/overview-presentation-epas-pfas-
research 

EPA and NEHA 
Webinar: PFAS 
Research 

A webinar presentation on EPA’s 
approach to understanding and 
managing environmental risk from 
PFAS 

https://www.youtube.com/watch?reload=
9&v=HtYhAaj5WEg&feature=emb_title 

Research on Per- 
and Polyfluoroalkyl 
Substances (PFAS)  

An overview of EPA PFAS research and 
relevant links to ongoing research, 
webinars, and EPA newsletter articles 

https://www.epa.gov/chemical-
research/research-and-polyfluoroalkyl-
substances-pfas 

Status of EPA 
Research and 
Development on 
PFAS 

This webpage is updated quarterly 
and provides information about EPA’s 
work on PFAS detection, toxicity, 
contamination, and mitigation. It also 
lists extramurally funded research 
projects.  

https://www.epa.gov/chemical-
research/status-epa-research-and-
development-pfas 

DOD - DoD Projects

DOD - Narizzano_SETAC19

DOD - Narizzano TSTC

DOD - 13May2020 Narizzano SETAC 202

https://www.epa.gov/pfas
https://www.epa.gov/pfas/epas-pfas-action-plan
https://www.epa.gov/pfas/epas-pfas-action-plan
https://www.epa.gov/chemical-research/overview-presentation-epas-pfas-research
https://www.epa.gov/chemical-research/overview-presentation-epas-pfas-research
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https://www.epa.gov/chemical-research/status-epa-research-and-development-pfas#toxicity


GenX and PFBS 
Draft Toxicity 
Assessments 

This website provides draft toxicity 
assessments on newer PFASs. 

https://www.epa.gov/pfas/genx-and-pfbs-
draft-toxicity-assessments 

IRIS Assessments These are links to Integrated Risk 
Information System (IRIS) Assessments 
on PFASs. 

https://cfpub.epa.gov/ncea/iris2/chemicalL
anding.cfm?&substance_nmbr=701 

https://cfpub.epa.gov/ncea/iris2/chemicalL
anding.cfm?&substance_nmbr=702 

https://cfpub.epa.gov/ncea/iris2/chemicalL
anding.cfm?&substance_nmbr=705 

PFAS Chemical Lists 
and Tiered Testing 
Methods 

This website provides information on 
different types of PFAS and existing 
assays used to assess their potential 
toxicity. 

https://www.epa.gov/chemical-
research/pfas-chemical-lists-and-tiered-
testing-methods-descriptions 

Food and Drug Administration (FDA) 
FDA’s PFAS 
webpage 

This website includes testing results of 
PFAS in food and authorized uses in 
food contact applications.  

https://www.fda.gov/food/chemicals/and-
polyfluoroalkyl-substances-pfas 

FDA analytical 
methods for PFAS in 
food  

This document provides a 
compendium of FDA analytical 
methods for 16 PFAS 

https://www.fda.gov/media/131510/downl
oad 

National Cancer Institute (NCI) 
Summary of 
research paper 

This link provides a summary of 
Shearer et al. 2020, which reported an 
association between PFOA and kidney 
cancer. 

https://dceg.cancer.gov/news-
events/news/2020/pfoa-kidney 

National Institute of Environmental Health Sciences (NIEHS) 
Per- and 
Polyfluoroalkyl 
Substances (PFAS) 

This page provides an overview of 
NIEHS research on PFAS as well as 
links to published studies, NIEHS-
supported researchers, and upcoming 
events. 

https://www.niehs.nih.gov/research/suppo
rted/exposure/pfas/index.cfm 

NIEHS-Supported 
Researchers 
Focusing on PFAS 

This page provides a list of current 
NIEHS-supported PFAS research, links 
to project summaries, and a map of 
the United States showing where each 
research group is located.  

https://www.niehs.nih.gov/research/suppo
rted/exposure/pfas/researchers/index.cfm 

Perfluoroalkyl and 
Polyfluoroalkyl 
Substances (PFAS) 

This is an overview page for NIEHS 
information on PFAS and some 
ongoing PFAS research.  

https://www.niehs.nih.gov/health/topics/a
gents/pfc/index.cfm 

PFAS Research This website provides an overview of 
ongoing PFAS research, funding, and 
collaboration. 

https://www.niehs.nih.gov/research/progr
ams/pfas/index.cfm 

Per- and 
Polyfluoroalkyl 
Substances (PFAS) 

This is an overview page for the 
National Toxicology Program’s (NTP) 
PFAS research. It also provides fact 
sheets and study findings. 

https://ntp.niehs.nih.gov/whatwestudy/to
pics/pfas/index.html 

Perfluoroalkyl and 
Polyfluoroalkyl 
Substances (PFAS) 

This is an NIEHS fact sheet on PFAS, 
human exposure, and human health. 

https://www.niehs.nih.gov/health/material
s/perfluoroalkyl_and_polyfluoroalkyl_subst
ances_508.pdf 

https://www.epa.gov/pfas/genx-and-pfbs-draft-toxicity-assessments
https://www.epa.gov/pfas/genx-and-pfbs-draft-toxicity-assessments
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?&substance_nmbr=701
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?&substance_nmbr=701
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?&substance_nmbr=702
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?&substance_nmbr=702
https://www.epa.gov/chemical-research/pfas-chemical-lists-and-tiered-testing-methods-descriptions
https://www.epa.gov/chemical-research/pfas-chemical-lists-and-tiered-testing-methods-descriptions
https://www.epa.gov/chemical-research/pfas-chemical-lists-and-tiered-testing-methods-descriptions
https://www.fda.gov/food/chemicals/and-polyfluoroalkyl-substances-pfas
https://www.fda.gov/food/chemicals/and-polyfluoroalkyl-substances-pfas
https://www.fda.gov/media/131510/download
https://www.fda.gov/media/131510/download
https://dceg.cancer.gov/news-events/news/2020/pfoa-kidney
https://dceg.cancer.gov/news-events/news/2020/pfoa-kidney
https://www.niehs.nih.gov/research/supported/exposure/pfas/index.cfm
https://www.niehs.nih.gov/research/supported/exposure/pfas/index.cfm
https://www.niehs.nih.gov/research/supported/exposure/pfas/researchers/index.cfm
https://www.niehs.nih.gov/research/supported/exposure/pfas/researchers/index.cfm
https://www.niehs.nih.gov/health/topics/agents/pfc/index.cfm
https://www.niehs.nih.gov/health/topics/agents/pfc/index.cfm
https://www.niehs.nih.gov/research/programs/pfas/index.cfm
https://www.niehs.nih.gov/research/programs/pfas/index.cfm
https://ntp.niehs.nih.gov/whatwestudy/topics/pfas/index.html
https://ntp.niehs.nih.gov/whatwestudy/topics/pfas/index.html
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https://www.niehs.nih.gov/health/materials/perfluoroalkyl_and_polyfluoroalkyl_substances_508.pdf


NIEHS Supported 
Publications on Per- 
and Polyfluoroalkyl 
Substances (PFAS) 

This is a sortable, searchable list of 
NIEHS-supported PFAS studies from 
1989 to present. 

https://www.niehs.nih.gov/research/resou
rces/pfas/index.cfm 

PFAS Collection This is an overview and a series of 
links for some high-impact PFAS 
articles and reviews in Environmental 
Health Perspectives. 

https://ehp.niehs.nih.gov/curated-
collections/pfas 

NIEHS – FY19 PFAS This spreadsheet provides information 
on ongoing NIEHS-supported PFAS 
research. 

National Institutes of Standards and Technology (NIST) 
Measurement 
Science of Per- and 
Polyfluoroalkyl 
Substances (PFAS) 

This is an overview of NIST’s current 
PFAS research and research 
objectives. 

https://www.nist.gov/programs-
projects/measurement-science-and-
polyfluoroalkyl-substances-pfas 

United States Geologic Survey (USGS) 
Relevant USGS 
Studies on Human 
Health 

This document provides links to three 
USGS studies on PFAS in drinking 
water. 

NIEHS - FY20 PFAS NIEHS All 10.16.20 
See PDF attachments for Excel file.

Relevant USGS Studies on Human Health

https://www.niehs.nih.gov/research/resources/pfas/index.cfm
https://www.niehs.nih.gov/research/resources/pfas/index.cfm
https://ehp.niehs.nih.gov/curated-collections/pfas
https://ehp.niehs.nih.gov/curated-collections/pfas
https://www.nist.gov/programs-projects/measurement-science-and-polyfluoroalkyl-substances-pfas
https://www.nist.gov/programs-projects/measurement-science-and-polyfluoroalkyl-substances-pfas
https://www.nist.gov/programs-projects/measurement-science-and-polyfluoroalkyl-substances-pfas
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Introduction 
CDC/ATSDR scientists work to identify and address key knowledge gaps on PFAS, including human health effects, sources of exposure, and 
toxicological properties. Through exposure science, epidemiologic, and toxicological methods, we continue to expand the understanding of PFAS 
exposure and its relationship to adverse health effects.  


Project Highlights 


Ongoing Projects 


1. CDC/ATSDR Exposure Assessments  


2. COVID & PFAS Study Among First Responders  


3. Ecological Studies of PFAS and Selected Health Outcomes  


4. Multi-Site Health Study  


5. National Health and Nutrition Examination Survey (NHANES): Biomonitoring Analyses 


6. NHANES Cohort Study on the Association Between PFAS exposure and Cardiovascular Health Outcomes 


7. NIOSH Fire Fighter Exposure Assessment 


8. NIOSH Cross-Sectional Study 


9. NIOSH Firefighter Textile Study  


10. Pease Health Study  


11. Qualitative Assessment of Stress & Resilience in PFAS-Affected Communities  


 


Planned Projects 


1. CDC/ATSDR and EPA PFAS Human Exposure Pathways Analysis  


2. Case-Cohort Study of Cancer and PFAS 
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3. PFAS Exposure and Increased Susceptibility to Viral Infections (e.g., COVID-19) 


 


Research Support Activities 


1. National Biomonitoring Program  


2. PFAS Mixtures Risk Assessment 


 


Ongoing Projects 


CDC/ATSDR Exposure Assessments  
CDC/ATSDR is conducting PFAS Exposure Assessments in eight communities near current or former military bases that are known to have had PFAS 
in their drinking water. The primary goal of these exposure assessments is to provide information to communities about levels of PFAS in their 
bodies. To select the sites, CDC/ATSDR used a rigorous process, starting by identifying all communities that were known to have PFAS in their 
drinking water and then examining the estimated number of people exposed, magnitude of exposure, length of time, and complexity of the drinking 
water system. CDC/ATSDR exposure assessments sites include: 


 Hampden County, MA 


 Berkeley County, WV 


 New Castle County, DE 


 Orange County, NY  


 Spokane County, WA 


 Lubbock County, TX 


 El Paso County, CO 


 Fairbanks North Star Borough, AK


In addition to assessing PFAS exposure at these eight sites, CDC/ATSDR developed the PFAS Exposure Assessment Technical Tools (PEATT) to help 
State, local, tribal, and territorial health departments conduct PFAS biomonitoring activities, with the assumption that drinking water is the primary 
source of PFAS exposure. Through a cooperative agreement with the Association of State and Territorial Health Officials, the Pennsylvania 
Department of Health, and the New York State Department of Health, CDC/ATSDR provided funding to implement and evaluate PEATT at two 
additional sites: 


 Bucks and Montgomery Counties, PA 


 Westhampton, NY 


These efforts will provide a summary of factors influencing serum PFAS concentrations in communities with known drinking water exposure that 



https://www.atsdr.cdc.gov/pfas/activities/assessments.html

https://www.atsdr.cdc.gov/pfas/activities/assessments/peatt.html
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can drive public health actions and inform future health studies, both in the communities studied and other communities. 


Study Design Study Population Exposure Health Outcomes Data Source(s) 
Exposure 
Assessment 


 


Communities near current or former 
military bases and that are known to 
have had PFAS in their drinking water 


PFAS serum, urine, tap water, 
and indoor dust measurements; 
exposure parameters (e.g. 
drinking water concentration, 
duration of exposure, sex, age, 
consumer product use, diet, 
work history, etc.) 


N/A Primary data 
collection  


 


COVID-19 & PFAS Study Among First Responders 
CDC’s National Center for Environmental Health and ATSDR are collaborating with CDC’s National Center for Immunization and Respiratory Disease 
(NCIRD) and the COVID-19 Response Epidemiology Task Force on the RECOVER/AZ HEROES study of COVID-19 in Healthcare Providers and First 
Responders. NCEH/ATSDR will support a sub-study evaluating the impact of PFAS exposure on COVID-19 susceptibility and illness. The NCEH 
laboratory will measure PFAS in blood samples collected from participants at the beginning, middle, and end of the study to investigate the 
association between PFAS serum concentrations and COVID-19 diagnosis. The study is being led by the influenza division within NCIRD with NCEH’s 
laboratory providing sample analysis.  
 


Study Design Study Population Exposure Health Outcomes Data Source(s) 
Prospective 
cohort study  


First responders and health care 
providers   


PFAS serum measurements  COVID-19 diagnosis  Primary data 
collection  


Ecological Studies of PFAS and Selected Health Outcomes  


CDC/ATSDR is performing ecologic analyses to examine aggregate-level incidence rates of adult and child cancers, selected causes of death, and 
selected birth outcomes in relation to geographically defined levels of PFAS in drinking water. This study will provide information to help guide 
future epidemiologic studies and information to help states and local public health agencies target future efforts to better understand the health 
impacts of PFAS in affected communities.  


Study Design Study Population Exposure Health Outcomes Data Source(s) 
Ecological 
analysis at the 
zip code level  


10 states (exact states being 
determined), all ages will be included   


Individual PFAS and common 
mixtures of PFAS in drinking 
water  


Select adult and childhood cancers; 
select causes of death; birth 
outcomes  


UCMR 3 (2013-
2015); US census 
data; State vital 
statistics (2000-
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2016); State cancer 
registries (2000-
2016)   


Multi-Site Health Study  


In September 2019, CDC/ATSDR established cooperative agreements with seven partners across the nation to establish the Multi-Site Health 
Study, which will examine how drinking water that contains PFAS may harm health. The seven Multi-Site Health Study partners in addition to the 
first site at the Pease International Tradeport in Portsmouth (Pease Study) are: 


 Colorado School of Public Health, University of Colorado Anschutz Medical Campus, to look at exposures in El Paso County, CO 


 Michigan State Department of Health and Human Services to look at exposures in Parchment/Cooper Township, MI, and 
Belmont/Rockford area, MI 


 RTI International and the Pennsylvania Department of Health to look at exposures in Montgomery and Bucks Counties, PA,  


 Rutgers University Biomedical and Health Sciences – School of Public Health to look at exposures in Gloucester County, NJ 


 Silent Spring Institute to look at exposures in Hyannis, MA, and Ayer, MA 


 University at Albany, SUNY and New York State Department of Health to look at exposures in Hoosick Falls, NY, and Newburgh, NY 


 University of California – Irvine to look at exposures in communities near the UC Irvine Medical Center 


The objective of this study is to evaluate the potential associations between specific health effects and serum PFAS concentrations among those 
exposed to PFAS-contaminated drinking water. This study will provide information on the relationship between PFAS exposure and health 
outcomes among differing populations. The information learned from the study can be applied to communities across the nation. 


Study Design Study Population Exposure Health Outcomes Data Source(s) 
Multi-site cross-
sectional study 


2,100 children and 7,000 adults across 
seven sites  


 


PFAS serum measurements, 
PFAS urine measurements, 
historical reconstruction and 
pharmacokinetic modeling of 
PFAS exposure 


In adults and children: lipids; 
glycemic parameters; diabetes; 
liver function and disease; kidney 
function and disease; thyroid 
hormones and disease; and 
immune response and function  
In adults: cardiovascular disease; 
osteoarthritis and osteoporosis; 
endometriosis; and autoimmune 


Primary data 
collection 



https://www.atsdr.cdc.gov/pfas/activities/studies/multi-site.html

https://www.atsdr.cdc.gov/pfas/activities/studies/multi-site.html
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disease 
In children: differences in sex 
hormones and sexual maturation; 
vaccine response; and 
neurobehavioral outcomes 


 


National Health and Nutrition Examination Study (NHANES): Biomonitoring Analyses 


The National Health and Nutrition Examination Survey (NHANES) is a program of studies designed to assess the health and nutritional status of 
adults and children in the United States. The survey is conducted by CDC’s National Center for Health Statistics and the National Center for 
Environmental Health’s Division of Laboratory Sciences, which conducts the biomonitoring analyses for NHANES. Serum levels of legacy PFAS have 
been measured continuously since the 1999-2000 NHANES cycle, allowing for analysis of trends and evaluation of public health mitigation 
strategies implemented at a national level. Of late, measurement of emerging PFAS, such as GenX and ADONA, have also been included in select 
NHANES cycles. Findings from NHANES are used to determine the prevalence of major diseases and risk factors for diseases. Information is used 
to assess nutritional status and its association with health promotion and disease prevention. NHANES findings are also the basis for national 
standards for such measurements as height, weight, and blood pressure. Data from this survey are used in epidemiological studies and health 
sciences research, which help develop sound public health policy, direct and design health programs and services, and expand the health 
knowledge for the Nation. 


Study Design Study Population Exposure Health Outcomes Data Source(s) 
Cross-sectional 
Survey 
(NHANES) 


 


For PFAS, a nationally representative 
1/3 subset sample of the U.S. 
population 12 years of age and older 
(ca. 1,000 people per year) 


PFAS serum measurements N/A Primary data 
collection 


 


NHANES Cohort Study on the Association Between PFAS exposure and Cardiovascular Health Outcomes 


The objective of this study is to longitudinally examine the associations between serum PFAS concentrations and subsequent myocardial infarction, 
ischemic stroke, and any stroke among NHANES participants aged ≥65 years. Data on occurrence of the outcomes after the time of the NHANES 
survey are from linked National Death Index and Medicare claims data. The analysis used survival analysis models with an age time scale.  Models 
were weighted to account for survey design and Medicare matching, and controlled for potential confounders selected with consideration of 
causal relationships. This study will provide additional information on possible associations between PFAS and cardiovascular disease.   



https://www.cdc.gov/nchs/nhanes/

https://www.cdc.gov/nchs/nhanes/
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Study Design Study Population Exposure Health Outcomes Data Source(s) 
Retrospective 
cohort study 


NHANES participants aged ≥65 years 


with PFAS measurements and 
Medicare fee-for-service 
enrollment at the time of the NHANES 
survey.   


PFAS serum measurements Myocardial infarction, ischemic 
stroke, and any stroke  


NHANES (1999-2000 
and 2003-2012), 
National Death 
Index (1999-2013), 
Medicare claims 
data (1999-2013)  


NIOSH Fire Fighter Exposure Assessment 


The National Institute for Occupational Safety and Health (NIOSH) Division of Field Studies and Engineering (DFSE) is conducting two exposure 
assessments where occupational exposure to PFAS in firefighters is a component of the study. These studies are part of Fire Fighter Cancer Cohort 
Study (FFCCS)—a multicenter study of firefighters focused on carcinogenic exposures, health effects, and cancer prevention—and include measure 
of PFAS exposure in airport firefighters, structural firefighters, and firefighters during wildland-urban interface. These studies will provide 
information on human exposure, as well as potential impacts on health and routes of exposure for workers.  


Study Design Study Population Exposure Health Outcomes Data Source(s) 
Exposure  
assessment  


Airport firefighters and structural 
firefighters from diverse regions in 
the U.S. as well as firefighters during 
wildland-urban interface responses in 
southern California. Firefighters in 
this study must be at least 18 years of 
age. The FFCCS is a nationally 
representative study 
of 10,000 firefighters, however 
 analyses of PFAS are limited to a few 
hundred in these studies 


PFAS serum and 
air measurements  


DNA methylation and mRNA in 
human serum and in 
vitro assays using colon, 
kidney, and prostate epithelial cell 
lines 


Fire Fighter Cancer 
Cohort Study; 
primary data 
collection (2020 – 
2022)  


NIOSH Cross-Sectional Study 


The National Institute for Occupational Safety and Health (NIOSH) Division of Field Studies and Engineering (DFSE) is conducting a cross-
sectional feasibility study of exposure and indicators of health in workers from industries with high to moderate PFAS use, including the 
manufacturing and services sectors. Data will be collected and analyzed from 150 workers across multiple worksites in the U.S. Exposure will be 
measured in biological samples as well as air collected from the worksite. PFAS in serum will be compared to concentrations in the general U.S. 
population and evaluated by industry and exposure factors. Health indicators will be measured in whole blood or serum. This study will 
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provide critical information on human exposure, including the potential upper range of exposure and insight into PFAS currently used in 
occupational settings, as well as potential impacts on health indicators and routes of exposure for workers. Based on the results of this study, 
additional research may be necessary to provide more thorough analyses of specific occupations or additional evaluation and method 
considerations for PFAS in occupational settings.  


Study Design Study Population Exposure Health Outcomes Data Source(s) 
Cross-
sectional study  


150 adult workers from 
industries across the U.S. with high to 
moderate PFAS use, including the 
manufacturing and services sectors  


PFAS serum and 
air measurements as well as 
limited questions necessary for 
interpreting the data  


Measured in whole blood or 
serum: Lipids, thyroid function, liver 
function, kidney function, sex 
hormones, inflammatory and 
immunological response, and 
measures of metabolic and cardiac 
function 


Primary data 
collection (2021-
2023)  


NIOSH Firefighter Textile Study  


The National Institute for Occupational Safety and Health (NIOSH) National Personal Protective Technology Laboratory (NPPTL) is assessing 
structural firefighter textiles for the presence of PFAS compounds. Experiments will be designed to determine possible exposures to the firefighter 
from the durable water repellents applied to the textiles comprising their gear. This project will evaluate new/unused structural textiles to 
determine which PFAS compounds are present in garments and will measure the initial concentrations of those chemicals. This will serve as a 
baseline for additional experiments that will evaluate how the concentration changes with laundering cycles conducted in accordance with 
industry standards. The concentrations of individual chemicals will be measured and plotted against the number of cycles to establish a 
degradation curve. Additionally, recently worn, soiled textiles will be analyzed for PFAS contamination to provide a more complete exposure 
assessment. This information will be provided to the National Fire Protection Association for inclusion in future standards to reduce firefighter 
exposure to PFAS compounds. 


Study Design Study Population Exposure Health Outcomes Data Source(s) 
Basic Research/ 
Exposure  
Assessment  


Firefighters throughout the United 
States  


Initial PFAS concentrations in 
textiles, PFAS concentrations in 
washed textiles, PFAS 
concentrations in recently worn, 
soiled textiles  


N/A  Primary data 
collection  


Pease Study  
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The objective of the Pease Study is to examine human health effects of PFAS exposure through contaminated drinking water. The Pease 
International Tradeport (Pease) is the first site of the national Multi-Site Health Study. As an integral part of the Pease Study, a historical 
reconstruction of the PFAS contamination in the Pease Tradeport was conducted in 2019. Historical reconstruction of the water supply was 
completed using a combination of modeling tools aimed at providing researchers with a more accurate estimate of the total PFOS and PFOA 
concentrations in the water system between 1993 and 2014. The results of this study will serve as a major contribution to the body of scientific 
research on the health effects of PFAS.  


Study Design Study Population Exposure Health Outcomes Data Source(s) 
Cross-sectional 
study 


1,000 adults who worked or attended 
school at Pease at from January 2004 
to May 2014, or lived in Newington, 
NH at anytime from January 2004 to 
the present and used PFAS 
contaminated private well. 350 
children who attended daycare at 
Pease from January 2004 to May 
2014, or was born to and/or breastfed 
by a mother who meets the adult 
eligibility criteria. 100 adults and 175 
children unexposed to the PFAS-
contaminated drinking water. 


PFAS serum measurements, 
PFAS urine measurements, 
historical reconstruction and 
pharmacokinetic modeling of 
PFAS exposure 


In adults and children: lipids; 
glycemic parameters; diabetes; 
liver function and disease; kidney 
function and disease; thyroid 
hormones and disease; and 
immune response and function  
In adults: cardiovascular disease; 
osteoarthritis and osteoporosis; 
endometriosis; and autoimmune 
disease 
In children: differences in sex 
hormones and sexual maturation; 
vaccine response; and 
neurobehavioral outcomes 


Primary data 
collection; Historical 
exposure data  


Qualitative Assessment of Stress & Resilience in PFAS-Affected Communities  


As part the CDC/ATSDR Community Stress and Resilience Project, a series of interviews with six community members and three public health 
department representatives were conducted from July to September 2019. The objective of this assessment was to examine the PFAS exposure 
experience and associated stressors to elucidate practical recommendations for effective risk communication and community outreach efforts 
during public health response. The findings of this activity suggest that exposure experience and related stressors are similar to those reported in 
other communities affected by chronic environmental contamination. Therefore, stress intervention approaches that have been proven effective 
in other communities may be impactful if implemented in PFAS-contaminated communities. The results of this assessment were used to inform 
development of communications materials, educational resources, and public health guidance related to community stress during chronic 
environmental contamination. 


Study Design Study Population Exposure Health Outcomes Data Source(s) 



https://www.atsdr.cdc.gov/pfas/activities/pease.html

https://www.atsdr.cdc.gov/pfas/activities/studies/multi-site.html
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Semi-structured 
qualitative 
telephone 
interviews 


Community members (n=6) who lived 
in areas recently impacted by PFAS 
contamination and who were active in 
grassroots activities related to PFAS; 
Public health department 
representatives (n=3) who worked in 
states with active PFAS sites, and who 
were involved in PFAS community 
outreach and engagement efforts  


N/A N/A Primary data 
collection 


 


Planned Activities 


CDC/ATSDR and EPA PFAS Human Exposure Pathways Analysis  


The overarching objective of this study is to advance PFAS human exposure measurement methodologies and encourage common collection of 
concordant information that will increase the impact of individual studies and enable understanding of important PFAS exposure pathways. The 
U.S. Environmental Protection Agency’s (EPA) Center for Public Health and Environmental Assessment (CPHEA) in coordination with EPA’s Safe and 
Healthy Communities National Research Program is funding research to supplement the CDC/ATSDR Exposure Assessments, where PFAS 
biomonitoring is being conducted, with residential and personal exposure measures. CDC/ATSDR is partnering with EPA to develop the study design. 
CDC/ATSDR will complete protocol development and approval, sample collection and analysis, and results reporting.   


Case-Cohort Study of Cancer and PFAS 


CDC/ATSDR is in the planning stages for a study that will examine the association between PFAS exposure and various types of cancers. Exposures 
will be assessed through new PFAS measurements performed on stored serum specimens 


PFAS Exposure and Increased Susceptibility to Viral Infections (e.g., COVID-19) 


CDC/ ATSDR is planning a study to examine associations between PFAS exposure and susceptibility to viral infections including, but not limited to, 
COVID-19. The study will ask participants in previously conducted exposure assessment studies to complete periodic questionnaires asking about 
their health status and the occurrence of symptoms related to viral infection. The analysis will use logistic regression to model the odds of various 
symptom combinations in relation to previously measured PFAS serum concentrations, controlling for relevant covariates. This study will provide 
information on the association between PFAS exposure and susceptibility to viral infections, which is of concern because exposure to high levels 



https://www.atsdr.cdc.gov/pfas/activities/assessments.html
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of PFAS might affect the immune system.  


 


Research Support Activities 


National Biomonitoring Program 


CDC’s National Center for Environmental Health’s (NCEH) Division of Laboratory Sciences coordinates the National Biomonitoring Program (NBP) 
which offers an assessment of nutritional status and the exposure of the U.S. population to environmental chemicals and toxic substances. NBP 
develops and publishes advanced laboratory methods and helps assure the quality of laboratory test data. NBP funds and supports state-based 
biomonitoring programs and trains state public health laboratories in biomonitoring methods. NPB scientists collaborate with partners on 60–70 
studies each year examining the effects of environmental exposure and respond to requests for aid in epidemiological investigations where 
chemical exposure is suspected.  NPB scientists also periodically publish biomonitoring data from the National Health and Nutrition Examination 
Survey (NHANES) in the National Report on Human Exposure to Environmental Chemicals and Updated Tables. Information from the National 
Biomonitoring Program is used to improve the detection, diagnosis, increase understanding of the impact on environmental factors on health and 
disease, and track exposure trends and impacts of public health programs. 


PFAS Mixtures Risk Assessment  


The objective of this work is to evaluate exposure and health effects data to assess health impacts from exposure to mixtures of PFAS. Human 
populations are potentially exposed PFAS as mixtures. Because such exposures can be complex, environmental risk assessment poses a challenge 
for public health assessors. This project will use the 2018 CDC/ATSDR Framework for Assessing Health Impact of Multiple Chemicals and Other 
Stressors to PFAS mixtures. Case studies will be developed based on available data to show procedures and specific methods that can be currently 
used. This project will also keep abreast of development of CDC/ATSDR’s minimal risk levels (MRLs), guidance values of other federal and state 
entities, and appropriate use of published information included in the CDC/ATSDR toxicological profile. 



https://www.cdc.gov/biomonitoring/index.html

https://www.cdc.gov/exposurereport/

https://www.atsdr.cdc.gov/interactionprofiles/ipga.html

https://www.atsdr.cdc.gov/interactionprofiles/ipga.html






Comparative serum pharmacokinetics of Per- and Polyfluoroalkyl Substances (PFAS) in 


White-Footed Mice 


Allison Narizzano, Carrie McDonough, Christopher Higgins, Michael Quinn, Jr. 


 


Per- and polyfluoroalkyl substances (PFAS) are compounds manufactured for use in paints, 


cleaning agents, fire suppressants, non-stick cookware and food containers, and water-resistant 


products. Concerns about PFAS stem from their ubiquitous presence in the environment, 


widespread reports of general toxicity in laboratory animals, and the resistance of these compounds 


to degradation. In the present study, five perfluoroalkyl substances and one polyfluoroalkyl 


substance were administered to white-footed mice (Peromyscus leucopus) to elucidate the 


accumulation of each chemical over 28 days of exposure. PFOA, perfluorohexane sulfonate 


(PFHxS), and perfluorobutane sulfonate (PFBS) were administered to male and female mice via 


drinking water. PFOS, perfluorononanoate (PFNA), 6:2 fluorotelomer sulfonate (6:2 FTS), and 


PFHxS were administered to male and female mice via oral gavage. Blood samples were taken at 


0, 14 or 21, and 28 days of exposure and analyzed for individual PFAS concentrations via liquid 


chromatography/tandem mass spectrometry (LC-MS/MS). In general, serum concentrations were 


comparable in male and female P. leucopus exposed to PFAS.  Animals appeared to reach serum 


steady-state after approximately 21 days of exposure and serum steady-state concentrations for 


each PFAS were generally proportional to the administered dose. Exceptions included: 1) 6:2 FTS 


and PFHxS, where biotransformation and/or rapid clearance seemed to be occurring between days 


21 and 28 of exposure, and 2) PFNA, where females had higher body burdens than males. As such, 


future work on the toxicokinetics of these three chemicals in P. leucopus would be valuable. 








Topic Project Title Investigator
Initation


Date
Completion


Date Project No. Link


Ecotoxicity Development of Toxicity Data to Support Mammalian Toxicity 
Reference Values for Perfluorinated Compounds


Michael Quinn
US Army PHC


FY16 FY20 ER-2625 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Contaminated-Groundwater/ER-2625


Bioaccumulation & 
Biomagnification


Uptake and Bioaccumulation/Biomagnification of Subsurface-
Derived PFASs by lotic, Warm Water Food Webs


Marie Kurz
Drexel University


FY19 FY22 ER19-1032 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Risk-Assessment/ER19-1032


Bioaccumulation & 
Biomagnification


Determination of Biomagnification Potentials for PFASs in 
Terrestrial Food-webs


Roman Kuperman
U.S. Army Edgewood


FY19 FY22 ER19-1041 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Risk-Assessment/ER19-1041


Bioaccumulation & 
Biomagnification


Physiological, Ecological and Environmental Determinants of PFAS 
Accumulation in Fish: Towards an Improved Bioaccumulation 
Model 


Chris Salice
Towson State University


FY19 FY22 ER19-1193 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Risk-Assessment/ER19-1193


Bioaccumulation & 
Biomagnification


Developing a Predictive Understanding of PFAS Bioaccumulation 
with Environmental Complexity: Application to the Model Benthic 
Invertebrate Hyalella azteca and the Common Fish Model 
Pimephales promelas 


Matt Simcik
University of Minnesota


FY19 FY22 ER19-1350 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Risk-Assessment/ER19-1350


Ecotoxicity Comparative Assessment of Toxicity and Bioaccumulation of 
PFAS-Free Formulations in Terrestrial Plants and Model Soil 
Invertebrates


Xiaoqin Wu
LBNL


FY20 FY21 ER20-1511 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Risk-Assessment/ER20-1511


Ecotoxicity Multi-taxa ecotoxicity of Novel PFAS Free Foam versus New 
Generation Short Chain PFAS Aqueous Film Forming Foam 
Products


Jamie Suski
EA Engineering


FY20 FY23 ER20-1531 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Risk-Assessment/ER20-1531


Ecotoxicity The relative toxicities of current use aqueous film forming foams 
and next generation alternatives to aquatic species for informing 
risk assessment


Jason Hoverman
Purdue University


FY20 FY23 ER20-1537 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Risk-Assessment/ER20-1537


Fate & Transport Behavior of Perfluoroalkyl Chemicals in Groundwater


Chris Higgins
Colorado School of Mines


FY11 FY14 ER-2126 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Contaminated-Groundwater/Emerging-Issues/ER-2126


Fate & Transport Characterization of the Fate and Biotransformation of 
Fluorochemicals in AFFF-Contaminated Groundwater at Fire/Crash 
Testing Military Sites


Jennifer Field
Oregon State University


FY11 FY14 ER-2128 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Contaminated-Groundwater/Emerging-Issues/ER-2128


Fate & Transport Key Fate and Transport Processes Impacting the Mass Discharge, 
Attenuation, and Treatment of Poly- and Perfluoroalkyl Substances 
and Comingled Chlorinated Solvents or Aromatic Hydrocarbons Chris Higgins


Colorado School of Mines


FY17 FY21 ER-2720 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Contaminated-Groundwater/ER-2720


Fate & Transport Development and Laboratory Validation of Mathematical Modeling 
Tools for Prediction of PFAS Transformation, Transport, and 
Retention in AFFF Source Areas


Linda Abriola
Tufts University


FY18 FY22 ER18-1149 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Contaminated-Groundwater/Emerging-Issues/ER18-1149


Fate & Transport Insights into the Long-Term Mass Discharge & Transformation of 
AFFF in the Unsaturated Zone


Charles Schaefer
CDM Smith


FY18 FY22 ER18-1204 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/ER18-1204


Fate & Transport A Mechanistic Understanding of PFASs in Source Zones: 
Characterization and Control


Jennifer Field
Oregon State University


FY18 FY22 ER18-1259 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/ER18-1259


Fate & Transport Evaluating the Importance of Precursor Transport and 
Transformation for Groundwater Contamination with Poly- and 
Perfluoroalkyl Substances


Elsie Sunderland
Harvard University


FY18 FY22 ER18-1280 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/ER18-1280


Fate & Transport Limited-Scope Proposal: Baseline Data Acquisition and Numerical 
Modeling to Evaluate the Fate and Transport of Per- and 
Polyfluoroalkyl Substances within the Vadose Zone


Jeff Silva
GSI


FY18 FY22 ER18-1389 https://www.serdp-estcp.org/Program-Areas/Environmental-
Restoration/Contaminated-Groundwater/Emerging-Issues/ER18-1389
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Disclaimer


The views and assertions expressed in this presentation are the 


private views of the presenter and do not necessarily reflect, nor 


should they be construed as reflecting the views, and official policy of 


the Department of Defense, the Department of the Army, the U.S. 


Army Medical Department, or the U.S. Federal Government. Further, 


use of trademarked name(s) does not imply endorsement by the U.S. 


Army but is intended only to assist in identification of a specific 


product.
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What are PFAS?
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PFAS


Non-polymeric Polymeric


PolyfluorinatedPerfluorinated
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What are PFAS?
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PFAS


Non-polymeric Polymeric


PolyfluorinatedPerfluorinated
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What are PFAS?
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Short-chain, non-polymeric PFAS Long-chain, non-polymeric PFAS
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What are PFAS?
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PFAS


Non-polymeric Polymeric


PolyfluorinatedPerfluorinated
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What are PFAS?
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• PFAS are used in Aqueous Film Forming 


Foams (AFFF).


• AFFFs are used by the Department of 


Defense.


• Contamination at 126+ military sites. 


– Peterson Air Force Base


– Ft. Carson


Why is the military concerned about PFAS?
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• General toxicological features 


Toxicity of PFAS


9


– Liver toxicity


– Tumor induction


– Developmental toxicity


– Immune effects


– Hormone disruption


Lau, et al., Toxicol Sci. 2006; 90(2): 510-518. 







UNCLASSIFIED/FOUOArmy Public Health Center


PFAS under investigation at APHC


10


• PFOS (Perfluorooctanesulfonate), 8C, 17F


• PFHxS (Perfluorohexanesulfonate), 6C, 13F


• PFBS (Perfluorobutanesulfonate), 4C, 9F


• PFNA (Perfluorononoate), 9C, F17


• PFOA (Perfluorooctanoate), 8C, 15F


• 6:2 FTS (6:2 Fluorotelomer sulfonate), 8C, F13


• Generate toxicity data in a wild mammalian species, including 


internal dosimetry.


• Use the data to develop Toxicity Reference Values (TRVs).







UNCLASSIFIED/FOUOArmy Public Health Center


Model species: Peromyscus leucopus


11


• The white-footed mouse (Peromyscus leucopus) 


– Adapt to the laboratory environment; 


– Have known genetic/disease background;


– Maintain relevance as an environmental model.
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Design for 28-day studies


12


• Administer PFAS for 28 days (via drinking water* or oral gavage†) 


– PFOA*


– PFHxS *


– PFBS *


• Collect blood samples every 7 days (submandibular venipuncture)


– Analyzed for respective PFAS via LC-MS/MS


• Days 0, 14 or 21, 28 @ Colorado School of Mines, liquid-


liquid extraction


• Day 28 @ 3M, solid phase extraction


– PFOS† – PFNA†


– 6:2 FTS†


– PFHxS †
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Serum levels of PFOA, PFHxS, and PFBS


13


• Mice exposed to PFOA (8C), PFHxS (6C), and PFBS (4C) via drinking 


water


– Unaffected by sex (PFHxS and PFBS)


– Steady by day 21


– Increased with dose (PFOA females and PFHxS)


PFHxS PFBS







UNCLASSIFIED/FOUOArmy Public Health Center


Adjusting our approach
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• Unexpected solubility issues


• Absence of toxicity (though this wasn’t the goal)


• Visual partitioning of chemicals


Adapted from Meng, et al., Sci Rep. 2016; 7: 44694. 
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Serum levels of PFOS
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• Mice exposed to PFOS (8C) via oral gavage


– Complete mortality at 100 and 40 mg/kg-day


– Unaffected by sex


– Increased between day 14 and 28


PFOS
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Serum levels of 6:2 FTS


16


• Mice exposed to 6:2 FTS (8C) via oral gavage


– Unaffected by sex


– Decreased between day 21 and 28


– Increased with dose


6:2 FTS
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Serum levels of PFNA
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• Mice exposed to PFNA (9C) via oral gavage


– Higher in females than males 


– Steady by day 21


– Increased dose-dependently


PFNA males PFNA females
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Serum levels of 6:2 FTS
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• Mice exposed to PFHxS (6C) via oral gavage


– Higher in males than females


• Bioactivation of elimination pathway earlier in females?


– Decreased between day 21 and 28


– Increased with dose (males)


PFHxS males PFHxS females
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Chemical Type of PFAS Exposure Sex


difference?


Steady state?


PFOA PFCA drinking water ↑ [PFOA] in 


F than M


by day 21 (M)


by day 21 (F)


PFNA PFCA oral gavage ↑ [PFNA] in 


F than M


by day 21 (M)


by day 21 (F)


PFBS PFSA drinking water no by day 21


PFHxS PFSA drinking water no by day 21


PFHxS PFSA oral gavage ↑ [PFHxS] in 


M than F


↓ between days 


21 and 28 (M)


↓ between days 


21 and 28 (F)


PFOS PFSA oral gavage no not by day 14


6:2 FTS Polyfluorinated oral gavage no ↓ between days 


21 and 28


19


Summary of Results
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Disclaimer
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• PFAS are used in Aqueous Film Forming 


Foams (AFFF).


• AFFFs are used by the Department of 


Defense.


• Contamination at 126+ military sites. 


– Peterson Air Force Base


– Ft. Carson


Why is the military concerned about PFAS?
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• General toxicological features:


– Hepatotoxicity 


– Developmental toxicity


– Immunotoxicity


– Tumor induction


• Using “essentiality” to make decisions about phase-


out/replacement.


• Lump together and regulate? Split into groups of related 


compounds and regulate?


Toxic but “essential”
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PFAS under investigation at APHC


5


• PFOS (Perfluorooctanesulfonate), 8C, 17F


• PFHxS (Perfluorohexanesulfonate), 6C, 13F


• PFBS (Perfluorobutanesulfonate), 4C, 9F


• PFNA (Perfluorononoate), 9C, F17


• PFOA (Perfluorooctanoate), 8C, 15F


• 6:2 FTS (6:2 Fluorotelomer sulfonate), 8C, F13


• Generate toxicity data in a wild mammalian species, including 


internal dosimetry.


• Use the data to develop Toxicity Reference Values (TRVs).
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Model species: Peromyscus leucopus
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• The white-footed mouse (Peromyscus leucopus) 


– Adapt to the laboratory environment; 


– Have known genetic/disease background;


– Maintain relevance as an environmental model.
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Design for range finding studies


7


• Administer PFAS for 28 days (via drinking water or oral gavage). 


– PFOS (Perfluorooctanesulfonate), 8C, 17F


– PFHxS (Perfluorohexanesulfonate), 6C, 13F


– PFBS (Perfluorobutanesulfonate), 4C, 9F


– PFNA (Perfluorononoate), 9C, F17


– PFOA (Perfluorooctanoate), 8C, 15F


– 6:2 FTS (6:2 Fluorotelomer sulfonate), 8C, F13


• Collect blood samples every 7 days (submandibular venipuncture).


• Collect tissues at termination. 
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PFOS: Liver changes


PFOS-induced hepatomegaly Organ weights of males exposed to PFOS
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PFNA: Kidney and liver changes
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6:2 FTS: No adverse effects
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Design for repro experiments


11


• Administer PFOS or PFNA for 28 days pre-mating. 


• Administer PFAS through mating and gestation (up to 16 weeks). 


• Maintain males with females.


• Expose F1 generation animals prenatally and during lactation.


• Collect tissues and blood samples at termination.


• Analyze serum for hormone concentrations.


• Conduct immune assay (Jerne plaque forming). 


– P generation animals, PFNA only.
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PFOS: Repro effects
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PFNA: No repro effects
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PFNA: Kidney and liver changes


Organ weights of males exposed to PFNA


• Increased kidney weight 


at 5 mg/kg-day.


• Increased liver weight at 


1 and 5 mg/kg-day.


• Histopathology pending.


• Hormone analysis 


pending. 


• Analysis of immune 


data pending.
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Preliminary TRVs for PFOS and PFNA
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Chemical Critical 


effect


LOAEL
mg/kg-day


NOAEL
mg/kg-day


BMD10
mg/kg-day


BMDL10
mg/kg-day


PFOS Total litter 


loss (by 


PND1)


1.0 0.20 0.31 0.09


PFNA Increased 


liver weight 


(P gen)


1.0 0.20 2.17 1.03
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Summary
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Rat Mouse Peromyscus


Chemical Critical 


effect


BMD5
mg/kg-day


BMDL5
mg/kg-day


BMD5
mg/kg-day


BMDL5
mg/kg-day


BMD10
mg/kg-day


BMDL10
mg/kg-day


PFOS
Luebker et al., 2005


a


Lau et al., 2003
b


Neonatal 


survival/total 


litter loss


1.06
a


0.89
a


7.02
b


3.88
b


0.31 0.09


Chemical Critical 


effect


LOAEL
mg/kg-day


NOAEL
mg/kg-day


LOAEL 
mg/kg-day


NOAEL 
mg/kg-day


LOAEL 
mg/kg-day


NOAEL 
mg/kg-day


PFNA
Grey et al., 2008


c


Das et al., 2015
d


Increased 


maternal


liver weight


5.0
c


3.00
c


1.0
d


n/a
d


1.0 0.2
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• Reproductive studies with Peromyscus spp.  TRVs


– 6:2 FTS


– PFHxS


– PFBS


– PFOA


• Reproductive studies with CD1


– PFNA


– 6:2 FTS


– PFHxS


Future directions
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Grant 2020 1 R13 ES031852-01 - FLUOROS 2020 - An International Symposium on Fluorinated Organics in the EnvironmentUNIVERSITY OF RHODE ISLAND RI LOHMANN, RAINER TROTTIER, BRITTANY $39,100 8015384 ES PA18-648 9993784 PROJECT SUMMARY/ABSTRACT  The purpose of “FLUOROS 2020 - An International Symposium on Fluorinated Organics in the Environment”, is to convene an unbiased and multidisciplinary exchange of information and to provide networking opportunities for the latest developments and scientific advances on per- and polyfluorinated alkylate substances (PFASs). PFASs have emerged to be of increasing concern for human health and the environment across the US and globally. FLUOROS 2020 is being organized by the STEEP (Sources, Transport, Exposure and Effects of PFASs) Superfund Research Center team, the only SRP center entirely focused on PFASs. FLUOROS 2020 will be held in October 2020 at the WaterFire Arts Center in Providence (RI), an inspiring setting with fully appropriate facilities.  There were two prior FLUOROS Meetings (2005 and 2015) which defined the state of science. The 2015 FLUOROS meeting was attended by > 250 people. Since 2015, much has changed, particularly in the U.S., where many states and the U.S. EPA arSpecific Aims “FLUOROS 2020 - An International Symposium on Fluorinated Organics in the Environment,” a 3-day conference, will be held at the WaterFire Arts Center in Providence (RI) in October 2020. FLUOROS 2020 is being organized by the STEEP (Sources, Transport, Exposure and Effects of PFASs) Superfund Research Center team, a collaboration between the University of Rhode Island and scientists from Harvard University and The Silent Spring Institute. The purpose of FLUOROS 2020 is to convene an unbiased and multidisciplinary exchange as well as to provide networking opportunities for the latest developments and scientific advances on per- and polyfluorinated alkylate substances (PFASs). PFASs have emerged to be of increasing concern for human health and the environment across the US and globally. In the US, many states and the U.S. EPA are working towards the establishment of protective regulatory limits for key PFASs in drinking water, surface water and soil/sediment. At the same time, scientists are discovR13 Superfund


Grant 2020 1 P42 ES031009-01 - Center for Environmental and Health Effects of PFASNORTH CAROLINA STATE UNIVERSITY RALEIGH NC MATTINGLY, CAROLYN JHEACOCK, MICHELLE $1,651,447 8030229 ES ES18-002 9841005 ABSTRACT Overall Per- and polyfluoroalkyl substances (PFAS) are emerging as a major public health problem in North Carolina (NC) and across the US. PFAS comprise a class of almost 5,000 known compounds. Their unique chemical properties have been harnessed to make consumer and industrial products more water, stain, and grease resistant; they are found in products as diverse as cosmetics and firefighting foams. Despite increasing evidence that they are found ubiquitously in the environment, there is a paucity of knowledge about their toxicity. For the few well-studied PFAS, associated health effects include cancer and toxicity to the liver, thyroid, and immune system; but human exposure levels, mechanisms of action, bioaccumulation, or effective remediation approaches remain unclear for the majority of PFAS. As a result of recent widespread detection in the environment and increasing evidence of human exposure we propose to establish a Superfund Research Program (SRP) Center for Environmental and Human Health ESPECIFIC AIMS Overall Per- and polyfluoroalkyl substances (PFAS) are emerging as a major public health problem in North Carolina (NC) and across the US. PFAS comprise a class of almost 5,000 known compounds. Their unique chemical properties have been harnessed to make consumer and industrial products more water, stain, and grease resistant; they are found in products as diverse as cosmetics and firefighting foams. PFAS are resistant to degradation, move easily through the environment, and are suspected of accumulating in living organisms. Despite increasing evidence that they are found ubiquitously in the environment, there is a paucity of knowledge about their toxicity. For the few well-studied PFAS, associated health effects include cancer and toxicity to the liver, thyroid, and immune system. PFAS are highly relevant to the Superfund Research Program (SRP); four PFAS are currently included on the Substance Priority List of the Agency for Toxic Substances and Disease Registry (ATSDR), and two are consideredP42 Superfund


Grant 2020 2 P42 ES007380-22 - Nutrition and Superfund Chemical ToxicityUNIVERSITY OF KENTUCKY KY PENNELL, KELLY G HENRY, HEATHER F. $1,584,982 8030229 ES ES18-002 9841174 PROJECT SUMMARY The University of Kentucky Superfund Research Center (UK-SRC) provides a focused, cross-disciplinary research and training environment to address critical human health challenges associated with halogenated organic substance exposures. Four center projects and five cores make up the proposed UK-SRC to further develop research on lifestyle changes (e.g., nutrition and exercise) in addition to two environmental science projects that will focus on the remediation and engineering solutions to this set of problems. Due to their relative chemical stability and ubiquity in the environment, chlorinated organic contaminants such as polychlorinated biphenyls (PCBs) and trichloroethylene (TCE) pose significant health risks and enduring remediation challenges, including sites such as the Paducah Gaseous Diffusion Plant, the largest Superfund site in Kentucky. The UK-SRC’s overall focus for this next cycle is the human health impacts of persistent halogenated organics (e.g., PCBs, TCE, and tetrachloroethenSPECIFIC AIMS  The University of Kentucky Superfund Research Center (UK-SRC) integrates multidisciplinary research, training, and community engagement around a common theme: reducing risks posed by environmental contaminants in vulnerable communities. Specifically, the UK-SRC’s overall focus is the human health impacts of persistent halogenated organics (e.g., polychlorinated biphenyls (PCBs), trichloroethene (TCE), and tetrachloroethene (PCE), and in this new cycle of funding, additional questions about per- and polyfluoralkyl substances (PFAS) will be incorporated. Key research on intervention and prevention paradigms to promote healthy lifestyles (i.e., using diet, nutrition and increased physical activity) will be expanded, and both environmental science and engineering ESE and biomedical research (BMR) projects will benefit from the addition of a Biomonitoring and Chemistry Environmental Analysis (BEAC) Core, which will provide valuable targeted and untargeted analytical capabilities for lipidomics and mP42 Superfund


Grant 2020 5 P42 ES027706-04 - Sources, Transport, Exposure and Effects of PFASs (STEEP)UNIVERSITY OF RHODE ISLAND RI LOHMANN, RAINER HEACOCK, MICHELLE $1,554,680 8030229 ES ES15-019 9904663 PROJECT SUMMARY/ABSTRACT The URI-led STEEP (Sources, Transport, Exposure and Effects of PFASs) proposes to aid the Superfund Research Program in addressing the emerging and expanding problem of poly- and perfluorinated alkyl substances (PFASs) contamination. PFASs are industrial compounds that have been manufactured since the 1950s for use in a myriad of products due to their unique oil and water repellent properties. The environmental dissemination and the human health effects of PFASs are only beginning to emerge. Thus, the U.S. EPA limits for PFAS contamination of drinking water remain provisional since they were first published in 2009. In the recently released 2015 draft ToxProfile, ATSDR highlighted uncertainties and disregarded recent reports on adverse human health effects of PFAS exposures from epidemiological studies. Thus, the need for improved risk characterization is urgent and timely.  STEEP aims to better understand the pathways of PFAS contamination from entry into the environment through grouSPECIFIC AIMS Poly- and perfluoroalkyl substances (PFASs) have emerged as high-priority environmental contaminants, and a rapidly increasing number of contaminated sites are being discovered, often with highly elevated PFAS concentrations in the drinking water; as the PFASs are highly stable, they now result in food chain contamination worldwide. Although these substances have been produced and used in consumer products for more than 60 years, their ubiquitous occurrence in human blood and in the environment was discovered only around the year 2000, and studies of adverse health effects intensified only recently. Accordingly, current evidence is often too scant to allow a constructive and targeted approach to contaminated sites, whether previously known or newly identified.  The STEEP Center proposes to provide tools to aid the Superfund Research Program (SRP) in addressing the emerging problem of PFASs contaminated sites across the U.S. Even EPA’s provisional drinking water limits are often exceeded. Using aP42 Superfund


Grant 2020 3 P42 ES027706-04S1 - Sources, Transport, Exposure and Effects of PFASs (STEEP)UNIVERSITY OF RHODE ISLAND RI LOHMANN, RAINER HEACOCK, MICHELLE $10,800 8030229 ES ES15-019 10205254 PROJECT SUMMARY/ABSTRACT The URI-led STEEP (Sources, Transport, Exposure and Effects of PFASs) proposes to aid the Superfund Research Program in addressing the emerging and expanding problem of poly- and perfluorinated alkyl substances (PFASs) contamination. PFASs are industrial compounds that have been manufactured since the 1950s for use in a myriad of products due to their unique oil and water repellent properties. The environmental dissemination and the human health effects of PFASs are only beginning to emerge. Thus, the U.S. EPA limits for PFAS contamination of drinking water remain provisional since they were first published in 2009. In the recently released 2015 draft ToxProfile, ATSDR highlighted uncertainties and disregarded recent reports on adverse human health effects of PFAS exposures from epidemiological studies. Thus, the need for improved risk characterization is urgent and timely.  STEEP aims to better understand the pathways of PFAS contamination from entry into the environment through grouSPECIFIC AIMS Poly- and perfluoroalkyl substances (PFASs) have emerged as high-priority environmental contaminants, and a rapidly increasing number of contaminated sites are being discovered, often with highly elevated PFAS concentrations in the drinking water; as the PFASs are highly stable, they now result in food chain contamination worldwide. Although these substances have been produced and used in consumer products for more than 60 years, their ubiquitous occurrence in human blood and in the environment was discovered only around the year 2000, and studies of adverse health effects intensified only recently. Accordingly, current evidence is often too scant to allow a constructive and targeted approach to contaminated sites, whether previously known or newly identified.  The STEEP Center proposes to provide tools to aid the Superfund Research Program (SRP) in addressing the emerging problem of PFASs contaminated sites across the U.S. Even EPA’s provisional drinking water limits are often exceeded. Using aP42 Superfund


Grant 2020 3 P42 ES027706-04S2 - Sources, Transport, Exposure and Effects of PFASs (STEEP)UNIVERSITY OF RHODE ISLAND RI LOHMANN, RAINER HEACOCK, MICHELLE $10,800 8030229 ES ES15-019 10205263 PROJECT SUMMARY/ABSTRACT The URI-led STEEP (Sources, Transport, Exposure and Effects of PFASs) proposes to aid the Superfund Research Program in addressing the emerging and expanding problem of poly- and perfluorinated alkyl substances (PFASs) contamination. PFASs are industrial compounds that have been manufactured since the 1950s for use in a myriad of products due to their unique oil and water repellent properties. The environmental dissemination and the human health effects of PFASs are only beginning to emerge. Thus, the U.S. EPA limits for PFAS contamination of drinking water remain provisional since they were first published in 2009. In the recently released 2015 draft ToxProfile, ATSDR highlighted uncertainties and disregarded recent reports on adverse human health effects of PFAS exposures from epidemiological studies. Thus, the need for improved risk characterization is urgent and timely.  STEEP aims to better understand the pathways of PFAS contamination from entry into the environment through grouSPECIFIC AIMS Poly- and perfluoroalkyl substances (PFASs) have emerged as high-priority environmental contaminants, and a rapidly increasing number of contaminated sites are being discovered, often with highly elevated PFAS concentrations in the drinking water; as the PFASs are highly stable, they now result in food chain contamination worldwide. Although these substances have been produced and used in consumer products for more than 60 years, their ubiquitous occurrence in human blood and in the environment was discovered only around the year 2000, and studies of adverse health effects intensified only recently. Accordingly, current evidence is often too scant to allow a constructive and targeted approach to contaminated sites, whether previously known or newly identified.  The STEEP Center proposes to provide tools to aid the Superfund Research Program (SRP) in addressing the emerging problem of PFASs contaminated sites across the U.S. Even EPA’s provisional drinking water limits are often exceeded. Using aP42 Superfund


Grant 2020 3 R01 ES030101-02S1 - Environmental Chemicals, Adiposity, and Bone Accrual Across AdolescenceMAINEHEALTH ME FLEISCH, ABBY SMARR, MELISSA M $200,657 8032199 ES PA18-592 9930371 PROJECT ABSTRACT Obesity and osteoporosis are public health epidemics with costly comorbidities and limited treatment options. Rates of these disorders globally remain unacceptably high, and this is particularly true in the US where 1 in 3 adults are obese and 1 in 25 has osteoporosis. Adiposity and low bone mineral density (BMD) are precursors to these debilitating disorders and track closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. There are suggestive animal data that chemicals in the environment, per- and polyfluoroalkyl substances (PFASs) and phthalates, may disrupt common mechanistic pathways to concomitantly increase risk of both adiposity and low BMD. Our preliminary data within the prospective Project Viva cohort (~900 children) suggest that children with higher PFAS plasma concentrations in mid-childhood have greater central adiposity and lower BMD by early adolescence. In this proposal, we will expand this prior SPECIFIC AIMS Obesity and osteoporosis are both costly public health challenges with limited treatment options. They are also highly prevalent with over 600 million adults worldwide with obesity and over 200 million with osteoporosis. Adiposity and low bone mass share some mechanistic pathways, and each tracks closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. Existing efforts to prevent obesity and osteoporosis have been hampered because the underlying risk factors are not fully understood and are not easily modifiable. One potential risk factor not well characterized in childhood is the role of chemicals in the environment. Compounds such as per- and polyfluoroalkyl substances (PFASs) and phthalates have been shown to activate the peroxisome proliferator-activated receptor family of transcription factors which have been linked to adiposity and low bone mineral density in animal models. Human exposures to PFASs, used as staiR01 NIEHS - Direct


Grant 2020 3 P42 ES031009-01S1 - Center for Environmental and Health Effects of PFASNORTH CAROLINA STATE UNIVERSITY RALEIGH NC MATTINGLY, CAROLYN JHEACOCK, MICHELLE $304,441 8045167 ES PA18-935 10208368 Project Summary/Abstract  This project expands the GenX Exposure Study funded through the NC State Center for Environmental and Health Effects of PFAS to answer urgent questions related to per-and polyfluoroalkyl substances (PFAS) exposure and their impacts on SARS-CoV-2 response. PFAS as a class are associated with immune suppression as evidenced in humans by lower antibody titers to common vaccines in higher exposed individuals. Using the GenX Exposure Study, a prospective study of 1,000 PFAS exposed individuals, we plan to answer two questions: 1) what is the prevalence of overt disease, symptoms, sequelae, and antibodies in this population? and 2) does PFAS exposure modify response to virus as measured by antibodies? This study, located in the Cape Fear Region of North Carolina, includes participants ranging in age from 8-86 years with diverse demographic and medical histories. PFAS levels in this study are much higher than the national values for PFAS measured; in this population, novel fluoroethers haveSpecific Aims: COVID-19 Supplement to NC State Center for Environmental and Health Effects of PFAS PFAS have been associated with reduced immune response to vaccines in both humans and animals. The US National Toxicology Program and various state regulatory agencies regard immunotoxicity as the most sensitive endpoint for PFAS. Few human studies, if any, have evaluated whether PFAS exposure modifies response to viruses in addition to the vaccines that are designed to prevent disease as a result of virus exposure. PFAS impacted communities are specifically concerned about whether PFAS exposure increases their risks for adverse impacts from COVID 19. Given these concerns, ATSDR released a statement on the potential intersection between PFAS and COVID-19 exposure in June 2020. This supplement to the GenX Exposure Study (Superfund BMR Project 1) in North Carolina is designed to address these community concerns about whether PFAS exposure influences immune response to SARS-CoV-2, and to set the stage to evaluate wP42 Superfund


Grant 2020 3 P42 ES031009-01S2 - Center for Environmental and Health Effects of PFASNORTH CAROLINA STATE UNIVERSITY RALEIGH NC MATTINGLY, CAROLYN JHEACOCK, MICHELLE $542,111 8045167 ES PA18-591 10221364 Abstract The NC State Center for Environmental and Health Effects of PFAS focuses on understanding the implications of PFAS exposure in humans and animals in the Cape Fear River Basin of North Carolina. The Cape Fear River in North Carolina is characterized by high levels of a variety of PFAS (per-and poly-fluoroalkyl substances) throughout the watershed. The specific chemicals vary by location with the lower Cape Fear characterized by the presence of novel fluoroethers from chemical manufacturing near Fayetteville, NC, while upstream, the levels of legacy PFAS such as PFOA and PFOS are elevated and frequently exceed the drinking water advisory levels for these chemicals. To better characterize the diversity of PFAS exposures among impacted communities along the Cape Fear River, we have developed this supplement proposal to: 1) further characterize human exposure in communities upriver from Fayetteville, 2) expand analytical capabilities to measure total organic fluorine in biological and environmental sampleSpecific Aims  PFAS (per- and poly-fluoroalkyl substances) have been detected throughout the Cape Fear River watershed in North Carolina. In the central and downstream regions of the watershed, PFAS exposure through drinking water is dominated by high levels of poorly understood fluoroethers. In the headwater region of the watershed, the PFAS fingerprint differs, and exposure is dominated by high levels of short-chain perfluoroalkyl acids (PFAAs) and legacy compounds (e.g., PFOA, PFOS) that frequently exceed drinking water advisory levels. To more effectively assess the extent and effects of PFAS exposure in communities throughout the Cape Fear River, we have developed this supplement proposal to: 1) characterize human exposure and thyroid health effects in communities upriver of Fayetteville (this impacted community was not included in the funded parent proposal), 2) expand analytical capabilities to measure total organic fluorine in biological and environmental samples to allow the ability to capture the toP42 Superfund


Grant 2020 3 P42 ES007380-22S1 - NUTRITION AND SUPERFUND CHEMICAL TOXICITYUNIVERSITY OF KENTUCKY KY PENNELL, KELLY G HENRY, HEATHER F. $198,849 8045167 ES PA18-591 10263610 PROJECT SUMMARY The University of Kentucky Superfund Research Center (UK-SRC) provides a focused, cross-disciplinary research and training environment to address critical human health challenges associated with halogenated organic substance exposures. Four center projects and five cores make up the proposed UK-SRC to further develop research on lifestyle changes (e.g., nutrition and exercise) in addition to two environmental science projects that will focus on the remediation and engineering solutions to this set of problems. Due to their relative chemical stability and ubiquity in the environment, chlorinated organic contaminants such as polychlorinated biphenyls (PCBs) and trichloroethylene (TCE) pose significant health risks and enduring remediation challenges, including sites such as the Paducah Gaseous Diffusion Plant, the largest Superfund site in Kentucky. The UK-SRC’s overall focus for this next cycle is the human health impacts of persistent halogenated organics (e.g., PCBs, TCE, and tetrachloroethenSPECIFIC AIMS  The University of Kentucky Superfund Research Center (UK-SRC) integrates multidisciplinary research, training, and community engagement around a common theme: reducing risks posed by environmental contaminants in vulnerable communities. Specifically, the UK-SRC’s overall focus is the human health impacts of persistent halogenated organics (e.g., polychlorinated biphenyls (PCBs), trichloroethene (TCE), and tetrachloroethene (PCE), and in this new cycle of funding, additional questions about per- and polyfluoralkyl substances (PFAS) will be incorporated. Key research on intervention and prevention paradigms to promote healthy lifestyles (i.e., using diet, nutrition and increased physical activity) will be expanded, and both environmental science and engineering ESE and biomedical research (BMR) projects will benefit from the addition of a Biomonitoring and Chemistry Environmental Analysis (BEAC) Core, which will provide valuable targeted and untargeted analytical capabilities for lipidomics and mP42 Superfund


Grant 2020 1 R43 ES032380-01 - Development of Smart Flocculants for the Treatment of PFAS Contaminated WaterBLUEGRASS ADVANCED MATERIALS, LLC KY GUTIERREZ, ANGELA MARIAHENRY, HEATHER F. $168,087 8046441 ES PA19-272 10081219 Project Summary Per- and polyfluoroalkyl substances (PFAS) are a family of manmade congeners with dual hydro- and oleo- phobic properties, which is why they have been widely used in firefighting foams, as well as in a multitude of other products such as food packaging, paints, pesticides, and microelectronics. Given their extensive use, high water solubility, and resistance to conventional wastewater treatment methods, PFAS have been detected in public water supplies all over the country causing concern for potential toxic human health effects given their environmental persistence. Flocculation is a widely used separation technique in the removal of suspended solids from water and wastewater. However, traditional flocculants (e.g., inorganic salts and polymeric systems) form aggregate flocs that are usually loosely packed, contain a large amount of water due to their hydrophilicity and as such, require large settling tanks due to the slow process of separation that is required to collect the solids. FurthermoSPECIFIC AIMS Rationale. Per- and polyfluoroalkyl substances (PFAS) are a family of manmade congeners with dual hydro- and oleo-phobic properties, owing to their wide use in firefighting foams, and a multitude of other products such as food packaging, paints, pesticides, and microelectronics [1,2]. Given their extensive use, high water solubility, and resistance to conventional wastewater treatment methods, PFAS have been detected in the public water supply of at least 6 million Americans [3]. Their environmental persistence has been a cause of concern for potential toxic human health effects and lack of regulated clean-up standards [3]. Flocculation is a well-known solid-liquid separation process, which has been excessively used to remove suspended solids from industrial wastewater [4 - 6]. Recently, polymeric flocculants have attracted attention due to their easy handling and high efficiency on particle capture [7]. However, most conventional polymeric flocculants are based on hydrophilic polymers, and thusR43 Superfund


Grant 2020 1 R21 ES032187-01 - Per- and Polyfluoroalkyl Substances (PFAS) in Marine Fish and Shellfish: A biomonitoring tool for PFAS remediation and a metric for potential human exposure through seafood consumptionDARTMOUTH COLLEGE NH CHEN, CELIA Y HENRY, HEATHER F. $246,000 8046831 ES ES19-011 10064160 PROJECT SUMMARY With concerns about human exposure to per- and polyfluoroalkyl substances (PFASs) on the rise, regional data about PFASs in various environmental media are needed to inform enforceable and protective standards for common routes of exposure, including seafood consumption. PFASs are persistent environmental contaminants of particular concern for vulnerable and sensitive populations, including children and pregnant women. Four PFASs are commonly detected in blood from United States (US) residents: perfluorooctanoic acid (PFOA), perfluorooctane sulfonic acid (PFOS), perfluorononanoic acid (PFNA), and perfluorohexane sulfonic acid (PFHxS). Animal and epidemiologic studies support a role for PFAS effects on the thyroid, liver, cholesterol, and even cancer risk. Human exposure to PFASs occurs primarily through ingestion, notably via PFAS contaminated drinking water and diet. These contaminants pose a regional as well as national threat to surface water and drinking water supplies with detections occuSPECIFIC AIMS Although, dietary sources of per- and polyfluoroalkyl substances (PFASs) in fish and shellfish from freshwater ecosystems have been documented, less information about exposure from marine sourced seafood is available. Humans are primarily exposed to these known endocrine-disrupting chemicals through contaminated water and diet; this represents a critical knowledge gap in understanding the influence of PFAS contamination on human health. PFASs are contaminants of emerging concern, with increasing numbers of regulatory agencies seeking to provide guidance on PFASs due to concerns about their potential adverse health effects paired with their persistence and ubiquity in our environment (1-4). Indeed, PFASs are incredibly recalcitrant, resisting degradation both inside and outside of the body (5). In May 2016, the United States (US) Environmental Protection Agency established combined drinking water health advisories for perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid (PFOS) based onR21 Superfund


Grant 2020 3 U2C ES030167-03S2 - Genetics and quantum chemistry as tools for unknown metabolite identificationUNIVERSITY OF GEORGIA GA EDISON, ARTHUR S BALSHAW, DAVID M $351,409 8047039 ES PA18-935 10173229 Project Summary/Abstract The SARS-CoV-2 virus and resulting COVID-19 pandemic has created the biggest global health crisis in our lifetime. We have assembled a team of investigators with expertise in vaccine development, environmental exposures, immunology, metabolomics, lipidomics, and modeling to discover metabolic predictive biomarkers (MPBs) of infection in ferrets. We will use ferrets, because they have already been shown to be an effective animal model for human COVID-19 disease, and they are currently being used for vaccine development. Our study builds upon an NIH funded co-infection study in which ferrets will be infected with 4 different common respiratory viruses before infection by SARS-CoV-2. That study will determine the severity of infections and immune responses, but it did not include metabolomics measurements. The hypothesis of the co-infections is that the severity of SARS-CoV-2 infection will be attenuated with co-infection by another virus. We will be adding a group of ferrets that will bRole of PFAS Exposure and Co-Infection on COVID-19. Specific Aims The SARS-CoV-2 virus and resulting COVID-19 pandemic has created the biggest global health crisis in our lifetime. The public health measures of “social distancing” and limited testing to control the outbreak in order to avoid overwhelming our healthcare infrastructure are effective in the short-term but ultimately limited. We desperately need effective vaccines, drugs to treat acute infection, and a thorough understanding of the underlying biology of the host-virus interactions and the etiology of the disease. Our team has a unique opportunity to contribute to several of the intermediate- and long-term needs of this pandemic. We have a combination of experience in vaccine development, infectious disease, environmental exposure science, metabolomics, and systems biology. We have also had previous or ongoing successful collaborations on related projects and have highly trained personnel who have already started work on this project. We will use U2C Superfund


Grant 2020 5 R01 ES030078-02 - Early Life Phthalate and Perfluoroalkyl Substance Exposures and Childhood Bone HealthJOHNS HOPKINS UNIVERSITY MD BUCKLEY, JESSIE P BOYLES, ABEE $439,282 8469964 ES ES18-001 9843146 Abstract Phthalates and perfluoroalkyl substances (PFAS) are synthetic chemicals with widespread human exposures that lower bone density in animals. Our preliminary data and limited epidemiologic studies report associations of these chemicals with shorter stature in children as well as lower bone density and altered vitamin D metabolism in adults. Low peak bone mass in adolescence is a strong modifiable risk factor for osteoporosis, a bone disease impacting millions of older Americans. Although early life is a critical period of skeletal growth and bone mass accrual, there are currently no longitudinal studies of phthalate or PFAS exposures in relation to childhood bone density. Therefore, our goal is to test the novel hypothesis that early life phthalate and PFAS exposures adversely impact skeletal growth, bone strength, and vitamin D metabolism in children. Our highly efficient proposal leverages the Health Outcomes and Measures of the Environment (HOME) Study, a prospective, racially-diverse pregnancy cohoSpecific Aims Phthalates and perfluoroalkyl substances (PFAS) are two classes of synthetic chemicals with ubiquitous human exposures1 that lower bone density in animals2-8 and are associated with worse bone health in human cross-sectional studies.9-13 In adults, phthalate exposures are associated with lower biomarker concentrations of vitamin D, a micronutrient critical in bone formation and resorption.14,15 Although early life is a known critical window for bone mineral accrual,16,17 there have been no longitudinal studies of phthalate or PFAS exposures in relation to bone density or vitamin D in children. Remarkably, higher phthalate and PFAS biomarker concentrations were associated with shorter stature in every study that has assessed child height,18-23 a measure of skeletal growth that is correlated with bone density. We report novel preliminary data demonstrating associations of prenatal phthalate and PFAS biomarker concentrations with shorter stature in early childhood and cross-sectional associations oR01 NIEHS - Direct


Grant 2020 5 R01 ES030101-02 - Environmental Chemicals, Adiposity, and Bone Accrual Across AdolescenceMAINEHEALTH ME FLEISCH, ABBY SMARR, MELISSA M $458,752 8469964 ES ES18-001 9858355 PROJECT ABSTRACT Obesity and osteoporosis are public health epidemics with costly comorbidities and limited treatment options. Rates of these disorders globally remain unacceptably high, and this is particularly true in the US where 1 in 3 adults are obese and 1 in 25 has osteoporosis. Adiposity and low bone mineral density (BMD) are precursors to these debilitating disorders and track closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. There are suggestive animal data that chemicals in the environment, per- and polyfluoroalkyl substances (PFASs) and phthalates, may disrupt common mechanistic pathways to concomitantly increase risk of both adiposity and low BMD. Our preliminary data within the prospective Project Viva cohort (~900 children) suggest that children with higher PFAS plasma concentrations in mid-childhood have greater central adiposity and lower BMD by early adolescence. In this proposal, we will expand this prior SPECIFIC AIMS Obesity and osteoporosis are both costly public health challenges with limited treatment options. They are also highly prevalent with over 600 million adults worldwide with obesity and over 200 million with osteoporosis. Adiposity and low bone mass share some mechanistic pathways, and each tracks closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. Existing efforts to prevent obesity and osteoporosis have been hampered because the underlying risk factors are not fully understood and are not easily modifiable. One potential risk factor not well characterized in childhood is the role of chemicals in the environment. Compounds such as per- and polyfluoroalkyl substances (PFASs) and phthalates have been shown to activate the peroxisome proliferator-activated receptor family of transcription factors which have been linked to adiposity and low bone mineral density in animal models. Human exposures to PFASs, used as staiR01 NIEHS - Direct


Grant 2020 2 R15 ES017321-04 - CYP2B6 inhibitors perturb proper distribution of lipids leading to obesity and fatty liver diseaseCLEMSON UNIVERSITY SC BALDWIN, WILLIAM SCARLIN, DANIELLE J. $52,110 8469964 ES PAR18-714 9879925 2. Specific Aims. CYP2B6 inhibitors perturb proper distribution of lipids leading to obesity and fatty liver disease. More than 38% of adults and 17-18% of children in the United States are obese (1), which increases the rate of several diseases including diabetes, non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH) (2-8). Recent data indicates that the development of obesity, NAFLD, and NASH is caused by more than just overeating, but also exposure to specific chemicals called obesogens (10-15). There are several lines of evidence that led us to test the role of Cyp2b enzymes in obesity. Hepatic P450 Reductase-null (HRN) mice with no P450 activity are steatotic with induced Cyp2b10 expression, hepatomegaly, and perturbed levels of polyunsaturated fatty acids (PUFAs) (16,17). Cyp2b9 is the most highly induced gene in murine brown fat and liver following a high-fat diet (HFD) (18,19), Our preliminary data demonstrates that Cyp2b- knockdown (RNAi-based) mice (20) and recently prodR15 NIEHS - Direct


Grant 2020 5 R01 ES025748-05 - Activation of Nrf2 during embryonic development: mechanisms and consequencesUNIVERSITY OF MASSACHUSETTS AMHERST MA TIMME-LARAGY, ALICIA RSCHUG, THADDEUS $337,285 8469964 ES PA13-302 9924600 ﻿    DESCRIPTION (provided by applicant): Early life stage exposures to environmental contaminants can result in aberrant pancreatic β-cell development, which may predispose an individual to diabetes. A common mode of toxicity shared by numerous, diverse environmental contaminants is the generation of reactive oxygen species (ROS) and oxidative stress. ROS and cellular redox potential play fundamental roles in normal embryonic development and cell signaling. Perturbation of these processes resulting from contaminant exposure can alter cell fate decisions, resulting in functional or structural alterations that only become apparent with subsequent stress or age. However, surprisingly little is known about how embryos respond to oxidative stress, or the impact of toxicant exposures on pancreas development. The long-term goal of this research is to understand how embryos respond to oxidative stress, and how toxicant exposures contribute to the developmental origins of diabetes.  The zebrafish (Danio rerio) is a wSpecific Aims:  Exposure to environmental contaminants during embryonic development may result in diseases that emerge later in life, including types 1 and 2 diabetes mellitus (1-4). These exposures can cause subtle, but permanent structural or metabolic changes in developing organs (5); however, little is known about the impact of toxicant exposures on pancreas development. In adults, pancreatic β-cells have alarmingly low levels of antioxidant defenses (6, 7). β-cells are exquisitely sensitive to chemical-induced oxidative stress (8). During development, oxidative stress can divert these cells from a proliferative state to one of premature differentiation (9). Because numerous toxicants share oxidative stress as a common mode of toxicity, the long-term goal of this research is to better understand how embryos respond to oxidative stress, the consequences for pancreas development, later-life implications for both types of diabetes, and the potential for therapeutic interventions.  A key regulator of the respR01 NIEHS - Direct


Grant 2020 2 R01 ES022981-05A1 - Environmental Obesogens and Weight Change in the POUNDS LOST TrialHARVARD SCHOOL OF PUBLIC HEALTH MA SUN, QI SCHUG, THADDEUS $639,617 8469964 ES PA19-056 9968808 Project Summary/Abstract The role of environmental chemicals known as obesogens in the etiology of human adiposity has been increasingly appreciated. In this proposal, we aim to evaluate polycyclic aromatic hydrocarbons (PAHs) and heterocyclic aromatic amines (HAAs) in relation to weight change in human subjects. The carcinogenic effects of these ubiquitous pollutants are well-documented, and emerging evidence suggests that these chemicals may also disrupt endocrine functions through exerting estrogenic effects and other pathways. Limited human evidence, often from cross-sectional studies, also supports the hypothesis that these chemicals are potential obesogens, although prospective data are needed to substantiate the associations between these chemicals and excess weight gain in humans. We propose to 1) examine excretion of PAHs and HAAs in 24-hour urine samples in relation to short-term weight loss induced by energy restriction in the POUNDS Lost trial; 2) evaluate whether changes in urinary excretion of tSPECIFIC AIMS The prevalence of obesity has increased from 34% to nearly 40% among U.S. adults in the past decade.16 Given this steady, upward trend, the epidemic of obesity is unlikely to be solely of genetic origin. Of modifiable factors that may boost the risk of obesity, anthropogenic chemicals known as “obesogens” have been identified to be important risk factors for obesity.17, 18 Evidence from animal experiments is accumulating to suggest that pollutants, such as bisphenol A or perfluoroalkyl substances (PFASs), possess obesogenic properties.19-21 In contrast, human data, especially those from prospective studies in adults, are sparse.19, 22 It is often challenging to evaluate obesogens in relation to subsequent weight change in free-living individuals when body weight is not longitudinally tracked and other causes of weight change, such as diet and physical activity, are not controlled. Weight loss trials provide a unique opportunity to examine obesogens’ role in weight loss and regain induced by wellR01 NIEHS - Direct


Grant 2020 5 R01 ES028201-04 - Toxicant disruption of receptor-mediated endocytosis in oogenesis and later life metabolic dysfunctionUNIVERSITY OF MASSACHUSETTS AMHERST MA TIMME-LARAGY, ALICIA RSCHUG, THADDEUS $385,405 8469964 ES ES16-007 9994304 Summary Before the placenta becomes fully functional late in the first trimester, the human embryo's primary source of nutrients is the yolk—a cache of maternally-deposited lipids and proteins. The deposition of yolk into the oocyte is governed by receptor-mediated endocytosis, namely by a receptor complex called MERC. Preliminary studies in zebrafish (Danio rerio) have shown that maternal exposures to perfluorinated compounds (PFCs) disrupted MERC expression and altered oocyte nutrient quantity and composition. Further, these preconception PFC exposures impaired pancreatic organogenesis, decreasing insulin-producing islet area in the resulting embryos. In the nematode (Caenorhabditis elegans), preconception exposed eggs developed elevated triglyceride levels as adults, suggestive of metabolic dysfunction. The goal of this study is to gain a mechanistic understanding of the process by which preconception PFC exposures impair oocyte nutrient deposition, induce nutritional stress and predispose individuals to mSpecific Aims:  Preconception factors such as maternal nutrition, smoking, and alcohol consumption affect processes involved in oocyte maturation, and are associated with significant adverse health outcomes for the offspring (1- 4). Lipid-rich nutrients endocytosed during oocyte maturation provide a required energy source for the embryo prior to placental development and are critical for later life health (5, 6). Interactions between toxicant exposure and gamete nutrient composition are under-studied, and present a significant knowledge gap within the developmental origins of health and disease (DOHaD) paradigm. The long-term goal of this research is to understand how exposure to contaminants can alter oocyte maturation, cause early nutrition imbalances, modify nutrient sensing responses, and predispose individuals to later-life metabolic syndrome.  Perfluorinated compounds (PFCs) pose a major public health exposure risk, through drinking water, food packaging, and cooking surfaces, and are associated with anR01 NIEHS - Direct


Grant 2020 5 R01 ES028369-03 - Mechanisms and therapies for the neurobehavioral deficits from early Mn exposureUNIVERSITY OF CALIFORNIA SANTA CRUZ CA SMITH, DONALD R HOLLANDER, JONATHAN$585,062 8469964 ES PA16-160 10002223 Project Summary  Studies in children/adolescents have linked developmental environmental manganese (Mn) exposure to inattention, impulsivity, hyperactivity, oppositional behaviors, and fine motor deficits, though these studies are limited by their cross-sectional designs and limited control of confounding that make it impossible to demonstrate that Mn causes these deficits. Our recent studies have shown that developmental Mn exposure causes lasting deficits in attention, impulse control, and fine motor function, providing the first causal evidence supporting the human studies. Our initial studies of the potential benefits of chronic oral methylphenidate (Ritalin) treatment revealed that the one dose studied alleviated the Mn-induced impulse control and fine motor dysfunctions, but impaired attentional performance in the Mn animals. We propose to build upon these findings to elucidate the neural mechanisms underlying the lasting attentional, impulse control, and fine motor dysfunction caused by developmental MOur proposed studies will elucidate the neural mechanisms underlying the lasting attentional, im- pulse control, and fine motor dysfunction caused by developmental manganese (Mn) exposure, and test potential therapeutic interventions (methylphenidate and guanfacine), using a rodent model of childhood Mn exposure. The scientific premise for the proposed studies is very strong - while deficits in attention, impulse control, and fine motor function have been postulated based on human epidemiological data, our recent findings provide the first evidence of a causal relationship between developmental Mn exposure and these functional impairments1–4. Moreover, these deficits were associated with lasting reductions in stimulated norepinephrine (NE) and dopamine (DA) release from the prefrontal cortex (PFC) and striatum, and lasting changes in D1 and D2 receptor, norepinephrine transporter (NET), and tyrosine hydroxylase protein levels in the PFC (refs3,5,6 and Figs. 4,9, Table 1), implicating catecholaminergic (CA) frR01 NIEHS - Direct


Grant 2020 1 R21 ES031345-01A1 - High-throughput toxicity screening of environmental contaminants and drug candidates using a novel gap junction intercellular communication bioassay in lung and liver cellsMICHIGAN STATE UNIVERSITY MI UPHAM, BRAD L RAVICHANDRAN, LINGAMANAIDU V., PHD$240,687 8469964 ES PA19-053 10056987 1 We propose to develop an in vitro high throughput bioassay screening (HTS) system to assess the effects  2 of environmental contaminants on gap junctional intercellular communication (GJIC) in liver and lung epithelial  3 cell models. GJIC is a critical cellular phenomenon instrumental in maintaining tissue homeostasis. The  4 selection of GJIC as an endpoint is a significant step in developing a systems-based in vitro model, as this  5 biological phenomenon is crucial for integrating signaling mechanisms within cells with that of neighboring cells  6 in a tissue, and is an important early stage event in abnormal cell proliferation within tissues exposed to  7 toxicants. Most in vitro assessments of GJIC rely on fluorescent dye transfer techniques that require  8 introduction of the dye through scrape loading, microinjection, or electroporation techniques, and detection with  9 microscopes that all tend to be problematic in developing HTS assays, particularly in 3D culture systems. 10 Thus, there is a need SPECIFIC AIMS We propose to develop an in vitro high throughput screening bioassay system to assess the effects of environmental contaminants on gap junctional intercellular communication (GJIC) in liver and lung epithelial cell models. GJIC is a critical cellular phenomenon instrumental in maintaining tissue homeostasis, and the interruption of GJIC results in abnormal cell growth that contributes to numerous pathologies, including cancer. The toxicological assessment of the numerous contaminants released into our environment is a daunting task, and recent efforts have gravitated to the development of high-throughput screening (HTS) assays that measure the in vitro toxicity of environmental compounds and drug candidates as an alternative to in vivo animal tests of chemical toxicity. The selection of GJIC as an endpoint is a significant step in developing a systems- based in vitro model, as this biological phenomenon is crucial for integrating signaling mechanisms within cells with that of neighboring cells iR21 NIEHS - Direct


Grant 2020 1 R01 ES032270-01 - Gene-pesticide interactions and ADHDCINCINNATI CHILDRENS HOSP MED CTR OH VORHEES, CHARLES VHOLLANDER, JONATHAN$433,884 8469964 ES PAR19-386 10068848 Attention Deficit Hyperactivity Disorder (ADHD) is the most prevalent neurodevelopmental psychiatric disorder (9.4% prevalence in children; 4.4% in adults) and is polygenic. A novel gene associated with ADHD is Latrophilin-3 found in striatum, hippocampus, cerebellum, prefrontal cortex (PFC), and amygdala. In humans, there are 21 variants of LPHN3 associated with ADHD. Some pesticides may interact with ADHD genetic risk factors to trigger or exacerbate the symptoms. We found that the common pyrethroid, deltamethrin (DLM), administered prior to weaning in rats causes long-term behavioral, neurochemical, and electrophysiological effects. We developed the first KO rats of Lphn3. Lphn3 KO rats are hyperactive, hyper-reactive to startle stimuli, and cognitively impaired. This PAR-19-386 “Environmental Risks for Psychiatric Disorders: Biological Basis of Pathophysiology” seeks models that will elucidate Gene x Environment interactions related to neuropsychiatric disorders, such as ADHD. We hypothesize that Lphn3-/-SPECIFIC AIMS Attention Deficit Hyperactivity Disorder (ADHD) is the most prevalent neurodevelopmental psychiatric disorder. CDC estimates a 9.4% prevalence in children and NIMH estimates 4.4% prevalence in adults. ADHD is polygenic with clusters of multiple small effect CNVs and SNPs (Zhang et al., 2012; Faraone and Larsson, 2019). Recently, a novel gene was found to be associated with ADHD: Latrophilin-3. Latrophilins (LPHNs) are cell adhesion G coupled protein receptors (GCPR) (Burbach and Meijer, 2019; Moreno-Salinas et al., 2019). LPHN3 is a 7-transmembrane, Ca-independent, GCPR (Kreienkamp et al., 2000; Boucard et al., 2014); also named ADGRL(3) (Adhesion G protein-coupled receptor L(3) (Hamann et al., 2015) (OMIM 616417)). In descending order LPHN3 is enriched in striatum, hippocampus, cerebellum, prefrontal cortex (PFC), and amygdala. The external domain of LPHN3 binds to FLRT3 and tenurin-3 trans-synaptically (Fig. 1). Variant forms of LPHN3 are risk factors for ADHD (Faraone et al., 2003; Polanczyk R01 NIEHS - Direct


Grant 2020 1 R01 ES032730-01 - Developing an in vitro to in vivo pipeline of mammary gland exposure-response relationships to per- and poly-fluoroalkyl substances (PFAS)UNIV OF NORTH CAROLINA CHAPEL HILL NC OLDENBURG, AMY L RAVICHANDRAN, LINGAMANAIDU V., PHD$559,511 8469964 ES PA19-056 10152786 Project Abstract  Per- and polyfluoroalkyl substances (PFAS) are a family of over 5000 man-made chemicals that are ubiquitous in the environment, due to their chemical stability and bioaccumulative properties. Many of these “forever chemicals” have been linked with health concerns, including strong evidence of developmental health and harm to hormone-sensitive tissues. Manufacturers continue to substitute new PFAS for which exposure- based health risks are unknown. There is an urgent public health need to determine the effects of PFAS in use on both mammary gland development and increased breast cancer incidence. Current exposure studies use rodent models that require cumbersome end-point analyses as well as large monetary and time investments.  Our proposal is aimed at developing an in vitro to in vivo extrapolation (IVIVE) pipeline of mammary gland development and maintenance to identify and prioritize potentially toxic PFAS, to ultimately mitigate number of animals needed for environmental exposure studiesDeveloping an in vitro to in vivo pipeline of mammary gland exposure-response relationships to per- and poly-fluoroalkyl substances (PFAS) This project, submitted to PA-19-056 as an R01 program with no clinical trial, is aimed at developing an in vitro to in vivo extrapolation (IVIVE) pipeline to identify potentially toxic per- and polyfluoroalkyl substances (PFAS) based on carcinogenic potential in the mammary gland. We envision a multi-tiered pipeline starting from a high- throughput paper-based culture (PBC) in vitro platform that prioritizes PFAS for second-stage assessment by a moderate-throughput organotypic mammary spheroid co-culture platform. Optical coherence tomography (OCT) is employed as a high-speed and non-invasive imaging moiety to capture cellular invasion in PBCs, and morphology and motility in spheroids, providing quantitative readouts for assay development. Specific Aims Specific Aim 1: Develop a PBC platform for high-throughput screening of PFAS that assigns an EMT score based on proliferR01 NIEHS - Direct


Grant 2020 5 R01 ES026964-04 - A Longitudinal Study of Endocrine Disruptor Mixtures and Reproductive AgingUNIVERSITY OF MICHIGAN AT ANN ARBOR MI PARK, SUNG KYUN BOYLES, ABEE $462,522 8469965 ES PA13-302 9731469 Project Summary/Abstract Exposure to endocrine disrupting chemicals (EDCs) is widespread and these compounds can persist in the environment and the human body over decades. The population is aging, and women, in particular, can experience significant morbidity and diminished quality of life with aging. Recent epidemiologic data suggest that the timing of reproductive aging (the gradual decline in ovarian function with age) and the pattern of hormonal change during the menopausal transition influence women’s risk of chronic disease and their long- term health with aging. While numerous studies have examined adverse reproductive health effects and exposure to EDCs, little is known about how EDCs affect the timing or process of reproductive aging. Further, most existing epidemiologic studies on this topic have been cross-sectional with studies of age-at-menopause based on recall, limiting causal inference. In addition, combined exposure to various EDCs and pollutant- pollutant interactions (mixtures), as well asSPECIFIC AIMS A wide range of endocrine disrupting chemicals (EDCs) are found in products used every day, including plasticizers, pesticides, flame retardants, and surfactants.1-3 These compounds persist in the environment and can affect human health.1-3 With the aging of the United States population — 20 percent will be aged 65 and over by 2030 — the potential influence of EDCs on the aging process and health is of increasing interest. Recent data from the major cohort studies of the menopausal transition, including the Study of Women's Health Across the Nation (SWAN), strengthen the evidence that both the timing of reproductive aging and the pattern of hormonal change during the menopausal transition influence women's risk of chronic disease and their long-term health with aging.4-9 For example, early menopause is associated with mortality and risk of cardio-metabolic diseases.10-13 EDCs, including persistent organic pollutants, can influence menstrual function, hormone levels, and fertility.14-17 InformatiR01 NIEHS - Direct


Grant 2020 5 R01 ES029951-02 - A preconception cohort study of environmental chemicals, fertility, and miscarriageBOSTON UNIVERSITY MEDICAL CAMPUS MA WISE, LAUREN A SMARR, MELISSA M $602,673 8469965 ES PA18-484 9840475 ABSTRACT Infertility and spontaneous abortion (SAB) are significant public health problems, affecting up to 25% of reproductive age couples in the United States. Health care costs attributable to infertility and SAB exceed $5 billion per year, and several studies have shown an association between infertility treatments and adverse pregnancy outcomes. Thus, identifying modifiable risk factors for subfertility and SAB is an important public health goal. The potential effects of exposure to endocrine-disrupting chemicals (EDCs) on risk of subfertility and SAB are understudied. The few existing human studies have limitations including small sample size, enrollment after conception, retrospective study design, suboptimal assessment of exposure and outcome, inadequate control for potential confounding variables, and limited generalizability. The proposed study will prospectively assess the relation of exposure to selected EDCs, including phenols, phthalates, and per- and poly-fluoroalkyl substances (PFAS), to risk SPECIFIC AIMS Infertility and spontaneous abortion (SAB) are significant public health problems, affecting up to 25% of reproductive age couples in the United States.1-5 As couples increasingly postpone childbearing, rates of infertility and SAB increase sharply and many couples seek infertility treatment,6,7 which costs an estimated $5 billion per year8 and is associated with adverse pregnancy outcomes.9,10 Emerging data from laboratory and human studies indicate that exposure to endocrine disrupting chemicals (EDCs) may contribute to the risk of infertility and SAB, but existing studies have been small, have evaluated single EDCs using only one measurement in time, or have been conducted in fertility clinic populations, and thus may not apply to the general population of couples trying to conceive. In addition, most studies have focused on a few select chemicals (e.g., bisphenol A and diethylhexyl phthalate (DEHP) metabolites). There has been little research on the health effects of newer replacement chemicR01 NIEHS - Direct


Grant 2020 5 R21 ES029328-03 - Developmental Exposure to Perfluoroalkyl Substances and Cardiometabolic Outcomes in Adulthood: Potential Links via the Plasma MetabolomeICAHN SCHOOL OF MEDICINE AT MOUNT SINAI NY VALVI, DAMASKINI JOUBERT, BONNIE $206,873 8469965 ES PA18-489 9843130 PROJECT SUMMARY Exposure to perfluoroalkyl substances (PFASs) is ubiquitous in the U.S. and worldwide. A breadth of data from animal studies show effects of prenatal and postnatal PFAS exposures on multiple tissues, accompanied by systemic biological responses and altered levels of lipids, glucose, inflammatory markers and metabolism- regulating hormones in peripheral blood. In line with the experimental evidence, our previous prospective investigations showed apparent effects of prenatal PFAS exposures on adverse metabolic and immune outcomes in children, as well as associations of adult PFAS exposures with higher risks of gestational and type 2 diabetes (T2D). As dose-dependence and mechanisms of potential PFAS toxicity in humans are not yet understood, an urgent need exists to elucidate associated health risks and implicated mechanisms. Moreover, although PFASs persist in blood and tissues for years, previous birth cohort research has focused almost exclusively on short-term impacts of prenatal exposure. T- R21 NIEHS - Direct


Grant 2020 1 R01 ES031079-01 - Investigating Mixtures of Pollutants and Endometriosis in Tissue (IMPLANT) StudyGEORGE MASON UNIVERSITY VA POLLACK, ANNA ZULEMABOYLES, ABEE $339,796 8469965 ES PA19-056 9864319 ABSTRACT Endometriosis affects 6-11% of premenopausal women, causing pain, infertility, and billions of dollars in U.S. health care related costs annually. With a poorly understood etiology, endometriosis is characterized by hormonally responsive endometrial implants outside the uterus. Evidence from experimental and human studies indicate that endocrine disrupting chemicals, to which humans are nearly ubiquitously exposed, may play a role in endometriosis etiology and severity. We propose to measure nine perfluoroalkyl substances (PFASs) and 53 persistent organic pollutants (POPs) to which the population is broadly exposed, in eutopic (healthy uterine tissue) and ectopic (endometriosis implants) endometrial tissue. The literature is limited in that there are no studies of endometriosis incidence and severity in relation to PFASs, POPs, and their mixtures measured in uterine tissue. This study leverages a unique biorepository collected from the operative cohort of the Endometriosis: Natural History, DiagnosisInvestigating Mixtures of Pollutants and Endometriosis in Tissue (IMPLANT) Study Endometriosis affects 6-11% of premenopausal women, causing severe pain and infertility 1–5, and costs billions annually in the US, comparable to diabetes 6. This disease is estrogen dependent and is characterized by endometrial tissue growth outside the uterus, called endometriosis implants. Endocrine disrupting chemicals (EDCs) may play a role in its etiology and severity by mimicking hormones, like estrogen 7. Our group showed that ubiquitous EDCs, including per- and polyfluoroalkyl substances (PFASs) 8,9 measured in serum, and persistent organic pollutants (POPs) 10 in serum and adipose, were associated with endometriosis. This leads us to ask the next critical question of their possible role in the development and severity of endometriosis. A recent quantitative review called for measuring target tissue dose for these EDCs 11. Chemical availability differs between serum, adipose, and the target for endometriosis, endometrialR01 NIEHS - Direct


Grant 2020 5 R01 ES025214-05 - Early life perfluoroalkyl substance exposure & obesity: Mechanisms & phenotypingBROWN UNIVERSITY RI BRAUN, JOSEPH M JOUBERT, BONNIE $569,204 8469965 ES PA13-302 9875273 ﻿    DESCRIPTION (provided by applicant):  Childhood obesity is a major public health problem in the United States where nearly 17% of children are obese and another 15% are overweight. Emerging evidence suggests that early life exposure to chemical obesogens may increase the risk of obesity by affecting hormonal systems involved in adipogenesis, weight homeostasis, or metabolism. Perfluoroalkyl substances (PFAS) are a class of man-made chemicals used in stain/water repellant textiles, nonstick coatings, and food packaging. Growing evidence from animal, human, and experimental studies shows that these chemicals may be obesogens and affect cardio-metabolic endpoints as well. Despite this, there are few prospective human studies characterizing the obesogenic effects of PFAS, and even fewer investigating the molecular mechanisms of PFAS action. We will use the HOME Study, a prospective birth cohort of 375 women and their children from Cincinnati, OH to address these gaps and determine if PFAS exposures during thSpecific Aims Childhood adiposity is one of the greatest public health threats to this generation of children, with obese youth facing increased risk of premature mortality and cardiometabolic disorders.13-15 Emerging research demonstrates that childhood obesity is related to the in utero and neonatal environment.16-20 This has led to immense interest in determining whether prenatal or postnatal exposures to chemical obesogens - toxicants that alter adipogenesis, growth, or metabolism – increase the risk of obesity and cardiometabolic disease.21,22 Perfluoroalkyl substances (PFAS) are a class of suspected obesogens used in food packaging, non-stick coatings, and stain/water-resistant textiles that bioaccumulate and resist environmental degradation. Human exposure is ubiquitous and these substances have long biological half-lives. Experimental and epidemiological studies suggest that PFAS exposure increases the risk of child/adult obesity, and adversely affect hormone action/synthesis, adipocyte function, and R01 NIEHS - Direct


Grant 2020 1 R01 ES030394-01A1 - Vulnerability During Infancy to Immunotoxic Contaminant ExposuresHARVARD SCHOOL OF PUBLIC HEALTH MA GRANDJEAN, PHILIPPE ADAMJOUBERT, BONNIE $269,262 8469965 ES PA19-056 9885685 Abstract Our studies have demonstrated that developmental exposure to perfluorinated alkylate substances (PFAS) are associated with attenuated antibody responses to routine childhood vaccines. Our most recent findings suggest that breastfeeding can transfer PFAS to the infant and lead to substantial elevations of serum-PFAS concentrations, with possible adverse implications for immune system development. As blood samples from infancy were not available to us in previous studies, we modeled the concentrations of early-life serum-PFAS and showed that levels of early postnatal serum-PFAS are inversely associated with antibody concentrations measured at age 5 years, more so than serum concentrations measured at age 18 months or later. The present proposal will obtain blood samples in infancy and maternal milk for analysis of PFAS to improve the modeling of profiles of serum-PFAS during infancy. This will allow testing of the hypothesis that early-life exposure to immunotoxic PFAS impair the development of the adaSpecific Aims Immunotoxicity is emerging as a major public health issue that requires elucidation. Dioxins and PCBs were first demonstrated to be environmental immunotoxicants [18, 29]. Following our discovery in 2012 that the perfluorinated alkylate substances (PFAS) can suppress some immune functions [1], we have replicated the findings in another birth cohort [26] and in adults [30], as have other human studies [2, 3, 23]. PFAS are present in blood samples from virtually all Americans [31, 32], and our examination of data on water contamination from the U.S. Environmental Protection Agency showed that millions are exposed to seriously polluted drinking water with PFAS [33]. Our findings suggest that current exposure levels of PFAS may attenuate vaccine efficacy [34], and other studies suggest decreased resistance against infections [3, 5, 34-36].  To assess the degree of immunotoxicity, we have applied antibody (Ab) responses to two routine childhood vaccines, diphtheria (Di) and tetanus (Te) [1]. Both vacR01 NIEHS - Direct


Grant 2020 5 R21 ES030454-02 - Scaling up access and usability of smartphone tools for reporting chemical biomonitoring resultsSILENT SPRING INSTITUTE MA BRODY, JULIA GREENMARTIN, LINDSEY ANN $187,574 8469965 ES PA18-489 9917777 Biomonitoring measurements in blood, urine, and other tissues are crucial for studies to understand the effects of environmental chemicals on health. Participants almost always want to learn their own results, and modern ethics statements support their right-to-know. In response, more studies are returning personal results for growing numbers of chemicals, even if health effects are uncertain. Research to evaluate the outcomes in these studies shows that report-back encourages recruitment and retention, leads researchers to new translational insights about their data, and increases environmental health literacy for participants (EHL, the ability to understand and act on knowledge to protect health). Participants do not become overly worried. Thus, new tools to scale up production of personalized reports benefit both researchers and study participants. The Digital Exposure Report-Back Interface (DERBI) is a tested software framework for efficiently producing reports for print, computer/tablet, or smartphone. HSPECIFIC AIMS In response to questions from study participants about their own chemical exposure results, we developed the Digital Exposure Report-Back Interface (DERBI) as a framework for efficiently creating personalized results reports. Participants in biomonitoring studies—where chemicals are measured in people's blood, urine, or other tissues—nearly always want to know, “What did you find in me? Was it safe? What should I do?” Federal ethics guidance supports their right-to-know, recommending “a presumption in favor of returning individual results.” Sharing results benefits both researchers and participants, because it supports study recruitment and retention, promotes community-engaged research, improves environmental health literacy (EHL), and often sparks insights about study data. DERBI has been used to report results in five studies to date, and participants appreciated receiving their results, learned from them, and were motivated to act—showing that report-back can promote environmental public heaR21 NIEHS - Direct


Grant 2020 5 R01 ES025796-05 - The impact of prenatal exposure to persistent organic pollutants on kinetics of immune response to vaccines and sero-protection in infantsFRED HUTCHINSON CANCER RESEARCH CENTER WA BHATTI, PARVEEN JOUBERT, BONNIE $584,405 8469965 ES PA13-302 9920719 ﻿    DESCRIPTION (provided by applicant): Persistent organic pollutants (POPs) are a group of chemically stable compounds that bioaccumulate and persist in the environment, animals and humans. POP toxicities include carcinogenicity, endocrinopathy, neurotoxicity, and immunotoxicity. Although production of POPs was banned in many countries in the 1980s, high levels can be still be detected in the blood of young children worldwide. Significant exposure to POPs can begin in utero, during critical periods of fetal immune system development, and POPs appear to induce numerous immunotoxic effects. There is specific evidence of attenuated responses to immunizations that suggest reduced vaccine efficacy however a comprehensive assessment of the effects of POPs exposure across a panel of routine infant immunizations has not yet been performed. Significant portions of the Chinese population are exposed to a broad array of POPs across a range of exposure levels that are comparable to those in US populations. The public SPECIFIC AIMS Persistent organic pollutants (POPs) are a group of chemically stable compounds that bioaccumulate and persist in the environment, animals and humans. Major classes of POPs include dioxins and furans, polychlorinated biphenyls (PCBs), organochlorine (OC) pesticides, and perfluorinated compounds (PFCs). POP toxicities include carcinogenicity, endocrinopathy, neurotoxicity, and immunotoxicity. Although production of POPs was banned in many countries in the 1980s, high levels can be still be detected in the blood of young children worldwide. Significant exposure to POPs can begin in utero during critical periods of fetal immune system development. POPs appear to induce numerous immunotoxic effects. However, the relative impact of multiple specific compounds acting in combination as typically occurs in vivo is poorly understood. At least one important mechanism of immunotoxicity is binding of dioxins and dioxin-like POPs to the arylhydrocarbon receptor (AhR), resulting in aberrant AhR signaling in aR01 NIEHS - Direct


Grant 2020 5 R21 ES029681-02 - Developmental origins of child liver injury: Effects of prenatal environmental exposuresUNIVERSITY OF SOUTHERN CALIFORNIA CA CHATZI, VAIA LIDA JOUBERT, BONNIE $191,949 8469965 ES PA18-489 9922274 ABSTRACT Emerging experimental evidence indicates that exposure to environmental pollutants causes liver injury and contributes to “toxicant-associated fatty liver disease”, specially if exposure occurs during critical stages of development. Animal studies show hetatotoxic effects even at low levels of exposure to many endocrine disrupting chemicals (EDCs), including persistent organic pollutants, plasticizers and certain metals. Moreover, chronic exposures to ambient fine particulate matter have been shown to induce liver steatosis, inflammation and fibrosis in mice, accompanied by elevated blood liver enzymes. Human studies have largely been cross- sectional, and no previous population study has examined associations of in utero exposure to air pollution and EDCs with subsequent pediatric liver injury. We propose a novel analytyical approach for investigating effects of in utero environmental exposures on child liver injury, leveraging the extraordinary existing resources of the “Human Early Life Exposome (SPECIFIC AIMS In parallel with increasing rates of obesity,1, 2 non-alcoholic fatty liver disease (NAFLD) is increasingly diagnosed at younger ages,3, 4 suggesting an early-life etiologic origin.5 In large population studies, for example in the National Health and Nutrition Examination Study,3 noninvasive clinical biomarkers have been used to measure liver injury and prevalence of suspected NAFLD, as the current diagnostic gold standard, liver biopsy, has well- known limitations of high cost, risk, and ethical restrictions.6-8 Over the past 20 years, prevalence of suspected NAFLD, defined as elevated alanine aminotransferase (ALT) levels in blood, has almost tripled among US adolescents, with increases among all race/ethnic subgroups, males and females.3 In adults, NAFLD is the second leading indication for liver transplant in the US,9 and is associated with increased morbidity from extra- hepatic complications.10, 11 The `Developmental Origins of Health and Disease' paradigm posits that environmental exposurR21 NIEHS - Direct


Grant 2020 5 R01 ES029133-03 - Longitudinal study of endocrine disrupting chemical exposure and the early hormonal milieu of girls around the time of thelarcheUNIVERSITY OF CINCINNATI OH PINNEY, SUSAN MENGELBOYLES, ABEE $207,721 8469965 ES PA16-160 9934200 PROJECT SUMMARY: Longitudinal Study of Endocrine-Disrupting Chemical Exposure and the Early Hormonal Milieu of Girls Around the Time of Thelarche  Endocrine disrupting chemicals (EDCs) are exogenous substances which exhibit hormonal activity in the endocrine system, disrupting the physiologic function of endogenous hormones. The peri-pubertal period represents a developmental window of vulnerability to environmental exposures in which EDCs may act as agonists or antagonists to endogenous hormones. Evidence directly linking EDCs and alterations in pubertal development in human populations is far from conclusive. Evidence directly linking exposure to EDCs and changes in serum steroid hormone levels in girls around the time of breast development is almost non-existent.  Previous studies of pubertal girls (both in our cohort and others) have reported that exposure to certain EDCs is associated with either later or earlier thelarche and menarche suggesting that EDCs may have an effect on the hormonal milieu in pubSPECIFIC AIMS: Longitudinal Study of Endocrine-Disrupting Chemical Exposure and the Early Hormonal Milieu of Girls Around the Time of Thelarche  Endocrine disrupting chemicals (EDCs) are exogenous substances which exhibit hormonal activity in the endocrine system, disrupting the physiologic function of endogenous hormones. Animal studies have unequivocally demonstrated that EDCs disrupt sexual development, as measured by delayed vaginal opening, the effect depending upon the dose and timing of exposure. However, evidence directly linking EDCs and alterations in pubertal development in human populations is far from conclusive.  During puberty, the mammary gland undergoes rapid growth, through exponential cellular proliferation and differentiation, driven by sex hormones. The peri-pubertal period also represents a developmental window of vulnerability to environmental exposures in which EDCs may act as agonists or antagonists to endogenous hormones. Evidence directly linking exposure to EDCs and changes in seruR01 NIEHS - Direct


Grant 2020 1 R01 ES031657-01 - The Impact of Maternal and Paternal Preconception Perfluoroalkyl Substance (PFAS) Exposure on Reproductive and Perinatal OutcomesHARVARD SCHOOL OF PUBLIC HEALTH MA MESSERLIAN, CARMEN SMARR, MELISSA M $320,579 8469965 ES PA19-056 9944227 Per- and polyfluoroalkyl substances (PFAS) are ubiquitous environmental toxicants that are associated with adverse health outcomes including cancer and thyroid disease. The potential for PFAS exposures to negatively influence human health has generated significant concerns in scientific, governmental and public realms. PFAS are used in numerous consumer products, including nonstick cookware, textiles, and food packaging. Importantly, these chemicals persist in the environment and have long elimination half-lives (~2 to 8 years) in the human body, leading to near-universal exposure (some PFAS have been detected in the serum of more than 99% of the U.S. population). While limited human studies and evidence from animal models implicate PFAS exposures in adverse reproductive and pregnancy outcomes including infertility, pregnancy loss, preterm birth, and low birthweight, knowledge remains scarce, particularly for newer PFAS and PFAS mixtures. Further, studies that examined perinatal outcomes such as preterm birthSPECIFIC AIMS Per- and polyfluoroalkyl substances (PFAS) are environmental toxicants of urgent scientific, governmental, and public concern over their near-universal human exposure and adverse health effects.1-7 Despite decades of research, the consequences of PFAS exposure for human health remain strikingly unclear.5 PFAS are a family of high-production volume synthetic water- and stain-resistant chemicals used in countless consumer products including nonstick cookware, textiles, and food packaging. PFAS can be found in the water we drink, the food we eat, the air we breathe, and in our homes, schools, and workplace.8-13,126 The chemical properties that make PFAS useful in so many applications also cause persistence in the environment and accumulation in the body (half-lives ~2 to 8 years).14,15 Indeed, PFAS have been labelled “forever chemicals.”16 General population exposure is ubiquitous; PFAS such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) are detectable in the serum of more thR01 NIEHS - Direct


Grant 2020 5 R01 ES028311-03 - Assessment of pediatric immunotoxicity, public education, and capacity-building in communities impacted by PFAS-contaminated drinking waterSILENT SPRING INSTITUTE MA SCHAIDER, LAUREL A O'FALLON, LIAM $531,005 8469965 ES PA16-083 9957092 A growing number of U.S. communities have discovered per- and polyfluoroalkyl substances (PFASs, often called PFCs) in drinking water. Epidemiological studies have reported negative associations between pediatric PFAS exposure and immune function, and suggest that current drinking water guidelines may not adequately protect children from immunotoxicity. In 2016, the National Toxicology Program concluded that two PFASs, PFOA and PFOS, are presumed immune hazards based on human and animal studies. A key knowledge gap is whether exposure to drinking water contaminated by AFFF firefighting foams with complex PFAS mixtures causes clinically relevant immunotoxicity. Communities seek guidance for interpreting blood and water test results and information on health effects, water treatment, remediation, and strategies to engage local officials.  This project will leverage existing researcher-community partnerships to address concerns about health effects from PFASs in drinking water and develop tools and materials to SPECIFIC AIMS  Across the U.S., a growing number of communities are discovering drinking water supplies contaminated with per- and polyfluoroalkyl substances (PFASs, often called PFCs). As we recently reported, over six million Americans in 22 states receive drinking water from sources that exceeded EPA’s 2016 guideline for PFOS and PFOA, and drinking water for an additional 100 million Americans has not yet been tested. Proximity to a military fire training area was a strong predictor of drinking water contamination due to the use of PFASs in aqueous film-forming foam (AFFF) used for fighting fuel fires. Health concerns related to PFOA and PFOS include high cholesterol, testicular and kidney cancer, and reproductive and developmental effects such as decreased birth weight. A 2016 National Toxicology Program systematic review of human and animal studies concluded that both PFOS and PFOA are presumed immune hazards to humans.  While there is a growing body of research on PFOS and PFOA toxicity, AFFF-contaminatR01 NIEHS - Direct


Grant 2020 1 R01 ES030691-01A1 - Hepatotoxic effects of perfluoroalkyl substances: a new epidemiological approach for studying environmental fatty liver diseaseUNIVERSITY OF SOUTHERN CALIFORNIA CA CHATZI, VAIA LIDA SMARR, MELISSA M $637,351 8469965 ES PA19-056 9971288 ABSTRACT The prevalence of non-alcoholic fatty liver disease (NAFLD) in children has almost tripled over the past 20 years. NAFLD currently affects 8-12% of the general pediatric population in the U.S. and more that 30% of obese children. It is associated with an increased risk of developing advance stages of liver disease as well as cardiovascular and metabolic diseases. Mounting evidence suggests that early life environmental exposures contribute to the etiology of NAFLD. PFAS are persistent compounds widely used in water repellant textiles, nonstick coatings, and food packaging products, and have long half-lives (up to a decade) in humans. Almost all U.S. children and adolescents have detectable PFAS blood levels. Even low dose exposure to PFAS induces hepatotoxic effects in animal models. Despite abundant evidence from experimental studies, epidemiologic study is limited to a few cross-sectional studies in adults. We therefore propose a novel study design for investigating PFAS hepatotoxic effects in humaSPECIFIC AIMS In parallel with increasing rates of obesity,1,2 non-alcoholic fatty liver disease (NAFLD) is increasingly diagnosed at younger ages with potential long-term impact on liver, cardiovascular and metabolic health.3-5 The prevalence of elevated serum levels of alanine aminotransferase (ALT), a biomarker of liver injury and established clinical screening tool for NAFLD risk, has almost tripled among US adolescents over the last two decades.3 NAFLD in children is more likely than in adults to be characterized by hepatocyte injury in the periportal regions6 that reflect a more rapidly progressive and aggressive form of the disease.7 Experimental evidence indicates that exposure to environmental pollutants disrupts lipid homeostasis in liver and causes hepatic steatosis8,9 and “toxicant-associated fatty liver disease”.10 Poly- and perfluoroalkyl substances (PFAS) are chemically and thermally stable, persistent compounds widely used in water repellant textiles, nonstick coatings, and food packaging prodR01 NIEHS - Direct


Grant 2020 5 R21 ES030792-02 - Endocrine disruption by perfluoroalkyl substances and mercuryUNIVERSITY OF ILLINOIS AT CHICAGO IL TURYK, MARY ELLEN JOUBERT, BONNIE $191,595 8469965 ES PA18-489 9980906 7. Project Summary/Abstract Consumption of fish is a major source of exposure to environmental contaminants for the general population, including persistent organic pollutants such as polychlorinated biphenyls (PCBs), p,p’-diphenyldichloroethene (DDE), polybrominated diphenyl ethers (PBDEs) and perfluoroalkyl substances (PFAS), as well as metals such as methyl mercury (meHg). Exposure to these pollutants may cause dysregulation of endocrine function, affecting steroid and thyroid hormones as well as glucose and lipid metabolism. To date, few studies have evaluated the impact of multiple contaminants found in fish on endocrine function, and even fewer have considered that the harmful effects of contaminants in fish may be counterbalanced by beneficial nutrients such as selenium and iodide. The Great Lakes Fish Consumer Study (GLFCS) is an ongoing longitudinal study of both frequent and infrequent consumers of sport fish. In this population, we have previously demonstrated associations of PCBs, PBDEs, DDE and/oSpecific Aims Frequent habitual consumption of fish constitutes an important source of general population exposure to multiple endocrine disrupting chemicals, including persistent organic pollutants (POPs) such as polychlorinated biphenyls (PCBs), p,p'-diphenyldichloroethene (DDE), polybrominated diphenyl ethers (PBDEs) and perfluoroalkyl substances (PFAS), as well as metals, particularly methyl mercury (meHg). There is substantial toxicologic and epidemiologic evidence that exposure to these pollutants is related to dysregulation of endocrine systems.1-5 Yet most studies have focused on a single chemical or class of chemicals, so the effects of chemical mixtures are not well delineated.6 Furthermore, chemicals in fish may be correlated with nutrients found in seafood, such as selenium and iodide.7 It is critical to account for these factors, since nutrients may oppose or modify the actions of chemical exposures on the outcomes of interest. However, few investigations have studied effects of fish-based pollutR21 NIEHS - Direct


Grant 2020 5 R01 ES029944-02 - Environmental Chemical Exposures and Longitudinal Changes of Glucose Metabolism, Insulin Sensitivity and B Cell Function in YouthUNIVERSITY OF SOUTHERN CALIFORNIA CA CHATZI, VAIA LIDA SMARR, MELISSA M $635,014 8469965 ES PA18-484 9991852 ABSTRACT Young-onset type 2 diabetes (T2D) is a priority public health issue, since it is often unrecognized, responds poorly to treatment, and results in rapid progression of microvascular and macrovascular complications. Thus, an improved understanding of the factors that trigger young-onset T2D development and pathological progression is needed. This is especially important among Hispanic youth, a minority group with high rates of T2D. Animal studies show that even at low levels of exposure, persistent organic pollutants (POPs), including organochlorine compounds, perfluoroalkyl substances, and brominated flame retardants, contribute to T2D pathogenesis. Human exposure to POPs is widespread and individuals are exposed not only to a single chemical but also to a mixture of environmental chemicals that may have synergistic actions. However, evidence from human studies is inconclusive and largerly based on cross-sectional adult studies examining single exposures. Importantly, no previous study has examined thSPECIFIC AIMS Young-onset type 2 diabetes (T2D) is a silent epidemic, especially among high-risk minority populations.1,2 T2D prevalence in youth is projected to increase by 4-fold in 2050,3,4 while Hispanics have a five times higher annual increase in T2D incidence compared to non-Hispanic Caucasians.2,5 Our previous work with the SOLAR (Study of Latino Adolescents at Diabetes Risk) Project, has shown that disparities in T2D development are already present early in life,6,7 yet are not fully explained by obesity or by a high-fat/sugar diet.8-9 Young-onset T2D displays a more aggressive disease phenotype that results in rapid progression of disease complications.1,10 Thus, there is an urgent need for identifying modifiable risk factors that may help inform public health interventions to reduce the burden of young-onset T2D and specifically target health-disparate populations. Our overarching hypothesis is that the burden of exposure to multiple environmental chemicals may increase susceptibility to T2D in youR01 NIEHS - Direct


Grant 2020 5 R00 ES026729-05 - Neurodevelopmental Effects of Perfluorinated ChemicalsYALE UNIVERSITY CT LIEW, ZE YAN GRAY, KIMBERLY A $245,888 8469965 ES PA16-077 9997918 ABSTRACT This proposal builds on the candidate’s dissertation research that examined the associations between prenatal exposure to perfluorinated chemicals (PFCs) and three specific neurodevelopmental outcomes, including autism, attention-deficit/hyperactivity disorder, and cerebral palsy in the Danish National Birth Cohort (DNBC) that consists of ~100,000 mothers and children. PFCs are widespread persistent organic pollutants, and pregnant women and fetuses are often involuntarily and nearly ubiquitously exposed to these synthetic compounds since the 1950s. Animal studies suggest that PFCs are developmental toxicants but evidence from human studies is sparse. Decade long collaborations between UCLA and Aarhus University enabled the candidate to gain access to the unique, large-scale, nationwide Danish cohorts and registries for research. The proposed study will greatly expand the use of DNBC and various Danish registers and allow for the very first time examination of the link between prenatal PFC exposures Specific Aims Worldwide the diagnoses of neurodevelopmental disorders are on the rise.1-3 A growing body of research suggests that many neurodevelopmental disorders originate in fetal life or in early childhood.4-6 Various chemical contaminants have also been found in humans at increasing levels and are suspected to contribute to these disorders.7-9 Perfluorinated chemicals (PFCs) are widespread man-made persistent organic pollutants that have endocrine-disrupting and neurotoxic properties. PFCs have been used broadly in commercial products since the 1950s. Research indicated PFCs can cross the placental barrier and expose the developing fetus.11 Both animal and human studies suggest PFCs interfere with maternal sex and thyroid hormone function, an essential mechanism that facilitates fetal brain development.12-14 Recently, we reported a strong association between prenatal PFC exposure and cerebral palsy in children.15 Linking specific chemical exposures to mental disorders is challenging and requires data coR00 NIEHS - Direct


Grant 2020 5 R01 ES026904-05 - Autism and Prenatal Endocrine Disruptors (A-PED)ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI NY REICHENBERG, ABRAHAM LAWLER, CINDY P. $579,927 8469965 ES PAR14-203 10006730 PROJECT SUMMARY Autism and spectrum disorders (ASD) are serious and debilitating neurodevelopmental disorders that incur substantial suffering for patients and major challenges to our health care system. It is now estimated that ASD affects about 1 in 68 children, with a male:female ratio of 4:1. Both genetic and environmental factors contribute to ASD, but environmental factors have been understudied. Because environmental factors are potentially modifiable they should be a research priority. This effort has been hampered by the challenges of acquiring accurate and relevant exposure measures in large, unbiased, epidemiologic cohorts. Among the many environmental exposures to which humans are exposed, endocrine disrupting chemicals (EDs) have perhaps the best-known effects on neurodevelopment in pediatric populations. Several of these chemicals, particularly when exposure is prenatal, have been linked to autism-related phenotypes, and sex- differences in these associations have been documented. EDs have been Autism and Prenatal Endocrine Disruptors (A-PED) SPECIFIC AIMS According to the Interagency Autism Coordinating Committee's 2013 Update of the Strategic Plan for Autism Spectrum Disorder (ASD) Research, there remains a critical need to identify the role of environmental exposures in ASD risk. Between 2000 and 2010, the number of children with autism more than doubled, and it is now estimated that autism affects about 1 in 68 children1,2, with a male: female ratio of 4:1. Genetic factors account for only 50-60% of autism risk, with the remainder attributable to environmental factors alone or in combination with genetic factors. Thus, there is an urgent need to understand the role of environmental factors in ASD risk. This effort has been hampered by the challenges of acquiring accurate and relevant exposure measures in large, unbiased, epidemiologic cohorts. To address this need, we will conduct the first population- based investigation with appropriate sample size to adequately examine the role of prenatal exR01 NIEHS - Direct


Grant 2020 5 R01 ES027224-05 - Internalizing Behaviors and Neuroimaging Outcomes:  Impact of PBDE and PFC ExposuresCINCINNATI CHILDRENS HOSP MED CTR OH YOLTON, KIMBERLY GRAY, KIMBERLY A $545,969 8469965 ES PA13-302 10015279 Project Summary/Abstract Human exposure to environmental contaminants is ubiquitous, and there is growing concern that exposure to some may be linked with the rise in neurobehavioral problems in children. Given the lack of conclusive evidence for many environmental toxicants, there is a critical need for well-designed longitudinal studies of prenatal and postnatal exposure with long-term follow-up to address focused questions about the impact of these chemicals, especially on neurobehavioral endpoints. We will study two chemical classes to which nearly all of the US population are exposed, polybrominated diphenyl ethers (PBDEs) and perfluorinated chemicals (PFCs), that have been used as flame retardants and surfactants, respectively. Among an established cohort of typically developing pre-adolescent children within the Health Outcomes and Measures of the Environment (HOME) Study, we will determine associations between prenatal and childhood exposure to these persistent pollutants and internalizing behaviors iA. SPECIFIC AIMS Human exposure to environmental contaminants is ubiquitous. Many of these contaminants are innocuous, but there is growing concern that exposure to some may be linked with the rise in neurobehavioral problems in children.1-3 Some environmental toxicants (e.g., lead, tobacco) are clearly linked with injury during fetal and child development, but there are others for which the scientific evidence indicating they cause harm to the developing fetus or child is weak. Despite the lack of conclusive evidence for many of these environmental toxicants, public and scientific community concern surrounding their use and consequences of exposure to human health and development has increased.4,5 There is a critical need for well-designed longitudinal studies of prenatal and early postnatal exposure with long-term follow-up to address focused questions about the impact of these chemicals, especially on neurobehavioral endpoints. In this proposed study, we focus on two classes of chemicals to which nearly alR01 NIEHS - Direct


Grant 2020 5 R01 ES019222-10 - Manganese Exposure Windows and Neurologic Function in AdolescenceICAHN SCHOOL OF MEDICINE AT MOUNT SINAI NY HORTON, MEGAN K GRAY, KIMBERLY A $582,771 8469965 ES PA13-302 10016299 ﻿    DESCRIPTION (provided by applicant): The primary objectives of this study are to characterize the effects of environmental manganese (Mn) exposure on adolescent neurodevelopment. Although long known to be a critical neurodevelopmental period in pediatrics/psychology, little is known about the impact of toxic chemical exposures on neurophenotypes in adolescence. Mn is a compelling neurotoxicant to study in adolescence because: i) Mn is an essential trace metal, but it is also neurotoxic at elevated exposures; ii) th catecholaminergic system is a well-known target of Mn, and adolescence neurodevelopment involves substantial changes to the dopaminergic system, iii) Mn exposure is more ubiquitous than previously recognized, but its role in altering brain development is not well known, and iv) there are significant knowledge gaps regarding the impacts of Mn in adolescence. Preliminary results from our initial grant period show that elevated Mn exposure during pre/early adolescence is associated with deficits Program Director/Principal Investigator (Last, First, Middle): Lucchini, Smith, Wright Introduction: The primary objectives of this renewal application are to characterize the effects of environmental manganese (Mn) exposure on adolescent neurodevelopment. During adolescence there is significant brain re-organization in the functional domains of planning, concept formation, working memory, inhibitory control, and regulation of emotion/aggression, all of which are important subdomains of executive function. These neurobehavioral functions rely largely on the catecholaminergic system (e.g., dopamine and norepinephrine) and reflect function in the cortical regions (prefrontal cortex, PFC; anterior cingulate cortex, ACC) as well as the ventral striatum, amygdala, and related/connected structures. Although adolescence is long known to be a critical neurodevelopmental period in pediatrics/psychology, little is known about the impact of toxic chemical exposures on neurophenotypes in adolescence. Mn is a compelling nR01 NIEHS - Direct


Grant 2020 1 R01 ES031074-01A1 - Urban air pollution and neurobehavioral trajectories in the ABCD studyUNIVERSITY OF SOUTHERN CALIFORNIA CA HERTING, MEGAN MARIEGRAY, KIMBERLY A $688,892 8469965 ES PA19-056 10045490 Project Summary Fine particulate matter (aerodynamic diameter< 2.5 μm; PM2.5) is a novel and ubiquitous environmental neurotoxin affecting neurobehavioral development of millions of American children living in urban areas. However, our review points to several major methodological limitations and critical knowledge gaps in the extant literature, including: 1) the lack of studies with longitudinal brain and behavior assessments; 2) relatively small samples from localized geographical areas; 3) little to no information on long-term cumulative and/or differential timing of exposure across development; and 4) remaining questions regarding the neurotoxicity of PM2.5 exposure on critical neurobehavioral processes that continue to mature across adolescence. Although animal neurotoxicology studies have highlighted the importance of sex, there is only limited epidemiologic evidence for sex difference in PM2.5 neurotoxicity in children. Moreover, brain development is also shaped by family- and community-level social faSpecific Aims: Compelling evidence exists for neurotoxicity of ambient fine particulate matter (diameter < 2.5 μm; PM2.5) on developing brains in both animals and humans1-3, including neurodevelopmental delay4-9 and emotional difficulties10- 15. While emerging data also show elevated PM2.5 exposure during prenatal 16-18 and childhood development16, 19-23 is associated with altered white matter surface area and microstructure, cortical and subcortical gray matter, and brain function in children; these neuroimaging studies were limited by one-time, cross-sectional assessments conducted in only four cohorts of children recruited from localized populations24. Moreover, none of these brain MRI studies, and only a single neurobehavioral study25, has probed cumulative and/or differential timing of exposure effects across childhood. It remains elusive as to how air pollution exposure across different developmental stages, from gestation to early childhood period and into pre-adolescence, impacts specific neurobehavioR01 NIEHS - Direct


Grant 2020 1 R01 ES031065-01A1 - Per- and Polyfluoroalkyl substances mixtures and maternal cardiovascular disease risk across the reproductive life courseHARVARD SCHOOL OF PUBLIC HEALTH MA JAMES-TODD, TAMARRA MBOYLES, ABEE $655,524 8469965 ES PA19-056 10052084 ABSTRACT Cardiovascular disease (CVD) is the leading cause of death among women living in the United States. Progress in identifying modifiable risk factors of CVD has been slow. Growing evidence supports the idea that pregnancy may be a stress test for future CVD risk and also a sensitive window of exposure for endocrine disrupting chemicals (EDCs) and women’s CVD risk. Our study will address the critical need to evaluate EDC exposures in pregnancy and midlife to determine whether these chemicals increase CVD risk across the reproductive life course—a key time period of CVD risk factor development. We will focus on exposure to per- and polyfluoroalkyl substances (PFAS), a class of ubiquitous, persistent chemicals. Our scientific premise is strong as prior studies and our preliminary data suggest that exposure to certain PFAS are associated with adverse cardiometabolic outcomes in both pregnant and non-pregnant women. However, previous studies have not prospectively evaluated CVD risk factor development betweA. SPECIFIC AIMS Cardiovascular disease (CVD) is the leading cause of death among women in the U.S. and has one of the costliest economic burdens, with an annual health expenditure of $318 billion.1 Growing evidence supports the idea that pregnancy may be a stress test as complications during pregnancy (e.g. hypertensive disorders of pregnancy (HDP)—gestational hypertension and preeclampsia), may signal future CVD risk.2-7 In fact, HDP complicates 10-15% of pregnancies each year8 9 and confers a 2-fold increased risk of CVD that emerges even within the first 10 years following pregnancy.5 While lifestyle and genetic factors are assuredly involved in adverse reproductive outcomes and later-life CVD risk,10 11 emerging evidence suggests that exposure to endocrine disrupting chemicals (EDCs) could also be an important and modifiable risk factor.12-16  One class of EDCs that warrants examination is per- and polyfluoroalkyl substances (PFAS).17 These ubiquitous, persistent synthetic EDCs18-20 have been associated R01 NIEHS - Direct


Grant 2020 1 R01 ES032213-01 - Environmental chemical exposures during pregnancy and womens cardio-metabolic healthUNIVERSITY OF COLORADO DENVER CO STARLING, ANNE SMARR, MELISSA M $442,225 8469965 ES ES20-003 10066188 Project Summary While much research has been devoted to exploring the impact of environmental chemical exposures during pregnancy on infant and child health, relatively little attention has focused on the potential influence of these exposures on maternal health. Recent evidence suggests that pregnancy may be a sensitive period in the life course, during which chemical exposures may have long-lasting effects on cardio-metabolic disease risk among women. Using a well-characterized existing cohort study that enrolled 1,410 pregnant women in 2009- 2014, we propose the following aims: (1) quantify the relationship between environmental exposures during pregnancy and short-term maternal health outcomes including: postpartum weight retention, reduced breastfeeding initiation and duration, and incident diabetes; (2) quantify the relationship between environmental exposures during pregnancy and long-term maternal health outcomes: body composition, weight trajectories from pregnancy through ~10 years after parturitionEnvironmental chemical exposures that occur during pregnancy may have long-lasting detrimental effects on women's health (1). Certain chemical exposures have been associated with gestational hypertension, preeclampsia, weight gain, and gestational diabetes (2-14), and such conditions during pregnancy are also related to women's risk of chronic disease throughout the lifespan. Gestational weight gain and postpartum weight retention may influence subsequent weight trajectory, with lifelong consequences for obesity and diabetes risk. Preeclampsia and gestational diabetes are associated with elevated risks of cardiovascular disease and diabetes, respectively, in the years following the pregnancy (15-18). However, few pregnancy cohort studies have been conducted with a specific focus on long-term maternal health outcomes, and a gap remains in our understanding of pregnancy as a vulnerable period for women's health during which environmental chemical exposures may increase chronic disease risk later in life.  The HR01 NIEHS - Direct


Grant 2020 1 R01 ES032247-01 - The Long-term Influence of Persistent Organic Pollutants Exposure During and After Pregnancy on Metabolic Decline in Women After Pregnancies Complicated by Gestational DiabetesUNIVERSITY OF SOUTHERN CALIFORNIA CA CHEN, ZHANGHUA BOYLES, ABEE $490,160 8469965 ES ES20-003 10067310 ABSTRACT Preventing diabetes has become a national priority for public health. Women with gestational diabetes mellitus (GDM) history carry a significantly higher risk of developing type 2 diabetes (T2D) over their lifetime. Therefore, GDM has been used as a unique model to identify early metabolic defects such as insulin resistance and β-cell dysfunction that precede the development of diabetes in young women. Beyond well-known risk factors including unhealthy lifestyle and genetic susceptibility, there is a growing concern over exposures to endocrine disrupting chemicals, such as persistent organic pollutants (POPs), as novel risk factors for T2D. The goal of this study is to investigate long-term effects of exposure to POPs during a woman’s vulnerable time windows of pregnancy and the postpartum period on the metabolic trajectory that leads to T2D in women after GDM pregnancies. Mounting evidence from animal models and human studies suggests that POPs exposure can adversely affect insulin sensitivity and βSPECIFIC AIMS  The intensifying type 2 diabetes (T2D) epidemic among minority women is a substantial threat to public health.1,2 Women with gestational diabetes mellitus (GDM) history carry a lifetime risk of progression to T2D of up to 70%.3 Therefore, GDM is a unique model for investigating T2D pathogenesis. Beyond well-known risk factors such as unhealthy lifestyle and genetic susceptibility, there is growing evidence that exposures to endocrine disrupting chemicals (EDCs), may be important and unrecognized contributors to the pathogenesis of T2D. The broad objective of this study is to investigate the effects of exposure to persistent organic pollutants (POPs) during the vulnerable time windows of pregnancy and the postpartum period on negative metabolic trajectories involved in the pathogenesis of T2D in women after pregnancies.  Animal studies showed that exposures to EDCs, including POPs, cause insulin resistance and functional changes to pancreatic β-cells,4-6 the two fundamental mechanisms of T2D. ThR01 NIEHS - Direct


Grant 2020 1 R01 ES032295-01 - The role of air pollution in emotional neurodevelopment and risk for psychiatric disordersUNIVERSITY OF SOUTHERN CALIFORNIA CA HERTING, MEGAN MARIEGRAY, KIMBERLY A $554,658 8469965 ES PAR19-386 10069846 Project Abstract Outdoor air pollution, including fine particulate matter (PM2.5; and its constituents) and nitrogen dioxide (NO2), is ubiquitous in urban areas and is a neurotoxicant. Emerging toxicological and epidemiological evidence suggests that air pollution may contribute to increases in emotional behavioral problems and is linked to various mental health disorders in children, adolescents, and adults. These recent findings have elucidated the need to: 1) examine long-term effects of prenatal and childhood exposure; 2) identify pre-clinical neuroimaging biomarkers of neurotoxicological effects in neural circuitry implicated in mental health risk; and 3) investigate these effects in late-childhood and adolescence, as it is an opportune time to identify and intervene for those at risk for psychiatric disorders. We propose the first longitudinal study to examine how prenatal and childhood air pollution exposure impacts corticolimbic circuitry involved in emotion processing and regulation, and the onset ofSpecific Aims: One in five adolescents are affected by mental health problems1, with half of all lifetime mental health diagnoses occurring by age fourteen2. In order to reduce societal costs and improve quality of life for affected individuals, research on modifiable risk factors holds the promise to open new avenues for early prevention and intervention. Outdoor air pollution is a novel environmental neurotoxin3, 4, with several studies linking long-term exposures to fine particulate matter (PM2.5) and nitrogen dioxide (NO2) with mental illness in children, adolescents, and adults5-11, including internalizing and externalizing disorders, which typically emerge during adolescence12. Prenatal and childhood air pollution exposure has also been linked to subclinical symptoms of anxiety, depression, and aggression in children, as well as increased risk for attention deficit and hyperactivity disorder [ADHD] and delinquency problems8, 13-18. Inhalation toxicological studies also demonstrate depressive-like, anxieR01 NIEHS - Direct


Grant 2020 1 R21 ES032680-01 - Per- and Polyfluoroalkyl substances (PFAS) Exposures and COVID-19 in FirefightersUNIVERSITY OF ARIZONA AZ BURGESS, JEFFEREY LJOUBERT, BONNIE $254,748 8469965 ES ES19-011 10151777 PROJECT SUMMARY/ABSTRACT The spread of SARS-CoV-2 infection and its associated disease state, COVID-19, has led to a global pandemic. Exposure to per- or polyfluoroalkyl substances (PFAS) is associated with reduced immune response, but its effect on COVID-19 is not known. We have a time-sensitive opportunity to determine the effect of serum PFAS on COVID-19, building on a unique statewide firefighter testing program for SARS-CoV-2 antibodies. Our long- term goal is to identify health risks of PFAS mixtures. Our objective in this application is to evaluate the effects of PFAS exposure levels in firefighters in regards to the severity of and immune response to COVID-19 infection. Our hypotheses are that increased PFAS serum concentrations will increase the severity of COVID-19 infection and reduce post-recovery serologic titers, which could thereby increase risk of later re-infection. We will test these hypotheses through two specific aims: 1) Determine the association of serum PFAS concentrations with infectioSpecific Aims The spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and its associated disease state, COVID-19 has led to a global pandemic. Exposure to per- or polyfluoroalkyl substances (PFAS) is associated with reduced immune response (Goudarzi et al., 2017; Grandjean et al., 2012), but its effect on COVID-19 is not known. We have a time-sensitive opportunity to determine the effect of serum PFAS on COVID- 19, building on a unique statewide firefighter testing program for SARS-CoV-2 antibodies. Approximately 80% of patients with COVID-19 have mild or asymptomatic disease (Onder et al., 2020). While advanced age and underlying health conditions are known risk factors for more severe illness (Garg et al., 2020), deaths have also been reported in younger healthy individuals (Yousefzadegan and Rezaei, 2020). While duration of COVID-19 immune response is not yet known, immunoglobulin G (IgG) antibodies were maintained for an average of 2 years following infection with a similar viR21 NIEHS - Direct


Grant 2020 2 T32 ES007271-26 - Training in Environmental Health BiostatisticsUNIVERSITY OF ROCHESTER NY THURSTON, SALLY W SHREFFLER, CAROL A. $214,275 8469976 ES PA18-403 9934729 ABSTRACT The program objective is to train predoctoral and postdoctoral biostatisticians in statistical theory and methods and collaboration as applied to environmental health sciences (EHS). The grant is administered through the Department of Biostatistics and Computational Biology (DBCB), in collaboration with the Departments of Environmental Medicine and Public Health Sciences. The eleven trainers are faculty in these departments, seven of whom are from DBCB. Training: The DBCB offers a PhD degree in Statistics, with a Bioinformatics and Computational Biology option, providing rigorous and state-of-the art statistical training. All pre- and postdoctoral trainees work on applied EHS projects under joint mentorship of a DBCB and an EHS trainer. These projects include the Seychelles Child Development Study, which examines neurodevelopmental effects of prenatal exposure to mercury and nutrients from fish consumption, and studies of the reproductive effects of phthalates, perfluoroalkyl substances, bisphenol A,- T32 NIEHS - Direct


Grant 2020 1 K99 ES030401-01A1 - Perfluroalkylated Substances Exposures and Cytotrophoblast DifferentiationUNIVERSITY OF CALIFORNIA, SAN FRANCISCO CA CHEN, HAO SCHUG, THADDEUS $91,867 8469978 ES PA19-130 9892276 Project Summary/Abstract.  The goal of this project is to test the hypothesis that perfluoroalkylated substances (PFAS) negatively impact formation of the placenta, and consequently, pregnancy outcomes. This work gains added significance in light of the increasing public health concerns towards these persistent compounds. The proposed experiments will also fill gaps in our understanding regarding the effects of these chemicals during human placental development, about which little is known. Pregnant mothers are exposed to a variety of chemicals, including PFAS. The latter exposures are widespread and high levels are linked with adverse effects on thyroid function, cholesterol metabolism, and birth outcomes. The placenta, a temporary embryonic/fetal organ that forms during pregnancy, facilitates gas, nutrients, and waste exchange with the mother. Deficiencies in placental development and function underlie numerous pregnancy complications, such as preeclampsia and intrauterine growth restriction. Despite its imSPECIFIC AIMS.  I propose to test the hypothesis that per-/polyfluoroalkylated substances (PFAS) alter human cytotrophoblast (CTB) differentiation and function. The placenta, which establishes the feto-maternal interface, governs pregnancy outcomes. The organ's specialized progenitor cells, termed cytotrophoblasts (CTBs), differentiate into: 1) syncytiotrophoblasts that form the surface of the placenta; and 2) an invasive mononuclear subpopulation that invades the uterine wall and associated blood vessels. Both processes are required for oxygen and nutrient delivery to the developing fetus. Disruptions are associated with common pregnancy complications (e.g., preeclampsia [PE], intrauterine growth restriction [IUGR]) that have potentially long-lasting adverse postnatal consequences.  Endocrine disrupting compounds (EDCs) are implicated in altered reproductive health and adverse developmental outcomes. Despite evidence that environmental exposures to chemical contaminants are associated with adverse pregnancy K99 NIEHS - Direct


Grant 2020 1 K01 ES031640-01 - Elucidating the role of PPAR signaling in pancreatic organogenesis and juvenile metabolic syndromeSAN DIEGO STATE UNIVERSITY CA SANT, KARILYN ELIZABETHSCHUG, THADDEUS $167,381 8469978 ES PAR18-291 9951966 PROJECT SUMMARY/ ABSTRACT  1 Dr. Kari Sant is a tenure-track Assistant Professor of Environmental Health at San Diego State University.  2 Dr. Sant received her PhD in toxicology from the University of Michigan in 2014, and was a Postdoctoral Fellow  3 at the University of Massachusetts from 2015-18. As a developmental toxicologist, Dr. Sant’s public health goal  4 is to elucidate environmental, dietary, and genetic factors that may predispose children and adolescents to  5 metabolic dysfunction, and to identify mechanisms by which these aberrant pathologies can be mitigated or  6 prevented. This Transition to Independent Environmental Health Research (TIEHR) Career Award will provide  7 Dr. Sant the opportunity to increase training and experience to meet: 1) research development goals, including  8 improving grantsmanship and developing new spatiotemporal analyses to assess comprehensive metabolic 9 dysfunction in the zebrafish model, and 2) professional development goals, including honing science 10 communiSPECIFIC AIMS  Metabolic syndrome is a growing global epidemic, characterized by phenotypes such as hypertension, obesity, dyslipidemia, and hyperglycemia [1]. Though the incidence of diabetes has stabilized in U.S. adults, hyperglycemia, overt diabetes, and obesity in children continues to rise [2, 3]. Despite increasing trends of weight and adiposity in childhood, there is a decreasing trend in birth weight and nearly 10% of all births in the United States are preterm [4, 5]. Scientists examining the developmental origins of metabolic syndrome have repeatedly found inverse associations between birth weight and obesity, diabetes, or heart disease later in life—yet the mechanisms by which these relationships manifest remain unclear. Thus, there is a clear need for mechanistic studies to elucidate the underlying mechanisms connecting these divergent responses with temporal disruptions in chemosensory function throughout the lifecourse. Peroxisome proliferator-activated receptor (PPAR) signaling is a nuclear reK01 NIEHS - Direct


Grant 2020 1 R24 ES030894-01 - Maintain and Enrich Resource Infrastructure for Project Viva: a pre-birth cohort with follow up into adolescenceHARVARD PILGRIM HEALTH CARE, INC. MA OKEN, EMILY GRAY, KIMBERLY A $414,402 8469980 ES ES18-009 9818791 Project Summary/Abstract This application is responsive to RFA-ES-18-009: Maintain and Enrich Resource Infrastructure for Existing Environmental Epidemiology Cohorts Project Viva is a Boston-area cohort of 2,128 mother-child pairs from whom we have collected information on numerous environmental exposures and health outcomes beginning in early pregnancy in 1999-2002. Our almost two decades of data thus traverse numerous sensitive periods of the lifecourse: from gestation though adolescence for index participants, and from pregnancy into the perimenopausal period for their mothers. Our rich database comprises detailed information on a wealth of environmental exposures including daily air pollution exposure estimates from satellites, local monitors, and geographic information systems; measures of built and natural environments; biomarkers of toxicants including per- and polyfluoroalkyl substances (PFAS) and metals; and maternal and child diet. Existing research-quality outcomes include measures of cardiometabolSPECIFIC AIMS 1. This application is responsive to RFA-ES-16-004: Maintain and Enrich Resource Infrastructure for Existing Environmental Epidemiology Cohorts. Our proposal is based in Project Viva a Boston-area cohort of 2,128 mother-child pairs from whom we have collected information on numerous environmental exposures and health outcomes beginning in early pregnancy in 1999-2002. Our almost two decades of data thus traverse numerous sensitive periods of the lifecourse: from gestation though adolescence for index participants, and from pregnancy into the perimenopausal period for their mothers. Our rich database comprises detailed information on a wealth of environmental exposures including daily air pollution exposure estimates from satellites, local monitors, and geographic information systems; measures of built and natural environments; biomarkers of toxicants including per- and polyfluoroalkyl substances (PFAS) and metals; and maternal and child diet. Existing research-quality outcomes include measures oR24 NIEHS - Direct


Grant 2020 1 R25 ES031498-01 - Near-Peer Mentoring in Environmental Health:  Chemical Exposures and Disease RiskUNIVERSITY OF MASSACHUSETTS AMHERST MA VANDENBERG, LAURA NHUMBLE, MICHAEL C. $107,907 8469980 ES PAR19-197 9920522 Project Summary The overarching goal of this R25 application is to provide training to diverse high school and undergraduate students who will work with supportive faculty mentors to understand how environmental chemical exposures contribute to non-communicable diseases, and how hazard and/or exposure mitigation can improve health. Program faculty come from a diverse range of disciplines: toxicology, endocrinology, cell and molecular biology, veterinary and animal sciences, chemistry, epidemiology, chemical engineering, civil and environmental engineering, and science communication. We will focus on recruiting women and individuals from underrepresented groups to participate in this summer program, which includes three aims: 1) To involve high school age young women in introductory summer research experiences and recruit those with an interest in participating in research projects or science communication projects. By partnering with the local Girls Inc. organization, we will offer week-long introductory traiSpecific Aims Exposures to environmental chemicals can cause adverse effects in wildlife and humans1-3. Establishing the risks these chemicals pose to health, as well as potential strategies to mitigate or avoid exposures, requires interdisciplinary research, dialogue and collaboration involving epidemiologists, toxicologists, biologists, conservation scientists, exposure scientists, ecologists, and engineers4,5. Furthermore, such collaborative efforts should extend across generations and prepare to train – and learn from – young people invested in improving environmental and public health. There is a large body of research suggesting that groups perform better at problem-solving when they are comprised of diverse participants6,7. Yet, STEM fields including environmental health sciences continue to struggle to recruit diverse trainees. Efforts are needed to encourage women, underrepresented minorities, first generation and economically disadvantaged, LGBTQ, disabled, and veterans to work on scientific effortsR25 NIEHS - Direct


Grant 2020 1 R13 ES031830-01 - Annual Retreat of the International Society for Childrens Health and the EnvironmentBROWN UNIVERSITY RI BRAUN, JOSEPH M GRAY, KIMBERLY A $8,000 8469980 ES PA18-648 9992613 PROJECT SUMMARY/ABSTRACT: The International Society for Children’s Health and the Environment (ISCHE) is a non-profit, scientific society that aims to reduce the impact of adverse chemical, physical, biological and social influences on children’s health. We have previously held four successful meetings, two in the United States and two in Mexico, with participation from diverse stakeholders from around the world, including Brazil, Canada, China, Costa Rica, Japan, Mexico, Norway, South Korea, Spain, and Zimbabwe. The purpose of this conference is to continue to foster collaborations with researchers and advocates from diverse backgrounds that combine research and policy to protect children’s health, expand international participation by holding our first meeting in Europe, and support the next generation of children’s environmental health leaders by providing mentorship and training to young investigators. The fifth ISCHE meeting titled “Translation and Communication to Protect Children from Toxic Chemicals” SPECIFIC AIMS Over the past three decades evidence has mounted that implicates toxic chemicals and pollutants as causal risk factors of disease and disability in children. However, the lack of coordinated activities among scientists, clinicians, advocates, policy makers, and the public at the international level hinders efforts to reduce the impact of these exposures. The International Society for Children’s Health and the Environment (ISCHE) serves as a hub and resource to protect children from environmental threats to their health, enabling them to reach their full potential and become healthy adults. Since 2014, ISCHE has sponsored innovative workshops and meetings to bring together diverse stakeholders in an effort to protect children from environmental health threats. To continue towards accomplishing this overarching goal, ISCHE proposes to build upon our record of holding innovative workshops and host the “Translation and Communication to Protect Children from Toxic Chemicals” retreat at Hardingasete HR13 NIEHS - Direct


Grant 2020 1 R43 ES031443-01 - Fiber adsorbent for remediation of multisolute contamination in drinking water.CHEMICA TECHNOLOGIES, INC. OR TSUKAMOTO, TAKUJI HENRY, HEATHER F. $159,012 8470016 ES PA18-574 9910154 Project Summary The water treatment product developed in this SBIR program will give more people the opportunity to live healthier lives and will strengthen communities by increasing available potable water resources. The contamination of drinking water is an age-old problem which has been made worse in recent decades by man-made toxins (pharmaceuticals, plasticizers, pesticides, disinfectant by-products, etc.) entering drinking water reservoirs via wastewater, agricultural runoff, storm water, and polluted air and soil. Exposure to these toxins through drinking water is leading to chronic, complex diseases; the burden of which falls primarily on socioeconomically disadvantaged communities. Removal of these toxic compounds is imperative to protect health. Traditional adsorption technologies which are relatively straightforward and cost-effective do not have the structural sophistication to allow for the simultaneous removal of a broad spectrum of toxic organic chemicals. Other purification technologies (i.e. SPECIFIC AIMS Introduction. Chemica Technologies is a technology development company specializing in material science solutions that protect human health and help sustain our environment. Through innovative surface and material chemistry we are creating better solutions to the problem of difficult-to-remove contaminants in drinking water. Through this SBIR project, we attempt to produce a water purification material that simultaneously removes both organic and inorganic toxins from drinking water, which will dramatically expand the range and efficiency of contaminant removal compared to alternative solutions. Significance. “Providing clean water to the world’s ever increasing population becomes ever more challenging as clean water sources become depleted and threatened by human wastes, pesticides and industrial pollution. While earth is a water rich planet, what is in short supply is clean water that people can afford to buy” (Techconnectworld.com, 2014). The UN predicts that by 2025, 2/3 of the world’s populR43 NIEHS - Direct


Grant 2020 5 R44 ES029401-03 - Remediation of Perfluorinated Chemicals in Water Using Novel High-Affinity Polymer AdsorbentsCYCLOPURE, INC. CA VITAKU, EDON HENRY, HEATHER F. $574,714 8470016 ES PA18-574 10005431 Abstract The pervasive contamination of drinking water resources by toxic per- and polyfluorinated alkyl substances (PFASs), such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), has emerged as a major health crisis affecting millions of people across the U.S. Given the environmental persistence of these contaminants and their established linkage to serious health risks, it is imperative that safe, efficient, and cost- effective PFAS remediation technologies be developed that can eliminate these contaminants from the U.S. water supplies. While PFOA and PFOS have been the two of the most widely studied PFASs, twelve other PFASs have also been measured in the blood serum of Americans over the age of twelve. Currently, the U.S. Environmental Protection Agency has a non-enforceable Lifetime Health Advisory guideline of 70 parts per trillion (ppt), which applies only to the combination of PFOA and PFOS. However, faced with growing pressure to address PFAS contamination, numerous States have aSpecific Aims The overall objective of this SBIR project is to develop a highly effective and commercially viable adsorbent for the removal of per- and polyfluorinated alkyl substances (PFASs) from drinking water resources. In addition to perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), we will focus on the remediation of other emerging PFASs including but not limited to GenX and short-chain compounds that are more difficult to remove. During Phase I, we have established the technical feasibility of a β-cyclodextrin (β-CD) based polymer adsorbent that can effectively remove a broad range of PFASs. We successfully demonstrated highly effective removal of 12 PFASs simultaneously (>90% of each PFAS in 30 min) through the introduction of positive charges onto the backbone of β-CD polymer crosslinked by tetrafluoroterephthalonitrile (TFN) monomer, referred to as TFN- CDP+. This new polymer has a significantly improved affinity towards PFASs compared to its unmodified analogue (TFN-CDP). FurthermR44 NIEHS - Direct


Grant 2020 1 R41 ES031483-01A1 - Detection of perfuorooctanoic acid (PFOA) and perfluorooctane sulfonate(PFOS) in liquid samples.SEACOAST SCIENCE, INC. CA PATEL, SANJAY V HENRY, HEATHER F. $150,000 8470018 ES PA19-272 10010066 Perfluoroalkyl substances (PFAS) such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate) are toxic and persistent compounds resulting from the production and use of fluoropolymers such as Gortex® and Teflon ®. The structure of PFAS preclude environmental degradation and can lead to bioaccumulation in animals and humans. Reported adverse effects of these compounds in humans include: increase in serum cholesterol; elevated risk of prostate cancer; decreased sperm count; and increased risk of preeclampsia. This proposal describes the synthesis of fluorinated molecularly imprinted polymers (FMIPs) as materials that not only specifically bind the target analytes but also by the design of the material surface limit non-specific binding. The FMIPs will be composed of a novel fluorinated crosslinking monomer with 2 different functionalized co-monomers. The proposed device will use these materials deposited on a proprietary sensor platform developed at Seacoast Science. During the Phase I work, the concepObjective: Develop a sensitive, selective, robust, real-time sensor for the detection perfluorinated acids and sulfonates in aqueous environments Scientific rationale: Seacoast Science, Inc. and Professor Stephen T. Hobson (Liberty University) propose a sensor for the detection of perfluoroalkyl substances (PFAS) based on molecularly imprinted polymers (MIPs) derived from novel fluorinated functional monomers (FMIPs). These novel materials will impart inherent selectivity towards the target compounds and will reduce the likelihood of biofouling during extended deployment. The proposed detection system will combine the proposed selectivity of the molecular imprinted polymer with a proprietary wide-area resistive sensor platform developed at Seacoast Science. Technical rationale: The proposed selectivity and surface properties of the FMIP nanoparticles synthesized by Hobson combined with the low-cost, low-power, high sensitivity platform developed by Seacoast should result in device performance uniquely suited R41 NIEHS - Direct


Grant 2020 5 R44 ES028649-03 - Combined In-Situ / Ex-Situ Remediation of PFAS at Hazardous Waste SitesENCHEM ENGINEERING, INC. MA BALL, RAYMOND G HENRY, HEATHER F. $508,155 8471295 ES PA18-574 10019363 Poly- and perfluoroalkyl substances (PFAS) in soil and groundwater are currently remediated by extracting the contaminated groundwater for ex-situ treatment via adsorption onto granular activated carbon (GAC) or other sorbents which only transfers contaminants to another media that still needs to be treated. This is a very long- term and expensive process because 1) it takes decades for the sorbed PFAS on soil to be extracted via groundwater pump and treat (P&T), and 2) the carbon must be changed frequently and 3) treatment (by high temperature regeneration or incineration) is costly. Recently, Higgins (Higgins, Chris, 2016 “Treatment and Mitigation Strategies for Poly and Perfluoroalkyl Substances”, Report #4322, Water Research Foundation, Denver, CO) showed that low molecular weight PFAS breakthrough GAC faster than other compounds. In addition, P&T technology may never achieve EPA Health Advisory concentrations in the aquifer. PFAS are fluorinated anthropogenic pollutants that the USEPA and global health oAims/Objectives 1: Site Selection and Characterization 2: Site –Specific Soil and Groundwater Bench Scale Testing 3: Construction of a Pilot Scale Treatment System for Mobilization to the Test Site 4: Field Pilot Scale Demonstration of Combined XCT® Process and Design Confirmation SPECIFIC AIMS The specific aims for this Phase II pilot-scale field demonstration include: Specific Aim #1: Site Selection and Characterization  • Perform any necessary Site characterization of hydrogeology, PFAS and co-  contaminants concentrations in soil and groundwater for the demonstration test area to  supplement any existing characterization,  • Select a test Site having the desired subsurface conditions of hydraulic conductivity,  depth to groundwater, geology, and PFAS contaminant distribution Specific Aim #2: Site –Specific Soil and Groundwater Bench Scale Testing  • Perform bench-scale testing on the site-specific PFAS contaminated soil and  groundwater to evaluate required CD concentration for PFAS desorption and flushinR44 Superfund


Contract 2020  N01 ES000000- - Poly- and perfluorinated substances (PFAS)RESEARCH TRIANGLE INSTITUTE - FERNANDO, RESHAN GODFREY, VERONICA $429,744 - - - 10116217 The goal of this project is to provide support of National Toxicology Program (NTP) hazard identification activities targeted toward the prevention of diseases or adverse effects caused by environmental exposure to chemical or physical agents. Toxicity testing is an important aspect of public health research in that it serves to identify chemicals that are hazardous to human health. Proper chemical analyses are required to ensure that, in toxicity studies, the test species are exposed to the prescribed chemicals at the specified dose concentrations. This contract contributes to the ability of toxicity studies to provide evidence of heightened cancer risk along with other toxicological outcomes, by providing characterization of the chemicals studied, confirmation of the dose levels administered, and internal dose determinations. This information is critical to evaluation of toxicity tests and development of sound, scientific conclusions about the potential toxicity of the study chemical in the test species andThis contract provides chemistry services in support of NTP studies and research objectives tailored to the individual needs of specific NTP projects. Chemistry services are provided by the contract on a per-chemical basis to provide key pieces of information at each step of the NTP toxicological evaluation process across multiple studies that make up different NTP programs. During FY19, several tasks were begun, performed, and/or completed to support of NTP programs and initiatives.  Per- and polyfluorinated substances (PFAS) are common environmental contaminants which have received significant attention in the recent years. The contractor provided chemical procurement, characterization, and formulation of 2 compounds (10:2 fluorotelomer alcohol and  perfluorohexane sulfonamide) in support of toxicology studies. In addition, methods to quantitate the concentration of these compounds in plasma collected from animals following exposure was developed.  Another project relevant to these class of compounds was thN01


Contract 2020  N01 ES000000- - Chemistry Services Supporting Per- and Polyfluoroalkyl Substances (PFAS)MIDWEST RESEARCH INSTITUTE - AILLON, KRISTIN COLLINS, BRAD $312,428 - - - 10129858 The goal of this project is to provide support of National Toxicology Program (NTP) hazard identification activities targeted toward the prevention of diseases or adverse effects caused by environmental exposure to chemical or physical agents. Toxicity testing is an important aspect of public health research in that it serves to identify chemicals that are hazardous to human health. Proper chemical analyses are required to ensure that, in toxicity studies, the test species are exposed to the prescribed chemicals at the specified dose concentrations. This contract contributes to the ability of toxicity studies to provide evidence of heightened cancer risk along with other toxicological outcomes, by providing characterization of the chemicals studied, confirmation of the dose levels administered, and internal dose determinations. This information is critical to evaluation of toxicity tests and development of sound, scientific conclusions about the potential toxicity of the study chemical in the test species andThis contract provides chemistry services in support of NTP studies and research objectives tailored to the individual needs of specific NTP projects. Chemistry services are provided by the contract on a per-chemical basis to provide key pieces of information at each step of the NTP toxicological evaluation process across multiple studies that make up different NTP programs. During FY20, several tasks were begun, performed, and/or completed to support planned NTP studies and collaborations involving per- and polyfluoroalkyl substances (PFAS). In support of 5-day studies of two PFAS compounds, 2,3-benzofluorene and 6:1 fluorotelomer alcohol (6:1 FTOH), formulations were prepared in corn oil; methods were developed and qualified to analyze the formulations, and they were then shipped to Battelle Memorial Institute to conduct the studies. Prior to the study, both compounds were analyzed for identity and purity and the amounts of PFOA and PFOS present in the 6:1 fluorotelomer alcohol were determined. Liquid chromN01


Intramural 2020 1 ZIC ES102485-13 - Fluorescence Microscopy- - TUCKER, CHARLES - $1,921,892 - - - 10248913 In meeting the goals and objectives of FMIC, the center continues to:     -Service and maintain state-of-the-art equipment for unlimited access by intramural scientists.    -Provide investigator training in the use and analysis of fluorescence and optical-based techniques.    -Develop and optimize experimental protocols in collaboration with intramural scientists.    -Maintain and develop state-of-the-art analysis tools and protocols in collaboration with investigators    -Monitor and incorporate emerging fluorescence and optical technologies that will support the mission of NIEHS into FMIC.  During this fiscal year, FMIC has collaborated and supported 46 Principle Investigators from 8 branches/laboratories within the NIEHS DIR.  Some publications from this FY resulting from work in the center is listed in the bibliography below:  Bibliography  Snyder RJ, Verhein KC, Vellers HL, Burkholder AB, Garantziotis S, Kleeberger SR.  Multi-walled carbon nanotubes upregulate mitochondrial gene expression and trigger miThe goal of the Fluorescence Microscopy and Imaging center (FMIC) is to support the mission of the National Institute of Environmental Health Sciences (NIEHS) by providing state-of-the-art fluorescence and optical-based capabilities to NIEHS intramural scientists. In doing so, the objectives of FMIC are to; (i) ensure intramural scientists have access to state-of-the-art equipment, protocols and analysis tools to execute their scientific mission, and (ii) train, develop and support a user base that has the knowledge and skill set to maximally exploit fluorescence and optical-based techniques in the execution of their research.ZIC


Contract 2020  N01 ES000000- - Conduct of Studies to Evaluate the Transcriptomic Changes and Toxicologic Potential of Per/Polyfluorinated Alkyl Substances (PFAS) in Laboratory Animals via GavageBATTELLE MEMORIAL INSTITU - SPARROW, BARNEY ROBERTS, GEORGIA $908,597 - - - 10281193 Selected PFAS with no in vivo toxicology data are being evaluated. The primary endpoints in these studies are hepatic and renal high throughput transcriptomics, in male and female rats exposed for 5 days. Traditional toxicological endpoints (eg organ weights and clinical chemistry) have been added to the studies to provide additional contextualizaing information (i.e., phenotypic anchoring).These data will be used for determining provisional pathway-based transcriptomic BMDs for use in human health risk estimations.Conduct 5-day studies of 4 PFAS with transcriptomic and classical toxicological endpoints.N01


Grant 2020  Y01 ES200040- - Occupational Exposure and Health Indicator Assessment of Emerging Per- and Polyfluoroalkyl Substances (PFAS)- - WHELAN, ELIZABETH GERMOLEC, DORI $221,436 - - - 10282096 Per- and polyfluoroalkyl substances (PFAS) are a group of synthetic chemicals that have been used in industry and consumer products, worldwide, since the early 1950’s. Sought-after for their physical and chemical properties, PFAS have been integrated extensively into consumer products and industrial applications, such as stain resistant textiles and carpeting, food-handling materials, medical devices, fire-fighting foam, and construction materials. Over the past few decades, growing concern over health effects associated with PFAS has led to industry and government actions designed to halt production of long-chain PFAS, most notably perfluorooctanoic acid (PFOA) and perfluorooctane sulfate (PFOS), and precursors known to transform into long-chain PFAS. Fluorinated replacements for these legacy compounds, consisting of shorter-chain formulas, rapidly emerged and have been promoted as safer alternatives due in large part to shorter elimination half-lives (T1/2) observed in animal models. However, in vivo evidenThe specific aims of these studies are to 1) Characterize the presence of PFAS compounds across US industries through review of literature and regulatory documents as well as direct communications with industry and worker representatives; 2) Develop and validate air monitoring methods for long and short-chain PFAS in preparation for an occupational exposure assessment; 3) Assess exposure to PFAS in a sample of occupational environments and worker populations from high- and moderate-volume PFAS industries; and 4) Evaluate the association between PFAS exposure and health indicators, including thyroid function and cholesterol.Y01
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		2020		2 P30 ES013508-15		-		Center of Excellence in Environmental Toxicology		UNIVERSITY OF PENNSYLVANIA		PA		PENNING, TREVOR M		$1,616,900		$1,616,900		ES18-003		9917966		P30		THOMPSON, CLAUDIA L		8469970		ES		OVERALL : ABSTRACT This is the third competing continuation for an accomplished Environmental Health Sciences Core Center (EHS CC), The Center of Excellence in Environmental Toxicology (CEET) at the University of Pennsylvania (Penn). The Director is Trevor M. Penning, PhD (The Thelma Brown and Henry Charles Molinoff Professor of Pharmacology) and the Deputy Director is Rebecca A. Simmons, MD (The Hallam Hurt Endowed Professor in Pediatrics). The Center is comprised of 71 members from 18 Departments and 5 Schools, with almost equal representation of basic and clinician-scientists drawn from the Perelman School of Medicine (PSOM) and Children’s Hospital of Philadelphia (CHOP). The CEET has built an institutional, regional and national identity in environmental health sciences (EHS) in the absence of a School of Public Health and Department of EHS at Penn. The synergistic combination of basic and clinician-scientists within the CEET promotes translational environmental health research that addresses fundamental questions and translates knowledge into action to have a major impact on human health and disease consistent with the NIEHS Strategic Plan. The CEET mission is to “elucidate the mechanistic links between environmental exposures and human disease, and translate findings into action to improve the health of vulnerable individuals, and local, national, and global communities”. This mission is accomplished through five aims. In Aim 1: We use a flexible thematic area structure to conduct translational environmental health research to improve precision public health. Our current themes are in Air Pollution & Lung Health; Environmental Exposures & Cancer; Windows-of- Susceptibility; and Environmental Neuroscience. Each thematic area integrates the pillars or exposure science, adverse outcome constructs (pathways and networks) to explain the phenome with translation to communities and human subjects. In Aim 2: We conduct bi-directional communication with communities in S.E and N.E. Pennsylvania and use community engagement to set the research agenda for the CEET. In Aim 3: We provide a facility core structure to promote precision public health. Our Integrative Health Sciences Facility Core is adept in human subject study design and in conducting population exposure services, using cartographic modeling, GIS tools and biosensors. Biomarkers of exposure and effect are measured in our Translational Biomarker Core which conducts mass spectrometric assays at a level of precision and accuracy difficult to emulate elsewhere. The Exposure Biology Informatics Core brings to bear the power of computation, machine learning and AI to predict the toxicity of unknowns and integrate Big-data sets to recognize patterns in “omics” data and predict adverse outcomes. In Aim 4: We build capacity in environmental health sciences by funding pilot projects to Early Stage Investigators (ESI) and to senior investigators conducting environmental health research for the first time. In Aim 5: We cultivate the careers of ESI through a transformative Environmental Health Scientist Support Program that provides mentoring, grant proposal review, environmental health and Facility Core workshops.		OVERALL - SPECIFIC AIMS The Center of Excellence in Environmental Toxicology (CEET) is the Environmental Health Sciences Core Center (EHS CC) at the University of Pennsylvania (Penn) in Philadelphia, PA. The Director is Trevor M. Penning, PhD (The Thelma Brown and Henry Charles Molinoff Professor of Pharmacology) and the Deputy Director is Rebecca A. Simmons MD (The Hallam Hurt Endowed Professor in Pediatrics). The Center is comprised of 71 members from 18 Departments and 5 Schools, with equal representation of basic and clinician- scientists drawn from the Perelman School of Medicine (PSOM) and Children’s Hospital of Philadelphia (CHOP). CEET is the hub for environmental health sciences at Penn in the absence of a School of Public Health and Department of EHS. The synergistic combination of basic and clinician-scientists places the CEET in an exceptionally strong position to conduct translational environmental health research that addresses fundamental questions and translates its knowledge into action to have a major impact on human health and disease consistent with the NIEHS Strategic Plan. The CEET has built a research agenda that is responsive to the environmental health needs of our urban region knowing that the solutions can be translated elsewhere. The CEET mission is to “elucidate the mechanistic links between environmental exposures and human disease, and translate findings into action to improve the health of vulnerable individuals, and local, national, and global communities”. Our theme in Translational Environmental Health is addressed by the following five specific aims overseen by the Administrative Core. Aim 1. Use a flexible thematic area structure to conduct translational environmental health research to improve precision public health. The CEET has flexible thematic areas in: “Air Pollution & Lung Health” (Leader -Beers); “Environmental Exposures & Cancer” (Leader - Blair); “Windows-of-Susceptibility” (Leader - Bartolomei); and “Environmental Neuroscience” (Leader - Veasey). Each thematic area integrates the pillars of exposure science, adverse outcome constructs (pathways and networks) with translation to communities and human subjects. This structure facilitates team science on fundamental questions and translational research. Our goal is to translate findings to improve environmental health in vulnerable populations or individuals which we call Precision Public Health, Fig. 1. Aim 2. Translate research findings to communities and use community engagement to set the CEET research agenda. The CEET uses the Community Engagement Core (Director- Howarth) to translate research findings of the Center to target Pennsylvania Communities, health care professionals, and decision makers to improve public health. Bi-directional communication identifies critical environmental health problems and helps set the research agenda of CEET using community engaged research approaches. For example, the CEET is the home of a P42 Superfund Research & Training Program that addresses questions posed by the community in Ambler, PA which is threatened by asbestos waste. This mechanism can be applied to communities dealing with PAH exposure (Eastwick, PA), lead exposure (W. Philadelphia and Lancaster City, PA) and the emergent issue of PFOA and PFOS exposure (Horsham and Warminster, PA). Aim 3. Provide a facility core structure to support the thematic areas to promote precision public health. The CEET maintains an Integrative Health Sciences Facility Core (IHSFC-Vachani) to facilitate human subject research. The IHSFC conducts study design, human exposure assessment using GIS, cartography and biosensors and maintains unique exposure biology laboratories. The Translational Biomarker Core (TBC-Blair) measures biomarkers of exposure and effect, and when combined with the IHSFC services supports exposome research. The Exposure Biology Informatics Core (EBIC-Moore) will develop a cheminformatics resource for predictive toxicology, integrates large “omics” data sets to predict the phenome, and uses machine learning and artificial intelligence to predict adverse outcomes. Aim 4. Build capacity in environmental health sciences (EHS) through pilot projects. The CEET builds capacity in EHS by awarding pilot projects to Early-Stage Investigators and to senior investigators who are conducting environmental health research for the first time. A Mentored-Scientist Transition Award is available for investigators who need protected time to conduct EHS research (typically new recruits and clinician-scientists). A Rapid Response pilot project program promotes community-engaged research. Aim 5. Cultivate the Career Development of Early-Stage Investigators. The Administrative Core (AC) will cultivate the career development of Early-Stage Investigators to establish the next generation of environmental health scientists. This will be accomplished by complementing the Advance Professional Skill workshops offered by the School of Medicine with a transformative Environmental Health Scientist Support program of mentoring, EHS grant proposal review, and environmental health and Facility Core workshops.

		2020		1 R01 ES032270-01		-		Gene-pesticide interactions and ADHD		CINCINNATI CHILDRENS HOSP MED CTR		OH		VORHEES, CHARLES V		$433,884		$433,884		PAR19-386		10068848		R01		HOLLANDER, JONATHAN		8469964		ES		Attention Deficit Hyperactivity Disorder (ADHD) is the most prevalent neurodevelopmental psychiatric disorder (9.4% prevalence in children; 4.4% in adults) and is polygenic. A novel gene associated with ADHD is Latrophilin-3 found in striatum, hippocampus, cerebellum, prefrontal cortex (PFC), and amygdala. In humans, there are 21 variants of LPHN3 associated with ADHD. Some pesticides may interact with ADHD genetic risk factors to trigger or exacerbate the symptoms. We found that the common pyrethroid, deltamethrin (DLM), administered prior to weaning in rats causes long-term behavioral, neurochemical, and electrophysiological effects. We developed the first KO rats of Lphn3. Lphn3 KO rats are hyperactive, hyper-reactive to startle stimuli, and cognitively impaired. This PAR-19-386 “Environmental Risks for Psychiatric Disorders: Biological Basis of Pathophysiology” seeks models that will elucidate Gene x Environment interactions related to neuropsychiatric disorders, such as ADHD. We hypothesize that Lphn3-/- and Lphn3+/- rats will interact with DLM (Type II pyrethroid) or permethrin (PRM, Type I pyrethroid) to exacerbate an ADHD-like phenotype. Specific Aim 1: Determine the effects of DLM in Lphn3-/-, Lphn3+/-, and wildtype (WT) rats on activity, reactivity, learning and memory (L&M), dopamine (DA) and NMDA markers, and apoptosis. Aim-1a: Compare WT rats with Lphn3-/- and Lphn3+/- rats administered 0, 0.5, or 2.0 mg/kg DLM from P3-20 for changes in activity, acoustic and tactile startle (including prepulse inhibition (PPI)) egocentric, allocentric, and working L&M, and for changes in DA and NMDA-R markers in various brain regions, including markers for programmed cell death. Aim-1b, neurochemical outcomes in rats not behaviorally tested. Specific Aim 2: Determine the effects of PRM in Lphn3-/-, Lphn3+/- rats vs. WT rats on the outcomes used in Aim-1. Aim-2a: Same as Aim-1a with PRM. Aim-2b: Same as Aim-1b with PRM. Specific Aim 3: Determine the effects of DLM in adult Lphn3- /-, Lphn3+/- rats vs. WT rats. Aim-3a: same outcomes as in Aim-1a. Adults with ADHD are an understudied and a population susceptible for higher exposure to pyrethroids from occupational exposure, making Aims 3 and 4 important. Aim-3b: Same as Aim-1b in adult rats. Specific Aim 4: Determine the effects of PRM in adult Lphn3-/-, Lphn3+/- rats vs. WT rats. Aim-4a: Same outcomes used in Aim-1a. Aim-4b: Same as Aim-1b in adult rats not behaviorally tested. Impact: ADHD interferes with normal development, costs billions to treat and manage, yet we know little about environmental contributions to those with ADHD. Insecticides are suspected in ADHD but such interactions between gene and environment are not established. Lphn3-/- and Lphn3+/- rats represent a novel approach to probing the effects of exposure to pyrethroids using a known ADHD genetic susceptibility. The model will shed new light on how a gene known to be associated with ADHD affects the behavioral and biochemical effects of prototypical pyrethroids. Interaction data can be used for risk assessment and help provide safeguards against pyrethroid exposure for those with ADHD.		SPECIFIC AIMS Attention Deficit Hyperactivity Disorder (ADHD) is the most prevalent neurodevelopmental psychiatric disorder. CDC estimates a 9.4% prevalence in children and NIMH estimates 4.4% prevalence in adults. ADHD is polygenic with clusters of multiple small effect CNVs and SNPs (Zhang et al., 2012; Faraone and Larsson, 2019). Recently, a novel gene was found to be associated with ADHD: Latrophilin-3. Latrophilins (LPHNs) are cell adhesion G coupled protein receptors (GCPR) (Burbach and Meijer, 2019; Moreno-Salinas et al., 2019). LPHN3 is a 7-transmembrane, Ca-independent, GCPR (Kreienkamp et al., 2000; Boucard et al., 2014); also named ADGRL(3) (Adhesion G protein-coupled receptor L(3) (Hamann et al., 2015) (OMIM 616417)). In descending order LPHN3 is enriched in striatum, hippocampus, cerebellum, prefrontal cortex (PFC), and amygdala. The external domain of LPHN3 binds to FLRT3 and tenurin-3 trans-synaptically (Fig. 1). Variant forms of LPHN3 are risk factors for ADHD (Faraone et al., 2003; Polanczyk et al., 2007) with an odds ratio of 1.2:1. There are also environmental contributions to ADHD that are not well understood. A suspected risk factor is pesticide exposure. Some pesticides are developmental neurotoxins. We recently found that deltamethrin (DLM) administered to rats from postnatal day (P) 3-20 results in long-term behavioral, neurochemical, and electrophysiological effects (Pitzer et al., 2019). Separately, we developed the first rat KO of Lphn3 (Regan et al., 2019). Lphn3 KO rats are hyperactive, hyper-reactive, and cognitively impaired. While Lphn3 KO rats show features consistent with ADHD, it is not a direct model of ADHD because children carrying a variant LPHN3 gene (of which there are 21) do not have a null mutation, but rather reduced expression. Our models with 2 levels of gene disruption, will shed light on how this gene’s effects are intensified in combination with pyrethroids. For PAR-19-386 “Environmental Risks for Psychiatric Disorders: Biological Basis of Pathophysiology” we hypothesize that null and/or reduced LPHN3 (Lphn3-/- and Lphn3+/- rats) expression will interact with two pyrethroids to which children and adults are exposed; one a prototypical Type II (deltamethrin; DLM) and the other a prototypical Type I (permethrin; PRM) pyrethroid, and that such exposure will exacerbate the ADHD-like phenotype we see in Lphn3 KO and Het rats. There are data that children exposed to pyrethroids have increased prevalence of ADHD and cognitive dysfunction (Fiedler et al., 2015; Viel et al., 2015; Wagner-Schuman et al., 2015). Adults are also exposed to pyrethroids but there are no studies on the effects of pyrethroids in adults with ADHD.  Specific Aim 1: Determine the effects of developmental exposure to DLM in Lphn3-/-, Lphn3+/-, and wildtype (WT) rats on activity, reactivity, learning and memory (L&M), dopamine (DA) and NMDA markers, and apoptosis. We have data showing that developmental DLM exposure (Pitzer et al., 2019) has effects that overlap with those seen in Lphn3 KO rats (Regan et al., 2019). Accordingly, Aim-1a will compare WT rats with Lphn3 KO and Lphn3 Het rats administered 0, 0.5, or 2.0 mg/kg DLM from P3-20 for exacerbated home-cage hyperactivity, suppressed prepulse inhibition (PPI), worsened striatally based egocentric L&M (Cincinnati water maze; CWM), worsened allocentric L&M (Morris water maze, MWM), worsened working memory (radial maze), and greater changes in DA markers in striatum/nAcc and PFC, and NMDARs in hippocampus, and cause apoptosis in these regions. Aim-1b: Using one dose from Aim-1a, assess the same neurochemical markers affected in Aim-1a in rats not tested behaviorally.  Specific Aim 2: Determine the effects of developmental exposure to PRM in Lphn3-/-, Lphn3+/- rats vs. WT rats on the outcomes as used in Aim-1. Aim-2a: Same as Aim-1a with PRM. Aim-2b: Same as Aim-1b with PRM.  Specific Aim 3: Determine the effects of DLM in adult Lphn3-/-, Lphn3+/- rats vs. WT rats. Adult rats are also affected by DLM but interactions with ADHD risk genes are unknown. Adult humans with ADHD represent an understudied and potentially susceptible subpopulation about which interactions with environmental agents are unknown. Therefore, Aim-3a will evaluate the same outcomes as in Aim-1a in adult rats of the same genotypes. Aim-3b: same as Aim-1b except in adult rats not behaviorally tested.  Specific Aim 4: Determine the effects of PRM in adult Lphn3-/-, Lphn3+/- rats vs. WT rats. Aim-4a: Same as Aim-2a in adult rats. Aim-4b: Same as Aim-2b except in adult rats not behaviorally tested.  Impact: ADHD interferes with human potential, costs billions of dollars per year to treat, yet we still know little about environmental factors that act upon a subpopulation such as those with ADHD. Insecticides have been suspected in ADHD before but such Gene x Environment (GxE) interactions are not yet established. Lphn3 KO and Het rats represent a novel approach to probing the effects of developmental and adult exposure to pyrethroids using a known human ADHD susceptibility gene. The GxE model we propose will shed new light on how this gene affects the neurobehavioral and biochemical effects associated with ADHD, with particular emphasis on DA and NMDA-R markers in conjunction with prototypical pyrethroids for which rodent data show clear overlapping effects with Lphn3 KO rats (Richardson et al., 2015; Pitzer et al., 2019; Regan et al., 2019).

		2020		1 R01 ES030394-01A1		-		Vulnerability During Infancy to Immunotoxic Contaminant Exposures		HARVARD SCHOOL OF PUBLIC HEALTH		MA		GRANDJEAN, PHILIPPE ADAM		$269,262		$538,523		PA19-056		9885685		R01		JOUBERT, BONNIE		8469965		ES		Abstract Our studies have demonstrated that developmental exposure to perfluorinated alkylate substances (PFAS) are associated with attenuated antibody responses to routine childhood vaccines. Our most recent findings suggest that breastfeeding can transfer PFAS to the infant and lead to substantial elevations of serum-PFAS concentrations, with possible adverse implications for immune system development. As blood samples from infancy were not available to us in previous studies, we modeled the concentrations of early-life serum-PFAS and showed that levels of early postnatal serum-PFAS are inversely associated with antibody concentrations measured at age 5 years, more so than serum concentrations measured at age 18 months or later. The present proposal will obtain blood samples in infancy and maternal milk for analysis of PFAS to improve the modeling of profiles of serum-PFAS during infancy. This will allow testing of the hypothesis that early-life exposure to immunotoxic PFAS impair the development of the adaptive immune system and negatively affects the efficacy of routine childhood vaccines. The extended model of serum-PFAS will be used for estimation of exposures of PFAS in infancy among >1,000 children from previous cohorts, where serum samples from infancy were not collected. In addition to blood sampling at ages 3 and 12 months in the new cohort, we will use novel cell phone technology to allow mothers to record breastfeeding, occurrence of infectious disease, antibiotic treatment, and other relevant study parameters every two weeks. Our focus on vaccines will include toxoids (diphtheria and tetanus), as these de novo protein vaccines are known to be the most reliable clinical indicators of immune suppression. The duration of breastfeeding will be considered both as an exposure pathway and a moderator, as breastfeeding is considered to be advantageous for the child’s immune system development. The proposed study will be carried out at the Faroe Islands, where excellent conditions are available to recruit the birth cohort and to ensure a high participation rate and minimal socioeconomic confounding. Exposures of PFAS mainly originate from seafood and vary substantially, while average serum concentrations are similar to U.S. levels. A cohort size of 600 can be recruited within 16 months and will provide appropriate statistical power as one of the largest so far in the field. At 3 and 12 months of age, vaccine antibodies, thymus size, and advanced differential white cell counts will be assessed. Statistical data analysis will include multivariate analysis, assessment of mediation and/or modulation, structural equation modeling of combined exposure of exposure associations of PFAS with immune functions, and benchmark dose calculations. While research on immunotoxicology has traditionally focused on adverse effects in the mature organism, this proposal aims to characterize immunotoxic risks from developmental exposure to these priority pollutants at the most vulnerable developmental stages in early life.		Specific Aims Immunotoxicity is emerging as a major public health issue that requires elucidation. Dioxins and PCBs were first demonstrated to be environmental immunotoxicants [18, 29]. Following our discovery in 2012 that the perfluorinated alkylate substances (PFAS) can suppress some immune functions [1], we have replicated the findings in another birth cohort [26] and in adults [30], as have other human studies [2, 3, 23]. PFAS are present in blood samples from virtually all Americans [31, 32], and our examination of data on water contamination from the U.S. Environmental Protection Agency showed that millions are exposed to seriously polluted drinking water with PFAS [33]. Our findings suggest that current exposure levels of PFAS may attenuate vaccine efficacy [34], and other studies suggest decreased resistance against infections [3, 5, 34-36].  To assess the degree of immunotoxicity, we have applied antibody (Ab) responses to two routine childhood vaccines, diphtheria (Di) and tetanus (Te) [1]. Both vaccines are priming toxoids that elicit T-cell dependent Ab responses that reflect the degree of protection (which is not the case for live vaccines), and both are de novo antigens (which is often not the case for, e.g., Haemophilus or Pneumococcus vaccines) [37]. As vaccination constitutes a well-defined antigen stimulation of the adaptive immune system [37], the Ab response to a Di or Te antigen challenge is considered a valid approach to identifying deficits in immune functions [21]. Thus, a consensus statement on immunotoxicology [16] and guidelines from the World Health Organization [38] recommend the use of Ab concentrations for population studies. So far, such studies in children have focused on exposures encountered prenatally or during childhood, not in infancy [39].  Infancy is a highly vulnerable age, because the adaptive immune system must develop after birth and is known to be primarily shaped by environmental factors [40]. During this time, breastfeeding contributes maternal antibodies that provide partial protection while the child’s adaptive immune function is still immature [41, 42]. However, the advantages of breastfeeding now appear less clear [43], as reflected by the lack of immunologic benefit from breastfeeding, e.g., in our previous study of a Faroese birth cohort [44]. This paradox may well be due to human milk acting as an important vehicle for exposure to PFAS. Thus, we have observed that serum concentrations of PFAS in long-term breastfed children can exceed maternal serum levels by more than 10-fold [6]. Breastfeeding may therefore serve opposite roles in immune system development.  Because vulnerability to immunotoxicity in infancy has been ignored so far, as has the possible impact of human milk contamination, the present proposal aims at resolving this puzzle to provide better guidance for prevention of immunotoxicity of PFAS. In our previous cohort studies, we did not have access to blood samples from infancy, but our most recent study modeled concentrations of serum-PFAS from the duration of breastfeeding (months) [26]. We found that estimated levels of serum-PFAS in early infancy were much stronger predictors of low Ab concentrations at age 5 years than were the levels of PFAS measured at 18 months [26].  We will assess indicators of adaptive immune system functions during infancy in a new birth cohort. In addition to vaccine antibodies as main parameters, we will, as before, examine lymphocyte subpopulations in blood samples [45] and monitor the incidence of infectious disease through a cell-phone mediated reporting system [35] throughout infancy. We have now added thymic size in early infancy as a sensitive parameter [24, 25]. This integrated approach is highly relevant to public health, it is known to be feasible, and it will provide important new insight into developmental immunotoxicity and provide data for benchmark dose calculations.  Our hypothesis is that developmental exposure to PFAS affects early development and maturation of the adaptive immune system, as mediated or modified by breastfeeding. Our aims address immune system deficiencies following developmental exposure to PFAS as a group of high-priority environmental toxicants suspected of being immunotoxic [4, 32]. The proposed prospective birth cohort study at wide ranges of exposures of PFAS [6, 26, 44] aims for the first time to provide insight into exposure profiles of PFAS during infancy and to link them to changes in immune system parameters, through the following specific aims: Specific aim 1: to obtain serum samples during infancy for analysis of PFAS and characterize the developmental exposure profiles and how they are affected by concentrations of PFAS in milk and breastfeeding duration (days); Specific aim 2: to determine early adaptive immune system development through 12 months of age, with emphasis on T-cell dependent responses to routine childhood vaccinations, thymus size, and lymphocyte subpopulation counts, along with the incidence of infectious disease; and Specific aim 3: to assess the associations of exposures to PFAS prenatally and during infancy with the development and maturation of adaptive immune functions, while taking into account the potential for mediation or moderation by breastfeeding duration. In translating these findings – and to facilitate risk assessment – we will calculate benchmark dose results for individual PFAS with and without mutual adjustments, using our recently developed statistical approach [15].

		2020		2 P30 ES025128-06		-		Center for Human Health and the Environment (CHHE)		NORTH CAROLINA STATE UNIVERSITY RALEIGH		NC		SMART, ROBERT C		$1,524,167		$1,524,167		ES18-003		9911371		P30		THOMPSON, CLAUDIA L		8469970		ES		The vision of the Center for Human Health and the Environment (CHHE) is to become a global leader in environmental health sciences (EHS) along the continuum from genes to populations by building on NC State’s unique research strengths and resources in quantitative biology, -omics and analytical technologies, and diverse model organisms, as well as its emerging strength in human population science. Through the purposeful interfacing of different disciplines and a systems biology framework integrating all levels of biological organization - biomolecule, pathway, cell, tissue, organ, model organism, human, and human population - CHHE will elucidate fundamental mechanisms through which environmental stressors interface with pathways, the genome, and epigenome to influence human health outcomes. CHHE has made outstanding progress in the first funding cycle. CHHE has significantly: (1) advanced innovative multi- disciplinary EHS team research; (2) expanded its NIEHS grant base; (3) increased EHS capacity at its partner institutions, East Carolina University and North Carolina Central University; (4) cultivated the next generation of EHS leaders; and (5) developed multi-directional engagement with communities affected by exposure to toxic metals and per- and polyfluoroalkyl substances. During our first funding cycle, four Research Interest Groups (RIGs) evolved organically and the Emerging Contaminants, Environmental Epigenetics and Genetics, Pulmonary Health, and Behavior and Neuroscience RIGs now represent CHHE thematic areas. In the coming cycle, we have enhanced our three facility cores to increase the impact and the basic science and translational capacity of our membership. The Systems Technologies Core provides cutting-edge technologies involving genomics, metabolomics, metallomics, and proteomics. The Comparative Pathology Core provides pathologic phenotypic assessment of the many model organisms used by members and imaging support with links back to omics technologies. The Integrative Health Science Facility Core facilitates bidirectional translation between basic science and public health outcomes by providing data science analysis and visualization support for analysis of human population and multi-omic studies as well as population-based study expertise. As a land- grant university, NC State has a dedicated community engagement philosophy that augments CHHE’s Community Engagement Core and fosters relationships between CHHE and affected communities in NC which leads to collaborative interaction among researchers, educators, and citizens to enhance EHS knowledge, literacy, and health. A strong Career Development Program for early- and mid-career investigators is coordinated with a robust Pilot Project Program that supports collaborative and multidisciplinary EHS projects to enhance the research success of our members. Our CHHE mission is to continue to evolve as a premier NIEHS EHS Core Center and serve as the nexus of EHS research at NC State by providing focus, resources, and leadership for interdisciplinary research that will improve human health locally, nationally, and globally.		The vision of the Center for Human Health and the Environment (CHHE) is to become a global leader  in environmental health sciences (EHS) along the continuum from genes to populations by building on  NC State's unique research strengths and resources in quantitative biology, -omics and analytical  technologies, and diverse model organisms as well as its emerging strength in human population  science. Our mission is that CHHE will continue to evolve as transformative premier NIEHS EHS Core  Center and serve as the nexus of EHS research at NC State University by providing focus, resources  and leadership for interdisciplinary research that will improve human health locally, nationally,  and globally. During our first funding cycle four Interdisciplinary Research Interest Groups (RIGs)  organically evolved from our membership; (1) Emerging Contaminants, (2) Environmental Epigenetics  and Genetics, (3) Pulmonary Health, and (4) Behavior and Neuroscience and these now represent CHHE  research thematic areas. CHHE aims to increase EHS capacity, impact, and interactions at NC State  and its partner institutions, East Carolina University Brody School of Medicine and North Carolina  Central University. By providing consultation and affordable access to analytical and -omics  technologies, bioinformatics support, and pathologic assessment of the effects of exposures on  model organisms as well as access to the Integrative Health Sciences Facility Core (IHSFC)  translational partnership and resources, CHHE provides the infrastructure that synergizes with the  Center's significant environmental health identity to produce a highly sustainable and impactful  Center. CHHE has made outstanding progress in the first funding cycle (3.75 years) and some  highlights include: (1) increased its NIEHS funding base by three-fold from $1.1M to $3.4 M (direct  annual costs; R, K, and U grants); (2) 111 published papers citing the Center and greater than 50%  with two or more CHHE authors; (3) a pilot project program that turned a $1.2M (total costs) pilot  project program investment into $10.8M (total costs) in new NIH funding; (4) a pilot project  program in which ~40% of the projects were awarded to early career investigators (ECIs); (5)  demonstrated success of mentoring and leadership opportunities for ECIs; (6) expansion of  community-engaged and -responsive epidemiological initiatives exposures to a) GenX and other per-  and polyfluoroalkyl substances (PFAS) in Wilmington, NC, and b) toxic metal exposures in Durham,  NC;  and (7) a highly active CEC that is substantively involved in multi-directional communication  with the aforementioned communities affected by exposure to PFAS and toxic metals. In the coming  cycle, we have enhanced our three Facility Cores to increase the capacity and impact of the  Center's basic science research and translation. The Center brings together investigators from many  disciplines including genomics, human and veterinary medicine, epidemiology, exposure science,  statistics, bioinformatics, genetics, cell biology, physics, engineering, community engagement, and  toxicology. Our collective aim is to understand how human health, at both the individual and  population level, is impacted by environmental factors and to implement this knowledge to prevent  and/or reduce the adverse impacts of environmental factors on human health.  The Specific Aims of the Overall are:  AIM 1 Advance interdisciplinary EHS research to improve understanding about the impact of  environmental exposures/stressors on human disease and adverse health outcomes, especially as  related to Research Interest Group themes.  AIM 2 Facilitate translational and reverse translational research at both the individual and  population level by creating and strengthening strategic partnerships and resources and engaging  members in emerging opportunities and future challenges in EHS.  AIM 3 Foster relationships between CHHE and communities in North Carolina that lead to  collaborative engagement among researchers, educators, and citizens to enhance EHS knowledge and  literacy and improve health in our partner communities.  AIM 4 Expand EHS research capacity and productivity by providing access to and training in  cutting-edge instrumentation, technology, data science and pathologic phenotypic assessment of  model organisms.  AIM 5 Provide investigators at all career stages valuable opportunities for collaboration,  leadership, cross- training, and intellectual enrichment, as well as the foundational funding  necessary to compete effectively for extramural research grants, with an emphasis on enhancing the  success of early- and mid-career investigators, women, and members of under-represented groups.

		2020		2 T32 ES007271-26		-		Training in Environmental Health Biostatistics		UNIVERSITY OF ROCHESTER		NY		THURSTON, SALLY W		$214,275		$214,275		PA18-403		9934729		T32		SHREFFLER, CAROL A.		8469976		ES		ABSTRACT The program objective is to train predoctoral and postdoctoral biostatisticians in statistical theory and methods and collaboration as applied to environmental health sciences (EHS). The grant is administered through the Department of Biostatistics and Computational Biology (DBCB), in collaboration with the Departments of Environmental Medicine and Public Health Sciences. The eleven trainers are faculty in these departments, seven of whom are from DBCB. Training: The DBCB offers a PhD degree in Statistics, with a Bioinformatics and Computational Biology option, providing rigorous and state-of-the art statistical training. All pre- and postdoctoral trainees work on applied EHS projects under joint mentorship of a DBCB and an EHS trainer. These projects include the Seychelles Child Development Study, which examines neurodevelopmental effects of prenatal exposure to mercury and nutrients from fish consumption, and studies of the reproductive effects of phthalates, perfluoroalkyl substances, bisphenol A, and maternal stress. Involvement in these studies provides trainees with both statistical and EHS training, gives experience in reproducible research and communication, and often motivates trainees' methodologic research. Further EHS training is obtained through courses in epidemiology and toxicology, as well as lab tours and seminars customized to the trainees. Postdoctoral trainees enroll in DBCB and EHS courses appropriate to their experience and interest, work on EHS projects, and participate in all T32-related activities. All trainees present their work at local and national conferences. Program oversight is provided via monthly meetings of the T32 Executive Committee and annual evaluations by the External Advisory Board, and makes use of trainee evaluations to improve the program. Trainee selection: Emphasis is placed on recruiting trainees from diverse backgrounds and increasing representation of under-represented groups in the biostatistics profession. Successful applicants to the Statistics PhD program in DBCB will have completed a baccalaureate degree with a major in mathematics or statistics, or in science with a strong minor in mathematics or statistics. Predoctoral trainees for this training program are selected from among the Statistics PhD students, generally begin T32 support after two years of in the PhD program, and are appointed for up to four years. Postdoctoral trainees must have completed a PhD in statistics, mathematics, epidemiology or a related discipline, or have basic science training with strong quantitative skills, and are supported for up to three years. The program supports three predoctoral and one postdoctoral trainee.		-

		2020		1 R41 ES031483-01A1		-		Detection of perfuorooctanoic acid (PFOA) and perfluorooctane sulfonate(PFOS) in liquid samples.		SEACOAST SCIENCE, INC.		CA		PATEL, SANJAY V		$150,000		$150,000		PA19-272		10010066		R41		HENRY, HEATHER F.		8470018		ES		Perfluoroalkyl substances (PFAS) such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate) are toxic and persistent compounds resulting from the production and use of fluoropolymers such as Gortex® and Teflon ®. The structure of PFAS preclude environmental degradation and can lead to bioaccumulation in animals and humans. Reported adverse effects of these compounds in humans include: increase in serum cholesterol; elevated risk of prostate cancer; decreased sperm count; and increased risk of preeclampsia. This proposal describes the synthesis of fluorinated molecularly imprinted polymers (FMIPs) as materials that not only specifically bind the target analytes but also by the design of the material surface limit non-specific binding. The FMIPs will be composed of a novel fluorinated crosslinking monomer with 2 different functionalized co-monomers. The proposed device will use these materials deposited on a proprietary sensor platform developed at Seacoast Science. During the Phase I work, the concept will be validated against a representative PFOA and PFOS in in water. To accomplish the Phase I proof of concept work, the following tasks are proposed: synthesis and characterization of novel fluorinated crosslinking monomer, synthesis and and characterization of FMIP nanoparticles; initial screening/down selection of MIP nanoparticles using a gravimetric sensor platform; and coating and testing optimum MIP nanoparticles on the proprietary sensor platform. This tool will allow the real-time monitoring of PFOA/PFOS in fluids. Early adopters of the technology will be government agencies tasked with environmental monitoring. After this initial use, field testing, and production optimization, other more risk averse agencies such as water districts may be convinced to purchase the technology for point detection. The final market is the industrial sources of other perfluoroalkyl substances (PFAS). The modular nature of the FMIP synthesis allows for a facile change in the imprinting analyte: the use of systems and methods developed during this project will allow for rapid optimization of the sensor to a novel PFAS (i. e. F53-B, ADONA, FOSA, E1, 5:3 FTSA). Finally, once the sensor has been on the market for a sufficient time, it may be adapted for the detection of PFAS in more complex matrices like biological fluids. This tool will allow wide spread epidemiological studies looking at PFA exposure levels for large populations.		Objective: Develop a sensitive, selective, robust, real-time sensor for the detection perfluorinated acids and sulfonates in aqueous environments Scientific rationale: Seacoast Science, Inc. and Professor Stephen T. Hobson (Liberty University) propose a sensor for the detection of perfluoroalkyl substances (PFAS) based on molecularly imprinted polymers (MIPs) derived from novel fluorinated functional monomers (FMIPs). These novel materials will impart inherent selectivity towards the target compounds and will reduce the likelihood of biofouling during extended deployment. The proposed detection system will combine the proposed selectivity of the molecular imprinted polymer with a proprietary wide-area resistive sensor platform developed at Seacoast Science. Technical rationale: The proposed selectivity and surface properties of the FMIP nanoparticles synthesized by Hobson combined with the low-cost, low-power, high sensitivity platform developed by Seacoast should result in device performance uniquely suited for extended deployment in aquatic environments. By combining the perfluorinated MIPs with conductive particles, nanocomposites will be prepared. The conductive pathways in these materials will be perturbed by the specific binding of the target PFAs will result in a change in the measured resistance. Specific Aim 1: Design, Synthesize, characterize, and coat new perfluorinated monomers and MIP composites Milestone 1 (end month 3): Novel perfluoro MIP monomer and crosslinker synthesized and characterized.  Metric: Delivery of analytical data from Liberty University to Seacoast Science Milestone 2 (end month 5): Polymers synthesized: 3 MIPs for PFOA; 3 MIPs for PFOS; 3 non-imprinted polymers (NIPs). All MIPs and NIPs characterized for binding capacity  Metrics: 1. Delivery of at least 50 mg of 3-MIPs (PFOA), 3 MIPs (PFOS), and 3 NIPs to Seacoast.  2. Analysis of binding data and delivery of all analytical data to Seacoast Milestone 3 (end month 7): 9 new MIP-composites formulated and coated on Seacoast Science sensor  Metrics: 1. Formulation of 6 new MIP-composite blends, 3 NIP-composite blends  2. Coating of blends onto sensors: quartz crystal microbalance (QCM) and chemresistor. Specific Aim 2: Characterize MIP-based PFOA and PFOS sensor Milestone 4 (end month 8): Initial characterization/ranking of PFOA/PFOS MIP sensor properties (QCM)  Metric: 1. Report sensor response to targeted PFAs  2. Report sensor response to changes in ionic strength, pH, and interfering compounds  3. Report sensor response to increasing concentrations of target PFA (binding isotherm)  4. Develop/validate PFOA/PFOS GC-MS method Milestone 5 (end month 11): Measure the response of MIP sensors in deionized water  Metric: 1. Repeat experiments performed with QCM sensor  2. Develop structure property relationship in the sensor response  3. Determine correlation between QCM and sensor response Milestone 6 (end month 12): Submit Final Report/draft peer-reviewed publication  Metric: 1. Complete data analysis throughout the project  2. Prepare and submit final report on preliminary results  3. Draft peer-reviewed publication Expected outcomes: a. Laboratory prototype for a new product: A small, low-power sensor prototype for the detection of PFOA and PFOS. b. Proof of principle: Sufficient data to allow the future advanced prototyping, field testing, initial user testing, and sales of a commercially sensor. Potential impact of the research: This low-power, high sensitivity device will allow the pervasive environmental monitoring of PFAS: possible application include sites proximate to manufacturing facilities and water treatment facilities. Upon optimization, the omniphobic nature of surface may allow the detection of PFOA and PFOS in biological fluids (blood, urine) allowing minimally invasive epidemiological studies.

		2020		5 R01 ES028201-04		-		Toxicant disruption of receptor-mediated endocytosis in oogenesis and later life metabolic dysfunction		UNIVERSITY OF MASSACHUSETTS AMHERST		MA		TIMME-LARAGY, ALICIA R		$385,405		$385,405		ES16-007		9994304		R01		SCHUG, THADDEUS		8469964		ES		Summary Before the placenta becomes fully functional late in the first trimester, the human embryo's primary source of nutrients is the yolk—a cache of maternally-deposited lipids and proteins. The deposition of yolk into the oocyte is governed by receptor-mediated endocytosis, namely by a receptor complex called MERC. Preliminary studies in zebrafish (Danio rerio) have shown that maternal exposures to perfluorinated compounds (PFCs) disrupted MERC expression and altered oocyte nutrient quantity and composition. Further, these preconception PFC exposures impaired pancreatic organogenesis, decreasing insulin-producing islet area in the resulting embryos. In the nematode (Caenorhabditis elegans), preconception exposed eggs developed elevated triglyceride levels as adults, suggestive of metabolic dysfunction. The goal of this study is to gain a mechanistic understanding of the process by which preconception PFC exposures impair oocyte nutrient deposition, induce nutritional stress and predispose individuals to metabolic dysfunction later in life. We will use an evolutionary, three-model approach combining the strengths of the zebrafish, nematode, and fruitfly (Drosophila melanogaster) models (e.g. transparent, high numbers of progeny, short generation time, and transgenic and mutant lines) to assess the nutritional and metabolic consequences of preconception exposures to two persistent perfluorinated compounds: the legacy toxicant perfluorooctanesulfonic acid, and its emerging replacement chemical perfluorobutanesulfonic acid. The first aim of this study will elucidate the mechanisms by which these maternal preconception exposures disrupt MERC function, and impair nutrient deposition in the oocyte. The second aim will assess how these exposures affect embryonic nutrition and development of the pancreas—a master regulator of glucose homeostasis and digestion. The third aim will delineate the truncation of the healthspan by assessing metabolic dysfunction later in life. Overall, this project will identify a mechanism by which maternal preconception exposures can reduce oocyte quality and impair metabolic function throughout the life course. This project addresses NIEHS goals to 1) identify key “sensitive” windows during which exposures may contribute to the Developmental Origins of Health and Disease paradigm, and 2) discover hazards posed by emerging contaminants.		Specific Aims:  Preconception factors such as maternal nutrition, smoking, and alcohol consumption affect processes involved in oocyte maturation, and are associated with significant adverse health outcomes for the offspring (1- 4). Lipid-rich nutrients endocytosed during oocyte maturation provide a required energy source for the embryo prior to placental development and are critical for later life health (5, 6). Interactions between toxicant exposure and gamete nutrient composition are under-studied, and present a significant knowledge gap within the developmental origins of health and disease (DOHaD) paradigm. The long-term goal of this research is to understand how exposure to contaminants can alter oocyte maturation, cause early nutrition imbalances, modify nutrient sensing responses, and predispose individuals to later-life metabolic syndrome.  Perfluorinated compounds (PFCs) pose a major public health exposure risk, through drinking water, food packaging, and cooking surfaces, and are associated with an increased risk for metabolic syndrome (7, 8). PFCs may damage a maturing oocyte prior to conception and cause subtle but significant nutritional changes. PFCs can also be deposited into the oocyte alongside nutrients via receptor-mediated endocytosis, regulated by a complex of redox-sensitive proteins: Megalin (aka Lrp2), Cubilin, and Amionless, collectively referred to as the Multifunctional Endocytotic Receptor Complex (MERC) (9). Our preliminary data in zebrafish (Danio rerio) demonstrate that maternal exposure to perfluorooctanesulfonic acid (PFOS) reduced nutrient volume and cholesterol content in the oocyte. Larvae raised from these oocytes have reduced pancreatic islet areas, and an increased rate of nutrient utilization. This finding is further supported by elevated triglycerides in mature C. elegans worms raised from eggs laid by PFOS exposed adults, pointing towards metabolic dysfunction.  The mechanisms underlying how preconception exposures contribute to later life metabolic syndrome are not well understood. One explanation may be rooted in the expression of MERC proteins and their function in oocyte nutrient loading. Also, it is unclear whether these later life effects are due to toxicant deposition into the oocyte, altered nutrient content, or an interactive effect. Building on our expertise in developmental and reproductive toxicology, adipogenesis, and oxidative stress, we will take an evolutionary, comparative approach and utilize the speed, transparency, and transgenic tools of zebrafish, the free-living nematode Caenorhabditis elegans, and the fly Drosophila melanogaster, to conduct a mechanistic investigation comparing a legacy and emerging PFC: PFOS and perfluorobutanesulfonic acid (PFBS). The central hypothesis is that preconception exposure to PFCs produce changes in oocyte nutrient composition that cause embryonic nutritional stress and metabolic dysfunction at later life stages. Three specific aims test this hypothesis: Aim 1: Elucidate the role of endocytosis in the aberrant nutrient content and toxicant deposition in  maturing oocytes following preconception exposure to PFCs. We will modulate the expression and  redox-sensitive activity of MERC proteins in mature oocytes using Nfe2l2a (Nrf2a, a redox-sensitive  transcription factor) wildtype and mutant zebrafish, and a heat shock GAL4/UAS-RNAi model to knock  down the lrp2 homolog in the fly (lrp1), and visualize disruptions in oocyte deposition in a transgenic worm  (VIT6:GFP). Following targeted maternal exposures to PFOS, PFBS, or solvent control (DMSO) during  oocyte maturation, we will assess receptor expression, protein sulfenylation, yolk composition, redox  potential, and quantify toxicant deposition in the yolk. Deliverable: We will characterize the altered nutrient  loading and PFC deposition in oocytes, determine whether modulation of MERC regulates these  processes, and how oxidative stress alters either the expression and/or function of MERC in oogenesis. Aim 2: Distinguish between effect of aberrant oocyte yolk composition and maternal toxicant  deposition on pancreas development and metabolic function. We will microinject zebrafish eggs with  lipids to distinguish the contribution of altered oocyte nutrition vs. maternally loaded PFCs in the deviant  development of the pancreas, and the perturbed gluco-regulatory axis, digestive nutrient sensors, and lipid  accumulation. Deliverables: These data will provide an in depth understanding of how PFCs and lipids  program nutrient sensing and utilization in the embryo, and set the stage for metabolic syndrome. Aim 3: Delineate the truncation of the healthspan following maternal preconception vs developmental  PFC exposures in three model species. We will use biochemical and pathological measures to gauge  metabolic dysfunction throughout the life course in fish, fly, and the worm, to determine the incidence rate  and latency of onset. Deliverables: We will use these data to compare the truncation of the health span  from preconception vs. developmental PFC, and identify evolutionarily conserved processes. IMPACT: This study will contribute to nutrition intervention targets for preconception counseling approaches. These data will inform an adverse outcome pathway for metabolic syndrome, and provide a mechanistic understanding of reproductive biology that expands the developmental origins paradigm to include preconception nutritional modulation by environmental contaminants.

		2020		5 R01 ES025748-05		-		Activation of Nrf2 during embryonic development: mechanisms and consequences		UNIVERSITY OF MASSACHUSETTS AMHERST		MA		TIMME-LARAGY, ALICIA R		$337,285		$337,285		PA13-302		9924600		R01		SCHUG, THADDEUS		8469964		ES		﻿    DESCRIPTION (provided by applicant): Early life stage exposures to environmental contaminants can result in aberrant pancreatic β-cell development, which may predispose an individual to diabetes. A common mode of toxicity shared by numerous, diverse environmental contaminants is the generation of reactive oxygen species (ROS) and oxidative stress. ROS and cellular redox potential play fundamental roles in normal embryonic development and cell signaling. Perturbation of these processes resulting from contaminant exposure can alter cell fate decisions, resulting in functional or structural alterations that only become apparent with subsequent stress or age. However, surprisingly little is known about how embryos respond to oxidative stress, or the impact of toxicant exposures on pancreas development. The long-term goal of this research is to understand how embryos respond to oxidative stress, and how toxicant exposures contribute to the developmental origins of diabetes.  The zebrafish (Danio rerio) is a well-established, widely used, and powerful model organism for studying vertebrate embryonic development in vivo. To investigate how changes in the developmental redox microenvironment affect toxicant sensitivity and pancreatic β-cells at specific stages, we will us a fluorescent redox biosensor, redox imaging, and automated, time-lapse microscopy of transparent, transgenic zebrafish embryos exposed to environmental contaminants. This project will focus on environmentally relevant concentrations of persistent toxicants previously implicated in the etiology of diabetes (PCBs, phthalates, and the Teflon surfactant PFOS). We will examine the relationship between the most abundant antioxidant defense, glutathione (GSH), and the transcription factor Nrf2, that regulates the response to oxidative stress. Our specific aims are: 1) elucidate the relationship between GSH and contaminant activation of Nrf2 during embryonic development and create an embryo redox map; 2) determine how an oxidant exposure history affects Nrf2 activation and toxicant sensitivity, 3) ascertain the roles of oxidative stress, GSH, and Nrf2 activation in deviant pancreatic β-cell development, and identify critical sensitive windows of pancreas organogenesis.  This research will lead to a mechanistic understanding of how early life chemical exposures and oxidative stress may damage the developing pancreas and predispose humans to diabetes and potentially other diseases. This work will also elucidate a poorly understood, but critical fundamental biological process- the role of the redox environment in embryonic development- and identify specific targets for mitigation and translational toxicology.		Specific Aims:  Exposure to environmental contaminants during embryonic development may result in diseases that emerge later in life, including types 1 and 2 diabetes mellitus (1-4). These exposures can cause subtle, but permanent structural or metabolic changes in developing organs (5); however, little is known about the impact of toxicant exposures on pancreas development. In adults, pancreatic β-cells have alarmingly low levels of antioxidant defenses (6, 7). β-cells are exquisitely sensitive to chemical-induced oxidative stress (8). During development, oxidative stress can divert these cells from a proliferative state to one of premature differentiation (9). Because numerous toxicants share oxidative stress as a common mode of toxicity, the long-term goal of this research is to better understand how embryos respond to oxidative stress, the consequences for pancreas development, later-life implications for both types of diabetes, and the potential for therapeutic interventions.  A key regulator of the response to oxidative stress is the transcription factor Nrf2 (Nfe2l2). While Nrf2 is not required for vertebrate embryonic development per se, it is necessary to protect the embryo from oxidative damage. Activation of Nrf2 is primarily controlled by its cytosolic repressor, Keap1, which targets it for ubiquitination. We propose it may be further controlled by developmental changes in the intracellular redox environment that acts to buffer or amplify detection of reactive oxygen species (ROS). If Keap1's ability to sense oxidative stress is muffled, the embryo's ability to mount a timely antioxidant response may be attenuated or delayed.  We have found that exposure to pro-oxidant contaminants (PCB126, MEHP, and PFOS) during organogenesis results in deviant development of insulin-producing β-cells in the pancreatic islet. These changes may persist, leading to “fragile” β-cells and susceptibility to type 1 and/or type 2 diabetes. The objective of this research is to understand how changes in the developmental redox microenvironment define windows of toxicant sensitivity, and the fundamental consequences for pancreatic β-cell development and function. Glutathione (GSH) is the most abundant cellular antioxidant. We recently discovered stage-specific, dynamic changes in GSH concentrations and redox potential (Eh) during development in zebrafish (Danio rerio) (10). However, we do not yet have a tissue-specific understanding of these changes, or the implications for Nrf2 activation and toxicant sensitivity. To address this knowledge gap, we will utilize the speed, transparency, and transgenic tools of the zebrafish model, cell culture, and environmentally relevant concentrations of pro-oxidant contaminants implicated in the etiology of diabetes (PCBs, MEHP, and PFOS). The central hypothesis of this application is that changes in GSH concentration and Eh are critical regulators of Nrf2 activation by contaminants during organogenesis, that determine how and when oxidative stress can alter developing β-cells. Three specific aims test the hypothesis: Aim 1: Elucidate the spatio-temporal relationship between GSH and contaminant activation of Nrf2. We  have observed that as GSH parameters change during development, so too does the 1) detection of ROS,  2) induction of genes regulated by Nrf2, and 3) embryo survival to toxicant exposures. To understand how  the GSH redox environment impacts activation of Nrf2, we will examine the relationship between GSH Eh  and nuclear localization of Nrf2 in vitro using the Redoxfluor biosensor, Nrf2 fusion proteins, time-lapse  microscopy, and Nrf2 target-gene expression. We will examine this relationship in vivo using zebrafish  embryos, Nrf2 immunohistochemistry, ROS dyes, and chemical activators of Nrf2. Deliverable: We will use  these data to build an empirically validated spatio-temporal map of oxidative stress-related embryotoxicity. Aim 2: Determine how oxidant exposure history affects Nrf2 activation and toxicant sensitivity. We  have observed that an organism's chemical history, i.e. early exposures to oxidants, results in persistent  alterations to GSH Eh homeostasis and changes to larval-stage chemical sensitivity. To understand how  early exposures to oxidative stress program these persistent changes in GSH homeostasis and alter the  Nrf2-mediated response to oxidative stress and toxicity, we will use time-lapse microscopy to examine  GSH Eh in live mosaic embryos expressing the fluorescent Redoxfluor biosensor. Deliverables:  Quantification of perturbation & recovery of GSH Eh following recurrent low-dose exposures to pro-oxidants  or antioxidants followed by later exposure to environmentally relevant Nrf2 activators; measurement of  changes in toxicant sensitivity, morphology, and gene expression using RNA-Seq. Aim 3: Ascertain the roles of oxidative stress, GSH, and Nrf2 activation in deviant β-cell development.  Our data show that exposures to PCB126, PFOS, and MEHP during organogenesis result in fragmentation  of the primary islet, small islet size, ectopic β cells, and altered islet migration. These endocrine disrupting  chemicals share oxidative stress as a non-canonical mode of toxicity. Our data also indicate that Nrf2 is  involved in regulating activity of Pdx1, a transcription factor necessary for pancreas development.  Deliverables: We will use transgenic fish to understand how islet structure and function are altered by  exposure to pro-oxidant contaminants, and determine whether the oxidative chemical history of the embryo  during early pancreas organogenesis mitigates or exacerbates deviant pancreas development. We will  engineer a germ-line transgenic zebrafish expressing a redox biosensor in pancreatic β-cells to identify  when and how chemical induced changes in GSH Eh alter islet development and function. IMPACT: Our data will lead to a mechanistic understanding of how early-life chemical exposures and oxidative stress can damage the developing pancreas and predispose humans to diabetes and potentially other diseases. This work will also elucidate a poorly understood, but critical fundamental biological process- the role of the redox environment in embryonic development- and identify specific targets for mitigation and translational toxicology.

		2020		3 R01 ES030101-02S1		-		Environmental Chemicals, Adiposity, and Bone Accrual Across Adolescence		MAINEHEALTH		ME		FLEISCH, ABBY 		$200,657		$200,657		PA18-592		9930371		R01		SMARR, MELISSA M		8032199		ES		PROJECT ABSTRACT Obesity and osteoporosis are public health epidemics with costly comorbidities and limited treatment options. Rates of these disorders globally remain unacceptably high, and this is particularly true in the US where 1 in 3 adults are obese and 1 in 25 has osteoporosis. Adiposity and low bone mineral density (BMD) are precursors to these debilitating disorders and track closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. There are suggestive animal data that chemicals in the environment, per- and polyfluoroalkyl substances (PFASs) and phthalates, may disrupt common mechanistic pathways to concomitantly increase risk of both adiposity and low BMD. Our preliminary data within the prospective Project Viva cohort (~900 children) suggest that children with higher PFAS plasma concentrations in mid-childhood have greater central adiposity and lower BMD by early adolescence. In this proposal, we will expand this prior work. We will extend evaluation through late adolescence, when body composition more strongly predicts adult body composition and related disease risks. We will additionally examine phthalates which act through similar mechanistic pathways as PFASs. We will also employ the novel step of accounting for diet, which has not been comprehensively done in studies of these chemicals, despite the fact that the same Western-style foods that may be a source of chemical exposure also predict risk for adiposity and low BMD. We will accomplish these objectives by first identifying dietary predictors of PFASs and phthlalates in mid-childhood, then examining associations of PFASs and phthalates independent of diet on central adiposity and BMD in late adolescence. Based on our preliminary data suggesting that central adiposity is associated with lower BMD, we will also evaluate the extent to which central adiposity may mediate associations of chemical exposures on BMD. We expect this to be the most comprehensive population-based study to date testing the role of childhood exposures to PFASs and phthalates on development of adiposity and low BMD through adolescence. By examining longitudinal associations across adolescence, we will overcome limitations of many of the existing epidemiologic studies of these chemicals and adiposity, and this will be the first large study to examine the role of these chemicals on BMD in adolescence. Diet, physical activity, and genetics do not explain all of the variability in adiposity and low BMD, and moreover can be difficult to modify. Identifying remediable factors that increase risk of both adiposity and low BMD is a public health priority because this will enable development of preventive strategies to target both conditions. Furthermore, this proposal will advance Dr. Fleisch's career investigating the impact of the toxic environment on endocrine development in childhood with a focus on peripubertal health.		SPECIFIC AIMS Obesity and osteoporosis are both costly public health challenges with limited treatment options. They are also highly prevalent with over 600 million adults worldwide with obesity and over 200 million with osteoporosis. Adiposity and low bone mass share some mechanistic pathways, and each tracks closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. Existing efforts to prevent obesity and osteoporosis have been hampered because the underlying risk factors are not fully understood and are not easily modifiable. One potential risk factor not well characterized in childhood is the role of chemicals in the environment. Compounds such as per- and polyfluoroalkyl substances (PFASs) and phthalates have been shown to activate the peroxisome proliferator-activated receptor family of transcription factors which have been linked to adiposity and low bone mineral density in animal models. Human exposures to PFASs, used as stain repellants, and phthalates, used as plasticizers, are ubiquitous but potentially modifiable, so characterizing the role of these compounds on adiposity and bone mineral density is crucial. However, prior investigation has been limited by few studies with longitudinal follow-up, particularly during puberty, a critical developmental period when adiposity is being redistributed and bone accrual is peaking. Moreover, while consumer products are one source of exposure, Western diets heavy in items such as red meat and fast food are an additional source of exposure to PFASs and some phthalates. Consuming a Western diet is also a strong predictor of risk for obesity and osteoporosis. In children, the contribution of diet to PFAS and phthalate exposures has not been well investigated. Therefore, the objectives of this Outstanding New Environmental Scientist R01 application are to identify dietary predictors of PFAS and phthalate exposures and to characterize the impact of chemical exposures independent of diet on development of adiposity and low bone mineral density in peripubertal children. We will address these objectives by leveraging data from ~900 children in the Boston-area NIH-funded Project Viva cohort. This cohort is uniquely positioned to address these important questions because it has existing measurements of PFAS plasma concentrations in mid-childhood (median 8 years of age), detailed longitudinal dietary history, and data on other key covariates and mediators including sociodemographics, physical activity, and pubertal stage. Project Viva also has existing dual energy x-ray absorptiometry measurements of body composition and bone mineral density in mid-childhood and early adolescence (median 12 years of age), with late adolescent (~17 years of age) follow-up in process. Our proposal will support new assays of phthalate metabolite concentrations in archived mid-childhood urine and investigator effort to test our central hypothesis that exposures to select environmental chemicals in childhood are linked to risk of excess adiposity and low bone mineral density, distinct from any dietary contribution to the chemicals. Our preliminary data from Project Viva suggest that children with higher PFAS plasma concentrations in mid- childhood have greater central adiposity and lower bone mineral density by early adolescence. In this proposal, we will additionally examine phthalates, and we will extend evaluation through late adolescence, when body composition more strongly predicts adult body composition and related disease risks. We propose the following aims: Aim 1: Identify dietary factors that predict concentrations of PFAS and phthalate biomarkers in childhood Hypothesis 1. Children with a more Western-style diet and frequent consumption of foods such as red meat and fast foods will have higher concentrations of PFAS and phthalate biomarkers in mid-childhood. Aim 2: Examine associations of PFASs and phthalates in childhood with adiposity in adolescence Hypothesis 2. Children with higher concentrations of PFAS and phthalate biomarkers in mid-childhood will have greater central adiposity in late adolescence, even after accounting for diet. Aim 3: Study associations of PFASs and phthalates in childhood with bone mineral density in adolescence Hypothesis 3A. Children with higher concentrations of PFAS and phthalate biomarkers in mid-childhood will have lower bone mineral density z-scores in late adolescence, even after accounting for diet. Hypothesis 3B. Associations of PFASs and phthalates with lower bone mineral density will be partially mediated by greater central adiposity. Impact: Identifying early life environmental exposures that are risk factors for both adiposity and low bone mineral density may lead to new preventive interventions. Furthermore, this proposal will build upon Dr. Fleisch's expertise in pediatric endocrinology and mechanistic insight in childhood adiposity and bone accrual. It will advance her career as an environmental scientist investigating the impact of environmental toxicants on endocrine development in childhood, with a focus on peripubertal health.

		2020		1 R21 ES032680-01		-		Per- and Polyfluoroalkyl substances (PFAS) Exposures and COVID-19 in Firefighters		UNIVERSITY OF ARIZONA		AZ		BURGESS, JEFFEREY L		$254,748		$254,748		ES19-011		10151777		R21		JOUBERT, BONNIE		8469965		ES		PROJECT SUMMARY/ABSTRACT The spread of SARS-CoV-2 infection and its associated disease state, COVID-19, has led to a global pandemic. Exposure to per- or polyfluoroalkyl substances (PFAS) is associated with reduced immune response, but its effect on COVID-19 is not known. We have a time-sensitive opportunity to determine the effect of serum PFAS on COVID-19, building on a unique statewide firefighter testing program for SARS-CoV-2 antibodies. Our long- term goal is to identify health risks of PFAS mixtures. Our objective in this application is to evaluate the effects of PFAS exposure levels in firefighters in regards to the severity of and immune response to COVID-19 infection. Our hypotheses are that increased PFAS serum concentrations will increase the severity of COVID-19 infection and reduce post-recovery serologic titers, which could thereby increase risk of later re-infection. We will test these hypotheses through two specific aims: 1) Determine the association of serum PFAS concentrations with infection severity; and 2) Determine the association of serum PFAS with SARS-CoV-2 antibody titers. For aim 1, recruiting from our state registry, we will enroll 100 Tucson and Phoenix firefighters with positive SARS-CoV- 2 IgM and/or IgG antibodies, and collect and analyze their serum for PFAS. Using an online survey instrument completed at the time of biological sample collection, we will obtain information on whether the subjects had COVID-19 infection(s) confirmed by diagnostic testing, extent of symptoms (if any) consistent with COVID-19 infection, and whether they were hospitalized. We will evaluate the association between serum PFAS and: 1) severity of symptoms; 2) symptomatic vs. asymptomatic COVID-19 infection; and 3) hospitalization. For aim 2, we will repeat SARS-CoV-2 IgG testing after five months and ten months in all firefighters enrolled in the study to measure changes in immune response and to test the association of PFAS levels and longitudinal changes in IgG using generalized linear regression models that account for repeated measures. At study completion, we will have documented the effects of PFAS exposure on the likelihood of a symptomatic COVID-19 infection and symptom severity in a highly exposed population, as well as effects of PFAS exposure on the subsequent immune response persistence. The proposed research is significant given the potential for PFAS exposure to increase the risk of already severe health consequences of COVID-19 and to reduce long-term immune response. The proposed research is innovative as it is the first to our knowledge to determine the association between serum PFAS levels and COVID-19.		Specific Aims The spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and its associated disease state, COVID-19 has led to a global pandemic. Exposure to per- or polyfluoroalkyl substances (PFAS) is associated with reduced immune response (Goudarzi et al., 2017; Grandjean et al., 2012), but its effect on COVID-19 is not known. We have a time-sensitive opportunity to determine the effect of serum PFAS on COVID- 19, building on a unique statewide firefighter testing program for SARS-CoV-2 antibodies. Approximately 80% of patients with COVID-19 have mild or asymptomatic disease (Onder et al., 2020). While advanced age and underlying health conditions are known risk factors for more severe illness (Garg et al., 2020), deaths have also been reported in younger healthy individuals (Yousefzadegan and Rezaei, 2020). While duration of COVID-19 immune response is not yet known, immunoglobulin G (IgG) antibodies were maintained for an average of 2 years following infection with a similar virus, severe acute respiratory syndrome (SARS) (Wu et al., 2007). However, for other coronaviruses, IgG may only be elevated for up to a year (Callow et al., 1990). PFAS are ubiquitous due to their extensive use and persistent nature. Additionally, Class B fire-suppression foams may contain PFAS (Lewandowski et al., 2006). Our recent pilot study demonstrated increased serum perfluorohexane sulfonate (PFHxS) in all Tucson firefighters and increased levels of perfluoromethylheptane sulfonate isomers (Sm-PFOS) in male firefighters as compared with the general population, and elevations of PFHxS in our prior pilot study of Phoenix and Tucson firefighters. PFHxS and PFOS are also increased in the blood of populations exposed to groundwater contaminated by fire suppression foams (Li et al., 2020). There is a substantial body of research associating PFAS exposure with reduced immune response, with most published studies on maternal exposures and/or in children. PFHxS exposures in the first four years of life is associated with a higher risk of total respiratory infectious diseases (Goudarzi et al., 2017). Increased PFOS in children is associated with an increased number of episodes of fever and coughing and fever and nasal discharge (Dalsager et al., 2016). In addition, PFAS levels (including PFHxS and PFOS) are negatively associated with diphtheria and tetanus antibody levels in children (Grandjean et al., 2012; Mogensen et al., 2015). Increased PFOS levels in 12-19 year olds is associated with decreased rubella and mumps antibody concentrations (Stein et al., 2016). In adults, serum PFAS concentrations are negatively associated with the rate of increase in the antibody responses after a booster vaccination with diphtheria and tetanus (Kielsen et al., 2015). Firefighters are at high risk for COVID-19 infection as over 80% of their responses are medical. Starting in May, 2020, all firefighters in the state of Arizona will be offered free SARS-CoV-2 serum antibody testing, providing an exceptional opportunity to recruit a prospective cohort of individuals with known COVID-19 infection, which is also time sensitive as we anticipate widespread availability of COVID-19 vaccines within 18 months. As mentioned, Tucson and Phoenix firefighters have increased serum concentrations of PFHxS and/or PFOS. We propose to collect symptom and outcome information on firefighters with measurable SARS-CoV-2 IgM or IgG antibodies, and to measure longitudinal changes in SARS-CoV-2IgG over 10 months. Our long-term goal is to identify health risks of PFAS mixtures. Our objective in this application is to evaluate the effects of PFAS exposure levels in firefighters in regards to severity of, and immune response to, COVID-19 infection. Our central hypotheses are that increased PFAS serum concentrations will increase the severity of COVID-19 infection and reduce post-recovery serologic titers, which could thereby increase risk of later re-infection. Specific Aim #1. Determine the association of serum PFAS concentrations with infection severity. Recruiting from our state registry, we will enroll 100 Tucson and Phoenix firefighters with positive SARS-CoV-2 IgM and/or IgG antibodies, and collect and analyze their serum for PFAS. Using an online survey instrument completed at the time of biological sample collection, we will obtain information on whether the subjects had COVID-19 infection(s) confirmed by diagnostic testing, extent of symptoms (if any) consistent with COVID-19 infection, and whether they were hospitalized. We will evaluate the association between serum PFAS and: 1) severity of symptoms; 2) symptomatic vs. asymptomatic COVID-19 infection; and 3) hospitalization. Specific Aim #2. Determine the association of serum PFAS with SARS-CoV-2 antibody titers. For all firefighters in Aim 1, we will repeat SARS-CoV-2 IgG testing after five months and ten months to measure changes in immune response and to test the association of PFAS levels and longitudinal changes in IgG using generalized linear regression models that account for repeated measures. At study completion, we will have documented the effects of PFAS exposure on the likelihood of a symptomatic COVID-19 infection and symptom severity in a highly exposed population, as well as effects of PFAS exposure on the subsequent immune response persistence.

		2020		1 P42 ES031009-01		-		Center for Environmental and Health Effects of PFAS		NORTH CAROLINA STATE UNIVERSITY RALEIGH		NC		MATTINGLY, CAROLYN J		$1,651,447		$1,651,447		ES18-002		9841005		P42		HEACOCK, MICHELLE		8030229		ES		ABSTRACT Overall Per- and polyfluoroalkyl substances (PFAS) are emerging as a major public health problem in North Carolina (NC) and across the US. PFAS comprise a class of almost 5,000 known compounds. Their unique chemical properties have been harnessed to make consumer and industrial products more water, stain, and grease resistant; they are found in products as diverse as cosmetics and firefighting foams. Despite increasing evidence that they are found ubiquitously in the environment, there is a paucity of knowledge about their toxicity. For the few well-studied PFAS, associated health effects include cancer and toxicity to the liver, thyroid, and immune system; but human exposure levels, mechanisms of action, bioaccumulation, or effective remediation approaches remain unclear for the majority of PFAS. As a result of recent widespread detection in the environment and increasing evidence of human exposure we propose to establish a Superfund Research Program (SRP) Center for Environmental and Human Health Effects of PFAS. Several of these compounds are included on the Substance Priority List of the Agency for Toxic Substances and Disease Registry and are considered contaminants of emerging concern by the US Environmental Protection Agency. The long-term objective of our Center is to advance understanding about PFAS 1) environmental and human exposure in impacted areas, 2) toxicity and underlying mechanisms of thyroid and immune function, 3) bioaccumulation potential, and 4) remediation. To meet our objective we will employ a highly transdisciplinary approach that will integrate leaders in diverse fields (epidemiology, environmental science and engineering, biology, toxicology, immunology, data science, and advanced analytics) across two major NC Universities (NC State and East Carolina Universities); multiple levels of biological organization (biomolecule, pathway, cell, model organisms (periphyton, mayflies, zebrafish, mouse), and human populations); state-of-the-art analytical technologies; cutting-edge data science and management approaches; a recognized track record in interdisciplinary, environmental health science training; and well-established partnerships with government and community stakeholders. We aim to be a trusted resource for SRP stakeholders and impacted communities and to catalyze discovery of information that leads to prevention of PFAS exposure and protection of human health.		SPECIFIC AIMS Overall Per- and polyfluoroalkyl substances (PFAS) are emerging as a major public health problem in North Carolina (NC) and across the US. PFAS comprise a class of almost 5,000 known compounds. Their unique chemical properties have been harnessed to make consumer and industrial products more water, stain, and grease resistant; they are found in products as diverse as cosmetics and firefighting foams. PFAS are resistant to degradation, move easily through the environment, and are suspected of accumulating in living organisms. Despite increasing evidence that they are found ubiquitously in the environment, there is a paucity of knowledge about their toxicity. For the few well-studied PFAS, associated health effects include cancer and toxicity to the liver, thyroid, and immune system. PFAS are highly relevant to the Superfund Research Program (SRP); four PFAS are currently included on the Substance Priority List of the Agency for Toxic Substances and Disease Registry (ATSDR), and two are considered contaminants of emerging concern by the US Environmental Protection Agency. As a result of widespread detection in the environment and evidence of increasing human exposure we propose to establish a Center for Environmental and Human Health Effects of PFAS. The Center's team crosses two major NC Universities, NC State and East Carolina, and is comprised of highly collaborative leaders in transdisciplinary fields that include environmental science and engineering, toxicology, immunology, environmental epidemiology, analytical chemistry, data science, and community engagement. This Center will address pressing questions about this class of compounds and will aim to advance understanding about PFAS environmental and human exposure in impacted areas of NC, toxicity and underlying mechanisms of thyroid and immune function, bioaccumulation potential, and remediation. To achieve these goals, we propose the following specific aims: Specific Aim 1. Institute a Center with a collaborative, transdisciplinary, and inclusive structure that  ensures efficient and effective administrative and fiscal management; substantive integration across  its components; and proactive translation of research discoveries. The Administrative Core has  transdisciplinary, domain-specific, and administrative expertise, substantive connections with SRP  stakeholders to foster research translation, and significant institutional resources that will be leveraged to  create an integrative, transparent structure that facilitates collaborations, training, community involvement,  and opportunities for data sharing through Center-wide initiatives, committees, and infrastructure. Specific Aim 2. Promote and support the progress and integration of Research Projects that will  advance understanding about PFAS exposure, toxicity, bioaccumulation, and remediation. Strong  and highly transdisciplinary teams will leverage the advantages of diverse systems [biomolecule, pathway,  cell, model organism (mayfly, zebrafish, mouse), and human populations] and provide rigorous evaluation of  remediation materials with the use of state-of-the-art analytical and computational techniques to address  pressing questions about PFAS. Specific Aim 3. Provide integrated and state-of-the-art analytical and computational expertise and  infrastructure that will help to address the Center's needs for quantitative targeted and untargeted  discovery analysis of PFAS; combinatorial, untargeted -omics analysis; and materials  characterization. The Research Support Core will provide unparalleled instrumentation and expertise to  address a broad range of scientific questions presented across the Center. The Data Management and  Analysis Core will leverage NC State's renowned data science expertise to extend the impact of our  analytical capacity to facilitate and improve interpretation of PFAS levels and environmental and biological impacts. Specific Aim 4. Prioritize the transdisciplinary training of the next generation of environmental health  scientists through the provision of innovative and inclusive engagement opportunities. The Center  will provide transdisciplinary leadership and innovative enrichment opportunities that span scientific and  community engagement realms, and equip our trainees with a broad perspective and capacity to address  pressing environmental and health challenges including but not limited to PFAS. Specific Aim 5. Empower impacted communities through multidirectional research and training  opportunities that will strengthen partnerships, increase environmental health literacy, inform  community-driven preventive strategies, and protect the health of communities in NC and the US.  Creation of our Center was motivated by the finding by our Deputy Director that the NC Cape Fear  Watershed was contaminated with GenX and other PFAS emitted by a fluorochemical manufacturer and the  many questions impacted communities continue to pose about exposure to un(der)studied PFAS. We will  build on our ongoing community engagement and forge bidirectional community partnerships to address  environmental health challenges and implement protective solutions related to PFAS.

		2020		3 P42 ES031009-01S1		-		Center for Environmental and Health Effects of PFAS		NORTH CAROLINA STATE UNIVERSITY RALEIGH		NC		MATTINGLY, CAROLYN J		$304,441		$304,441		PA18-935		10208368		P42		HEACOCK, MICHELLE		8045167		ES		Project Summary/Abstract  This project expands the GenX Exposure Study funded through the NC State Center for Environmental and Health Effects of PFAS to answer urgent questions related to per-and polyfluoroalkyl substances (PFAS) exposure and their impacts on SARS-CoV-2 response. PFAS as a class are associated with immune suppression as evidenced in humans by lower antibody titers to common vaccines in higher exposed individuals. Using the GenX Exposure Study, a prospective study of 1,000 PFAS exposed individuals, we plan to answer two questions: 1) what is the prevalence of overt disease, symptoms, sequelae, and antibodies in this population? and 2) does PFAS exposure modify response to virus as measured by antibodies? This study, located in the Cape Fear Region of North Carolina, includes participants ranging in age from 8-86 years with diverse demographic and medical histories. PFAS levels in this study are much higher than the national values for PFAS measured; in this population, novel fluoroethers have been measured in serum and represent ~25% of the overall PFAS levels in serum. In this population, we plan to collect two blood samples for SARS-CoV-2 antibody testing, once in the fall of 2020 and again in the summer of 2021. Additionally, we will administer a survey related to COVID 19 disease and symptoms at five points in time during this one-year study to capture the ongoing disease experience of the cohort. We currently anticipate a prevalence of antibody positive infection of 10% (June 2020); we expect this to increase as the rates of infection are increasing in North Carolina. We will use PFAS values measured in Fall 2020 to assess the impact of PFAS exposure and SARS-CoV-2 response in cross-sectional analyses; we will use the same PFAS measures to assess PFAS exposures on these outcomes in a longitudinal fashion for data collected following PFAS measurement. With 1000 participants, this will be one of the largest studies to date regarding PFAS exposure and immune response as measured by antibodies. Given that PFAS suppress immune function, exposure may result in worse disease because individuals fail to make sufficient antibodies to the virus, or may result in milder disease since the so-called “cytokine storm” may be mitigated by poorer immune response. Our study will provide the survey data combined with antibody data and stored specimens to further explore how PFAS influence COVID. If a vaccine becomes available and is adopted during our study, we will shift our focus to vaccine response. We plan to work with our community partners both local non-governmental organizations and health departments to share results with study participants and the community in a timely fashion. This supplement complements the ongoing research at the NC State Superfund Center and allows us to leverage an ongoing epidemiological study to address this important public health issue.		Specific Aims: COVID-19 Supplement to NC State Center for Environmental and Health Effects of PFAS PFAS have been associated with reduced immune response to vaccines in both humans and animals. The US National Toxicology Program and various state regulatory agencies regard immunotoxicity as the most sensitive endpoint for PFAS. Few human studies, if any, have evaluated whether PFAS exposure modifies response to viruses in addition to the vaccines that are designed to prevent disease as a result of virus exposure. PFAS impacted communities are specifically concerned about whether PFAS exposure increases their risks for adverse impacts from COVID 19. Given these concerns, ATSDR released a statement on the potential intersection between PFAS and COVID-19 exposure in June 2020. This supplement to the GenX Exposure Study (Superfund BMR Project 1) in North Carolina is designed to address these community concerns about whether PFAS exposure influences immune response to SARS-CoV-2, and to set the stage to evaluate whether PFAS exposure modifies response to the vaccine. The GenX Exposure Study as currently funded by Superfund will include 1,000 residents from two PFAS impacted communities in North Carolina: Wilmington and Fayetteville. We have previously collected blood from 497 people ages 6-86 years and analyzed for PFAS. In Fall of 2020, we will enroll ~500 more individuals to increase the sample size to 1000 participants. PFAS exposure in this population is quite high and diverse as a result of releases of PFAS from a chemical plant to both air and water. We have quantified nine PFAS in the blood of participants residing in Wilmington; these include three novel fluoroethers and the legacy PFAS characterized by PFOA and PFOS. The legacy PFAS concentrations in Wilmington blood were much higher than the US population data for 2015 and overall, 25% of the PFAS burden in blood was related to the fluoroethers. Thus, the GenX Exposure Study population provides a unique opportunity to characterize the impact of total PFAS exposure as well as exposure to specific PFAS. To address how PFAS may influence SARS-CoV-2 response in humans, we propose the following aims: Aim 1: Assess COVID 19 prevalence, symptoms, and sequelae, and, potentially, vaccine response in a diverse community of PFAS exposed people in North Carolina. Using the GenX Exposure study population of 1000 people from Wilmington and Fayetteville, NC, we will collect questionnaire information on COVID 19 disease, symptoms, and sequalae at five times in the next year through questionnaire. Additionally, we will collect blood for COVID 19 IgG antibodies (and potentially SARS-CoV-2 vaccine antibodies) in Fall 2020 and late summer 2021. The questionnaire will be administered at blood collections as well as via internet or phone between blood collections. With this information, we will assess the prevalence of disease as well as SARS-CoV-2 antibodies and will be able to evaluate the persistence of SARS-CoV-2 antibodies over time. Aim 2: Evaluate the association between previously measured PFAS in serum and SARS-CoV-2 response. Serum PFAS have been measured on ~500 people in the cohort earlier, and all 1000 participants will have PFAS measured in samples collected in Fall 2020. With this information, we will assess whether individuals with higher total levels of PFAS, or with higher levels of specific PFAS, have a different response to SARS-CoV-2 exposure than others in the cohort. For disease severity measures, we will adjust for known predictors of adverse outcomes such as age and pre-existing disease. In keeping with the parent grant’s commitment to community engagement, we will share all antibody results with study participants, local public health officials, and the community as a whole in a timely fashion. The GenX Exposure Study provides a unique opportunity to leverage an ongoing Superfund project to evaluate the impact of PFAS exposure to SARS-CoV-2 in a timely fashion consistent with the goals of the Notice of Special Interest regarding COVID 19. This study will be the largest prospective study to date with regard to PFAS and antibody response and will assess these potential impacts in a diverse population-based sample with respect to age, pre-existing medical conditions, gender, race, and PFAS exposure levels. These data will help support the community’s concern regarding providing timely information to their health care providers about potential health consequences of PFAS. Given the potential timing of a vaccine for SARS-CoV-2, this study would be well situated to evaluate immune response to this vaccine in a timely fashion.

		2020		3 P42 ES031009-01S2		-		Center for Environmental and Health Effects of PFAS		NORTH CAROLINA STATE UNIVERSITY RALEIGH		NC		MATTINGLY, CAROLYN J		$542,111		$542,111		PA18-591		10221364		P42		HEACOCK, MICHELLE		8045167		ES		Abstract The NC State Center for Environmental and Health Effects of PFAS focuses on understanding the implications of PFAS exposure in humans and animals in the Cape Fear River Basin of North Carolina. The Cape Fear River in North Carolina is characterized by high levels of a variety of PFAS (per-and poly-fluoroalkyl substances) throughout the watershed. The specific chemicals vary by location with the lower Cape Fear characterized by the presence of novel fluoroethers from chemical manufacturing near Fayetteville, NC, while upstream, the levels of legacy PFAS such as PFOA and PFOS are elevated and frequently exceed the drinking water advisory levels for these chemicals. To better characterize the diversity of PFAS exposures among impacted communities along the Cape Fear River, we have developed this supplement proposal to: 1) further characterize human exposure in communities upriver from Fayetteville, 2) expand analytical capabilities to measure total organic fluorine in biological and environmental samples, and 3) demonstrate feasibility for novel blood collection methods that can be employed in the field for both human and animal blood PFAS analysis.		Specific Aims  PFAS (per- and poly-fluoroalkyl substances) have been detected throughout the Cape Fear River watershed in North Carolina. In the central and downstream regions of the watershed, PFAS exposure through drinking water is dominated by high levels of poorly understood fluoroethers. In the headwater region of the watershed, the PFAS fingerprint differs, and exposure is dominated by high levels of short-chain perfluoroalkyl acids (PFAAs) and legacy compounds (e.g., PFOA, PFOS) that frequently exceed drinking water advisory levels. To more effectively assess the extent and effects of PFAS exposure in communities throughout the Cape Fear River, we have developed this supplement proposal to: 1) characterize human exposure and thyroid health effects in communities upriver of Fayetteville (this impacted community was not included in the funded parent proposal), 2) expand analytical capabilities to measure total organic fluorine in biological and environmental samples to allow the ability to capture the totality of PFAS exposure, and 3) demonstrate feasibility of using dried blood spot collection for sampling and analysis of PFAS exposure in humans and animals for sample collection in field settings. These proposed aims would expand the exposure assessment of impacted communities and wildlife and strengthen considerably the measurement science component of our Superfund Center. The aims are consistent with the overall theme of our Center, will feed back to other research projects by informing real-world exposure information from impacted communities and field studies and expand the opportunities for community engagement and training. Aim 1: Expand the BMR Project 1 (GenX Study cohort) to PFAS-impacted communities in the Upper Cape Fear River Basin  Pittsboro, a community of ~4500 people, relies on the Haw River, part of the Cape Fear River basin, for drinking water. Legacy PFAS (PFOA, PFOS) as well as short-chain PFAAs such as PFHxA are present in surface water upstream of the drinking water treatment plant and in the tap water of Pittsboro residents. Blood PFAS results for Wilmington residents suggest that the levels of legacy PFAS were 2-4 times higher than national values. Basin-wide PFAS occurrence data suggest that upstream sources in the Haw River watershed may contribute to PFAS exposure downstream. Inclusion of Pittsboro residents will provide a legacy PFAS exposed population who are not impacted by downstream sources to help elucidate both PFAS exposures as well as thyroid health outcomes along the Cape Fear River. We will leverage a small (n=50) study being conducted by SRP researchers at Duke University to create a sample of 400 residents ages six and older to include in the larger GenX Study cohort. We will measure PFAS and thyroid hormones in blood samples and will include these individuals in cross-sectional analyses related to PFAS exposure and thyroid outcome. Aim 2: Expand our analytical capacity to characterize total PFAS exposure through use of total organic fluorine measurements [adsorbable/extractable organic fluorine (AOF/EOF)].  Our earlier work highlights that analytical methods targeting commonly measured PFAAs do not fully capture total PFAS exposure. In blood samples from Wilmington, novel fluoroethers contributed to at least 25% of the total body burden of PFAS and to >99% of all quantifiable PFAS in water. To help guide discovery of “missing PFAS” through non-target analyses, we propose to add a combustion ion chromatography system to our Center's analytical capabilities and develop methods to determine AOF/EOF in environmental and biological samples. With the developed methods, we will characterize total organic fluorine levels in all participants of the GenX Study cohort (1000 in parent proposal + 400 proposed here). The addition of AOF/EOF to our analytical capabilities will benefit all of our Center's projects because we will be able to better describe human and animal exposures, enhance the understanding of potential biological transformations in our experimental studies, and better evaluate the overall efficacy of potential remediation technologies. Aim 3: Optimize and validate sampling, extraction, and PFAS analysis from dried blood spots (DBS).  Previous analysis including our preliminary study of alligator samples demonstrated the promise of DBS samples for accurate PFAS exposure assessment by liquid chromatography/mass spectrometry. The goal of this aim is to develop DBS sampling as a robust and minimally invasive approach for PFAS exposure assessment in human clinical, and wildlife samples, which sets the stage for use in archived DBS samples for historical analysis of PFAS exposures. The proposed experiments will evaluate and develop analytical methods for extraction and analysis of DBS samples, compare PFAS concentration measurements between blood/serum and DBS samples, and use wildlife samples to develop field techniques for DBS sampling, storage, and analysis. Initially, parallel method development experiments using wildlife whole blood and NIST standard reference human whole blood will be done to validate DBS methods for accurate PFAS measurements. Freshly collected human DBS samples for a subset of participants sampled in Aim 1 will be used to compare PFAS concentrations across serum, and DBS samples of venous and capillary whole blood collected from a minimally invasive finger stick.

		2020		1 R43 ES032380-01		-		Development of Smart Flocculants for the Treatment of PFAS Contaminated Water		BLUEGRASS ADVANCED MATERIALS, LLC		KY		GUTIERREZ, ANGELA MARIA		$168,087		$168,087		PA19-272		10081219		R43		HENRY, HEATHER F.		8046441		ES		Project Summary Per- and polyfluoroalkyl substances (PFAS) are a family of manmade congeners with dual hydro- and oleo- phobic properties, which is why they have been widely used in firefighting foams, as well as in a multitude of other products such as food packaging, paints, pesticides, and microelectronics. Given their extensive use, high water solubility, and resistance to conventional wastewater treatment methods, PFAS have been detected in public water supplies all over the country causing concern for potential toxic human health effects given their environmental persistence. Flocculation is a widely used separation technique in the removal of suspended solids from water and wastewater. However, traditional flocculants (e.g., inorganic salts and polymeric systems) form aggregate flocs that are usually loosely packed, contain a large amount of water due to their hydrophilicity and as such, require large settling tanks due to the slow process of separation that is required to collect the solids. Furthermore, they have seldom been used to remove dissolved species like PFAS. To address these issues, BAM proposes an innovative “smart” polymeric flocculant that consists of a temperature responsive compound, N-isopropylacrylamide (NIPAAm), modified with a cationic co-monomer dimethylaminoethyl acrylate (DMAEA), and a fluorinated co-monomer short chain trifluoroethyl acrylate (TFEA) and long chain dodecafluoroheptyl acrylate (DDFHA). The combination of these three components results in a polymer which can rapidly capture the dissolved PFAS molecules and form insoluble solid aggregates at temperatures above the lower critical solution temperature (LCST) The core advantages of this system include: (1) slow water retention in the sediment, (2) fast kinetics, and (3) lower energy input by shifting the aggregation temperatures closer to ambient conditions. Specific Aim 1 of the proposed project will involve development and performance evaluation of the cationic and fluorinated modified smart flocculants. More specifically, aim 1 focuses on the material development, where the cationic and fluorinated NIPAAm copolymer with varying composition and molecular weight will be synthesized and characterized. Specific Aim 2 will investigate the flocculation efficiency of the prepared materials in the removal of PFAS, such as perfluorooctanoic acid (PFOS) and perfluorooctane sulfonic acid (PFOA), from contaminated water. To study the PFAS removal efficiency, various environmental conditions (e.g., ionic strength, pH, turbidity) and process variables (e.g., polymer dosage, initial PFAS concentration) will be examined, and the performance will be evaluated through kinetics, sediment compactness, and supernatant composition. Phase I funding of this project will produce a novel smart flocculant system with enhanced solid-liquid separation performance for removing PFAS from contaminated water. When achieved, Phase II of this project will be operated to investigate the efficacy of the prepared copolymer flocculants in drinking water and wastewater.		SPECIFIC AIMS Rationale. Per- and polyfluoroalkyl substances (PFAS) are a family of manmade congeners with dual hydro- and oleo-phobic properties, owing to their wide use in firefighting foams, and a multitude of other products such as food packaging, paints, pesticides, and microelectronics [1,2]. Given their extensive use, high water solubility, and resistance to conventional wastewater treatment methods, PFAS have been detected in the public water supply of at least 6 million Americans [3]. Their environmental persistence has been a cause of concern for potential toxic human health effects and lack of regulated clean-up standards [3]. Flocculation is a well-known solid-liquid separation process, which has been excessively used to remove suspended solids from industrial wastewater [4 - 6]. Recently, polymeric flocculants have attracted attention due to their easy handling and high efficiency on particle capture [7]. However, most conventional polymeric flocculants are based on hydrophilic polymers, and thus exhibit drawbacks like high water retention in sediment and difficultly in removal due to their comparable density of water [8]. To improve this process, studies have suggested using smart thermo- responsive polymers based on N-isopropylacrylamide (NIPAAm) as an alternative, aiming to enhance the recovery of water by introducing the unique phase transition property of these polymers [9]. PNIPAAm (PNIPAAm) has been widely studied for its temperature responsiveness; having a temperature controlled hydrophilic/hydrophobic phase transition at its lower critical solution temperature (LCST). Traditional flocculation has targeted the removal of suspended solids, smart flocculants have opened up the potential to target soluble contaminants that interact with the dissolved polymer state at ambient temperature and then are separated from the solution through entrapment in the polymer solids formed above the LCST. The smart flocculation mechanism demonstrated here is based on PNIPAAm chains and/or functional co-monomers interacting with target compounds at temperatures below the LCST through hydrogen bonding, Van der Waals or ionic interactions [10 – 12]. Bluegrass Advanced Materials (BAM) proposes to further enhance the flocculation efficiency of PNIPAAm and create specificity for PFAS compounds through the synthesis of innovative copolymers incorporating cationic and fluorinated co-monomers. Here, we developed a novel copolymer flocculant consisting of NIPAAm and dimethylaminoethyl acrylate (DMAEA), as well as a novel copolymer flocculant consisting of NIPAAm and short chain trifluoroethyl acrylate (TFEA) and long chain dodecafluoroheptyl acrylate (DDFHA) thereby providing a new and interesting application of flocculation for the capture of dissolved species. The key advantages of these flocculant system are:  1. Low water retention in the sediment: dissolved PFAS molecules are captured by dissolved polymer  at ambient temperature and then collected in an insoluble densely packed solid pellet above the LCST  2. Fast kinetics: flocculation occurs within minutes compared to several hours for previous systems  3. Lower energy input: LCST is closer to ambient temperature than traditional NIPAAm based systems The overall objective is to develop novel copolymer flocculants and examine their solid-liquid separation efficiency in removing persistent water-soluble contaminates like PFAS from water/wastewaters. Specific Aim 1. Synthesis of cationic and fluorinated co-monomer modified PNIPAAm based smart flocculants with varying composition and molecular weight (MW). Smart cationic DMAEA-co-NIPAAm, and fluorinated (TFEA or DDFHA)-co-NIPAAm copolymer systems have been developed through free radical polymerization. Copolymers with different compositions of the co-monomers, both varied at different molar ratios (e.g. 0.1 to 7 mol%), and MWs will be synthesized (e.g. varying initiator content, reaction time). Multiple characterization techniques including 1H-NMR for composition, UV-vis for optical transmittance properties, and GPC for MW will be conducted. Aqueous solubility limit of the copolymer flocculants will be evaluated, and the LCST will be determined as a function of temperature. Specific Aim 2. Evaluate flocculation efficiency of the smart copolymer flocculants in PFAS contaminated waters. Flocculation will be performed in water samples containing common PFAS compounds, including perfluorooctanoic acid (PFOA) and perfluorooctanoic sulfonate (PFOS). The copolymers will be dosed over appropriate regimes based on solubility analysis from Specific Aim 1. Other process variables as PFAS dosage and mechanical agitation will be studied. Environmental conditions (i.e. pH, ionic strength, water hardness, temperature, and presence of organic matter) will be varied to investigate their effect in PFAS removal. Flocculation performance will be evaluated based on kinetics, sediments compactness (i.e. floc size, internal water retention), quality of supernatant (i.e. residual polymer/PFAS), and life-cycle analysis of produced flocs. Deliverables: Phase I funding t will produce smart cationic and fluorinated modified smart flocculant system with enhanced solid-liquid separation performance for the removal of multiple persistent PFAS contaminants. It is hypothesized that improved flocculation efficiency will be achieved through the tuning of the cationic and fluorinated co-monomer content (i.e. cationic interactions between PFAS charged head and cationic monomer and chain interactions between PFAS and perfluorinated co-monomer). Upon successful completion, Phase II will investigate the efficacy of the prepared copolymer flocculants in water/waste water.

		2020		3 U2C ES030167-03S2		-		Genetics and quantum chemistry as tools for unknown metabolite identification		UNIVERSITY OF GEORGIA		GA		EDISON, ARTHUR S		$351,409		$351,409		PA18-935		10173229		U2C		BALSHAW, DAVID M		8047039		ES		Project Summary/Abstract The SARS-CoV-2 virus and resulting COVID-19 pandemic has created the biggest global health crisis in our lifetime. We have assembled a team of investigators with expertise in vaccine development, environmental exposures, immunology, metabolomics, lipidomics, and modeling to discover metabolic predictive biomarkers (MPBs) of infection in ferrets. We will use ferrets, because they have already been shown to be an effective animal model for human COVID-19 disease, and they are currently being used for vaccine development. Our study builds upon an NIH funded co-infection study in which ferrets will be infected with 4 different common respiratory viruses before infection by SARS-CoV-2. That study will determine the severity of infections and immune responses, but it did not include metabolomics measurements. The hypothesis of the co-infections is that the severity of SARS-CoV-2 infection will be attenuated with co-infection by another virus. We will be adding a group of ferrets that will be exposed to per- and polyfluoroalkyl substances (PFAS) prior to infection by SARS- CoV-2. PFAS have been shown to suppress the immune system in mice, and a limited number of studies have demonstrated associations between severity of virus infection and levels of PFAS. PFAS bioaccumulate in tissues and are common chemicals used in many everyday items such as plastic bottles and non-stick cooking pans, so this common environmental exposure could be an important variable in COVID-19 symptoms. The ferret model provides an ideal way to study the effect of PFAS on SARS-CoV-2 infection progression and outcomes. For each group in the study (co-infection, PFAS, or control), 15 serum samples will be collected from each animal (n=6 for each group) over about 1 month, with SARS-CoV-2 infection occurring at the midpoint of the sampling. Thus, we will be able to derive detailed time-course measurements of metabolites and lipids and associate these signals with phenotypic outcomes. We have 3 specific aims: 1) Conduct the co-infection and PFAS exposure studies in BSL-3 containment and collect immunological and infectivity data. Serum samples will be collected and inactivated by a biosafety- approved protocol. 2) Measure metabolites and lipids using non-targeted LC-MS and NMR. NMR is faster and less expensive and will be used to prioritize samples for LC-MS. Background PFAS signals from animal housing equipment will be determined. 3) Model the metabolites and lipids with phenotypic outcomes. We will also model the influence of PFAS exposure on the lipidome to better understand the molecular mechanisms of PFAS immunotoxicity. We have also started a Slack workspace for communication between different groups around the world working on COVID-19 metabolomics. This workspace provides for sharing of protocols and data, posting the latest research in this area, as well as a forum for questions and answers.  All data generated from our study will be shared publicly as soon as it passes our system suitability tests.		Role of PFAS Exposure and Co-Infection on COVID-19. Specific Aims The SARS-CoV-2 virus and resulting COVID-19 pandemic has created the biggest global health crisis in our lifetime. The public health measures of “social distancing” and limited testing to control the outbreak in order to avoid overwhelming our healthcare infrastructure are effective in the short-term but ultimately limited. We desperately need effective vaccines, drugs to treat acute infection, and a thorough understanding of the underlying biology of the host-virus interactions and the etiology of the disease. Our team has a unique opportunity to contribute to several of the intermediate- and long-term needs of this pandemic. We have a combination of experience in vaccine development, infectious disease, environmental exposure science, metabolomics, and systems biology. We have also had previous or ongoing successful collaborations on related projects and have highly trained personnel who have already started work on this project. We will use a ferret model of SARS-CoV-2 infection. Ferrets have several advantages for this study: they can be infected and transmit virus, similar to humans, they are widely used for vaccine development for respiratory infections, and we can obtain detailed time-course data to monitor the development of infection. MPI Tompkins has been funded to examine how co-infections with common respiratory viruses will affect SARS-CoV-2 infection, but the funded study does not include metabolomics. Environmental chemical exposures also have the potential to influence the severity of SARS-CoV-2 infection. Of particular concern is the group of per- and polyfluoroalkyl substances (PFAS), which have been shown to suppress the immune system in mice. PFAS bioaccumulate in tissues and are common chemicals used in many everyday items such as plastic bottles and non-stick cooking pans. The ferret model provides an ideal way to study the effect of PFAS on SARS-CoV-2 infection progression and outcomes. Here, we propose to add PFAS groups to the already-funded co-infection cohort described above. Specifically, we will study two groups of 6 animals each (3 male, 3 female), which are exposed to perfluorooctanoic acid (PFOA), a well-studied PFAS. Following PFOA exposure, we will collect serum every 2 days for about 2 weeks prior to SARS-CoV-2 infection and for another 2 weeks following infection. We will conduct metabolomics and lipidomics studies of this serum to determine molecular level details of PFAS exposure and its consequence on SARS-CoV-2 infection. We will also use the same protocols to measure the metabolome/lipidome of the most significant animals from the viral co-infection groups. We hypothesize that PFAS exposure will increase the severity of SARS-CoV-2 infection and that respiratory co- infections will decrease the severity of COVID-19.  All data generated from this study will be shared publicly as soon as it passes our system suitability tests. Aim 1: Conduct SARS-CoV-2 Infection Study on Ferrets in a BSL-3 environment. Tompkins has established a co-infection study using common respiratory viruses with subsequent SARS-CoV- 2 infection. In this project, will add a group to that study cohort that is pre-exposed to PFAS. Several phenotypic measurements will be made on all animals to assess severity of SARS-CoV-2 infection and transmission characteristics. Serum from each animal will be collected over 15 time points to establish robust trends before and after SARS-CoV-2 infection. We hypothesize that PFAS exposure will lead to more severe COVID-19 symptoms and poorer outcomes. Aim 2: Measure metabolomic and lipidomic data from serum samples obtained from Aim 1. We will use non-targeted metabolomics and lipidomics on all PFAS exposed ferrets as well as a subset of groups from the co-infection groups. Phenotypic outcomes from Aim 1 will inform our decision about which additional groups to measure. We will employ a combination of NMR for its lower cost screening capabilities with LC-MS lipidomics for its ability to obtain detailed lipid profiles. Aim 3: Analyze metabolite and lipid data from Aim 2 and model these measurements with functional data collected in Aim 1. We will model the analytical data from Aim 2 with the phenotypic outcomes of Aim 1 to establish molecular correlates to specific phenotypes of infection. We will also model the influence of PFAS on the lipidome in order to develop a molecular-level model of PFAS exposure in animals.

		2020		5 R01 ES028369-03		-		Mechanisms and therapies for the neurobehavioral deficits from early Mn exposure		UNIVERSITY OF CALIFORNIA SANTA CRUZ		CA		SMITH, DONALD R		$585,062		$585,062		PA16-160		10002223		R01		HOLLANDER, JONATHAN		8469964		ES		Project Summary  Studies in children/adolescents have linked developmental environmental manganese (Mn) exposure to inattention, impulsivity, hyperactivity, oppositional behaviors, and fine motor deficits, though these studies are limited by their cross-sectional designs and limited control of confounding that make it impossible to demonstrate that Mn causes these deficits. Our recent studies have shown that developmental Mn exposure causes lasting deficits in attention, impulse control, and fine motor function, providing the first causal evidence supporting the human studies. Our initial studies of the potential benefits of chronic oral methylphenidate (Ritalin) treatment revealed that the one dose studied alleviated the Mn-induced impulse control and fine motor dysfunctions, but impaired attentional performance in the Mn animals. We propose to build upon these findings to elucidate the neural mechanisms underlying the lasting attentional, impulse control, and fine motor dysfunction caused by developmental Mn exposure, and test potential therapeutic interventions (methylphenidate, guanfacine), in our established rodent model of childhood Mn exposure. Our testable hypotheses are 1) Oral MPH and/or guanfacine treatment will alleviate the lasting fine motor, attention and impulse control deficits caused by developmental Mn exposure; and 2) These lasting deficits caused by Mn exposure are due to changes levels of catecholaminergic system proteins in the pre-frontal cortex - striatal pathway. We will test these hypotheses via the following aims: Aim 1 will (i) Identify a clinically-relevant therapeutic regimen of MPH for the Mn deficits in attention, impulse control, and fine motor function by determining the dose-response relationship with MPH in male and female control vs Mn animals, and (ii) Determine involvement of DA D1, D2, and α2A adrenoreceptors in the Mn deficits and in the therapeutic efficacy of MPH, using administration of selective receptor antagonists during behavioral testing. Aim 2 will use PET neuroimaging and quantitative immunohistochemistry to further elucidate changes in catecholaminergic system proteins implicated in the attention/impulse control/fine motor Mn deficits, and the association of these measures with the attention/impulse control/fine motor outcomes. Aim 3 will test the hypotheses that guanfacine alleviates the attention/impulse control deficits produced by Mn. These studies will be the first to identify potentially efficacious therapies for the treatment/prevention of attentional and co-morbid fine motor deficits due to developmental Mn exposure, and to elucidate their neural mechanisms.		Our proposed studies will elucidate the neural mechanisms underlying the lasting attentional, im- pulse control, and fine motor dysfunction caused by developmental manganese (Mn) exposure, and test potential therapeutic interventions (methylphenidate and guanfacine), using a rodent model of childhood Mn exposure. The scientific premise for the proposed studies is very strong - while deficits in attention, impulse control, and fine motor function have been postulated based on human epidemiological data, our recent findings provide the first evidence of a causal relationship between developmental Mn exposure and these functional impairments1–4. Moreover, these deficits were associated with lasting reductions in stimulated norepinephrine (NE) and dopamine (DA) release from the prefrontal cortex (PFC) and striatum, and lasting changes in D1 and D2 receptor, norepinephrine transporter (NET), and tyrosine hydroxylase protein levels in the PFC (refs3,5,6 and Figs. 4,9, Table 1), implicating catecholaminergic (CA) fronto-striatal circuits in these impairments. Our initial study of the benefits of oral methylphenidate (MPH, Ritalin) treatment revealed that the one dose studied allevi- ated the Mn impairments in impulse control and fine motor function, but not attention (refs3,4 and Figs. 6 - 8).  In this revised application, we include sex as a biological variable and will determine (a) potential therapies for the functional Mn deficits, and (b) the mechanisms underlying these Mn-induced deficits using pharmacologic receptor antagonist challenges, in vivo PET imaging, and quantitative measurement of catecholaminergic sys- tem proteins. The following hypotheses will be tested. 1) Oral MPH and/or guanfacine treatment will alleviate the lasting attention, impulse control, and fine motor deficits caused by developmental Mn exposure; and 2) The lasting attention, impulse control and fine motor deficits caused by Mn are due to lasting reductions in DA and NE release, and changes in CA system proteins (e.g., DA D1, D2, α2A receptors, etc.) in the fronto-striatal pathway. These hypotheses will be tested via the following aims: Aim 1: Determine the efficacy of methylphenidate to alleviate Mn-induced impairments in selective at- tention, impulse control, and fine motor function, and catecholaminergic function.  Subaim 1.1: Identify a clinically-relevant therapeutic regimen of MPH for the functional Mn deficits by deter- mining the dose-response relationship with MPH (a DA/NE transporter inhibitor) in male and female control vs Mn animals. We expect a shift in the MPH dose-response curve in the Mn animals in support of our hypothesis that CA changes in the fronto-striatal circuitries underlie the functional Mn deficits. We will also test whether the neurobehavioral effects of Mn and MPH differ between males and females, and whether the MPH dose used in our initial studies in males exceeded the therapeutic level for attention, but not for impulse control/motor function in the Mn animals, reflecting different MPH dose-response functions for these different domains of impairment.  Subaim 1.2: Determine involvement of DA D1, D2, and α2A adrenoreceptors in the Mn deficits and in the therapeutic efficacy of MPH, using administration of selective receptor antagonists during behavioral testing. Aim 2: Use PET neuroimaging and quantitative immunohistochemistry to further elucidate mechanisms underlying the functional Mn deficits.  Subaim 2.1: Using PET neuroimaging in behaviorally-tested male Mn and control animals, determine the binding potentials of active DA D1, D2, and α2A NA receptors, and the MPH-stimulated increase in extracellular DA/NE levels in the PFC, striatum, and globus pallidus.  Subaim 2.2: Using quantitative immunohistochemistry, determine protein levels of D1, D2, and α2A recep- tors, and DAT, NET, and tyrosine hydroxylase in the same brain areas in behaviorally-tested control, Mn, and chronic MPH-treated males and females.  We will test the hypothesis that developmental Mn exposure causes hypofunctioning of the CA system in the fronto-cortico-striatal circuit, evidenced by lasting reductions in MPH-stimulated DA and NE release and altered expression of CA system proteins, and that these changes are associated with the Mn deficits in the same behaviorally-tested animals. Aim 3: Determine (i) the efficacy of guanfacine, a selective α2A adrenoreceptor agonist, to alleviate Mn- induced impairments in selective attention and impulse control, and (ii) whether chronic guanfacine treatment alters brain catecholaminergic system protein levels in behaviorally-tested subjects.  We will test the hypothesis that guanfacine alleviates the attentional and/or impulse control dysfunction caused by developmental Mn exposure. Guanfacine improves attentional and impulse control function in children with attention deficit hyperactivity disorder (ADHD), but unlike MPH, is not a psychostimulant drug with addictive potential. In our recent study4, the single dose of MPH studied was not effective in alleviating Mn-induced atten- tional dysfunction, but did alleviate the impulse control deficit. While a lower MPH dose may prove effective, it is prudent to also explore another therapeutic approach with a differing neurochemical profile. Impact: These studies will be the first to identify potentially efficacious pharmacotherapies (MPH, guanfacine) for the treatment of attentional, impulse control and fine motor deficits due to developmental Mn exposure in male and female animals, and to elucidate the neural mechanisms underlying those Mn deficits. Our methods are highly innovative and will lay the groundwork for translational studies in children.

		2020		5 R01 ES030078-02		-		Early Life Phthalate and Perfluoroalkyl Substance Exposures and Childhood Bone Health		JOHNS HOPKINS UNIVERSITY		MD		BUCKLEY, JESSIE P		$439,282		$439,282		ES18-001		9843146		R01		BOYLES, ABEE		8469964		ES		Abstract Phthalates and perfluoroalkyl substances (PFAS) are synthetic chemicals with widespread human exposures that lower bone density in animals. Our preliminary data and limited epidemiologic studies report associations of these chemicals with shorter stature in children as well as lower bone density and altered vitamin D metabolism in adults. Low peak bone mass in adolescence is a strong modifiable risk factor for osteoporosis, a bone disease impacting millions of older Americans. Although early life is a critical period of skeletal growth and bone mass accrual, there are currently no longitudinal studies of phthalate or PFAS exposures in relation to childhood bone density. Therefore, our goal is to test the novel hypothesis that early life phthalate and PFAS exposures adversely impact skeletal growth, bone strength, and vitamin D metabolism in children. Our highly efficient proposal leverages the Health Outcomes and Measures of the Environment (HOME) Study, a prospective, racially-diverse pregnancy cohort study enrolled in Cincinnati, Ohio with existing exposure biomarker, confounder, and height measures from gestation through 8 years of age. Dual-energy X-ray absorptiometry measurements of bone density are currently being collected at an ongoing 12-year follow-up visit. We will additionally measure validated vitamin D and phthalate exposure biomarkers to investigate whether phthalate or PFAS exposures are associated with height trajectories from birth to age 12 years (Aim 1), bone density at age 12 years (Aim 2), and vitamin D biomarker concentrations at ages 8 and 12 years (Aim 3). Further, we will explore the role of chemical and nutritional co-exposures by examining whether height or bone density associations are modified or mediated by vitamin D biomarker concentrations or calcium intake (Aim 4). Using rich longitudinal data and a sophisticated Bayesian modeling approach, we will investigate potential windows of susceptibility (prenatal, early childhood, mid childhood, and early adolescence) as well as effects of cumulative exposures and exposure mixtures. This research will constitute the first systematic assessment of the role of phthalates and PFAS in altering bone health, a significant but understudied component of child well-being with critical importance for life-long risk of fractures and osteoporosis. In addition, this NIEHS ONES Award will support an exceptional Early Stage Investigator to establish an innovative research program specializing in children's environmental health. Finally, our findings will catalyze future research examining environmental impacts on bone health in later adolescence, elucidating biological mechanisms, investigating other environmental bone toxicants, and developing chemical or nutritional interventions with the goal of setting children on a path to healthier, stronger bones throughout life.		Specific Aims Phthalates and perfluoroalkyl substances (PFAS) are two classes of synthetic chemicals with ubiquitous human exposures1 that lower bone density in animals2-8 and are associated with worse bone health in human cross-sectional studies.9-13 In adults, phthalate exposures are associated with lower biomarker concentrations of vitamin D, a micronutrient critical in bone formation and resorption.14,15 Although early life is a known critical window for bone mineral accrual,16,17 there have been no longitudinal studies of phthalate or PFAS exposures in relation to bone density or vitamin D in children. Remarkably, higher phthalate and PFAS biomarker concentrations were associated with shorter stature in every study that has assessed child height,18-23 a measure of skeletal growth that is correlated with bone density. We report novel preliminary data demonstrating associations of prenatal phthalate and PFAS biomarker concentrations with shorter stature in early childhood and cross-sectional associations of PFAS with bone turnover and vitamin D biomarkers. While these and previous findings implicate phthalates and PFAS as potential bone toxicants, longitudinal studies of children are critically needed that 1) comprehensively assess skeletal development using growth curve modeling, 2) measure bone density using standard clinical tools, 3) examine susceptibility windows and cumulative exposures due to the dynamic and ongoing nature of bone development, and 4) consider vitamin D and calcium given their known essential roles in bone health. The overarching hypothesis of our proposal is that early life phthalate and PFAS exposures are adversely associated with skeletal growth, bone strength, and vitamin D metabolism in children. We propose to test this novel hypothesis within the Health Outcomes and Measures of the Environment (HOME) Study, a prospective, multi-ethnic pregnancy cohort study enrolled in Cincinnati, Ohio during 2003-2006.24 The HOME Study has amassed extensive data from gestation through age 8 years including repeated urinary phthalate and serum PFAS biomarker concentrations and height measurements as well as comprehensive covariate information. A 12-year follow-up visit is currently underway, with dual-energy X-ray absorptiometry (DXA) measurements of bone density expected for at least 250 children. In this highly efficient proposal, we seek to additionally measure validated biomarkers of toxicant exposure and vitamin D to examine the following specific aims: Aim 1: Determine whether early life phthalate and PFAS exposures are associated with skeletal growth  through age 12 years. Leveraging repeated exposure biomarker and height measures from gestation  through age 12 years, we will estimate associations with skeletal growth parameters using the Super  Imposition by Translation And Rotation (SITAR) model and longitudinal linear mixed models. Aim 2: Determine whether early life phthalate and PFAS exposures are associated with bone strength  at age 12 years. We will estimate associations of prenatal, early childhood, mid-childhood, and concurrent  exposure biomarkers with DXA bone density measures at age 12 to evaluate hypotheses regarding  susceptibility windows and cumulative exposures. Aim 3: Determine whether phthalate and PFAS exposures are associated with vitamin D biomarker  concentrations at age 8 and 12 years. We will estimate associations of exposure biomarkers with serum  25-hydroxyvitamin D concentrations to test the hypothesis that these chemicals alter vitamin D metabolism. Aim 4: Examine modification or mediation of associations by micronutrient intake. In this exploratory  aim, we will examine modification or mediation of Aim 1 & 2 associations by serum 25-hydroxyvitamin D  concentrations and calcium intake at age 12 years to investigate chemical and nutritional co-exposures. We seek to expand the field of children's environmental health to systematically address bone health, a significant but understudied component of child well-being with critical importance for fracture risk,25,26 reduced peak bone mass,16,17 and development of osteoporosis.27 Laboratory findings, our preliminary data, and limited epidemiological evidence strongly suggest that phthalate and PFAS exposures impair skeletal growth and bone strength. Dr. Buckley will lead a team of experts in environmental and nutritional epidemiology, pediatrics, body composition, and biostatistics to efficiently investigate our aims by pairing a uniquely well-characterized longitudinal cohort study with a state-of-the-art Bayesian statistical analysis approach. Building on her previous work examining environmental obesogens,28-30 this Outstanding New Environmental Scientist (ONES) Award proposal will foster Dr. Buckley's career development by establishing her as an expert in the field of early life chemical exposures and child growth. In addition, it will serve as the basis of future research examining environmental impacts on bone health in later adolescence, identifying biological mechanisms for chemical- induced bone toxicity, investigating other environmental bone toxicants, and developing interventions with the goal of setting children on a path to healthier, stronger bones throughout life.

		2020		1 K01 ES031640-01		-		Elucidating the role of PPAR signaling in pancreatic organogenesis and juvenile metabolic syndrome		SAN DIEGO STATE UNIVERSITY		CA		SANT, KARILYN ELIZABETH		$167,381		$167,381		PAR18-291		9951966		K01		SCHUG, THADDEUS		8469978		ES		PROJECT SUMMARY/ ABSTRACT  1 Dr. Kari Sant is a tenure-track Assistant Professor of Environmental Health at San Diego State University.  2 Dr. Sant received her PhD in toxicology from the University of Michigan in 2014, and was a Postdoctoral Fellow  3 at the University of Massachusetts from 2015-18. As a developmental toxicologist, Dr. Sant’s public health goal  4 is to elucidate environmental, dietary, and genetic factors that may predispose children and adolescents to  5 metabolic dysfunction, and to identify mechanisms by which these aberrant pathologies can be mitigated or  6 prevented. This Transition to Independent Environmental Health Research (TIEHR) Career Award will provide  7 Dr. Sant the opportunity to increase training and experience to meet: 1) research development goals, including  8 improving grantsmanship and developing new spatiotemporal analyses to assess comprehensive metabolic 9 dysfunction in the zebrafish model, and 2) professional development goals, including honing science 10 communication, mentoring, and project management skills while expanding my professional network for future 11 collaborative research. Dr. Sant will be advised by Dr. Patrick Allard (primary mentor, UCLA), Dr. David Volz 12 (advisor, UC Riverside), and Dr. Eunha Hoh (advisor, SDSU) throughout this career development award. 13 The proposed research plan entitled “Elucidating the role of PPAR signaling in pancreatic organogenesis 14 and juvenile metabolic syndrome” explores how embryonic exposures to environmental modulators of the 15 peroxisome proliferator-activated receptor (PPAR) signaling pathway impact the structure and function of the 16 pancreas throughout embryonic, larval, and juvenile development in the zebrafish model. PPAR signaling is a 17 nutrient-sensing mechanism which regulates processes such as nutritient uptake and utilization, and more 18 specifically carbohydrate and lipid metabolism and storage. Environmental modulators of PPAR signaling, 19 including perfluorooctanesulfonic acid (PFOS) have been widely associated with metablic dysfunction, including 20 increased risk for diabetes, obesity, hypertension, and chronic kidney disease. Preliminary studies have shown 21 that embryonic PFOS exposures decrease pancreas size, and reduce the area of the Islet of Langerhaans, the 22 primary glucoregulatory cell cluster of the body. Here, we will examine the persistence of these morphologies 23 into the juvenile period, create a model for toxicant-induced disruption of nutrient uptake, and spatiotemporally 24 characterize pathophysiological measures of obesity and metabolic syndrome. Preliminary data suggests that 25 modulation of PPAR signaling during pancreatic organogenesis alters the structure of the developing pancreas, 26 and that juvenile zebrafish exposed to PFOS developmentally are more likely to exhibit hepatic steatosis and 27 increased adipogenesis. This project addresses NIEHS goals by: 1) providing a mechanism by which 28 developmental exposures to PPAR- activating compounds directly affects early nutrition, metabolism, and 29 organogenesis, and 2) identify the lasting pathologic and biochemical consequences of these exposures.		SPECIFIC AIMS  Metabolic syndrome is a growing global epidemic, characterized by phenotypes such as hypertension, obesity, dyslipidemia, and hyperglycemia [1]. Though the incidence of diabetes has stabilized in U.S. adults, hyperglycemia, overt diabetes, and obesity in children continues to rise [2, 3]. Despite increasing trends of weight and adiposity in childhood, there is a decreasing trend in birth weight and nearly 10% of all births in the United States are preterm [4, 5]. Scientists examining the developmental origins of metabolic syndrome have repeatedly found inverse associations between birth weight and obesity, diabetes, or heart disease later in life—yet the mechanisms by which these relationships manifest remain unclear. Thus, there is a clear need for mechanistic studies to elucidate the underlying mechanisms connecting these divergent responses with temporal disruptions in chemosensory function throughout the lifecourse. Peroxisome proliferator-activated receptor (PPAR) signaling is a nuclear receptor signaling mechanism that regulates metabolic processes such as lipid metabolism, adipogenesis, and gluconeogenesis. Disruption of PPAR signaling is therefore a likely mechanism by which metabolic syndrome may arise. Environmental PPAR activators, such as endocrine disrupting compounds, pose a potential risk for metabolic dysfunction, since exposures are often associated with decreased prenatal growth yet increased risk for obesity and diabetes later in life. The long term objective of this research is to understand how aberrant PPAR signaling differs between prenatal and postnatal environments, and how environmental factors could disrupt such signaling and lead to pediatric metabolic syndrome.  The pancreas is comprised of two tissues, which are both important regulators of metabolic processes. Exocrine pancreas tissue secretes digestive enzymes regulating the bioavailability of protein and lipids, while endocrine Islets of Langerhans, largely comprised of β-cells, control glucose homeostasis. Hyperglycemia, a hallmark of both Type I and Type II diabetes is propagated largely by aberrant pancreatic function, due to pathologies including insufficient endocrine cell populations and defective or excessive insulin production. However, this can be attenuated by pharmaceuticals that stimulate the PPAR signaling pathway. Both the endocrine and exocrine tissues form during early organogenesis, but endocrine function is initiated early due to the need for glycolysis to sustain rapid embryonic growth. Though PPAR signaling plays a large role in these processes, its contributions during embryonic, fetal, and early childhood development are poorly understood.  I recently identified several toxicants, including the environmentally ubiquitous PPAR activator perfluorooctanesulfonic acid (PFOS), that can disrupt pancreatic organogenesis and the expression of pancreas hormones and enzymes in the embryo [6-11]. However, the metabolic consequences of this deviant pancreas development as well as the biochemical and molecular mechanisms require further investigation. The zebrafish (Danio rerio) is an ideal model in which to conduct this study due to rapid development and conserved homology with human embryology, including pancreatic structure, embryonic nutrition, and adverse metabolic phenotypes. Here, I propose to use the zebrafish model to elucidate how PPAR signaling mediates pancreatic dysmorphogenesis, and how environmental PPAR activators such as PFOS can produce paradoxical metabolic responses during different life stages. Two specific aims will test the central hypothesis that exogenous PPAR activation during embryonic development alters pancreas organogenesis and increases susceptibility to juvenile metabolic dysfunction. Aim 1: Elucidate the roles of PPAR isoforms in PFOS-induced pancreas morphologies. The goal of Aim 1 is to understand 1) how PPAR isoforms (α,γ,δ) contribute to deviant pancreas phenotypes during development, and 2) whether these phenotypes can be rescued by the attenuation of aberrant PPAR signaling. I will recapitulate and rescue deviant pancreas morphologies in Tg(insulin-GFP) zebrafish embryos using isoform-specific PPAR agonists and antagonists. Deliverables: I will determine the contribution of PPAR isoforms to PFOS-induced islet anomalies, characterize the persistence of these anomalies, and identify how restoration of PPAR homeostasis can protect against these deviant morphologies. Aim 2: Characterize the relationships between PFOS-induced PPAR activation, embryonic nutrition,  and metabolic syndrome in juveniles. The goal of Aim 2 is to examine how PFOS activation of PPAR affects: 1) the kinetics of embryonic yolk utilization and growth, and 2) the onset of metabolic syndrome. I will biochemically quantify the concentrations and flux of macronutrients throughout the embryonic and juvenile periods. These endpoints will be assessed at key transitions of embryonic and larval development to probe specific events which may drive metabolic change. Exposures will be discretely challenged with PPAR agonists and antagonists used in Aim 1. I will then measure these endpoints throughout the embryonic, larval, and juvenile periods in order to diagnose onset of pediatric metabolic syndrome. Deliverables: I will quantify changes and temporally elucidate mechanisms of disruption in embryonic and juvenile metabolic function due to exogenous PPAR activation, and identify sensitive windows of development which may be predictive of metabolic syndrome later in life.

		2020		5 R01 ES026904-05		-		Autism and Prenatal Endocrine Disruptors (A-PED)		ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI		NY		REICHENBERG, ABRAHAM 		$579,927		$579,927		PAR14-203		10006730		R01		LAWLER, CINDY P.		8469965		ES		PROJECT SUMMARY Autism and spectrum disorders (ASD) are serious and debilitating neurodevelopmental disorders that incur substantial suffering for patients and major challenges to our health care system. It is now estimated that ASD affects about 1 in 68 children, with a male:female ratio of 4:1. Both genetic and environmental factors contribute to ASD, but environmental factors have been understudied. Because environmental factors are potentially modifiable they should be a research priority. This effort has been hampered by the challenges of acquiring accurate and relevant exposure measures in large, unbiased, epidemiologic cohorts. Among the many environmental exposures to which humans are exposed, endocrine disrupting chemicals (EDs) have perhaps the best-known effects on neurodevelopment in pediatric populations. Several of these chemicals, particularly when exposure is prenatal, have been linked to autism-related phenotypes, and sex- differences in these associations have been documented. EDs have been shown to affect GABA and glutamate neurotransmission, which have prominent roles in ASD. Therefore, EDs are promising candidates as environmental triggers for ASD. To our knowledge, no prior study has been able to robustly link prenatal ED exposure to ASD. The goal of this application is to determine whether prenatal exposure to five classes of EDs impacts ASD risk. To achieve this, we will use stored samples from a serum biobank in southern Sweden and link these to population-based registries that include individual-level perinatal, diagnostic, medical, and demographic information (117,318 births in the years 1998-2007). We will randomly select and validate 600 ASD cases (oversampling females to include 200 females, 400 males) and 600 controls with similar sex and birth year distributions. By measuring concentrations of 38 EDs in five chemical classes in maternal serum samples we will address the following three integrated specific aims: First, determine the associations between ASD risk and prenatal serum concentration of our target EDs and their mixtures; Second, determine whether gender modifies sensitivity to prenatal ED exposure resulting in sex-dimorphic ED-ASD associations; Third, determine whether concentrations of EDs, singly and in combination, contribute to differences in ASD phenotype and their severity.		Autism and Prenatal Endocrine Disruptors (A-PED) SPECIFIC AIMS According to the Interagency Autism Coordinating Committee's 2013 Update of the Strategic Plan for Autism Spectrum Disorder (ASD) Research, there remains a critical need to identify the role of environmental exposures in ASD risk. Between 2000 and 2010, the number of children with autism more than doubled, and it is now estimated that autism affects about 1 in 68 children1,2, with a male: female ratio of 4:1. Genetic factors account for only 50-60% of autism risk, with the remainder attributable to environmental factors alone or in combination with genetic factors. Thus, there is an urgent need to understand the role of environmental factors in ASD risk. This effort has been hampered by the challenges of acquiring accurate and relevant exposure measures in large, unbiased, epidemiologic cohorts. To address this need, we will conduct the first population- based investigation with appropriate sample size to adequately examine the role of prenatal exposure to environmental chemicals in ASD etiology. We will examine multiple classes of environmental chemicals that have been classified as endocrine disruptors (EDs). Because the prenatal period is highly sensitive for neurodevelopment, we will examine maternal prenatal EDs exposure in stored maternal blood samples. The proposed study represents a uniquely collaborative effort between clinical, epidemiological, and biostatistical investigators from the Icahn School of Medicine at Mount Sinai and Lund University in Sweden. It draws upon our joint expertise in environmental and psychiatric epidemiology and biostatistics and the extensive data and biobanked resources maintained by the Swedish government. The overarching goal of this application is to determine the impact of prenatal exposure to multiple classes of EDs on ASD risk. By oversampling female cases, we will also examine whether the impact of EDs on ASD risk differs between boys and girls, and explore the relationship between exposure level and disease severity, which might help explain the clinical heterogeneity of ASD. To achieve these goals, we will use existing samples from a serum biobank in Southern Sweden and corresponding population-based registries that include linkable, individual-level perinatal, diagnostic, medical, and demographic information. We will study ASD cases from among 117,318 births (1998-2007) in Southern Sweden for which maternal serum samples were archived during early pregnancy (gestational age 9-16 weeks). Individual-level linked data, including important potential confounders, are available for all births. More than 1,700 cases of ASD have been identified among these births. After randomly selecting and validating 600 ASD cases (200 females, 400 males) and 600 controls with similar sex and birth year distributions, we propose to investigate the following three integrated specific aims: Aim 1: Determine associations between ASD risk and prenatal serum concentration of our target EDs and their mixtures. We hypothesize that the risk for ASD is increased by prenatal exposure to one or more chemicals in five classes of EDs, including: 1) polychlorinated biphenyls (PCBs), 3) perfluorinated chemicals (PFCs), 3) organochlorine pesticides (OCPs), 4) polybrominated diphenyl ethers (PBDEs), and 5) phthalates. In each stored sample, we will measure the maternal serum concentration of multiple chemicals in these chemical classes. We will then estimate ASD risk associated with a mixture across our five classes of exposure by using a novel statistical approach (weighted quantile sums). Aim 2: Determine whether gender modifies associations between ASD and our target EDs and their mixtures. We hypothesize that associations between ASD risk and prenatal exposure to one or more classes of chemicals examined in Aim 1 will differ between males and females. To this end we will oversample female cases in order to have sufficient power to examine sex of the child as a potential confounder as well as a modifier of the associations between EDs exposure and ASD risk. Aim 3: Determine whether prenatal serum concentration of EDs and their mixtures contribute to individual differences in severity of ASD phenotypes. In this exploratory aim we will determine whether prenatal concentration of EDs and their mixtures correlate with clinical severity; level of intellectual disability; or across social, communication, and repetitive-behavior domains of ASD. We will also explore the role of sex of the child as a modifier of these associations. Outcome: This study will be the first to provide accurate and precise sex-specific estimates of the contribution of prenatal EDs exposure to ASD risk. The study will also characterize high-risk groups, identify potentially modifiable risk factors, provide environmental candidates for genome-wide interaction studies, and elucidate etiologic pathways that could contribute to preventive or therapeutic measures. The epidemiologic foundation provided by this study will pave the way for future mechanistic studies and epigenetic/genomic studies.  

		2020		5 R21 ES030792-02		-		Endocrine disruption by perfluoroalkyl substances and mercury		UNIVERSITY OF ILLINOIS AT CHICAGO		IL		TURYK, MARY ELLEN		$191,595		$191,595		PA18-489		9980906		R21		JOUBERT, BONNIE		8469965		ES		7. Project Summary/Abstract Consumption of fish is a major source of exposure to environmental contaminants for the general population, including persistent organic pollutants such as polychlorinated biphenyls (PCBs), p,p’-diphenyldichloroethene (DDE), polybrominated diphenyl ethers (PBDEs) and perfluoroalkyl substances (PFAS), as well as metals such as methyl mercury (meHg). Exposure to these pollutants may cause dysregulation of endocrine function, affecting steroid and thyroid hormones as well as glucose and lipid metabolism. To date, few studies have evaluated the impact of multiple contaminants found in fish on endocrine function, and even fewer have considered that the harmful effects of contaminants in fish may be counterbalanced by beneficial nutrients such as selenium and iodide. The Great Lakes Fish Consumer Study (GLFCS) is an ongoing longitudinal study of both frequent and infrequent consumers of sport fish. In this population, we have previously demonstrated associations of PCBs, PBDEs, DDE and/or fish consumption with various endocrine endpoints, including increased diabetes incidence and changes in hemoglobin A1c, thyroid hormones, thyroid autoantibodies, steroid hormones and hormone binding proteins. We propose to leverage this unique, well characterized cohort to measure additional contaminant exposures and nutrients, namely PFAS, Hg, and selenium, in banked biosamples from 490 study participants. Specifically, we will (1) determine if key measures of endocrine function in the GLFCS cohort are associated with exposure to PFAS and mercury individually and in mixed exposures with PCBs, DDE and PBDEs; and (2) investigate if levels of serum selenium and urinary iodide impact associations of endocrine function with PFAS, mercury, PCBs, DDE and PBDEs. We will also explore associations of mercury and PFAS on self-reported incident and prevalent endocrine disease, including diabetes, hypothyroidism and hyperlipidemia.Currently available exposure and nutrient measurements include serum PCBs, DDE, and PBDEs, urinary iodide, and estimated mercury intake from reported fish consumption. Currently available outcome measurements include self-reported diabetes, prediabetes, hypothyroidism; thyroid hormones, sex steroid hormones, gonadotropins, hormone binding proteins, autoantibodies and markers of glucose and lipid homeostasis. We will use both standard (linear, logistic and Cox proportional hazards regression models) and alternative (elastic net; propensity score adjustment; weighted quantile sum regression) analytic approaches to evaluate associations of individual chemicals and mixtures of contaminants with markers of endocrine dysregulation. This investigation is expected to lead to a better understanding of the effects of pollutants on endocrine function and disease in adults, which will guide advice to consumers on the risks and benefits of fish consumption.		Specific Aims Frequent habitual consumption of fish constitutes an important source of general population exposure to multiple endocrine disrupting chemicals, including persistent organic pollutants (POPs) such as polychlorinated biphenyls (PCBs), p,p'-diphenyldichloroethene (DDE), polybrominated diphenyl ethers (PBDEs) and perfluoroalkyl substances (PFAS), as well as metals, particularly methyl mercury (meHg). There is substantial toxicologic and epidemiologic evidence that exposure to these pollutants is related to dysregulation of endocrine systems.1-5 Yet most studies have focused on a single chemical or class of chemicals, so the effects of chemical mixtures are not well delineated.6 Furthermore, chemicals in fish may be correlated with nutrients found in seafood, such as selenium and iodide.7 It is critical to account for these factors, since nutrients may oppose or modify the actions of chemical exposures on the outcomes of interest. However, few investigations have studied effects of fish-based pollutant and nutrient intake simultaneously, despite the fact that they are, in large part, derived from the same source. Our past work in the Great Lakes Fish Consumer Study (GLFCS) has investigated the impacts of PCB, PBDE and DDE exposure and fish consumption on endocrine function, including increased diabetes incidence and associations with hemoglobin A1c (HA1c), thyroid hormones and autoantibodies, steroid hormones and gonadotropins, and hormone binding proteins. However, the impacts of chemicals on endocrine outcomes varied by exposure and in some cases the actions of individual chemicals were in opposing directions.8-10 Thus, further research is needed to understand effects of chemical mixtures on endocrine function and to evaluate additional chemical exposures that may contribute to dysregulation of endocrine systems. The objectives of this proposal are to evaluate the impact of individual chemicals and mixtures on endocrine function and to understand how pollutants and nutrients that often share the same exposure sources interplay to affect endocrine outcomes. We propose to leverage the rich longitudinal data from the GLFSC to accomplish two specific aims and an exploratory aim.  Specific Aims 1. Determine if key measures of endocrine function in the GLFCS cohort are associated with exposure to  PFAS and mercury individually and in mixed exposures with PCBs, DDE and PBDEs. 2. Investigate if levels of serum selenium and urinary iodide impact associations of endocrine function with  PFAS, mercury, PCBs, DDE and PBDEs. Exploratory Aim  1. Examine associations of mercury and PFAS on self-reported incident and prevalent endocrine disease,  including diabetes, hypothyroidism and hyperlipidemia, and explore potential mediation by measures of  endocrine function. The proposed study will build on a unique cohort of older adults that includes infrequent and frequent Great Lakes fish consumers. Since 1994, the cohort has undergone longitudinal characterization for PCB, DDE, and PBDE biomarkers, fish consumption, health status and extensive measures of endocrine and metabolic function. New data that will be collected for the first time in this project are measurements of PFAS and a panel of elements that includes Hg and selenium from 490 banked serum samples collected in 2004. We will use both standard (linear, logistic and Cox proportional hazards regression models) and alternative (elastic net; propensity score adjustment; weighted quantile sum regression) analytic approaches to evaluate associations of individual chemicals and mixtures of contaminants with endocrine diseases and markers of endocrine regulation. Modification will be examined for selenium and iodide, as well as sex, pharmaceutical use, smoking, adiposity, and population subgroups that may have increased susceptibility to endocrine disruption chemicals. Primary analyses will focus on key indicators of thyroid hormones (thyroxine (T4) and triiodothyronine (T3)), sex steroid hormones (testosterone and estradiol), glucose metabolism (HA1c), and lipids (serum cholesterol and triglycerides). Where primary analyses indicate an impact of exposures on key endocrine indicators, secondary analyses using additional existing endocrine measurements will be conducted to offer insights into potential biological pathways, i.e., impacts on pituitary hormones, displacement of hormones from serum transport proteins, or disruption of deiodinase activity. This investigation is expected to lead to a better understanding of the impacts of pollutants on endocrine function and disease in adults. This knowledge will increase our ability to evaluate overall health risks and benefits of fish consumption and generate appropriate public health recommendations and fish consumption advisories. Given the ubiquitous exposure of human populations to metals, PFAS and other POPs and the high prevalence of diabetes, lipid and thyroid disorders, investigations that further delineate the role of these potentially modifiable environmental agents are critical for preserving endocrine health.

		2020		5 R01 ES026964-04		-		A Longitudinal Study of Endocrine Disruptor Mixtures and Reproductive Aging		UNIVERSITY OF MICHIGAN AT ANN ARBOR		MI		PARK, SUNG KYUN 		$462,522		$462,522		PA13-302		9731469		R01		BOYLES, ABEE		8469965		ES		Project Summary/Abstract Exposure to endocrine disrupting chemicals (EDCs) is widespread and these compounds can persist in the environment and the human body over decades. The population is aging, and women, in particular, can experience significant morbidity and diminished quality of life with aging. Recent epidemiologic data suggest that the timing of reproductive aging (the gradual decline in ovarian function with age) and the pattern of hormonal change during the menopausal transition influence women’s risk of chronic disease and their long- term health with aging. While numerous studies have examined adverse reproductive health effects and exposure to EDCs, little is known about how EDCs affect the timing or process of reproductive aging. Further, most existing epidemiologic studies on this topic have been cross-sectional with studies of age-at-menopause based on recall, limiting causal inference. In addition, combined exposure to various EDCs and pollutant- pollutant interactions (mixtures), as well as low-dose and non-monotonic dose-responses have been rarely if at all addressed. The proposed new epidemiologic study in a multi-ethnic cohort of women seeks to better understand how EDCs exposure affects the timing and characteristics of reproductive aging. We propose 1) to assess associations between EDC exposure (polychlorinated biphenyls, chlorinated pesticides, brominated flame retardants, and perfluorinated compounds) and timing of reproductive aging, including age at menopause and duration of the menopausal transition; 2) to assess the association between EDC exposure and hormonal characteristics during the menopausal transition, including levels and patterns of change in estradiol, follicle stimulating hormone, testosterone, sex-hormone binding globulin, and anti-Müllerian hormone; and 3) to examine the simultaneous effects of multiple EDCs and their interactions (mixture effects) on these reproductive aging outcomes using regression methods for high-dimensional covariates (multi-pollutant approaches). We will also explore effect modification by race/ethnicity and temporal variations in EDCs. We will capitalize on extensive phenotypic data and biospecimens collected for more than 15 years in an ongoing, large longitudinal cohort of women, the Study of Women’s Health Across the Nation (n=1,800 with a total of ~14,000 observations). This project addresses strategic priorities of the National Institute of Environmental Health Sciences, including disease pathogenesis by combined environmental exposures, as well as environmental health disparities. We will address these issues using innovative analytic approaches likely to yield new insights on the study of pollution mixtures and human health. The knowledge gained from this research may guide disease prevention initiatives; enhance women’s health and wellbeing as they age; and reduce environmental health disparities.		SPECIFIC AIMS A wide range of endocrine disrupting chemicals (EDCs) are found in products used every day, including plasticizers, pesticides, flame retardants, and surfactants.1-3 These compounds persist in the environment and can affect human health.1-3 With the aging of the United States population — 20 percent will be aged 65 and over by 2030 — the potential influence of EDCs on the aging process and health is of increasing interest. Recent data from the major cohort studies of the menopausal transition, including the Study of Women's Health Across the Nation (SWAN), strengthen the evidence that both the timing of reproductive aging and the pattern of hormonal change during the menopausal transition influence women's risk of chronic disease and their long-term health with aging.4-9 For example, early menopause is associated with mortality and risk of cardio-metabolic diseases.10-13 EDCs, including persistent organic pollutants, can influence menstrual function, hormone levels, and fertility.14-17 Information on how EDCs affect the timing or process of reproductive aging, however, is limited.18-20 Despite the fact that cigarette smoking is one of the few risk factors known to have a substantive impact on the timing of menopause, reducing expected age at menopause by 6 months to one year,21-23 few studies have addressed the role of environmental chemicals and reproductive aging.18-20 Extant studies have been predominantly cross-sectional with age-at-menopause based on recall, limiting causal inference. To fully understand the role of EDCs on reproductive aging, it is also important to account for effects of mixtures (combined exposure as well as pollutant-pollutant interactions) as well as low-dose and non- monotonic dose-responses. The 20-year multi-site, multiethnic SWAN cohort has described the natural history of the menopausal transition with prospective assessment of several characteristics of reproductive aging, including age at menopause, age at onset and duration of the menopausal transition, and the longitudinal trajectories of estradiol (E2), follicle stimulating hormone (FSH), testosterone and anti-Müllerian hormone (AMH). SWAN provides a unique opportunity to advance scientific understanding of the impact of exposure to EDC's on endocrine function and reproductive aging. Our long-term goal is to better understand how exposure to multiple persistent EDCs affects the timing and characteristics of reproductive aging. We propose a comprehensive study of the impact of exposure to multiple EDCs on reproductive aging. In 1996, SWAN enrolled 3302 premenopausal women aged 42-52 years old. This prospective study has detailed phenotypic measures, annual or bi-annual measures of reproductive hormones, and prospectively collected menstrual calendars. The SWAN Repository has stored serum specimens since the study's inception, providing a valuable resource to assess multiple EDCs and pollutant mixtures. This study will focus on persistent EDCs, such as polychlorinated biphenyls (PCBs), chlorinated pesticides, brominated flame retardants (BFRs), and perfluorinated compounds (PFCs). Evaluation of the contributions of EDCs in a well-established, longitudinal cohort with long-term follow-up will facilitate understanding of “how combined environmental exposures affect disease pathogenesis”, a strategic goal of the National Institute of Environmental Health Sciences (NIEHS). We propose the following three specific aims: Aim 1: To assess the association between exposure to PCBs, chlorinated pesticides, BFRs and PFCs and the timing of reproductive aging including age at natural menopause, age at onset of the menopausal transition, and duration of the menopausal transition. Hypothesis: Women with higher exposures to EDCs assessed individually will have alterations in the timing of reproductive aging after adjusting for sociodemographic factors, body size and composition, medical conditions and smoking status. Aim 2: To assess the association between exposure to PCBs, chlorinated pesticides, BFRs and PFCs and the hormonal characteristics during the menopausal transition including levels and patterns of change in AMH, E2, FSH, and testosterone. Hypothesis: Women with higher exposures to EDCs assessed individually will have alterations in hormonal levels at baseline and the pattern of hormonal change after adjusting for the known risk factors listed in Aim 1. Aim 3: To examine the simultaneous effects of multiple EDCs and their interactions on the reproductive aging outcomes specified in Aim 1 and 2 using regression methods for high-dimensional covariates (multi-pollutant approaches). Exploratory Aim 1: To examine effect modification by race/ethnicity for the Aims above. Hypothesis: Black, Chinese, Japanese, and Hispanic are more susceptible than Whites to adverse reproductive function responses to EDCs. Exploratory Aim 2: To examine temporal variations in serum EDCs in a subset of 75 women with four repeatedly collected samples (n=300). Hypothesis: Weight changes during the menopausal transition and post-menopause are an important determinant of temporal variations in EDC concentrations in serum. Expected Outcomes and Impacts: We anticipate that by comprehensively evaluating the impact of multiple EDCs on reproductive aging, this prospective study will advance scientific understanding of how complex exposures to EDCs may accelerate, delay or disrupt reproductive aging during this critical life stage. Such information would help define subgroups of midlife women who are at greater risk for adverse, menopause- associated changes in their risk of chronic disease and mortality that may inform the critical timing of interventions to effectively prevent or reduce the risk of chronic diseases and premature mortality.

		2020		5 R01 ES029951-02		-		A preconception cohort study of environmental chemicals, fertility, and miscarriage		BOSTON UNIVERSITY MEDICAL CAMPUS		MA		WISE, LAUREN A		$602,673		$602,673		PA18-484		9840475		R01		SMARR, MELISSA M		8469965		ES		ABSTRACT Infertility and spontaneous abortion (SAB) are significant public health problems, affecting up to 25% of reproductive age couples in the United States. Health care costs attributable to infertility and SAB exceed $5 billion per year, and several studies have shown an association between infertility treatments and adverse pregnancy outcomes. Thus, identifying modifiable risk factors for subfertility and SAB is an important public health goal. The potential effects of exposure to endocrine-disrupting chemicals (EDCs) on risk of subfertility and SAB are understudied. The few existing human studies have limitations including small sample size, enrollment after conception, retrospective study design, suboptimal assessment of exposure and outcome, inadequate control for potential confounding variables, and limited generalizability. The proposed study will prospectively assess the relation of exposure to selected EDCs, including phenols, phthalates, and per- and poly-fluoroalkyl substances (PFAS), to risk of subfertility and SAB in a preconception subcohort of 950 pregnancy planners. We will use data from two NICHD-supported prospective cohorts of pregnancy planners in North America and Denmark. With web-based recruitment and data collection, we have enrolled over 17,000 women attempting pregnancy into these cohorts. In a subset of 200 participants, we have successfully pilot tested in-person collection of urine and blood specimens during the preconception and early pregnancy periods. In this application, we propose to expand in-person biospecimen collection, increasing the number of women with preconception and early pregnancy urine and blood samples from 200 to 950. At each of our three biospecimen collection sites (Boston, Detroit, and Aarhus), we will enroll 250 women and collect three urine samples and one blood sample (in preconception) and three urine samples and one blood sample (in early pregnancy). We will ship the samples to the CDC for the analysis of urinary phthalates, urinary phenols, and serum PFAS. To increase cost efficiency, we will pool three urine samples in each exposure window before assaying for phthalates and phenols; and we will assay one preconception blood specimen for PFAS, a persistent chemical, in analyses of subfertility and SAB. Finally, we will conduct a pilot study among 100 U.S. participants to assess the feasibility of collecting urine by mail, which would allow us to take advantage of our full geographically-diverse cohort in the future. Strengths of this application include the prospective design, preconception enrollment of pregnancy planners, repeated measurement of exposure during preconception and early pregnancy, excellent control for confounding via bimonthly prospective data collection on a wide range of covariates, and use of the latest analytic methods for mixtures modeling. We have generated compelling preliminary data to support our aims. The present grant is cost-effective in leveraging already-established cohort studies with data collection and follow-up supported by other grants. The results generated will be translatable by directly informing future regulatory decisions about EDC standards in a manner that could reduce rates of infertility and SAB.		SPECIFIC AIMS Infertility and spontaneous abortion (SAB) are significant public health problems, affecting up to 25% of reproductive age couples in the United States.1-5 As couples increasingly postpone childbearing, rates of infertility and SAB increase sharply and many couples seek infertility treatment,6,7 which costs an estimated $5 billion per year8 and is associated with adverse pregnancy outcomes.9,10 Emerging data from laboratory and human studies indicate that exposure to endocrine disrupting chemicals (EDCs) may contribute to the risk of infertility and SAB, but existing studies have been small, have evaluated single EDCs using only one measurement in time, or have been conducted in fertility clinic populations, and thus may not apply to the general population of couples trying to conceive. In addition, most studies have focused on a few select chemicals (e.g., bisphenol A and diethylhexyl phthalate (DEHP) metabolites). There has been little research on the health effects of newer replacement chemicals (e.g., bisphenols F and S, and 1,2-cyclohexane dicarboxylic acid diisononyl ester (DINCH)). With support from the NICHD (R01HD060690, R01HD086742), our research team has developed an efficient web-based infrastructure to recruit, follow, and collect data on more than 17,000 women planning a pregnancy, and more than 2,500 of their male partners, in the U.S., Canada, and Denmark.11-16 In a subset of 200 female participants, we have successfully pilot-tested the collection of blood and urine specimens before and during pregnancy, and evaluated three classes of EDCs (phenols, phthalates, and per- and poly-fluoroalkyl substances (PFAS)) in relation to fecundability, the average per-cycle probability of conception. Our choice of EDCs was informed by their high prevalence among reproductive-aged females and minorities,17-30 and their association with delayed time-to-pregnancy (TTP)31-44 and risk of SAB45-50 in previous studies. Our preliminary results show lower fecundability among participants with the highest exposures to several EDCs, including monoethyl phthalate, monocarboxyoctyl phthalate, DINCH metabolites, perfluorononanoic acid, bisphenol S and benzophenone-3.51-53 In the present application, we will build on this work and perform a more comprehensive evaluation of the association of EDCs with fertility and SAB. We will collect repeated samples of urine (three samples during preconception and three during early pregnancy) and blood (one sample during preconception and one during early pregnancy) from 750 newly-enrolled female participants for the measurement of phthalates, phenols, and PFAS. We will also pilot test the collection of urine through the mail among 100 new participants to expand the number and geographic diversity of our subcohort. We propose the following specific aims: Specific Aim 1: Examine the association of female exposure to select non-persistent EDCs with TTP and SAB.  Hypothesis 1: Women with higher urinary concentrations of phthalates, phthalate alternatives, phenols, and parabens during the preconception period will have longer TTP (i.e., delayed conception). Hypothesis 2: Women with higher urinary concentrations of phthalates, phthalate alternatives, phenols, and  parabens during the preconception and early pregnancy periods will have a higher risk of SAB. Specific Aim 2: Evaluate the association of female exposure to PFAS with TTP and SAB.  Hypothesis 1: Women with higher preconception serum PFAS concentrations will have longer TTP. Hypothesis 2: Women with higher preconception serum PFAS concentrations will have a higher risk of SAB. Specific Aim 3: Assess the effects of EDC mixtures, both within and between chemical classes, on TTP and SAB using state-of-the-art methods, including weighted quantile sum regression, random forest, and Bayesian kernel machine regression. Specific Aim 4: Pilot test the feasibility of in-home collection and mailing of urine specimens among 100 newly- enrolled participants. We will assess whether mailing biospecimen collection kits to our geographically-dispersed cohort, and requesting preconception and early pregnancy urine samples, is feasible and cost-effective. Infertility and SAB are significant public health problems and little is known about their causes. There are very few prospective cohort studies with repeated biological samples collected during the preconception and pregnancy periods. This will be the largest preconception prospective cohort study of EDCs in relation to TTP and SAB to date, and will improve on previous studies by evaluating multiple measurements of EDCs, measuring a wide array of EDCs including newer replacement chemicals, and analyzing EDC mixtures. Our study enrolls couples before conception, thereby reducing exposure misclassification, selection bias, and recall bias, and capturing many early pregnancy losses that would have been missed in traditional pregnancy-based studies. The study hypotheses are supported by compelling preliminary data from our cohorts. By leveraging existing web-based methods and infrastructure supported by the NICHD, the proposed study is highly innovative and cost-effective. Findings from the proposed research are likely to have a large and sustained impact on the field.

		2020		1 R24 ES030894-01		-		Maintain and Enrich Resource Infrastructure for Project Viva: a pre-birth cohort with follow up into adolescence		HARVARD PILGRIM HEALTH CARE, INC.		MA		OKEN, EMILY 		$414,402		$414,402		ES18-009		9818791		R24		GRAY, KIMBERLY A		8469980		ES		Project Summary/Abstract This application is responsive to RFA-ES-18-009: Maintain and Enrich Resource Infrastructure for Existing Environmental Epidemiology Cohorts Project Viva is a Boston-area cohort of 2,128 mother-child pairs from whom we have collected information on numerous environmental exposures and health outcomes beginning in early pregnancy in 1999-2002. Our almost two decades of data thus traverse numerous sensitive periods of the lifecourse: from gestation though adolescence for index participants, and from pregnancy into the perimenopausal period for their mothers. Our rich database comprises detailed information on a wealth of environmental exposures including daily air pollution exposure estimates from satellites, local monitors, and geographic information systems; measures of built and natural environments; biomarkers of toxicants including per- and polyfluoroalkyl substances (PFAS) and metals; and maternal and child diet. Existing research-quality outcomes include measures of cardiometabolic health for both mothers and children (anthropometry, body composition, blood pressure, and biomarkers of glycemia, lipids, and adipokines); child cognition and behavior; child lung function and atopy; as well as genetic variants and epigenetic markers. The overall goals of the current proposal are to 1) bolster retention of Project Viva index participants through adolescence into the young adult transition, 2) build infrastructure for future science through development and implementation of remote data collection methods using modern technology, with a focus on environmental exposures, and 3) enhance our data management infrastructure to facilitate data sharing with the broader scientific community. These activities will complement our existing active grants supporting data collection and analysis, including participation in the NIH’s Environmental Influences on Child Health Outcomes (ECHO) Program. The wealth of data and biosamples already available in Project Viva provide a unique opportunity to continue to advance the research priorities of NIEHS, including examining the influence of early-life environmental exposures, alone and in combination with other exposures and genetics, on development of chronic disease. The proposed infrastructure activities will improve the availability of Project Viva data to the wider research community, while simultaneously supporting our efforts to maintain this valuable resource and position our cohort to examine novel scientific questions in the future. The enhanced infrastructure will also provide a scalable foundation to support ongoing enrichment of the Project Viva protocols and datasets.		SPECIFIC AIMS 1. This application is responsive to RFA-ES-16-004: Maintain and Enrich Resource Infrastructure for Existing Environmental Epidemiology Cohorts. Our proposal is based in Project Viva a Boston-area cohort of 2,128 mother-child pairs from whom we have collected information on numerous environmental exposures and health outcomes beginning in early pregnancy in 1999-2002. Our almost two decades of data thus traverse numerous sensitive periods of the lifecourse: from gestation though adolescence for index participants, and from pregnancy into the perimenopausal period for their mothers. Our rich database comprises detailed information on a wealth of environmental exposures including daily air pollution exposure estimates from satellites, local monitors, and geographic information systems; measures of built and natural environments; biomarkers of toxicants including per- and polyfluoroalkyl substances (PFAS) and metals; and maternal and child diet. Existing research-quality outcomes include measures of cardiometabolic health for both mothers and children (anthropometry, body composition, blood pressure, and biomarkers of glycemia, lipids, and adipokines); child cognition and behavior; child lung function and atopy; as well as genetic variants and epigenetic markers. The overall goals of the current proposal are to 1) bolster retention of Project Viva index participants through adolescence into the young adult transition, 2) build infrastructure for future science through development and implementation of remote data collection methods using modern technology, with a focus on environmental exposures, and 3) enhance our data management infrastructure to facilitate data sharing with the broader scientific community. These activities will complement our existing active (UG3 OD023286 R01 AI102960 and R01 HD034568) and recently completed (EPA RD83479801, R01 ES21447, R01 ES016314) grants. We propose the following three Specific Aims and related activities: Specific Aim 1: Retain our existing cohort by adapting our communication methods and obtaining reliable long-term contact information. Heretofore, we have primarily focused our retention efforts on mothers. As index participants transition to young adulthood and gain agency and independence, it becomes urgent to engage them directly to encourage their ongoing involvement in the cohort. Specifically, we plan to: 1.1 Complete our records of permanent e-mail addresses and cell phone numbers for all index participants. 1.2 Develop new methods of communicating with our participants based on feedback from recently conducted participant focus groups. Specific Aim 2: Build infrastructure for future science through implementation of remote data collection methods using modern technology, with a focus on environmental exposures. As part of this aim we will: 2.1 Develop, test, and implement a smartphone application to enable remote data collection on high resolution  participant location (GPS for future analysis of air pollution and other geographically-linked exposures and  time activity patterns), physical activity (accelerometry), and ecological momentary assessment (EMA) of  dietary behaviors, substance use, sleep patterns and mood, with the capability to introduce additional  assessments that align with future research questions. 2.2 Obtain contact information for index participants’ biological fathers, whom we have never previously  contacted, and collect environmental exposure and other data and a saliva sample for future DNA analysis. Specific Aim 3: Enhance our data management infrastructure to facilitate sharing of Project Viva data with the broader scientific community. To accomplish this aim we will: 3.1 Use search engine optimization techniques to increase discoverability of the Project Viva cohort and data  in internet searches. 3.2 Create and streamline data documentation, to be made available through a web-based research portal. 3.3 Design and build a web-based portal that will allow members of the scientific community to discover, query,  and obtain information about the Project Viva dataset. 3.4 Design and build a secure data warehouse to store all Project Viva data. The wealth of data and biosamples already available in Project Viva provide a unique opportunity to continue to advance the research priorities of NIEHS, including examining the influence of early-life environmental exposures, alone and in combination with other exposures and genetics, on development of chronic disease. The proposed infrastructure activities will improve the availability of Project Viva data to the wider research community, while simultaneously supporting our efforts to maintain this valuable resource and position our cohort to examine novel scientific questions in the future. The enhanced infrastructure will also provide a scalable foundation to support ongoing enrichment of the Project Viva protocols and datasets.

		2020		2 R15 ES017321-04		-		CYP2B6 inhibitors perturb proper distribution of lipids leading to obesity and fatty liver disease		CLEMSON UNIVERSITY		SC		BALDWIN, WILLIAM S		$52,110		$372,110		PAR18-714		9879925		R15		CARLIN, DANIELLE J.		8469964		ES		Abstract: Obesity, diabetes, and fatty liver diseases are at endemic proportions. Toxicological data indicates that the development of obesity is caused by more than just overeating, but also chemical exposure. Further, high-fat diet (HFD)-fed Cyp2b-null mice are obese compared to HFD-fed wildtype mice, primarily due to an increase in white adipose tissue (WAT) mass. Additionally, preliminary data demonstrates that the n-3 fatty acid, -linolenic acid (ALA) is a specific substrate for CYP2B6; producing 9-HOTre, an ALA-oxylipin at concentrations >20X more than other PUFA metabolites. ALA reduces triglyceride accumulation in HepG2 cells; however, it increases triglyceride accumulation in CYP2B6-HepG2 cells. This suggests that ALA is being metabolized to a product, probably 9-HOTre, that is signaling for increased fatty acid uptake. In addition, 13- HOTre, a secondary ALA-oxylipin, inhibits PPAR activity in white adipose tissue. We hypothesize that 9- HOTre and 13-HOTre inhibit fatty acid uptake into white adipose tissue, but is not available to do so in Cyp2b- null mice, leading to greater WAT mass and obesity. We will also test whether 9-HOTre increases fatty acid absorption and oxidation into skeletal muscle. Thus, disruption of CYP2B6 by xenobiotics could significantly alter lipid distribution and use by inhibiting the formation of 9-HOTre. In turn we have used ALA-treated HepG2 and CYP2B6-HepG2 cells to screen for chemicals that perturb CYP2B6-mediated triglyceride accumulation. While we have examined obesity in Cyp2b-null mice, we have not investigated fatty liver disease, especially NASH, a pertinent metabolic disease. Therefore, the purpose of this grant is to: (Aim 1) Test whether murine Cyp2b-members play a role in the development of NAFLD and NASH. We will use a methionine-choline deficient diet to determine if Cyp2b-null mice are more susceptible to NASH. RNAseq will be used to determine the mechanism by which Cyp2b provides protection. (Aim 2) Test whether disruption of CYP2B6-mediated metabolism of -linolenic acid (ALA) to 9-HOTre increases hepatic, white adipose tissue (WAT) and skeletal muscle fatty acid uptake or oxidation. We hypothesize that 9-HOTre increases uptake into skeletal muscle and liver and decreases uptake in WAT. In addition, we will test whether CYP2B6 inhibitors and environmental pollutants reverse the effects of ALA by inhibiting the production of 9-HOTre. (Aim 3) We humanized our Cyp2b-null mouse model human CYP2B6. In this aim, we will test whether CYP2B6 protects from toxicant- induced (PFOS-induced) NAFLD in comparison to Cyp2b-null mice. PFOS is a potent inducer of Cyp2b and NAFLD. We hypothesize the induction is protective and therefore CYP2B6 is protective. However, there is conflicting evidence surrounding Cyp2b induction and oxylipin associations with NAFLD, and it is possible that CYP2B6 increases fatty liver disease while providing protection from obesity. This will be ferreted out during the course of these studies. In summary, we propose that inhibition and repression of CYP2B6 plays a role in the NAFLD/obesity epidemic through reduced production of the newly discovered signaling molecule 9-HOTre.		2. Specific Aims. CYP2B6 inhibitors perturb proper distribution of lipids leading to obesity and fatty liver disease. More than 38% of adults and 17-18% of children in the United States are obese (1), which increases the rate of several diseases including diabetes, non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH) (2-8). Recent data indicates that the development of obesity, NAFLD, and NASH is caused by more than just overeating, but also exposure to specific chemicals called obesogens (10-15). There are several lines of evidence that led us to test the role of Cyp2b enzymes in obesity. Hepatic P450 Reductase-null (HRN) mice with no P450 activity are steatotic with induced Cyp2b10 expression, hepatomegaly, and perturbed levels of polyunsaturated fatty acids (PUFAs) (16,17). Cyp2b9 is the most highly induced gene in murine brown fat and liver following a high-fat diet (HFD) (18,19), Our preliminary data demonstrates that Cyp2b- knockdown (RNAi-based) mice (20) and recently produced Cyp2b-null mice are age-dependent and diet- induced obese with greater white adipose tissue (WAT) mass, perturbations in serum cholesterol and triglycerides, and higher retention of liver triglycerides regardless of diet in comparison to wildtype mice. In addition, human CYP2B6 specifically metabolizes ALA to the oxylipin, 9-HOTre. Our understood role of Cytochrome P450 2B (CYP2B) is the detoxification of xenobiotics and endobiotics. We hypothesize that chemical repression or inhibition of CYP2B activity increases obesity due to its inability to metabolize α-linolenic acid (ALA) to 9-HOTre. Our recent data demonstrating that CYP2B6 preferentially metabolizes ALA >20X more than other PUFAs is transformative and provides a specific function for CYP2B6 under high-fat diet conditions and a putative mechanism by which CYP2B6 inhibition causes metabolic disease. Very little is known about CYP2B6's role in ALA metabolism and the interplay between fatty acid metabolism and toxicant exposure. Furthermore, much less is known about CYP2B6's responses to a HFD, and what this means to obesity. In this grant, we will (1) test whether Cyp2b's are involved in NAFLD/NASH. (2) The mechanism by which Cyp2b's are protective from obesity and fatty liver diseases. (3) The role of the CYP2B6-mediated ALA-oxylipins in fatty acid uptake and oxidation, and how CYP2B6 inhibition perturbs lipid metabolism. (4) The potential for CYP2B6 to provide a protective role from toxicant (PFOS)-induced NAFLD. This work will provide critical data on NAFLD, a novel mechanism of action for obesogens, and transformative research on CYP2B6, 9-HOTre, and fatty acid metabolism. Specific Aim 1: Test whether murine Cyp2b-members play a role in the development of NAFLD and NASH. In this aim we will (1A) Test whether the loss of Cyp2b exacerbates non-alcoholic steatohepatitis (NASH) using a methionine-choline deficient (MCD) high-fat diet treatment model comparing wildtype and Cyp2b-null mice. (1B) Test whether there are specific energy homeostatic pathways perturbed during progression to NASH by loss of Cyp2b using RNAseq, and (1C) test whether the lack of hepatic Cyp2b isoforms is perturbing fatty acid metabolism in Cyp2b-null mice. Mice will be fed a MCD-HFD for 8-weeks and weight gain, WAT, liver triglycerides, collagen, and other key serum and liver parameters measured to test whether Cyp2b-null mice are more susceptible to fatty liver disease progression to NASH. This aim is key to determining whether specific toxicants through Cyp2b inhibition could increase the likelihood of fatty liver disease progression and why? Specific Aim 2: Test whether disruption of CYP2B6-mediated metabolism of α-linolenic acid (ALA) increases hepatic, white adipose tissue (WAT) and skeletal muscle fatty acid uptake, accumulation, or oxidation. We recently demonstrated that CYP2B6 specifically metabolizes the PUFA ALA to 9-HOTre as the primary metabolite, and ALA increases triglyceride accumulation in HepG2 cells transfected with CYP2B6. This is evidence that 9-HOTre is a specific product of CYP2B6 with a putative role in fatty acid absorption and we suspect, fatty acid oxidation. We will test whether inhibition of CYP2B6-mediated ALA metabolism perturbs triglyceride accumulation in several cell types. Furthermore, we hypothesize that 9-HOTre decreases fatty acid uptake into WAT by inhibiting PPARγ, and increases fatty acid uptake into skeletal muscle. In turn, inhibition of CYP2B6 and subsequent loss of 9-HOTre would cause a functional loss of fatty acid oxidation. This will be tested in HepG2, 3T3-L1, C2C12, and skeletal muscle from Cyp2b-null and humanized CYP2B6-Tg mice. Specific Aim 3: Test whether CYP2B6 protects from toxicant-induced (PFOS-induced) NAFLD: PFOS is a known inducer of NAFLD (21,22), and a powerful inducer of Cyp2b9 and Cyp2b10 (23,24). Cyp2b9 is also the most highly induced gene by a high-fat diet (HFD). Therefore, we will examine whether Cyp2b-null or humanized CYP2B6-Tg mice are more sensitive to NAFLD following PFOS exposure, or PFOS exposure in conjunction with a HFD. We hypothesize that CYP2B6 is partially protective primarily because of its ability to produce 9-HOTre and increase the distribution of fatty acids, but acknowledge CYP2B6 may increase fatty liver in order to reduce serum triglycerides and cholesterol.

		2020		1 R21 ES032187-01		-		Per- and Polyfluoroalkyl Substances (PFAS) in Marine Fish and Shellfish: A biomonitoring tool for PFAS remediation and a metric for potential human exposure through seafood consumption		DARTMOUTH COLLEGE		NH		CHEN, CELIA Y		$246,000		$246,000		ES19-011		10064160		R21		HENRY, HEATHER F.		8046831		ES		PROJECT SUMMARY With concerns about human exposure to per- and polyfluoroalkyl substances (PFASs) on the rise, regional data about PFASs in various environmental media are needed to inform enforceable and protective standards for common routes of exposure, including seafood consumption. PFASs are persistent environmental contaminants of particular concern for vulnerable and sensitive populations, including children and pregnant women. Four PFASs are commonly detected in blood from United States (US) residents: perfluorooctanoic acid (PFOA), perfluorooctane sulfonic acid (PFOS), perfluorononanoic acid (PFNA), and perfluorohexane sulfonic acid (PFHxS). Animal and epidemiologic studies support a role for PFAS effects on the thyroid, liver, cholesterol, and even cancer risk. Human exposure to PFASs occurs primarily through ingestion, notably via PFAS contaminated drinking water and diet. These contaminants pose a regional as well as national threat to surface water and drinking water supplies with detections occurring in 49 states. PFASs in fish and shellfish, particularly in freshwater ecosystems, are recognized as an important dietary source of exposure, but data regarding exposures from marine sourced seafood are limited, hindering the development of health protective standards. In the northeastern United States (US), where an abundance of PFAS contamination sites have been identified and seafood consumption rates tend to be high relative to other regions of the US, marine species comprise a considerable share of the market. In New Hampshire (NH), the PFAS landscape is rapidly evolving with implementation of regulatory limits on drinking water supplies, investigation and remediation efforts at affected sites, and ongoing efforts to monitor exposed communities. As regulations of PFAS use evolve and remediation commences at contaminated sites, seafood monitoring will be integral to evaluating effectiveness of policies and remediation activities. There is an urgent need to collect human exposure data in order to provide critical information to understand the PFAS exposure-health outcome relationship. The proposed research encompasses both measurements of PFASs in regionally sourced, commonly consumed marine seafood species, and an assessment of local seafood consumption habits to help meet this need. The research will be conducted by a highly interdisciplinary team of scientists (marine biologists, epidemiologists, toxicologists, environmental chemists) involving a collaboration between the NH Department of Environmental Services and Dartmouth College. The project will leverage a unique archive of existing fish and shellfish tissue samples harvested throughout the Gulf of Maine (GOM), as well as new samples collected in Great Bay (GB) adjacent to a PFAS contamination site at the Pease Air Force Base. Furthermore, the proposed research will take advantage of the start of active PFAS remediation at the Pease Air Force Base to evaluate remedial effectiveness based on PFAS concentrations in the neighboring GB. The research project is proposed to provide time critical data to support timely action to protect public health in the GOM region.		SPECIFIC AIMS Although, dietary sources of per- and polyfluoroalkyl substances (PFASs) in fish and shellfish from freshwater ecosystems have been documented, less information about exposure from marine sourced seafood is available. Humans are primarily exposed to these known endocrine-disrupting chemicals through contaminated water and diet; this represents a critical knowledge gap in understanding the influence of PFAS contamination on human health. PFASs are contaminants of emerging concern, with increasing numbers of regulatory agencies seeking to provide guidance on PFASs due to concerns about their potential adverse health effects paired with their persistence and ubiquity in our environment (1-4). Indeed, PFASs are incredibly recalcitrant, resisting degradation both inside and outside of the body (5). In May 2016, the United States (US) Environmental Protection Agency established combined drinking water health advisories for perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid (PFOS) based on a careful review of the persistence and known toxicity of these two PFASs; this agency advised against consuming water containing PFOA and PFOS at an individual or combined concentration greater than 70 parts per trillion (6). Several states, including New Hampshire (NH) (7), have introduced drinking water standards and begun remediation efforts at sites highly contaminated by PFASs. Historically, PFASs were common additives to aqueous firefighting foams, leading to large scale contamination of ground and surface water near military installations where firefighting training activities were common (8-12). One such site is the former Pease Air Force Base in Portsmouth, NH, where historic application of aqueous film forming foam (AFFF) contaminated soil and groundwater across the base (9). Starting in 2019, groundwater remediation was initiated using a pump-and-treat system consisting of carbon and ion-exchange resin to filter approximately 350 million gallons of water per year (13). However, PFASs are migrating off site and are found in streams flowing directly from the base into Great Bay (GB) and the Gulf of Maine (GOM), which have commercially and recreationally significant finfish and shellfish fisheries. Reducing and preventing bioaccumulative PFASs are critical public health priorities due to the potential for related adverse health outcomes long after initial exposure occurs. The site remediation at the former Pease Air Force Base offers a unique opportunity to investigate the downstream effects of remediation on both marine and human health. Further, the state of NH is seeking to set surface water standards for PFASs in the coming years, and additional information about PFASs in seafood and human seafood consumption patterns in the region are necessary to inform this endeavor. The proposed research aims will provide data that will facilitate timely action by the NH Department of Environmental Services (DES) to protect public health and inform a critical gap in our current knowledge about dietary sources of PFAS. AIM 1: At the regional scale, determine the level of bioaccumulation of PFASs in marine fish species from the GOM. We hypothesize that fish of higher trophic levels will have higher PFAS concentrations; shellfish will have lower and different concentrations of compounds than finfish, and offshore fish will have lower concentrations than inshore fish. AIM 2: At the local scale, determine whether concentrations in bivalves in GB vary with distance from Pease Air Force Base and monitor the effectiveness of groundwater remediation at Pease by comparing bivalve tissue concentrations before and after the intervention. We hypothesize that concentrations of PFASs in bivalves will decrease with distance from the Pease Air Force Base source, and that the groundwater remediation will reduce the levels of PFASs in bivalve tissues. AIM 3: Define local population fish consumption habits through a representative survey and combine survey findings with GOM and GB fish/shellfish data to support anticipated risk assessment and protective regulatory approaches throughout the GOM. We hypothesize that consumption of GOM seafood results in exposure levels of concern. Expected Outcomes. Efforts to reduce the population burden of PFASs are urgently needed, and investigation of concentrations of PFASs in marine-sourced seafood is needed to inform risk assessment and health policy. Accumulating evidence points to the potential for PFASs to affect a wide range of health outcomes, and the likely important role of dietary sources of PFASs is not yet well understood. Understanding the implications of remediation efforts on shellfish will inform future efforts to reduce or prevent exposure to PFASs. Finally, findings from our analysis of regional seafood and NH seafood consumption survey will be directly useful to NH risk assessors, providing regionally-relevant information that can be extrapolated to other New England states and essential data for broader development of PFAS surface water standards.

		2020		5 R01 ES029133-03		-		Longitudinal study of endocrine disrupting chemical exposure and the early hormonal milieu of girls around the time of thelarche		UNIVERSITY OF CINCINNATI		OH		PINNEY, SUSAN MENGEL		$207,721		$207,721		PA16-160		9934200		R01		BOYLES, ABEE		8469965		ES		PROJECT SUMMARY: Longitudinal Study of Endocrine-Disrupting Chemical Exposure and the Early Hormonal Milieu of Girls Around the Time of Thelarche  Endocrine disrupting chemicals (EDCs) are exogenous substances which exhibit hormonal activity in the endocrine system, disrupting the physiologic function of endogenous hormones. The peri-pubertal period represents a developmental window of vulnerability to environmental exposures in which EDCs may act as agonists or antagonists to endogenous hormones. Evidence directly linking EDCs and alterations in pubertal development in human populations is far from conclusive. Evidence directly linking exposure to EDCs and changes in serum steroid hormone levels in girls around the time of breast development is almost non-existent.  Previous studies of pubertal girls (both in our cohort and others) have reported that exposure to certain EDCs is associated with either later or earlier thelarche and menarche suggesting that EDCs may have an effect on the hormonal milieu in pubertal girls. None of these studies has examined whether a mixture of environmental exposures is related to age at pubertal events. Knowledge about the structural relationship regarding the direct effect of EDCs on hormone levels in girls and then the timing and intensity of later pubertal events, such as age at thelarche, age at menarche, pubertal tempo, peak height velocity, and age at peak height, is lacking. With the measurement of multiple environmental biomarkers in our cohort of girls, we can develop metrics for mixtures of environmental exposures and use these metrics in our analyses. With our prospective study design including direct observation of pubertal maturation events and measurements of steroid hormones in serum around the time of thelarche, we can examine the effect of exposure to EDCs on these events using structural equation models. Our study proposes to fill the gap in knowledge regarding whether exposure to EDCs has a direct effect on the hormonal milieu in pubertal girls, and how these changes in are related to age at pubertal milestones.  This application is highly innovative because of its unique design: girls have been evaluated longitudinally from ages 6-7 years, with serum hormone measurements during time points around thelarche, and measurements of environmental biomarkers prior to puberty. Our hypotheses are novel. Using existing prospectively collected pubertal maturation and environmental biomarker data, and recently acquired measurements of serum hormones in banked serum samples timed to maturation events, in a group of girls followed since ages 6 and 7, we will directly addresses the gaps noted in the 2013 IBCERCC report “Breast Cancer and the Environment: Prioritizing Prevention”. The impact of this proposal is to provide information that will lead to the identification of mechanisms of EDCs and targetable pathways, resulting in strategies to minimize disruption in the timing of pubertal events in girls and future risk of adverse health outcomes in adult women.		SPECIFIC AIMS: Longitudinal Study of Endocrine-Disrupting Chemical Exposure and the Early Hormonal Milieu of Girls Around the Time of Thelarche  Endocrine disrupting chemicals (EDCs) are exogenous substances which exhibit hormonal activity in the endocrine system, disrupting the physiologic function of endogenous hormones. Animal studies have unequivocally demonstrated that EDCs disrupt sexual development, as measured by delayed vaginal opening, the effect depending upon the dose and timing of exposure. However, evidence directly linking EDCs and alterations in pubertal development in human populations is far from conclusive.  During puberty, the mammary gland undergoes rapid growth, through exponential cellular proliferation and differentiation, driven by sex hormones. The peri-pubertal period also represents a developmental window of vulnerability to environmental exposures in which EDCs may act as agonists or antagonists to endogenous hormones. Evidence directly linking exposure to EDCs and changes in serum steroid hormone levels in girls around the time of breast development is almost non-existent.  Previous studies of pubertal girls (both in our cohort and others) have reported that exposure to certain EDCs is associated with either later or earlier thelarche and menarche suggesting that EDCs may have an effect on the hormonal milieu in pubertal girls. None of these studies has examined whether a mixture of environmental exposures is related to age at pubertal events. There are several well-established epidemiologic associations between pubertal events, including age of menarche, growth parameters (final height and height velocity), and bone mineral density, and risk of later adverse health conditions such as cancer and cardiovascular disease. Knowledge about the structural relationship regarding the direct effect of EDCs, either alone or in a mixture, on hormone levels in girls and then the timing and intensity of later pubertal events, such as age at thelarche, age at menarche, pubertal tempo, peak height velocity, and age at peak height, is lacking. With the measurement of multiple environmental biomarkers in our cohort of girls, we can develop metrics for mixtures of environmental exposures and use these metrics in our analyses. With our prospective study design including direct observation of pubertal maturation events and measurements of steroid hormones during this critical window of susceptibility, we can examine the effect of exposure to EDCs using structural equation models.  Our study proposes to fill the gap in knowledge regarding whether exposure to EDCs has a direct effect on the hormonal milieu in pubertal girls, and how these changes in are related to age at pubertal milestones. Aim 1. Determine whether exposure to certain endocrine disrupting chemicals, prior to and around the time of thelarche, is related to serum steroid hormone concentrations, evaluated at time points relative to thelarche (-6 months, 0 months, +6 and +12 months).  Hypothesis 1a: Increased exposure to flavonol, enterolactone, benzophone-3, lead, mono-benzo phthalate,  ΣPBDEs, ∑PCBs and PFOA will be related to decreased estradiol.  Hypothesis 1b: Exposure to ΣDEHP and mono-benzo phthalate will be associated with lower levels of  DHEA and testosterone.  Hypothesis 1c: Exposure to cadmium, triclosan, 2,5-dichlorophenol will be related to increased estradiol.  Hypothesis 1d: Greater adiposity (BMIz and waist:height ratio) will limit the detection of an effect on the  relationship between EDC exposure and serum hormone concentrations. Aim 2. Use statistical methods to consider exposure to a mixture of environmental EDCs and determine whether exposure to the mixture is related to serum sex hormone concentrations, evaluated at specific time points relative to thelarche (– 6, 0, +6 and +12 months). Aim 3. Using path analysis in structural equation modeling, determine the relationships between the exposure mixture and the physiologic phenotype (serum hormone concentrations) and the observed phenotypes (age at thelarche, menarche, pubertal tempo, peak height velocity and age at peak height velocity).  This application is highly innovative because of its unique design: girls have been evaluated longitudinally from ages 6-7 years, with serum hormone measurements during time points around thelarche, and measurements of environmental biomarkers prior to puberty. Our hypotheses are novel. Using existing prospectively collected pubertal maturation and environmental biomarker data, and recently acquired measurements of serum hormones in banked serum samples timed to maturation events, in a group of girls followed since ages 6 and 7, we will directly addresses the gaps noted in the 2013 IBCERCC report “Breast Cancer and the Environment: Prioritizing Prevention”. The impact of this proposal is to provide information that will lead to the identification of mechanisms of EDCs and targetable pathways, resulting in strategies to minimize disruption in the timing of pubertal events in girls and future risk of adverse health outcomes in adult women.

		2020		1 K99 ES030401-01A1		-		Perfluroalkylated Substances Exposures and Cytotrophoblast Differentiation		UNIVERSITY OF CALIFORNIA, SAN FRANCISCO		CA		CHEN, HAO 		$91,867		$91,867		PA19-130		9892276		K99		SCHUG, THADDEUS		8469978		ES		Project Summary/Abstract.  The goal of this project is to test the hypothesis that perfluoroalkylated substances (PFAS) negatively impact formation of the placenta, and consequently, pregnancy outcomes. This work gains added significance in light of the increasing public health concerns towards these persistent compounds. The proposed experiments will also fill gaps in our understanding regarding the effects of these chemicals during human placental development, about which little is known. Pregnant mothers are exposed to a variety of chemicals, including PFAS. The latter exposures are widespread and high levels are linked with adverse effects on thyroid function, cholesterol metabolism, and birth outcomes. The placenta, a temporary embryonic/fetal organ that forms during pregnancy, facilitates gas, nutrients, and waste exchange with the mother. Deficiencies in placental development and function underlie numerous pregnancy complications, such as preeclampsia and intrauterine growth restriction. Despite its importance much remains unknown about the placenta, especially its role as a toxicological target. Here I propose studying PFAS effects on the organ's population of progenitor cells, termed cytotrophoblasts (CTBs), which establish the architecture of the maternal-fetal interface during pregnancy. To do so I will use an in vitro model of this process. Primary CTBs will be isolated and exposed to PFOA, PFNA, or GenX. The toxicological effects of these PFAS will be elucidated in two ways. First, using the CTB model, relevant effective concentrations of PFOA, PFNA, or GenX will be determined and a mass spectrometry-based approach will be used to determine their global effects at the level of the proteome (Aim 1). Second, honing in on levels relevant to public health exposures, the functional relevance of PFAS protein targets that could play hierarchical roles in placental development will be investigated by mimicking the observed chemical effects, e.g., up or down regulation (Aim 2). Thus, the results of these experiments will advance our knowledge about the human health effects of the compounds during a critical developmental window. Completing this study will advance the applicant's training in important new directions that are enabled by the expertise of his primary mentor, Dr. Susan Fisher: human placental biology and mass spectrometry- based proteomics analyses. Dr. Hao Chen will receive valuable input from his mentorship team, composed of experts in prenatal environmental exposures, bioinformatics, and reproductive biology. In collaboration with his mentors, Dr. Chen will develop critical skills that are required for a successful transition to an independent academic career in environmental health. This will be accomplished through a focused development plan consisting of didactic courses and close collaboration with his mentors. At the conclusion of this proposal, Dr. Chen will have led the first investigation of PFAS effects on CTBs and their function, providing insight into the impact of these chemicals towards developmental and reproductive health.		SPECIFIC AIMS.  I propose to test the hypothesis that per-/polyfluoroalkylated substances (PFAS) alter human cytotrophoblast (CTB) differentiation and function. The placenta, which establishes the feto-maternal interface, governs pregnancy outcomes. The organ's specialized progenitor cells, termed cytotrophoblasts (CTBs), differentiate into: 1) syncytiotrophoblasts that form the surface of the placenta; and 2) an invasive mononuclear subpopulation that invades the uterine wall and associated blood vessels. Both processes are required for oxygen and nutrient delivery to the developing fetus. Disruptions are associated with common pregnancy complications (e.g., preeclampsia [PE], intrauterine growth restriction [IUGR]) that have potentially long-lasting adverse postnatal consequences.  Endocrine disrupting compounds (EDCs) are implicated in altered reproductive health and adverse developmental outcomes. Despite evidence that environmental exposures to chemical contaminants are associated with adverse pregnancy outcomes, there is a paucity of studies investigating biomarkers and underlying developmental mechanisms that EDCs perturb. PFAS, persistent manmade chemicals, are ubiquitously detected in the environment and in maternal serum. Epidemiological and experimental studies implicate these compounds as potential EDCs, with high maternal exposures linked to alterations in thyroid, steroid, and fatty acid levels. Given the weight of evidence suggesting in utero PFAS exposures are associated with detrimental developmental outcomes and the biological persistence of these chemicals, there is increasing concern about their public health impact. While PFAS can reach the fetus, these chemicals can also accumulate in the placenta, where little is known about their potential toxicity.  The placenta must develop rapidly in advance of the fetus, which it supports. This steep trajectory could make its CTBs uniquely susceptible to environmental chemical exposures. However, the majority of toxicological studies have focused on metabolic roles of the placenta and much remains unknown about the impact of these chemicals on CTB fate and function. Recently, I used a mass spectrometry (MS) approach to analyze proteomic changes, at a global level, in unexposed 2nd trimester human CTBs. MS analyses revealed significantly altered expression of molecules implicated in pathways important for cellular migration, extracellular matrix disassembly, and artery development, reinforcing the applicability of these cells as a model for placentation. In a parallel study of CTBs exposed to polybrominated diphenyl ethers, a class of flame retardants with ED activity, I have observed proteomic alterations accompanied by functional changes in invasion suggesting that EDC exposures could disrupt proper CTB differentiation, with potential implications in pregnancy outcomes.  Having shown the utility of combining the CTB model with MS analysis to understand EDC effects on the human placenta, I now propose testing the hypothesis that PFAS exposure alters the proteome of 2nd trimester human placental cells, which in turn, impacts CTB differentiation along the invasive pathway. EDCs have multiple modes of action and elucidating PFAS' mechanisms will increase understanding of their specific toxicological consequences. In my preliminary studies, PFOA (perfluorooctanoic acid) significantly alters CTB invasion in a concentration-dependent manner. To further expand on these observations, I propose two Specific Aims. First, I will use a MS-based approach to investigate proteomic changes downstream of PFAS exposures in our lab's in vitro model of CTB invasion using both legacy (PFOA, PFNA) and emerging (GenX) PFAS. The results of the proposed proteomic analyses will identify exposure-related, differentially expressed proteins and determine the extent to which different forms of PFAS overlap or have distinct actions. Second, I will test the functional significance of the alterations by using genetic and/or pharmacologic approaches to modify, in the relevant direction, the expression of candidate molecules identified in Aim 1. The endpoints to be analyzed will be based on the affected pathways that are most closely linked to alterations in CTB phenotypes associated with pregnancy complications, such as invasion and metabolism. These experiments will produce new insights into the consequences of PFAS exposures in CTBs, revealing specific molecules and pathways, as well as functional targets.  The intended research project builds on my recent discovery that EDCs have significant effects on the CTB proteome. I propose extending these investigations to PFAS, another class of EDCs that are widely used in a range of consumer and industrial applications. Though these compounds are ubiquitously detected in human samples and widely in placenta, the health effects remain controversial and knowledge of their actions is incomplete, particularly during prenatal development. This study will be the first to examine global CTB responses to PFAS exposures at a proteomic level, producing novel insights into how these compounds may alter the course of placental development. As impaired CTB differentiation underlies many common pregnancy complications, the proposed experiments will provide a broader understanding of key molecular pathways that could be susceptible to EDCs, tipping the balance toward pathological alterations. This high-content, protein- level approach is designed as a powerful means of understanding human CTB responses to PFAS with the potential to develop placental biomarkers that could be used as screening tools to report these exposures during pregnancy. At the conclusion of my studies I will have defined the toxicological effects of PFAS in a human model of placentation and established modes of action in a proteomic framework, which can guide risk assessment efforts of related and emerging chemical alternatives.

		2020		1 R13 ES031852-01		-		FLUOROS 2020 - An International Symposium on Fluorinated Organics in the Environment		UNIVERSITY OF RHODE ISLAND		RI		LOHMANN, RAINER 		$39,100		$39,100		PA18-648		9993784		R13		TROTTIER, BRITTANY		8015384		ES		PROJECT SUMMARY/ABSTRACT  The purpose of “FLUOROS 2020 - An International Symposium on Fluorinated Organics in the Environment”, is to convene an unbiased and multidisciplinary exchange of information and to provide networking opportunities for the latest developments and scientific advances on per- and polyfluorinated alkylate substances (PFASs). PFASs have emerged to be of increasing concern for human health and the environment across the US and globally. FLUOROS 2020 is being organized by the STEEP (Sources, Transport, Exposure and Effects of PFASs) Superfund Research Center team, the only SRP center entirely focused on PFASs. FLUOROS 2020 will be held in October 2020 at the WaterFire Arts Center in Providence (RI), an inspiring setting with fully appropriate facilities.  There were two prior FLUOROS Meetings (2005 and 2015) which defined the state of science. The 2015 FLUOROS meeting was attended by > 250 people. Since 2015, much has changed, particularly in the U.S., where many states and the U.S. EPA are working towards the establishment of protective regulatory limits for key PFASs in drinking water, surface water and soil/sediment. At the same time, scientists are discovering an increasing number of novel PFASs, thus questioning the compound-by-compound regulatory approach currently being pursued. Concurrently, new insights from toxicological and epidemiological studies imply adverse effects on the immune system, metabolism and early development at current human exposure levels. Thus, the goals of FLUOROS 2020 are to address the rapidly evolving landscape of PFAS detection, health effects, remediation, regulation and community response to PFAS contamination, with a diverse set of speakers and attendees, including opportunities for trainees. National and international experts will provide overviews of current state-of-the-art and looking ahead to new advances.  The STEEP SRP also co-hosted the 2018 community-focused PFAS-meeting at Northeastern, which was attended by over 200 people. We expect at least 300 attendees for FLUOROS 2020 including scientists, federal, state and local government officials, professionals, journalists and community members to share the latest cutting-edge knowledge and resources on PFASs, and work towards minimizing human exposure to and effects related to PFASs. The overall aims of are to  (1) Foster collaboration and networking among the attendees from different backgrounds. Diverse  speakers will focus on (i) fate& transport; (ii) detection& remediation; (iii) toxicity& human health  effects; and (iv) responses of affected communities to PFASs relevant to SRP and other stakeholders.  (2) Disseminate findings and new insights with key stakeholders, including affected communities,  regulators, other SRPs and the scientific community at large. (3) Provide a unique opportunity for (SRP) trainees to learn, interact, and grow.		Specific Aims “FLUOROS 2020 - An International Symposium on Fluorinated Organics in the Environment,” a 3-day conference, will be held at the WaterFire Arts Center in Providence (RI) in October 2020. FLUOROS 2020 is being organized by the STEEP (Sources, Transport, Exposure and Effects of PFASs) Superfund Research Center team, a collaboration between the University of Rhode Island and scientists from Harvard University and The Silent Spring Institute. The purpose of FLUOROS 2020 is to convene an unbiased and multidisciplinary exchange as well as to provide networking opportunities for the latest developments and scientific advances on per- and polyfluorinated alkylate substances (PFASs). PFASs have emerged to be of increasing concern for human health and the environment across the US and globally. In the US, many states and the U.S. EPA are working towards the establishment of protective regulatory limits for key PFASs in drinking water, surface water and soil/sediment. At the same time, scientists are discovering an increasing number of novel PFASs that are used and disseminated, thus questioning the compound-by-compound regulatory approach currently being pursued. Concurrently, new insights from toxicological and epidemiological studies imply adverse effects on the immune system, metabolism and early development at current human exposure levels. FLUOROS 2020 will be a much-needed platform to bring various stakeholders together in an effort to increase understanding and move towards solutions for PFAS exposure. There were two prior FLUOROS Meetings (2005 and 2015), which defined the state of science. The 2015 FLUOROS meeting was attended by > 250 people. Since 2015, much has changed including a significant uptick in public awareness and the commensurate urgent need of solutions, particularly in the U.S., with regulatory actions at state and federal levels and increasing public demand for action to address contamination of drinking water supplies and ubiquitous human exposure. The STEEP SRP also co-hosted the 2018 community- focused PFAS-meeting at Northeastern, which was attended by over 200 people. We expect at least 300 attendees for FLUOROS 2020 including scientists, federal, state and local government officials, professionals, journalists, and community members to share the latest cutting-edge knowledge and resources on PFASs, to articulate the pressing knowledge gaps, and to work towards minimizing human exposure to and effects related to PFASs. The goals of FLUOROS 2020 are to address the rapidly evolving landscape of PFAS detection, health effects, remediation, regulation and community response to PFAS contamination. National and international experts will provide overviews of current state-of-the-art research and regulatory actions as well as looking ahead to new advances. Since the last FLUOROS meeting in 2015, other meetings that featured PFAS were either community-centered, policy-focused, or sponsored by the private sector. The FLUOROS 2020 meeting will provide a multidisciplinary forum for the latest research and insights into PFASs: Specific Aim 1: Organize and hold “FLUOROS 2020 - An International Symposium on Fluorinated Organics in the Environment”, to bring together the leading experts on the science, regulation and community awareness of PFASs. Specific Aim 2: During FLUOROS 2020, we will foster collaboration and networking among the attendees from different backgrounds. In particular, we will seek out diverse speakers on (i) fate and transport; (ii) detection and remediation; (iii) toxicity, (iv) human health effects of PFASs, (v) economic impacts of continued use of current and ongoing development of these compounds, and (vi) community responses that are of interest to key SRP stakeholders. To enhance new collaborations, we will implement practices that will foster interactions between senior scientists and trainees and other new attendees. Specific Aim 3: Disseminate findings and new insights from FLUOROS 2020 with the key stakeholders, including affected communities, regulators, other SRPs and the scientific community at large. We will report from FLUOROS 2020 live with social media platforms, e.g., Twitter, Instagram, Facebook, and on our STEEP website, thereby assuring platforms that serve an intergenerational and diverse audience—a strategy that increases engagement. We will write a Providence Statement on PFASs, which we will submit to Environmental Health Perspectives, summarizing new insights from FLUOROS 2020. Specific Aim 4: Provide a unique opportunity for (SRP) trainees to participate in FLUOROS 2020. First, trainees will be in charge of designing a trainee-specific half-day session for October 13th. Second, trainees will co-chair sessions Oct. 14-16; Third, trainees will have the opportunity to present posters during Oct. 14-16, and ample time will be given for poster viewing and respondent/trainee discussions; Fourth, a major focus of FLUOROS 2020 will be time for networking to help trainees make important contacts and connections for the evolution of their careers.

		2020		5 P42 ES027706-04		-		Sources, Transport, Exposure and Effects of PFASs (STEEP)		UNIVERSITY OF RHODE ISLAND		RI		LOHMANN, RAINER 		$1,554,680		$1,554,680		ES15-019		9904663		P42		HEACOCK, MICHELLE		8030229		ES		PROJECT SUMMARY/ABSTRACT The URI-led STEEP (Sources, Transport, Exposure and Effects of PFASs) proposes to aid the Superfund Research Program in addressing the emerging and expanding problem of poly- and perfluorinated alkyl substances (PFASs) contamination. PFASs are industrial compounds that have been manufactured since the 1950s for use in a myriad of products due to their unique oil and water repellent properties. The environmental dissemination and the human health effects of PFASs are only beginning to emerge. Thus, the U.S. EPA limits for PFAS contamination of drinking water remain provisional since they were first published in 2009. In the recently released 2015 draft ToxProfile, ATSDR highlighted uncertainties and disregarded recent reports on adverse human health effects of PFAS exposures from epidemiological studies. Thus, the need for improved risk characterization is urgent and timely.  STEEP aims to better understand the pathways of PFAS contamination from entry into the environment through groundwater contamination, dispersal through the food web, and distribution to vulnerable human populations during early development, in part through breast milk. Specifically, STEEP will characterize sources of PFAS through in situ groundwater measurements combined with geochemical modeling to assess transport and fate (Project 1). The biomedical studies will assess the relationship of PFAS to risk of immune dysfunction and metabolic abnormalities, to be used to derive benchmark doses levels for PFASs for improved risk characterization. Due to the hypersusceptibility during early development, the research will focus on the impact of in utero and early postnatal PFAS exposures on sensitive indicators of organ dysfunctions through parallel human epidemiologic studies (Project 2) and rodent model studies (Project 3). Then, environmental engineering and chemistry research will support the development and deployment of in situ passive sampling techniques for PFAS and their precursors in water (Project 4). STEEP will thereby address limitations in the current understanding of human exposure to PFAS by combining targeted human exposure assessment with chemometric approaches to characterize existing PFAS sources.  To ensure a legacy of scientific awareness, the dissemination of broadly accessible research findings, and practical application by affected communities, STEEP Cores will match the intensity and rigor of the research projects. STEEP Cores will serve to a) prepare the next generation of interdisciplinary emerging contaminant researchers (Training Core), b) translate scientific findings generated by STEEP projects for dissemination to various internal and external stakeholders (Research Translation Core), and c) engage Cape Cod communities on the front lines of PFASs exposure through drinking water contaminated by Aqueous film forming foam use at Joint Base Cape Cod. The Administrative Core, led by its directors, and guided by Internal and External Advisory Committees, will ensure the integration of STEEP’s projects and cores.		SPECIFIC AIMS Poly- and perfluoroalkyl substances (PFASs) have emerged as high-priority environmental contaminants, and a rapidly increasing number of contaminated sites are being discovered, often with highly elevated PFAS concentrations in the drinking water; as the PFASs are highly stable, they now result in food chain contamination worldwide. Although these substances have been produced and used in consumer products for more than 60 years, their ubiquitous occurrence in human blood and in the environment was discovered only around the year 2000, and studies of adverse health effects intensified only recently. Accordingly, current evidence is often too scant to allow a constructive and targeted approach to contaminated sites, whether previously known or newly identified.  The STEEP Center proposes to provide tools to aid the Superfund Research Program (SRP) in addressing the emerging problem of PFASs contaminated sites across the U.S. Even EPA’s provisional drinking water limits are often exceeded. Using a site with characteristic PFASs contamination from aqueous film-forming foams, STEEP will further characterize sources of PFAS by in situ groundwater measurements combined with geochemical modeling to assess transport and fate, including chemometric approaches to fingerprint sources of PFASs as a function of distance from the contaminated site. Parallel animal and human epidemiologic studies will assess the impact of in utero and early-life PFAS exposures on immune dysfunction and metabolic abnormalities. The relationship of PFASs will be used to derive benchmark dose levels for the purpose of improved risk characterization. This research will be supported by the development and deployment of in situ passive sampling approaches for PFASs and their precursors in water and sediments.  STEEP will apply the research findings through the engagement of Cape Cod communities that have been exposed to elevated PFAS levels through groundwater contamination from an aqueous film-forming foam training site. This site mirrors the situation at hundreds of other sites in the U.S. To this end, STEEP will educate communities on the human and environmental health impacts of PFAS as informed by the STEEP projects, engage individuals and community leaders to support their decision-making process with regards to whether prevention or intervention actions are needed to reduce PFAS exposure. STEEP will develop and implement interlinked strategies to employ research generated by the projects, translate and package the information in a variety of communication tools, and deliver the message to stakeholders in impacted communities to affect risk characterization. Furthermore, these tools will be inculcated into the Training Core to enhance the communication skills of the next generation of interdisciplinary researchers.  Specific Aim 1: Support the source, exposure, and site assessment of PFAS (Leads: Sunderland, Vecitis, Harvard University (HU); Lohmann, URI; Schaider, Silent Spring Institute). The environmental engineering projects will assess contaminated groundwater in the region surrounding the Joint Base Cape Cod, MA, to confirm the presence of PFAS and characterize human exposure pathways via a combination of developing novel passive samplers, sampling at field sites, and using chemometric tools to analyze PFAS mixtures in the field. In addition, the projects will assess and predict the bioavailability and uptake of PFAS by fish and benthic biota in a combination of laboratory and field experiments.  Specific Aim 2: Assess critical human health effects of PFAS-exposure by integrating epidemiology and a rodent model to elucidate molecular pathways and the dose-dependence of sensitive toxicological endpoints (Leads: Grandjean, HU; Slitt, Bothun, URI). The biomedical projects have synergistic aims to explore the effects of in utero and early life exposure to PFAS on immune dysfunction and metabolic abnormalities. Rodent models will link a molecular-based understanding of PFAS binding to key proteins and receptors to the adverse health outcomes observed in the epidemiology study. The results will help interpret and explain associations observed in the epidemiological project, and be used to characterize risk by deriving benchmark reference dose levels for PFAS that can be directly applied to calculate safe limits for contamination of drinking water and other media.  Specific Aim 3: Educate communities and advise stakeholders to reduce human exposure to PFAS via effective and integrated community engagement, research translation, and training. (Leads: Cho, McCann, Swift, Rohr, URI; Schaider, Silent Spring Institute). Working in coordination with each other and the project researchers, the Training, Research Translation, and Community Engagement Cores, will implement effective and innovative communication strategies to educate and advise stakeholders including communities on Cape Cod, state and federal regulatory agencies, SRPs, and others. The Cores will promote the understanding of human and environmental health effects and risk characterization, and provide innovative opportunities to enhance research training and communication skills for trainees and scientists through internships, colloquia, and fieldwork.

		2020		3 P42 ES027706-04S2		-		Sources, Transport, Exposure and Effects of PFASs (STEEP)		UNIVERSITY OF RHODE ISLAND		RI		LOHMANN, RAINER 		$10,800		$10,800		ES15-019		10205263		P42		HEACOCK, MICHELLE		8030229		ES		PROJECT SUMMARY/ABSTRACT The URI-led STEEP (Sources, Transport, Exposure and Effects of PFASs) proposes to aid the Superfund Research Program in addressing the emerging and expanding problem of poly- and perfluorinated alkyl substances (PFASs) contamination. PFASs are industrial compounds that have been manufactured since the 1950s for use in a myriad of products due to their unique oil and water repellent properties. The environmental dissemination and the human health effects of PFASs are only beginning to emerge. Thus, the U.S. EPA limits for PFAS contamination of drinking water remain provisional since they were first published in 2009. In the recently released 2015 draft ToxProfile, ATSDR highlighted uncertainties and disregarded recent reports on adverse human health effects of PFAS exposures from epidemiological studies. Thus, the need for improved risk characterization is urgent and timely.  STEEP aims to better understand the pathways of PFAS contamination from entry into the environment through groundwater contamination, dispersal through the food web, and distribution to vulnerable human populations during early development, in part through breast milk. Specifically, STEEP will characterize sources of PFAS through in situ groundwater measurements combined with geochemical modeling to assess transport and fate (Project 1). The biomedical studies will assess the relationship of PFAS to risk of immune dysfunction and metabolic abnormalities, to be used to derive benchmark doses levels for PFASs for improved risk characterization. Due to the hypersusceptibility during early development, the research will focus on the impact of in utero and early postnatal PFAS exposures on sensitive indicators of organ dysfunctions through parallel human epidemiologic studies (Project 2) and rodent model studies (Project 3). Then, environmental engineering and chemistry research will support the development and deployment of in situ passive sampling techniques for PFAS and their precursors in water (Project 4). STEEP will thereby address limitations in the current understanding of human exposure to PFAS by combining targeted human exposure assessment with chemometric approaches to characterize existing PFAS sources.  To ensure a legacy of scientific awareness, the dissemination of broadly accessible research findings, and practical application by affected communities, STEEP Cores will match the intensity and rigor of the research projects. STEEP Cores will serve to a) prepare the next generation of interdisciplinary emerging contaminant researchers (Training Core), b) translate scientific findings generated by STEEP projects for dissemination to various internal and external stakeholders (Research Translation Core), and c) engage Cape Cod communities on the front lines of PFASs exposure through drinking water contaminated by Aqueous film forming foam use at Joint Base Cape Cod. The Administrative Core, led by its directors, and guided by Internal and External Advisory Committees, will ensure the integration of STEEP’s projects and cores.		SPECIFIC AIMS Poly- and perfluoroalkyl substances (PFASs) have emerged as high-priority environmental contaminants, and a rapidly increasing number of contaminated sites are being discovered, often with highly elevated PFAS concentrations in the drinking water; as the PFASs are highly stable, they now result in food chain contamination worldwide. Although these substances have been produced and used in consumer products for more than 60 years, their ubiquitous occurrence in human blood and in the environment was discovered only around the year 2000, and studies of adverse health effects intensified only recently. Accordingly, current evidence is often too scant to allow a constructive and targeted approach to contaminated sites, whether previously known or newly identified.  The STEEP Center proposes to provide tools to aid the Superfund Research Program (SRP) in addressing the emerging problem of PFASs contaminated sites across the U.S. Even EPA’s provisional drinking water limits are often exceeded. Using a site with characteristic PFASs contamination from aqueous film-forming foams, STEEP will further characterize sources of PFAS by in situ groundwater measurements combined with geochemical modeling to assess transport and fate, including chemometric approaches to fingerprint sources of PFASs as a function of distance from the contaminated site. Parallel animal and human epidemiologic studies will assess the impact of in utero and early-life PFAS exposures on immune dysfunction and metabolic abnormalities. The relationship of PFASs will be used to derive benchmark dose levels for the purpose of improved risk characterization. This research will be supported by the development and deployment of in situ passive sampling approaches for PFASs and their precursors in water and sediments.  STEEP will apply the research findings through the engagement of Cape Cod communities that have been exposed to elevated PFAS levels through groundwater contamination from an aqueous film-forming foam training site. This site mirrors the situation at hundreds of other sites in the U.S. To this end, STEEP will educate communities on the human and environmental health impacts of PFAS as informed by the STEEP projects, engage individuals and community leaders to support their decision-making process with regards to whether prevention or intervention actions are needed to reduce PFAS exposure. STEEP will develop and implement interlinked strategies to employ research generated by the projects, translate and package the information in a variety of communication tools, and deliver the message to stakeholders in impacted communities to affect risk characterization. Furthermore, these tools will be inculcated into the Training Core to enhance the communication skills of the next generation of interdisciplinary researchers.  Specific Aim 1: Support the source, exposure, and site assessment of PFAS (Leads: Sunderland, Vecitis, Harvard University (HU); Lohmann, URI; Schaider, Silent Spring Institute). The environmental engineering projects will assess contaminated groundwater in the region surrounding the Joint Base Cape Cod, MA, to confirm the presence of PFAS and characterize human exposure pathways via a combination of developing novel passive samplers, sampling at field sites, and using chemometric tools to analyze PFAS mixtures in the field. In addition, the projects will assess and predict the bioavailability and uptake of PFAS by fish and benthic biota in a combination of laboratory and field experiments.  Specific Aim 2: Assess critical human health effects of PFAS-exposure by integrating epidemiology and a rodent model to elucidate molecular pathways and the dose-dependence of sensitive toxicological endpoints (Leads: Grandjean, HU; Slitt, Bothun, URI). The biomedical projects have synergistic aims to explore the effects of in utero and early life exposure to PFAS on immune dysfunction and metabolic abnormalities. Rodent models will link a molecular-based understanding of PFAS binding to key proteins and receptors to the adverse health outcomes observed in the epidemiology study. The results will help interpret and explain associations observed in the epidemiological project, and be used to characterize risk by deriving benchmark reference dose levels for PFAS that can be directly applied to calculate safe limits for contamination of drinking water and other media.  Specific Aim 3: Educate communities and advise stakeholders to reduce human exposure to PFAS via effective and integrated community engagement, research translation, and training. (Leads: Cho, McCann, Swift, Rohr, URI; Schaider, Silent Spring Institute). Working in coordination with each other and the project researchers, the Training, Research Translation, and Community Engagement Cores, will implement effective and innovative communication strategies to educate and advise stakeholders including communities on Cape Cod, state and federal regulatory agencies, SRPs, and others. The Cores will promote the understanding of human and environmental health effects and risk characterization, and provide innovative opportunities to enhance research training and communication skills for trainees and scientists through internships, colloquia, and fieldwork.

		2020		3 P42 ES027706-04S1		-		Sources, Transport, Exposure and Effects of PFASs (STEEP)		UNIVERSITY OF RHODE ISLAND		RI		LOHMANN, RAINER 		$10,800		$10,800		ES15-019		10205254		P42		HEACOCK, MICHELLE		8030229		ES		PROJECT SUMMARY/ABSTRACT The URI-led STEEP (Sources, Transport, Exposure and Effects of PFASs) proposes to aid the Superfund Research Program in addressing the emerging and expanding problem of poly- and perfluorinated alkyl substances (PFASs) contamination. PFASs are industrial compounds that have been manufactured since the 1950s for use in a myriad of products due to their unique oil and water repellent properties. The environmental dissemination and the human health effects of PFASs are only beginning to emerge. Thus, the U.S. EPA limits for PFAS contamination of drinking water remain provisional since they were first published in 2009. In the recently released 2015 draft ToxProfile, ATSDR highlighted uncertainties and disregarded recent reports on adverse human health effects of PFAS exposures from epidemiological studies. Thus, the need for improved risk characterization is urgent and timely.  STEEP aims to better understand the pathways of PFAS contamination from entry into the environment through groundwater contamination, dispersal through the food web, and distribution to vulnerable human populations during early development, in part through breast milk. Specifically, STEEP will characterize sources of PFAS through in situ groundwater measurements combined with geochemical modeling to assess transport and fate (Project 1). The biomedical studies will assess the relationship of PFAS to risk of immune dysfunction and metabolic abnormalities, to be used to derive benchmark doses levels for PFASs for improved risk characterization. Due to the hypersusceptibility during early development, the research will focus on the impact of in utero and early postnatal PFAS exposures on sensitive indicators of organ dysfunctions through parallel human epidemiologic studies (Project 2) and rodent model studies (Project 3). Then, environmental engineering and chemistry research will support the development and deployment of in situ passive sampling techniques for PFAS and their precursors in water (Project 4). STEEP will thereby address limitations in the current understanding of human exposure to PFAS by combining targeted human exposure assessment with chemometric approaches to characterize existing PFAS sources.  To ensure a legacy of scientific awareness, the dissemination of broadly accessible research findings, and practical application by affected communities, STEEP Cores will match the intensity and rigor of the research projects. STEEP Cores will serve to a) prepare the next generation of interdisciplinary emerging contaminant researchers (Training Core), b) translate scientific findings generated by STEEP projects for dissemination to various internal and external stakeholders (Research Translation Core), and c) engage Cape Cod communities on the front lines of PFASs exposure through drinking water contaminated by Aqueous film forming foam use at Joint Base Cape Cod. The Administrative Core, led by its directors, and guided by Internal and External Advisory Committees, will ensure the integration of STEEP’s projects and cores.		SPECIFIC AIMS Poly- and perfluoroalkyl substances (PFASs) have emerged as high-priority environmental contaminants, and a rapidly increasing number of contaminated sites are being discovered, often with highly elevated PFAS concentrations in the drinking water; as the PFASs are highly stable, they now result in food chain contamination worldwide. Although these substances have been produced and used in consumer products for more than 60 years, their ubiquitous occurrence in human blood and in the environment was discovered only around the year 2000, and studies of adverse health effects intensified only recently. Accordingly, current evidence is often too scant to allow a constructive and targeted approach to contaminated sites, whether previously known or newly identified.  The STEEP Center proposes to provide tools to aid the Superfund Research Program (SRP) in addressing the emerging problem of PFASs contaminated sites across the U.S. Even EPA’s provisional drinking water limits are often exceeded. Using a site with characteristic PFASs contamination from aqueous film-forming foams, STEEP will further characterize sources of PFAS by in situ groundwater measurements combined with geochemical modeling to assess transport and fate, including chemometric approaches to fingerprint sources of PFASs as a function of distance from the contaminated site. Parallel animal and human epidemiologic studies will assess the impact of in utero and early-life PFAS exposures on immune dysfunction and metabolic abnormalities. The relationship of PFASs will be used to derive benchmark dose levels for the purpose of improved risk characterization. This research will be supported by the development and deployment of in situ passive sampling approaches for PFASs and their precursors in water and sediments.  STEEP will apply the research findings through the engagement of Cape Cod communities that have been exposed to elevated PFAS levels through groundwater contamination from an aqueous film-forming foam training site. This site mirrors the situation at hundreds of other sites in the U.S. To this end, STEEP will educate communities on the human and environmental health impacts of PFAS as informed by the STEEP projects, engage individuals and community leaders to support their decision-making process with regards to whether prevention or intervention actions are needed to reduce PFAS exposure. STEEP will develop and implement interlinked strategies to employ research generated by the projects, translate and package the information in a variety of communication tools, and deliver the message to stakeholders in impacted communities to affect risk characterization. Furthermore, these tools will be inculcated into the Training Core to enhance the communication skills of the next generation of interdisciplinary researchers.  Specific Aim 1: Support the source, exposure, and site assessment of PFAS (Leads: Sunderland, Vecitis, Harvard University (HU); Lohmann, URI; Schaider, Silent Spring Institute). The environmental engineering projects will assess contaminated groundwater in the region surrounding the Joint Base Cape Cod, MA, to confirm the presence of PFAS and characterize human exposure pathways via a combination of developing novel passive samplers, sampling at field sites, and using chemometric tools to analyze PFAS mixtures in the field. In addition, the projects will assess and predict the bioavailability and uptake of PFAS by fish and benthic biota in a combination of laboratory and field experiments.  Specific Aim 2: Assess critical human health effects of PFAS-exposure by integrating epidemiology and a rodent model to elucidate molecular pathways and the dose-dependence of sensitive toxicological endpoints (Leads: Grandjean, HU; Slitt, Bothun, URI). The biomedical projects have synergistic aims to explore the effects of in utero and early life exposure to PFAS on immune dysfunction and metabolic abnormalities. Rodent models will link a molecular-based understanding of PFAS binding to key proteins and receptors to the adverse health outcomes observed in the epidemiology study. The results will help interpret and explain associations observed in the epidemiological project, and be used to characterize risk by deriving benchmark reference dose levels for PFAS that can be directly applied to calculate safe limits for contamination of drinking water and other media.  Specific Aim 3: Educate communities and advise stakeholders to reduce human exposure to PFAS via effective and integrated community engagement, research translation, and training. (Leads: Cho, McCann, Swift, Rohr, URI; Schaider, Silent Spring Institute). Working in coordination with each other and the project researchers, the Training, Research Translation, and Community Engagement Cores, will implement effective and innovative communication strategies to educate and advise stakeholders including communities on Cape Cod, state and federal regulatory agencies, SRPs, and others. The Cores will promote the understanding of human and environmental health effects and risk characterization, and provide innovative opportunities to enhance research training and communication skills for trainees and scientists through internships, colloquia, and fieldwork.

		2020		5 R01 ES027224-05		-		Internalizing Behaviors and Neuroimaging Outcomes:  Impact of PBDE and PFC Exposures		CINCINNATI CHILDRENS HOSP MED CTR		OH		YOLTON, KIMBERLY 		$545,969		$545,969		PA13-302		10015279		R01		GRAY, KIMBERLY A		8469965		ES		Project Summary/Abstract Human exposure to environmental contaminants is ubiquitous, and there is growing concern that exposure to some may be linked with the rise in neurobehavioral problems in children. Given the lack of conclusive evidence for many environmental toxicants, there is a critical need for well-designed longitudinal studies of prenatal and postnatal exposure with long-term follow-up to address focused questions about the impact of these chemicals, especially on neurobehavioral endpoints. We will study two chemical classes to which nearly all of the US population are exposed, polybrominated diphenyl ethers (PBDEs) and perfluorinated chemicals (PFCs), that have been used as flame retardants and surfactants, respectively. Among an established cohort of typically developing pre-adolescent children within the Health Outcomes and Measures of the Environment (HOME) Study, we will determine associations between prenatal and childhood exposure to these persistent pollutants and internalizing behaviors including anxiety, depression and social impairment. We will also obtain neuroimaging outcomes to examine associations with exposure. The HOME Study enrolled women during pregnancy and has thus far followed offspring until age 8y. We will extend follow-up to include a study visit at 11-12y to study associations in the pre-adolescent period. Prenatal exposures were measured using maternal pregnancy and newborn specimens with multiple childhood samples currently being analyzed. Over 97% of participating women had detectable levels of PBDEs and PFCs during pregnancy; comparable with nationally reported levels. We hypothesize that exposures to these chemicals subtly alter the brain to produce neurobehavioral deficits that will be evident in increased internalizing symptoms and adverse changes in anatomical structure, neurochemistry, organization of white matter tracts, and connectivity of neural networks. Aim 1: To determine the impact of prenatal and childhood exposures to PBDEs and PFCs on internalizing symptoms in a longitudinal birth cohort of 11-12 year old children. Aim 2: To determine the impact of prenatal and childhood exposures to PBDEs on brain structure, organization, and function in a longitudinal birth cohort of 11-12 year old children. Exploratory aim (EA): To determine the impact of prenatal and childhood exposures to PFCs on brain structure, organization, and function in a longitudinal birth cohort of 11-12 year old children. Aim 3: To determine the potential mediational impact of brain structure, organization and function in the relationship between prenatal and childhood exposures to PBDEs and internalizing symptoms in a longitudinal birth cohort of 11-12 year old children. Aim 4: To identify appropriate statistical methodologies to determine the association of single and multiple PBDE and PFC exposures with neurodevelopment across multiple developmental stages.		A. SPECIFIC AIMS Human exposure to environmental contaminants is ubiquitous. Many of these contaminants are innocuous, but there is growing concern that exposure to some may be linked with the rise in neurobehavioral problems in children.1-3 Some environmental toxicants (e.g., lead, tobacco) are clearly linked with injury during fetal and child development, but there are others for which the scientific evidence indicating they cause harm to the developing fetus or child is weak. Despite the lack of conclusive evidence for many of these environmental toxicants, public and scientific community concern surrounding their use and consequences of exposure to human health and development has increased.4,5 There is a critical need for well-designed longitudinal studies of prenatal and early postnatal exposure with long-term follow-up to address focused questions about the impact of these chemicals, especially on neurobehavioral endpoints. In this proposed study, we focus on two classes of chemicals to which nearly all of the US population is exposed, polybrominated diphenyl ethers (PBDEs) and perfluorinated chemicals (PFCs), that have been used as flame retardants and surfactants, respectively. In an established cohort of typically developing children, we will determine associations between prenatal and childhood exposure to these persistent pollutants and internalizing behaviors including anxiety, depression, and social impairment. We will examine associations between these exposures and neuroimaging outcomes. This study will be conducted within the Health Outcomes and Measures of the Environment (HOME) Study that enrolled women during pregnancy and has followed offspring until age 8y. In this proposed study, we will extend follow-up within the cohort to include a study visit at 11-12y. For clarity of discussion, we refer to this application as Phase 4 HOME Study. For many substances such as lead, tobacco, and plasticizers, prenatal exposures were measured within the cohort using maternal pregnancy and newborn specimens, with postnatal exposures measured several times during childhood. Within this cohort, >97% of participating women had detectable levels of PBDEs and PFCs during pregnancy, and concentrations of both chemical classes are comparable with nationally-reported levels.6 We propose to examine the associations between exposures to the most commonly detected PBDEs and PFCs during critical periods of development and neurobehavioral outcomes specifically salient to the pre- adolescent period. Our overarching hypothesis is that exposures to these chemicals subtly alter the brain to produce neurobehavioral effects. Hypothesis 1: Developmental PBDE and PFC exposures are associated with internalizing symptoms. Hypothesis 2: Developmental PBDE and PFC exposures are associated with adverse changes in anatomical structure, neurochemistry, organization of white matter tracts, and connectivity of neural networks. Our application proposes to address these hypotheses with the following specific aims: Aim 1: To determine the impact of prenatal and childhood exposures to PBDEs and PFCs on  internalizing symptoms in a longitudinal birth cohort of 11-12 year old children. We will determine  associations between prenatal, preschool (3-5y), school age (8y), and current (11-12y) concentrations of  serum PBDEs and PFCs and child symptoms of anxiety, depression, and social impairment. Aim 2: To determine the impact of prenatal and childhood exposures to PBDEs on brain structure,  organization, and function in a longitudinal birth cohort of 11-12 year old children. We will determine  associations between prenatal, preschool, school age, and current concentrations of serum PBDEs and  alterations in neuroimaging outcomes representing brain anatomy, neurochemistry, and network connectivity. Exploratory aim (EA): To determine the impact of prenatal and childhood exposures to PFCs on brain  structure, organization, and function in a longitudinal birth cohort of 11-12 year old children. Given  the limited knowledge about the effects of PFCs in humans, this aim is exploratory. We will determine  associations between prenatal, preschool, school age, and current concentrations of serum PFCs and  alterations in neuroimaging outcomes representing brain anatomy, neurochemistry and network connectivity. Aim 3: To determine the potential mediational impact of brain structure, organization, and function in  the relationship between prenatal exposures to PBDEs and internalizing symptoms in a longitudinal  birth cohort of 11-12 year old children. We will examine the associations between exposure to PBDEs  and internalizing symptoms as they may be mediated through changes in the brain. Aim 4: To identify appropriate statistical methodologies to determine the association of single and  multiple PBDE and PFC exposures with neurodevelopment across multiple developmental stages.  We will determine associations between prenatal, preschool, school age, and current concentrations of  serum PBDEs and PFCs with internalizing symptoms and neuroimaging outcomes at 11-12y, by constructing  statistical models that reflect exposure to mixtures and the longitudinal nature of these exposures. As no prospective studies have yet investigated the roles of PBDEs and PFCs on internalizing symptoms, our proposed work represents a highly novel direction, especially when coupled with innovative quantitative neuroimaging in the HOME Study cohort, and it is likely to have a significant impact on the field.

		2020		2 P42 ES007380-22		-		Nutrition and Superfund Chemical Toxicity		UNIVERSITY OF KENTUCKY		KY		PENNELL, KELLY G		$1,584,982		$1,584,982		ES18-002		9841174		P42		HENRY, HEATHER F.		8030229		ES		PROJECT SUMMARY The University of Kentucky Superfund Research Center (UK-SRC) provides a focused, cross-disciplinary research and training environment to address critical human health challenges associated with halogenated organic substance exposures. Four center projects and five cores make up the proposed UK-SRC to further develop research on lifestyle changes (e.g., nutrition and exercise) in addition to two environmental science projects that will focus on the remediation and engineering solutions to this set of problems. Due to their relative chemical stability and ubiquity in the environment, chlorinated organic contaminants such as polychlorinated biphenyls (PCBs) and trichloroethylene (TCE) pose significant health risks and enduring remediation challenges, including sites such as the Paducah Gaseous Diffusion Plant, the largest Superfund site in Kentucky. The UK-SRC’s overall focus for this next cycle is the human health impacts of persistent halogenated organics (e.g., PCBs, TCE, and tetrachloroethene (PCE), and in this new cycle of funding, additional questions about per- and polyfluoralkyl substances (PFAS) will be incorporated. Projects covering biomedical research hypothesize that healthy nutrition and exercise components provide a platform to develop primary prevention strategies for diseases associated with environmental toxic insults, while also providing the basis for new risk assessment paradigms. Further, novel iron-based, nano-structured sensing, capture and remediation systems based on biomimetic binding domains and functionalized membrane platforms offer potential for sustainable advances in technical capability for site remediation. The UK-SRC proposes the following goals: 1) to expedite data-driven discovery as facilitated by the Data Management and Analysis Core that will provide insight about biomarkers of exposures to generate new information about the relationship between pollutant exposure, nutrient intake, physical activity and disease risk; 2) to better understand the biochemical, molecular, and cellular mechanisms underlying the toxicity of halogenated organic compounds (i.e., PCBs and PFAS) with a specific focus on chronic inflammatory diseases and windows of susceptibility; 3) to foster informed decisions that expedite clean-up of halogenated organic compounds through advanced material-based technologies, smart filters, and fate and transport science to reduce exposure risks; 4) to promote and interdisciplinary approaches to environmental health science training that accelerate the impact of complex solution-oriented, stakeholder-engaged research aimed at reducing exposures and improving human health; and 5) to engage bi-directionally and provide environmental health programmatic activities to vulnerable, socially-isolated, under-resourced communities in Kentucky, especially Eastern Kentucky (i.e. Central Appalachia), where chronic inflammatory diseases exceed national averages and exposure risks to environmental pollutants are prevalent. Activities will involve community engaged research and an innovative means of integrating projects through the WHY-ENVIRONMENT initiative.		SPECIFIC AIMS  The University of Kentucky Superfund Research Center (UK-SRC) integrates multidisciplinary research, training, and community engagement around a common theme: reducing risks posed by environmental contaminants in vulnerable communities. Specifically, the UK-SRC’s overall focus is the human health impacts of persistent halogenated organics (e.g., polychlorinated biphenyls (PCBs), trichloroethene (TCE), and tetrachloroethene (PCE), and in this new cycle of funding, additional questions about per- and polyfluoralkyl substances (PFAS) will be incorporated. Key research on intervention and prevention paradigms to promote healthy lifestyles (i.e., using diet, nutrition and increased physical activity) will be expanded, and both environmental science and engineering ESE and biomedical research (BMR) projects will benefit from the addition of a Biomonitoring and Chemistry Environmental Analysis (BEAC) Core, which will provide valuable targeted and untargeted analytical capabilities for lipidomics and metabolomics services, along with environmental chemicals, including PFAS. From an engineering perspective, the UK-SRC is poised to develop solutions to prevent future exposures using novel sensing/membrane, remediation, and fate and transport science. These advances will generate novel interventions that are community-relevant to address toxicant exposures, particularly for vulnerable populations during early life, pregnancy, or during old age in Central Appalachia and at various national Superfund sites.  Using a concerted, well-integrated, multi-disciplinary approach, the UK-SRC proposes three aims to address these major environmental challenges in the form of halogenated organic pollutants. In so doing, it will address all four NIEHS Superfund Research Program (SRP) mandates: i.e., to develop a) advanced techniques for the detection, assessment and evaluation of hazardous substances; b) methods to assess the risks to human health posed by these substances; c) methods and technologies to detect hazardous substances in the environment and d) basic biological, chemical and physical methods to reduce the amount and toxicity of hazardous substances.  Specific Aim 1. To develop novel integrative BMR approaches to reduce the effects of halogenated organic compounds. Targeted chemicals (PCBs and PFAS) will form the focus of this comprehensive program involving Projects 1 and 2 to improve human health by a) investigating positive life style interventions, such as healthful nutrition in the form of increased consumption of plant derived polyphenols and fiber (Project 1) as well as the impact of physical activity during pregnancy (Project 2). In addition, Project 2 will determine critical windows of vulnerability by incorporating metabolic profiling techniques from the BEAC core to understand physiological pathways linked to disease outcome and prevention.  Specific Aim 2. To develop ESE solutions to reduce exposure risks associated with PCBs, PCE, TCE, and PFAS. This aim (involving Projects 3 and 4) will incorporate advanced techniques in engineering, membrane science, and environmental systems modeling. Methods to be employed will incorporate responsive membranes and advanced materials for sensing and remediation in the form of graphene oxide and composites and metal catalyzed membranes (Project 3). In addition, advanced fate and transport science will be leveraged to understand exposure pathways associated with aging subsurface piping systems (Project 4).  Specific Aim 3. To foster forward-looking partnerships and training across projects and cores as well as externally through industry, policy makers, and other translational pathways. The Administrative Core of the UK-SRC will be instrumental in facilitating bi-directional communication and research translation across all projects and cores. In addition, the Community Engagement Core (CEC) will foster dissemination and translation of research findings out to the community. The over-arching support of the Data Management and Analysis Core (DMAC) will foster interactions across projects and cores that will allow data to flow both within and outside the Center. Also, key findings and research will be sustained through a Research Experience and Training Coordination Core (RETCC) that will promote interdisciplinary approaches to environmental health science training aimed at creating the next generation of scientists targeting hazardous substance-related research for improving human health.  To achieve these aims, the UK-SRC will synthesize and integrate findings from all four projects by strategic use of five key core components: The BEAC Core, the DMAC, the CEC, the RETCC and the Administrative (ADMC) Core. Consequently, the overall impact of the UK-SRC will lead to a greater awareness of the effect and scope of hazardous substances in the form of TCE, PFAS, PCB and PCE, and provide solutions to mitigate these problems from both biomedical and engineering perspectives.

		2020		3 P42 ES007380-22S1		-		NUTRITION AND SUPERFUND CHEMICAL TOXICITY		UNIVERSITY OF KENTUCKY		KY		PENNELL, KELLY G		$198,849		$198,849		PA18-591		10263610		P42		HENRY, HEATHER F.		8045167		ES		PROJECT SUMMARY The University of Kentucky Superfund Research Center (UK-SRC) provides a focused, cross-disciplinary research and training environment to address critical human health challenges associated with halogenated organic substance exposures. Four center projects and five cores make up the proposed UK-SRC to further develop research on lifestyle changes (e.g., nutrition and exercise) in addition to two environmental science projects that will focus on the remediation and engineering solutions to this set of problems. Due to their relative chemical stability and ubiquity in the environment, chlorinated organic contaminants such as polychlorinated biphenyls (PCBs) and trichloroethylene (TCE) pose significant health risks and enduring remediation challenges, including sites such as the Paducah Gaseous Diffusion Plant, the largest Superfund site in Kentucky. The UK-SRC’s overall focus for this next cycle is the human health impacts of persistent halogenated organics (e.g., PCBs, TCE, and tetrachloroethene (PCE), and in this new cycle of funding, additional questions about per- and polyfluoralkyl substances (PFAS) will be incorporated. Projects covering biomedical research hypothesize that healthy nutrition and exercise components provide a platform to develop primary prevention strategies for diseases associated with environmental toxic insults, while also providing the basis for new risk assessment paradigms. Further, novel iron-based, nano-structured sensing, capture and remediation systems based on biomimetic binding domains and functionalized membrane platforms offer potential for sustainable advances in technical capability for site remediation. The UK-SRC proposes the following goals: 1) to expedite data-driven discovery as facilitated by the Data Management and Analysis Core that will provide insight about biomarkers of exposures to generate new information about the relationship between pollutant exposure, nutrient intake, physical activity and disease risk; 2) to better understand the biochemical, molecular, and cellular mechanisms underlying the toxicity of halogenated organic compounds (i.e., PCBs and PFAS) with a specific focus on chronic inflammatory diseases and windows of susceptibility; 3) to foster informed decisions that expedite clean-up of halogenated organic compounds through advanced material-based technologies, smart filters, and fate and transport science to reduce exposure risks; 4) to promote and interdisciplinary approaches to environmental health science training that accelerate the impact of complex solution-oriented, stakeholder-engaged research aimed at reducing exposures and improving human health; and 5) to engage bi-directionally and provide environmental health programmatic activities to vulnerable, socially-isolated, under-resourced communities in Kentucky, especially Eastern Kentucky (i.e. Central Appalachia), where chronic inflammatory diseases exceed national averages and exposure risks to environmental pollutants are prevalent. Activities will involve community engaged research and an innovative means of integrating projects through the WHY-ENVIRONMENT initiative.		SPECIFIC AIMS  The University of Kentucky Superfund Research Center (UK-SRC) integrates multidisciplinary research, training, and community engagement around a common theme: reducing risks posed by environmental contaminants in vulnerable communities. Specifically, the UK-SRC’s overall focus is the human health impacts of persistent halogenated organics (e.g., polychlorinated biphenyls (PCBs), trichloroethene (TCE), and tetrachloroethene (PCE), and in this new cycle of funding, additional questions about per- and polyfluoralkyl substances (PFAS) will be incorporated. Key research on intervention and prevention paradigms to promote healthy lifestyles (i.e., using diet, nutrition and increased physical activity) will be expanded, and both environmental science and engineering ESE and biomedical research (BMR) projects will benefit from the addition of a Biomonitoring and Chemistry Environmental Analysis (BEAC) Core, which will provide valuable targeted and untargeted analytical capabilities for lipidomics and metabolomics services, along with environmental chemicals, including PFAS. From an engineering perspective, the UK-SRC is poised to develop solutions to prevent future exposures using novel sensing/membrane, remediation, and fate and transport science. These advances will generate novel interventions that are community-relevant to address toxicant exposures, particularly for vulnerable populations during early life, pregnancy, or during old age in Central Appalachia and at various national Superfund sites.  Using a concerted, well-integrated, multi-disciplinary approach, the UK-SRC proposes three aims to address these major environmental challenges in the form of halogenated organic pollutants. In so doing, it will address all four NIEHS Superfund Research Program (SRP) mandates: i.e., to develop a) advanced techniques for the detection, assessment and evaluation of hazardous substances; b) methods to assess the risks to human health posed by these substances; c) methods and technologies to detect hazardous substances in the environment and d) basic biological, chemical and physical methods to reduce the amount and toxicity of hazardous substances.  Specific Aim 1. To develop novel integrative BMR approaches to reduce the effects of halogenated organic compounds. Targeted chemicals (PCBs and PFAS) will form the focus of this comprehensive program involving Projects 1 and 2 to improve human health by a) investigating positive life style interventions, such as healthful nutrition in the form of increased consumption of plant derived polyphenols and fiber (Project 1) as well as the impact of physical activity during pregnancy (Project 2). In addition, Project 2 will determine critical windows of vulnerability by incorporating metabolic profiling techniques from the BEAC core to understand physiological pathways linked to disease outcome and prevention.  Specific Aim 2. To develop ESE solutions to reduce exposure risks associated with PCBs, PCE, TCE, and PFAS. This aim (involving Projects 3 and 4) will incorporate advanced techniques in engineering, membrane science, and environmental systems modeling. Methods to be employed will incorporate responsive membranes and advanced materials for sensing and remediation in the form of graphene oxide and composites and metal catalyzed membranes (Project 3). In addition, advanced fate and transport science will be leveraged to understand exposure pathways associated with aging subsurface piping systems (Project 4).  Specific Aim 3. To foster forward-looking partnerships and training across projects and cores as well as externally through industry, policy makers, and other translational pathways. The Administrative Core of the UK-SRC will be instrumental in facilitating bi-directional communication and research translation across all projects and cores. In addition, the Community Engagement Core (CEC) will foster dissemination and translation of research findings out to the community. The over-arching support of the Data Management and Analysis Core (DMAC) will foster interactions across projects and cores that will allow data to flow both within and outside the Center. Also, key findings and research will be sustained through a Research Experience and Training Coordination Core (RETCC) that will promote interdisciplinary approaches to environmental health science training aimed at creating the next generation of scientists targeting hazardous substance-related research for improving human health.  To achieve these aims, the UK-SRC will synthesize and integrate findings from all four projects by strategic use of five key core components: The BEAC Core, the DMAC, the CEC, the RETCC and the Administrative (ADMC) Core. Consequently, the overall impact of the UK-SRC will lead to a greater awareness of the effect and scope of hazardous substances in the form of TCE, PFAS, PCB and PCE, and provide solutions to mitigate these problems from both biomedical and engineering perspectives.

		2020		5 R21 ES030454-02		-		Scaling up access and usability of smartphone tools for reporting chemical biomonitoring results		SILENT SPRING INSTITUTE		MA		BRODY, JULIA GREEN		$187,574		$187,574		PA18-489		9917777		R21		MARTIN, LINDSEY ANN		8469965		ES		Biomonitoring measurements in blood, urine, and other tissues are crucial for studies to understand the effects of environmental chemicals on health. Participants almost always want to learn their own results, and modern ethics statements support their right-to-know. In response, more studies are returning personal results for growing numbers of chemicals, even if health effects are uncertain. Research to evaluate the outcomes in these studies shows that report-back encourages recruitment and retention, leads researchers to new translational insights about their data, and increases environmental health literacy for participants (EHL, the ability to understand and act on knowledge to protect health). Participants do not become overly worried. Thus, new tools to scale up production of personalized reports benefit both researchers and study participants. The Digital Exposure Report-Back Interface (DERBI) is a tested software framework for efficiently producing reports for print, computer/tablet, or smartphone. However, two barriers limit its scalability and usability. First, it currently requires researchers to have advanced programming skills, which most teams lack. Second, smartphone reports are needed for low-income communities where phone is the primary access to the internet, and the beta smartphone version requires additional development. This methods-development project addresses these gaps by expanding both the researcher- and study-participant functionality of DERBI. Aim 1 will increase access to report-back by building an easy-to-use dashboard (interface), so any researcher can use DERBI to visualize personal data and create reports without programming skills. Five NIEHS-supported teams – each composed of a researcher and a community partner -- will provide input to design the dashboard and then user-test it with their own data, which includes measurements of polycyclic aromatic hydrocarbons, environmental phenols, and highly fluorinated substances (PFAS), among others. Researchers will be able to visualize their data to gain insights and tailor reports to their study population. Aim 2 will develop, field, and evaluate smartphone reports as a tool for growing environmental health literacy among cohort participants. Smartphone DERBI has been deployed in beta version in just one study, PROTECT in Puerto Rico. This project will use feedback from PROTECT and user-test a new tutorial feature to engage curiosity and support lower-EHL users in reading their results. We will user-test and deploy the improved smartphone report in Chemicals in Our Bodies, a diverse pregnancy cohort in the San Francisco area. Using quantitative pre- and post-tests, we will assess participant learning, emotional response, and exposure-related behavior. This project will create and actively disseminate a free software package for any researcher to generate high-quality, biomonitoring reports on smartphone, using methods that support environmental health literacy in vulnerable communities. By developing communications about chemical exposures, it will immediately advance translation of exposure science to improve public health.		SPECIFIC AIMS In response to questions from study participants about their own chemical exposure results, we developed the Digital Exposure Report-Back Interface (DERBI) as a framework for efficiently creating personalized results reports. Participants in biomonitoring studies—where chemicals are measured in people's blood, urine, or other tissues—nearly always want to know, “What did you find in me? Was it safe? What should I do?” Federal ethics guidance supports their right-to-know, recommending “a presumption in favor of returning individual results.” Sharing results benefits both researchers and participants, because it supports study recruitment and retention, promotes community-engaged research, improves environmental health literacy (EHL), and often sparks insights about study data. DERBI has been used to report results in five studies to date, and participants appreciated receiving their results, learned from them, and were motivated to act—showing that report-back can promote environmental public health. However, in scaling up DERBI to reach more researchers and participants, we encountered two challenges: First, using DERBI in new studies requires software engineering expertise that most research teams lack. Second, as low-income and communities of color increasingly rely on smartphones for internet access, we must improve our smartphone interface to support these participants. This methods-development project addresses these gaps by building new tools to expand researcher and participant access to DERBI personal exposure reports. We will (1) develop an easy-to-use dashboard (software interface), so any researcher can use DERBI to visualize personal data and author reports without programming skills, and (2) develop and evaluate smartphone DERBI as a tool for growing environmental health literacy among study participants. Aim 1. Expand the Digital Exposure Report-Back Interface (DERBI) so that any environmental health researcher can use it. We will create a dashboard for researchers to use DERBI to create personal exposure reports without software engineering expertise. It will include high-quality visualization tools to analyze distributions and co-occurring exposures, and live-updating analytics to track how study participants interact with their reports. We will first seek input from five teams of researchers and community partners from NIEHS- funded studies to shape the interface. Study teams will then test it using their own data—which includes measurements of polycyclic aromatic hydrocarbons, environmental phenols, and highly fluorinated substances (PFASs), among others. We will make the final software package freely available and demonstrate it at NIEHS meetings and professional conferences. We hypothesize that the research teams participating in this Aim will commit to returning results if they have not already and improve report-back if they already do so. We expect that the completed software will be frequently downloaded, a measurable signal of broader interest in using it. Aim 2. Develop, field, and evaluate smartphone DERBI. DERBI expands access to environmental health information in communities that primarily access the internet by smartphone, which includes many environmental justice communities. We are currently fielding a beta-version of the first smartphone DERBI reports in the PROTECT Superfund Research Program (SRP) in Puerto Rico. We will improve the efficacy of the smartphone report by integrating feedback from PROTECT and adding an interactive tutorial that guides users through interpreting their results. The tutorial will use the validated Predict-Observe-Explain educational model to engage interest while developing graph-reading skills and confidence. We will user-test and deploy the improved smartphone report in Chemicals in Our Bodies, a diverse pregnancy cohort in the San Francisco area. Using quantitative pre- and post-tests, we will assess participant learning, emotional response, self- efficacy, and exposure-related behavior, and compare outcomes with and without the tutorial. We hypothesize that smartphone DERBI will build environmental health literacy among participants, with better outcomes for the tutorial group. Our team is exceptionally well-prepared for this project, because we have been the leading research group developing report-back, teaching it to others, and studying how participants respond to it. Our 20+ publications in environmental health, public health, and social science journals demonstrate our influence in this field. Impact: This project will create a complete, freely available software package for any researcher to generate high-quality, biomonitoring reports using methods that support environmental health literacy in vulnerable communities. The researcher dashboard will include data visualization tools that generate insights about chemical mixtures and sources of high exposures, both of which are critical to understanding chemical effects on health. By making it easy for researchers to communicate results, this project will improve research ethics and support study recruitment and retention. It will improve research translation to environmental public health by sharing actionable knowledge from biomonitoring studies. This project addresses the NIEHS strategic goal to translate data to knowledge to action for exposome science.

		2020		5 R01 ES025796-05		-		The impact of prenatal exposure to persistent organic pollutants on kinetics of immune response to vaccines and sero-protection in infants		FRED HUTCHINSON CANCER RESEARCH CENTER		WA		BHATTI, PARVEEN 		$584,405		$584,405		PA13-302		9920719		R01		JOUBERT, BONNIE		8469965		ES		﻿    DESCRIPTION (provided by applicant): Persistent organic pollutants (POPs) are a group of chemically stable compounds that bioaccumulate and persist in the environment, animals and humans. POP toxicities include carcinogenicity, endocrinopathy, neurotoxicity, and immunotoxicity. Although production of POPs was banned in many countries in the 1980s, high levels can be still be detected in the blood of young children worldwide. Significant exposure to POPs can begin in utero, during critical periods of fetal immune system development, and POPs appear to induce numerous immunotoxic effects. There is specific evidence of attenuated responses to immunizations that suggest reduced vaccine efficacy however a comprehensive assessment of the effects of POPs exposure across a panel of routine infant immunizations has not yet been performed. Significant portions of the Chinese population are exposed to a broad array of POPs across a range of exposure levels that are comparable to those in US populations. The public health impact of POP immunotoxicity has been identified as a research priority by the Chinese Centers for Disease Control and Prevention (China CDC), as well as the US National Institutes of Health. We will perform a prospective cohort study in Tianjin China to assess the dependence of vaccine-specific immune responses and risk for infections on prenatal POPs exposure. Specifically, a cohort of 580 healthy pregnant women 20-30 years of age living in the TangGu Districts of Tianjin China will be established in collaboration with the China CDC. Samples of cord blood will be obtained at the time of birth, and cord blood concentrations of a panel of 47 compounds belonging to all major classes of POPs will be assayed to measure prenatal exposure to POPs. Infants will then be followed from birth to 25 months of age, capturing data regarding vaccination history, diagnosis, treatment and outcomes for infections, general health status, growth and development, and non-infectious illness (especially those related to allergic, autoimmune, and cancer). Blood specimens will be taken at multiple time points throughout this period and analyzed for antibody titers/concentrations to a panel of 10 vaccine-specific antigens associated with 5 routine infant immunizations (oral poliovirus vaccine, hepatitis B, hepatitis A, diptheria/pertussus/tetanus, measles/mumps/rubella). Kinetic parameters of the immune response to each vaccine immunogen will be used to summarize longitudinal data. Multivariate regression methods will be used to model the dependence of the immunologic kinetic parameters on levels of exposure to the 47 POPs compounds alone and in combination. The statistical techniques of multiple imputation and group LASSO with cross-validation will be used to identity subsets of POPs compounds within and between classes that are most predictive of the immunologic outcomes. The establishment of clear links between POPs exposure and degraded immune responsiveness will have important implications for disease prevention efforts in China, as well as in the US and around the globe.		SPECIFIC AIMS Persistent organic pollutants (POPs) are a group of chemically stable compounds that bioaccumulate and persist in the environment, animals and humans. Major classes of POPs include dioxins and furans, polychlorinated biphenyls (PCBs), organochlorine (OC) pesticides, and perfluorinated compounds (PFCs). POP toxicities include carcinogenicity, endocrinopathy, neurotoxicity, and immunotoxicity. Although production of POPs was banned in many countries in the 1980s, high levels can be still be detected in the blood of young children worldwide. Significant exposure to POPs can begin in utero during critical periods of fetal immune system development. POPs appear to induce numerous immunotoxic effects. However, the relative impact of multiple specific compounds acting in combination as typically occurs in vivo is poorly understood. At least one important mechanism of immunotoxicity is binding of dioxins and dioxin-like POPs to the arylhydrocarbon receptor (AhR), resulting in aberrant AhR signaling in antigen presenting cells and immune effector cells. Studies have found a wide variety of immunotoxic outcomes associated with POP exposure in children, including limited evidence of attenuated responses to immunization that suggest reduced vaccine efficacy. Given their history of POP production and use, significant portions of the Chinese population are exposed to a broad array of POPs. As such, the public health impact of POP immunotoxicity has been identified as a research priority by the China Centers for Disease Control and Prevention (CDC). The establishment of clear links between POPs exposure and attenuated immune responsiveness would have important implications for infectious disease prevention efforts in China, as well as in the US and around the globe. In collaboration with the China CDC, we will study a large prospective cohort of children, from birth to 2 years of age, to examine the impact of prenatal exposure to complex mixtures of POPs on immune responses to standard immunizations given in China and on the risk of infection during early childhood. Subjects will be recruited from Tianjin China in the vicinity of an industrial area that produced large quantities of POPs, and where, based on our pilot data, residents have a wide range of blood levels of major classes of POPs. Specifically, we propose the following aims: 1. Characterize the prenatal exposure to POPs among children living in the TangGu region of Tianjin, China.  a. Recruit and enroll a cohort of 580 expectant mothers and their newborn infants, obtain cord blood  samples at delivery and measure concentrations of a panel of 47 analytes within the 4 major classes of  POPs (dioxins/ furans, PCBs, OC pesticides and PFCs).  b. Develop multivariate profiles of POPs measured in cord blood, including concentrations and patterns of  variation/co-variation within and between classes of POPs as well as profiles based on known  physical/chemical and functional (toxicologic) properties. 2. Determine whether prenatal exposures to POPs are associated with impaired immunologic  outcomes and characterize the nature of that dependence on complex mixtures of POPs.  a. Prospectively follow a cohort of 580 infants from birth to 25 months of age and measure antibody levels  to 10 vaccine antigens at 7 time points during follow up.  b. Estimate 4 individual-level immune parameters from longitudinal antibody measurements including  peak post-vaccination response, post-vaccination rate of decay, maternal antibody levels at birth, and  peak post-vaccination response as fold-change over predicted maternal antibody levels.  c. Assess the dependence of the 4 immune parameters for each of 10 vaccine-specific antibodies on  measured concentrations in cord blood of a panel of 47 POPs alone and in combination.  d. Assess the dependence of the frequency and severity of infections on measured concentrations in cord  blood of a panel of 47 POPs alone and in combination. 3. Develop predictive models of individual-level and population-level risk for vaccine-preventable  infectious diseases that is attributable to POP exposure.  We will use the models relating POP exposure to vaccine-specific peak antibody responses developed  in Aim 2 to predict the shift in antibody levels from above to below each vaccine's accepted thresholds  of protection that is attributable to prenatal exposure to mixtures of POPs that are relevant to exposed  populations in China and in the US.  The proposed study will be the most comprehensive evaluation of POP exposures and immune effects  conducted to date, and will provide the detailed data required to address the relatively unexplored question of  how complex mixtures of POPs may act in concert. Furthermore, it will specifically assess the effects of POP  exposures on the efficacy of multiple vaccines and on the risk of childhood infection, and will quantify the  potential public health implications attributable to these exposures.

		2020		1 R01 ES031074-01A1		-		Urban air pollution and neurobehavioral trajectories in the ABCD study		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		HERTING, MEGAN MARIE		$688,892		$688,892		PA19-056		10045490		R01		GRAY, KIMBERLY A		8469965		ES		Project Summary Fine particulate matter (aerodynamic diameter< 2.5 μm; PM2.5) is a novel and ubiquitous environmental neurotoxin affecting neurobehavioral development of millions of American children living in urban areas. However, our review points to several major methodological limitations and critical knowledge gaps in the extant literature, including: 1) the lack of studies with longitudinal brain and behavior assessments; 2) relatively small samples from localized geographical areas; 3) little to no information on long-term cumulative and/or differential timing of exposure across development; and 4) remaining questions regarding the neurotoxicity of PM2.5 exposure on critical neurobehavioral processes that continue to mature across adolescence. Although animal neurotoxicology studies have highlighted the importance of sex, there is only limited epidemiologic evidence for sex difference in PM2.5 neurotoxicity in children. Moreover, brain development is also shaped by family- and community-level social factors, but whether and how air pollution neurotoxicity interacts with the social context remains unclear. This application will leverage the nationwide longitudinal Development (ABCD) study of 9- and 10-year-olds (N=11,873) Adolescent Brain Cognitive to examine prenatal and childhood air pollution exposure effects on neurobehavioral development in boys and girls across 21 U.S. cities. ABCD outcome measures are anchored on the transition to early adolescence because neuromaturation continues from childhood through early adulthood, making such developmental transition periods potentially more vulnerable to environmental insults. Our primary exposure of interest is PM2.5, but advances in well-validated spatiotemporal modeling tools will also allow us to explore neurotoxicity of PM composition and other gaseous pollutants (i.e. NO2, O3). Given the reconstructed exposure histories from gestation to childhood to early-adolescence, we will: (a) determine long-term cumulative exposure effects; and (b) examine differential exposure effects across sensitive time windows to better define PM2.5 neurotoxicity on executive functioning (EF) and emotional behaviors from ages 9 to 12 years-old (Aim 1); and also understand how the resulting neurotoxicity influences structural and functional brain development, including brain morphology, white matter microstructure, brain activity at rest and during EF and emotion-focused tasks, and functional connectivity of large-scale networks (Aim 2). In Aim 3, we will evaluate if children are more susceptible to PM2.5 effects based on: a) sex and SES; and b) family- and neighborhood-level contextual risk and protective factors. This application will advance our understanding of air pollution neurotoxicity on adolescent brains, as well as how exposure effects may vary across sensitive time windows of development and/or differ by individual susceptibility. The resulting new knowledge will contribute to sciences-based air pollution regulations to protect public health, but also inform the development of preventions and interventions targeting sensitive time-windows and vulnerable populations.		Specific Aims: Compelling evidence exists for neurotoxicity of ambient fine particulate matter (diameter < 2.5 μm; PM2.5) on developing brains in both animals and humans1-3, including neurodevelopmental delay4-9 and emotional difficulties10- 15. While emerging data also show elevated PM2.5 exposure during prenatal 16-18 and childhood development16, 19-23 is associated with altered white matter surface area and microstructure, cortical and subcortical gray matter, and brain function in children; these neuroimaging studies were limited by one-time, cross-sectional assessments conducted in only four cohorts of children recruited from localized populations24. Moreover, none of these brain MRI studies, and only a single neurobehavioral study25, has probed cumulative and/or differential timing of exposure effects across childhood. It remains elusive as to how air pollution exposure across different developmental stages, from gestation to early childhood period and into pre-adolescence, impacts specific neurobehavioral processes that continue to mature across childhood and adolescence. Moreover, little is known about whether sexual dimorphisms, socioeconomic status (SES)5, 6, 12, 26-28, or other social adversities/protective factors increase susceptibility/resilience to Fig. 1 (A) Longitudinal ABCD developmental neurotoxicity of PM2.5; although such heterogeneity in exposure study collects brain and effects exist for other adverse health outcomes29-32. behavioral testing every two-years  and questionnaire data every  We designed this application to address these critical knowledge gaps and year. (B) Leveraging these data, above-mentioned methodological limitations. The proposed project will leverage we will examine long-term reconstructed lifetime address histories and comprehensive neurobehavioral and cumulative exposure (gray line)  and identify differential effects multimodal neuroimaging from a multi-ethnic and geographically diverse cohort of across sensitive time windows 9- and 10-year-old children (N=11,873)33-35 enrolled in the ongoing longitudinal (example: red dots) to understand Adolescent Brain Cognitive Development (ABCD) study conducted in 21 cities PM2.5 neurotoxicity during the  transition into early adolescence across the U.S. Specifically, this application focuses on 2 waves of ABCD brain (ages 9-12 yrs), including brain- and behavioral testing data collected at baseline ages 9-10 years-old and at the behavior at 9-10 years (a) and 2nd follow-up visit, approximately ~2 years later (Fig. 1A). The ABCD study was changes ~2 years later (b), as designed to capture sociodemographic diversity33, providing the optimal population well as identify potential  susceptibility factors. We will also context to examine susceptibility to PM2.5 neurotoxicity as related to sex, or varying perform exploratory analyses to by family- and neighborhood- level risk and protective factors. These population examine adverse effects of PM characteristics and unique data will allow us to better identify youth most composition and other ambient  pollutants, including NO2 and O3. susceptible to the harmful effects of ambient air pollutants. The ABCD study focuses on the transition into early adolescence because this developmental period is characterized by dynamic changes in brain development and subsequent executive functioning (EF) and emotional behaviors – making this a sensitive period in which the brain may be especially susceptible to environmental factors36-38. Retrospective- and prospectively-collected residential addresses spanning the prenatal through ages 9-10, and each subsequent follow-up period, will be spatiotemporally-mapped to well-validated, state-of-the-art hybrid exposure models of air pollution with 1-km2 resolution39. Based on extant literature, our primary exposure of interest is PM2.5; however, new advances in nationwide spatiotemporal models will also allow us to explore neurotoxic effects of different PM components (e.g., elemental and organic carbon (EC/OC), nitrate, and sulfate) and other gaseous pollutants (i.e. nitrogen dioxide (NO2) and ozone (O3)). This will be the first longitudinal study in the U.S. with high-quality PM2.5 exposure data estimated across the entire developmental course; allowing us to better understand a) long-term cumulative exposure, and b) exposure during sensitive time periods of air pollution neurotoxicity on brain and behavioral development in early adolescence (Fig. 1B). Hypotheses: Higher prenatal and recent childhood exposures will be associated with altered brain and behavior at age 9-10, whereas higher exposure during the transition to early adolescence will impact neuromaturation over the 2-year follow-up. Based on neuroepidemiology26, 40, neurotoxicology41, 42, and social adversities43-45 literature, we also expect adverse effects will be larger in boys and in children with disadvantaged backgrounds or exposed to neighborhood adversities (e.g., crime, violence); negative factors (e.g. conflict) at the family levels will amplify, while other positive factors (e.g., parental involvement and warmth) will mitigate, PM2.5 effects. Aim 1: To characterize cumulative and differential timing effects of PM2.5 exposure on executive functioning (EF) and emotional changes during the transition from childhood to early adolescence. Aim 2: To elucidate cumulative and differential timing of PM2.5 effects on changes in brain structure and function across late childhood and early adolescence, including a) Prefrontal cortex (PFC), limbic, and white matter morphology; b) White matter connectivity between the PFC and regions involved in EFs (dorsal striatum)46-48 and emotion (limbic)49, 50; c) PFC brain activity during tasks of EFs and emotion; d) Functional connectivity of cognitive control, saliency, and default mode network development. Aim 3: Explore whether sex and SES moderate susceptibility to PM2.5 exposure, as well as elucidate the role of other family- and neighborhood-level risk and protective factors.

		2020		1 R13 ES031830-01		-		Annual Retreat of the International Society for Childrens Health and the Environment		BROWN UNIVERSITY		RI		BRAUN, JOSEPH M		$8,000		$8,000		PA18-648		9992613		R13		GRAY, KIMBERLY A		8469980		ES		PROJECT SUMMARY/ABSTRACT: The International Society for Children’s Health and the Environment (ISCHE) is a non-profit, scientific society that aims to reduce the impact of adverse chemical, physical, biological and social influences on children’s health. We have previously held four successful meetings, two in the United States and two in Mexico, with participation from diverse stakeholders from around the world, including Brazil, Canada, China, Costa Rica, Japan, Mexico, Norway, South Korea, Spain, and Zimbabwe. The purpose of this conference is to continue to foster collaborations with researchers and advocates from diverse backgrounds that combine research and policy to protect children’s health, expand international participation by holding our first meeting in Europe, and support the next generation of children’s environmental health leaders by providing mentorship and training to young investigators. The fifth ISCHE meeting titled “Translation and Communication to Protect Children from Toxic Chemicals” will bring together researchers and advocates from around the world to present the latest research on topics with the most profound impacts on children’s health, including exposure to Per- and Polyfluoroalkyl Substances (PFAS), fluoride, translating results from intervention studies into real-world solutions, the exposome, and climate change. The small size and collaborative trans-disciplinary environment of the meeting will promote active discussion and provide organic opportunities to network and develop collaborations. In addition, the meeting will provide an occasion to build capacity and partnerships to effectively tackle the most pressing issues in children’s environmental health.		SPECIFIC AIMS Over the past three decades evidence has mounted that implicates toxic chemicals and pollutants as causal risk factors of disease and disability in children. However, the lack of coordinated activities among scientists, clinicians, advocates, policy makers, and the public at the international level hinders efforts to reduce the impact of these exposures. The International Society for Children’s Health and the Environment (ISCHE) serves as a hub and resource to protect children from environmental threats to their health, enabling them to reach their full potential and become healthy adults. Since 2014, ISCHE has sponsored innovative workshops and meetings to bring together diverse stakeholders in an effort to protect children from environmental health threats. To continue towards accomplishing this overarching goal, ISCHE proposes to build upon our record of holding innovative workshops and host the “Translation and Communication to Protect Children from Toxic Chemicals” retreat at Hardingasete Hotel in Tangavegen, Norway from June 2-5, 2020. The goal of this meeting is to draw together a broad community of researchers, clinicians, regulatory and advocacy professionals, and students who are committed to translating environmental health science to protect children’s health and expand international participation in ISCHE. The ISCHE meeting format fosters interdisciplinary relationships among children’s environmental health professionals from diverse backgrounds by holding short presentations followed by active group discussions. The small size of the meeting promotes development of one of ISCHE’s primary goals, to support mentorship and career development for students and young investigators. Specifically, this workshop will: Specific Aim 1: Foster the development of a network of scientists, clinicians, students, and regulatory and advocacy professionals to translate environmental health science to protect children from toxic chemicals. Specific Aim 2: Expand international participation in ISCHE and enhance collaborations with environmental health researchers and advocates from Europe. Specific Aim 3: Improve training and mentorship for early-career investigators in children’s environmental health. Specific Aim 4: Enhance retreat participant’s knowledge and efficacy of research translation. This retreat will positively impact health by translating scientific knowledge related to the effects of environmental pollutants on children’s health to a broad array of stakeholders who are committed to promoting and protecting children’s health. Moreover, this meeting will foster new interdisciplinary collaborations between international stakeholders and forge new or stronger ties between academics, policy makers, clinicians, and advocates. Finally, young investigators will benefit by immersing themselves in research and policy translation.

		2020		5 R01 ES029944-02		-		Environmental Chemical Exposures and Longitudinal Changes of Glucose Metabolism, Insulin Sensitivity and B Cell Function in Youth		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		CHATZI, VAIA LIDA 		$635,014		$635,014		PA18-484		9991852		R01		SMARR, MELISSA M		8469965		ES		ABSTRACT Young-onset type 2 diabetes (T2D) is a priority public health issue, since it is often unrecognized, responds poorly to treatment, and results in rapid progression of microvascular and macrovascular complications. Thus, an improved understanding of the factors that trigger young-onset T2D development and pathological progression is needed. This is especially important among Hispanic youth, a minority group with high rates of T2D. Animal studies show that even at low levels of exposure, persistent organic pollutants (POPs), including organochlorine compounds, perfluoroalkyl substances, and brominated flame retardants, contribute to T2D pathogenesis. Human exposure to POPs is widespread and individuals are exposed not only to a single chemical but also to a mixture of environmental chemicals that may have synergistic actions. However, evidence from human studies is inconclusive and largerly based on cross-sectional adult studies examining single exposures. Importantly, no previous study has examined the effects of multiple chemical exposures on longitudinal alterations of glucose metabolism and insulin secretion prior to disease development, a critical period in which interventions have the potential to stop or delay T2D development. Our overarching hypothesis is that the burden of exposure to multiple environmental chemicals may increase susceptibility to T2D in youth. This hypothesis is based on our strong preliminary data and compelling prior evidence from experimental models. Our multidisciplinary team of investigators proposes to test this hypothesis in a discovery longitudinal cohort of Hispanic adolescents at risk for T2D with existing gold standard clinical assessments of glucose homeostasis, insulin secretion, and β-cell function (the Study of Latino Adolescents at Diabetes Risk, SOLAR), and to replicate findings and examine generalizability in a longitudinal cohort of similar design with a representative sample of Hispanic and non-Hispanic youth (Children Health Study, CHS). In addition, high resolution metabolomics profiles will advance our understanding of the mechanisms underlying the diabetogenic effects of POPs. In both cohorts, we will use novel statistical and bioinformatics methods to predict subgroups of youth at increased risk for T2D based on their exposure to environmental chemicals and metabolomics profiles. Our specific aims are to determine the extent to which POPs exposures are individually and/or jointly associated with: 1) longitudinal alterations of glucose metabolism, insulin sensitivity, and β-cell function in youth (Aim 1), and 2) impairment in the regulation of lipid and amino acid metabolism pathways associated with increased susceptibility to T2D (Aim 2). Ultimately, we aim to predict subgroups of youth with increased susceptibility to T2D based on their POPs exposure and metabolomics profiles using novel statistical approaches (Aim 3). The study is innovative and offers a unique opportunity to advance our understanding on environmental contributions to T2D and open new avenues for diabetes prevention in youth.		SPECIFIC AIMS Young-onset type 2 diabetes (T2D) is a silent epidemic, especially among high-risk minority populations.1,2 T2D prevalence in youth is projected to increase by 4-fold in 2050,3,4 while Hispanics have a five times higher annual increase in T2D incidence compared to non-Hispanic Caucasians.2,5 Our previous work with the SOLAR (Study of Latino Adolescents at Diabetes Risk) Project, has shown that disparities in T2D development are already present early in life,6,7 yet are not fully explained by obesity or by a high-fat/sugar diet.8-9 Young-onset T2D displays a more aggressive disease phenotype that results in rapid progression of disease complications.1,10 Thus, there is an urgent need for identifying modifiable risk factors that may help inform public health interventions to reduce the burden of young-onset T2D and specifically target health-disparate populations. Our overarching hypothesis is that the burden of exposure to multiple environmental chemicals may increase susceptibility to T2D in youth. Animal studies show that exposure to endocrine disrupting chemicals (EDCs), including persistent organic pollutants (POPs), may cause insulin resistance and functional changes to pancreatic cells (e.g., islets of Langerhans).11-13 These include perfluoroalkyl substances (perfluorooctanoic acid [PFOA],14 perfluorooctane sulfonate [PFOS]15,16 and perfluorohexane sulfonic acid [PFHxS]17), organochlorine compounds (polychlorinated biphenyls [PCBs],18 dichlorodiphenyldichloroethylene [DDE]19,20 and hexachlorobenzene [HCB]),21 dioxins (2,3,7,8-tetrachlorodibenzo-p-dioxin [TCDD],18,22-24), and brominated flame retardants (e.g., polybrominated diphenyl ethers [PBDEs]25-27). Human exposure to POPs is widespread and individuals are exposed not only to a single chemical but to a mixture of environmental chemicals.11,28 However, human evidence is inconclusive and mostly based on cross-sectional adult studies of single exposures.29-31 We propose the first longitudinal study to examine the effects of exposure to multiple POPs on susceptibility to T2D in youth. To test our hypothesis, we will leverage two existing cohorts with robust clinical assessments of glucose homeostasis. Metabolomics measures will be used to examine the biochemical mechanisms linking POPs exposures to the pathogenesis of T2D. The SOLAR Project (discovery cohort) is a prospective cohort of 312 overweight Hispanic adolescents aged 8-15 years with an average follow-up period of 3.6 years (SD: 3.4 years).32-34 SOLAR participants completed annual measures of glucose metabolism, insulin secretion and β-cell function, including a frequently sampled intravenous glucose tolerance test with minimal modeling (FSIVGTT) and an oral glucose tolerance test (OGTT).35-37 We propose to leverage existing SOLAR data and archived plasma samples to measure: 1) 10 a priori-selected, potentially diabetogenic POPs (p,p’-DDE HCB, TCDD, PCB-118, PCB-153, PFOS, PFOA, PFHxS, PBDE-47, and PBDE-85) and 2) endogenous metabolites with a high-resolution metabolomics platform. To replicate our findings, we will examine a diverse subset of overweight Hispanic and non-Hispanic young adults aged 18-21 years (n=140) from the Children’s Health Study (CHS)38,39 with existing baseline measures of plasma POPs levels, high-resolution metabolomics plasma profiling and OGTT measures. We propose to follow this cohort for 3 years to examine longitudinal changes in glucose metabolism. For this revised application, we present new preliminary results from a subset of SOLAR and CHS cohorts which clearly show that exposure to perfluoroalkyl substances (as an example of POPs exposure) was associated with impairment in glucose homeostasis, particularly among Hispanics. In both cohorts, we will use novel statistical and bioinformatics methods to identify individuals with higher T2D susceptibility based on their POPs exposure and metabolomics profiles. As a proof of principle, preliminary results from this approach in a subset of the SOLAR study show that higher exposure to perfluoroalkyl substances was associated with increased risk of membership in a high-risk subgroup for T2D characterized by increased levels of tyrosine, glutamate, serine, L-arginine, and palmitic acid, which is consistent with alterations of amino-acid and lipid metabolism observed in T2D patients.40 The specific aims are: · Hypothesis 1: Higher POPs exposures are individually and/or jointly associated with higher susceptibility to  T2D. Aim 1a. To examine the effects of targeted single POPs exposure and exposure mixtures on  longitudinal alterations of glucose metabolism, insulin sensitivity, and β-cell function in Hispanic adolescents  (SOLAR cohort). Aim 1b: To examine replication and generalizability of results in the CHS study. · Hypothesis 2: Higher POPs exposures individually and/or jointly impair regulation of lipid and amino acid metabolism pathways that have been associated with increased susceptibility to T2D. Aim 2a. To examine  effects of POPs exposure on alterations in metabolic pathways of interest in the SOLAR cohort. Aim 2b. To  assess replication of findings and examine generalizability of results in the CHS study. · Hypothesis 3: Exposure to POPs and associated metabolic changes can predict subgroups of youth with  increased susceptibility to T2D. Aim 3a. To identify subgroups of Hispanic adolescents with the greater  alterations in glucose metabolism, by integrating POPs exposure and metabolomics measures in an  innovative latent variable analysis (SOLAR cohort). Aim 3b. To use the same model to predict subgroups  with increased T2D susceptibility in the CHS study. Impact: This study has potential to advance our understanding of diabetogenic effects of environmental chemicals and may open new avenues for diabetes prevention and treatment in youth.

		2020		 N01 ES000000-		-		Poly- and perfluorinated substances (PFAS)		RESEARCH TRIANGLE INSTITUTE		-		FERNANDO, RESHAN 		$0		$429,744		-		10116217		N01		GODFREY, VERONICA		-		-		The goal of this project is to provide support of National Toxicology Program (NTP) hazard identification activities targeted toward the prevention of diseases or adverse effects caused by environmental exposure to chemical or physical agents. Toxicity testing is an important aspect of public health research in that it serves to identify chemicals that are hazardous to human health. Proper chemical analyses are required to ensure that, in toxicity studies, the test species are exposed to the prescribed chemicals at the specified dose concentrations. This contract contributes to the ability of toxicity studies to provide evidence of heightened cancer risk along with other toxicological outcomes, by providing characterization of the chemicals studied, confirmation of the dose levels administered, and internal dose determinations. This information is critical to evaluation of toxicity tests and development of sound, scientific conclusions about the potential toxicity of the study chemical in the test species and ultimately supports the risk assessment efforts of National Toxicology Program and other federal agencies. With internal dose information provided by this contract, extrapolations to humans can be made so that the public can be adequately informed about risk factors arising from exposure to studied chemicals.		This contract provides chemistry services in support of NTP studies and research objectives tailored to the individual needs of specific NTP projects. Chemistry services are provided by the contract on a per-chemical basis to provide key pieces of information at each step of the NTP toxicological evaluation process across multiple studies that make up different NTP programs. During FY19, several tasks were begun, performed, and/or completed to support of NTP programs and initiatives.  Per- and polyfluorinated substances (PFAS) are common environmental contaminants which have received significant attention in the recent years. The contractor provided chemical procurement, characterization, and formulation of 2 compounds (10:2 fluorotelomer alcohol and  perfluorohexane sulfonamide) in support of toxicology studies. In addition, methods to quantitate the concentration of these compounds in plasma collected from animals following exposure was developed.  Another project relevant to these class of compounds was the work on aqueous film foaming foams (AFFFs). The contractor procured up to 5 formulations, characterized the PFAS compounds in AFFF formulations (e.g., 6:2-fluorotelomer sulfonate, 6:2-FTS). In addition, the contractor formulated the material to be administered in animals in support of a 14-d toxicology study.

		2020		1 ZIC ES102485-13		-		Fluorescence Microscopy		-		-		TUCKER, CHARLES 		$0		$1,921,892		-		10248913		ZIC		-		-		-		In meeting the goals and objectives of FMIC, the center continues to:     -Service and maintain state-of-the-art equipment for unlimited access by intramural scientists.    -Provide investigator training in the use and analysis of fluorescence and optical-based techniques.    -Develop and optimize experimental protocols in collaboration with intramural scientists.    -Maintain and develop state-of-the-art analysis tools and protocols in collaboration with investigators    -Monitor and incorporate emerging fluorescence and optical technologies that will support the mission of NIEHS into FMIC.  During this fiscal year, FMIC has collaborated and supported 46 Principle Investigators from 8 branches/laboratories within the NIEHS DIR.  Some publications from this FY resulting from work in the center is listed in the bibliography below:  Bibliography  Snyder RJ, Verhein KC, Vellers HL, Burkholder AB, Garantziotis S, Kleeberger SR.  Multi-walled carbon nanotubes upregulate mitochondrial gene expression and trigger mitochondrial dysfunction in primary human bronchial epithelial cells. Nanotoxicology. 2019 Dec;13(10):1344-1361.   Lin WC, Gowdy KM, Madenspacher JH, Zemans RL, Yamamoto K, Lyons-Cohen M, Nakano H, Janardhan K, Williams CJ, Cook DN, Mizgerd JP, Fessler MB. Epithelial membrane protein 2 governs transepithelial migration of neutrophils into the airspace. J Clin Invest. 2020 Jan 2;130(1):157-170.  Sinha BK, Perera L, Cannon RE. Reversal of drug resistance by JS-K and nitric oxide in ABCB1- and ABCG2-expressing multi-drug resistant human tumor cells. Biomed Pharmacother. 2019 Dec.  Shizu R, Yokobori K, Perera L, Pedersen L, Negishi M. Ligand induced dissociation of the AR homodimer precedes AR monomer translocation to the nucleus. Sci Rep. 2019 Nov 13.  Janoshazi AK, Horton JK, Zhao ML, Prasad R, Scappini EL, Tucker CJ, Wilson SH. Shining light on the response to repair intermediates in DNA of living cells. DNA Repair (Amst). 2020 Jan.  Tu D, Gao Y, Yang R, Guan T, Hong JS, Gao HM. The pentose phosphate pathway regulates chronic neuroinflammation and dopaminergic neurodegeneration. J Neuroinflammation. 2019 Dec 5.  Sil P, Suwanpradid J, Muse G, Gruzdev A, Liu L, Corcoran DL, Willson CJ, Janardhan K, Grimm S, Myers P, Degraff LM, MacLeod AS, Martinez J. Noncanonical autophagy in dermal dendritic cells mediates immunosuppressive effects of UV exposure. J Allergy Clin Immunol. 2020 May.  Gao Y, Tu D, Yang R, Chu CH, Hong JS, Gao HM. Through Reducing ROS Production, IL-10 Suppresses Caspase-1-Dependent IL-1 Maturation, thereby Preventing Chronic Neuroinflammation and Neurodegeneration. Int J Mol Sci. 2020 Jan.  Jiang Z, Lai Y, Beaver JM, Tsegay PS, Zhao ML, Horton JK, Zamora M, Rein HL, Miralles F, Shaver M, Hutcheson JD, Agoulnik I, Wilson SH, Liu Y. Oxidative DNA Damage Modulates DNA Methylation Pattern in Human Breast Cancer 1 (BRCA1) Gene via the Crosstalk between DNA Polymerase  and a de novo DNA Methyltransferase. Cells. 2020 Jan.  Diaz-Jimenez D, Petrillo MG, Busada JT, Hermoso MA, Cidlowski JA. Glucocorticoids mobilize macrophages by transcriptionally up-regulating the exopeptidase DPP4. J  Biol Chem. 2020 Mar 6;295(10):3213-3227.  Tillage RP, Sciolino NR, Plummer NW, Lustberg D, Liles LC, Hsiang M, Powell JM, Smith KG, Jensen P, Weinshenker D. Elimination of galanin synthesis in noradrenergic neurons reduces galanin in select brain areas and promotes active coping behaviors. Brain Struct Funct. 2020 Mar;225(2):785-803.  Zhao Z, Wang Y, Zhou R, Li Y, Gao Y, Tu D, Wilson B, Song S, Feng J, Hong JS, Yakel JL. A novel role of NLRP3-generated IL-1 in the acute-chronic transition of peripheral lipopolysaccharide-elicited neuroinflammation: implications for sepsis-associated neurodegeneration. J Neuroinflammation. 2020 Feb.  Brown LY, Alexander GM, Cushman J, Dudek SM. Hippocampal CA2 Organizes CA1 Slow and Fast  Oscillations during Novel Social and Object Interaction. eNeuro. 2020  Apr 14.  Romeo C, Chen SH, Goulding E, Van Gorder L, Schwartz M, Walker M, Scott G, Scappini E, Ray M, Martin NP. AAV diffuses across zona pellucida for effortless gene delivery to fertilized eggs. Biochem Biophys Res Commun. 2020 May 21.  Nadalutti CA, Stefanick DF, Zhao ML, Horton JK, Prasad R, Brooks AM, Griffith JD, Wilson SH. Mitochondrial dysfunction and DNA damage accompany enhanced levels of formaldehyde in cultured primary human fibroblasts. Scientific Reports. 2020 Mar 27.  Cannon RE, Richards AC, Trexler AW, Juberg CT, Sinha B, Knudsen GA, Birnbaum LS.  Effect of GenX on P-Glycoprotein, Breast Cancer Resistance Protein, and Multidrug Resistance-Associated Protein 2 at the Blood-Brain Barrier. Environ Health Perspect. 2020 Mar.  Plummer NW, Chandler DJ, Powell JM, Scappini EL, Waterhouse BD, Jensen P. An Intersectional Viral-Genetic Method for Fluorescent Tracing of Axon Collaterals Reveals Details of Noradrenergic Locus Coeruleus Structure. eNeuro. 2020 May 15.  Chen SH, Papaneri A, Walker M, Scappini E, Keys RD, Martin NP. A Simple, Two-Step, Small-Scale Purification of Recombinant Adeno-Associated Viruses. J Virol Methods. 2020 Jul.  Gu Z, Smith KG, Alexander GM, Guerreiro I, Dudek SM, Gutkin B, Jensen P, Yakel JL. Hippocampal Interneuronal 7 nAChRs Modulate Theta Oscillations in Freely Moving Mice. Cell Rep. 2020 Jun 9. Howard MJ, Horton JK, Zhao ML, Wilson SH. Lysines in the lyase active site of DNA polymerase  destabilize nonspecific DNA binding, facilitating searching and DNA  gap recognition. J Biol Chem. 2020 Aug 21.  Scoville DW, Gruzdev A, Jetten AM. Identification of a novel lncRNA (G3R1) regulated by GLIS3 in pancreatic -cells. J Mol Endocrinol. 2020 Oct.  Sahu S, Wang Z, Jiao X, Gu C, Jork N, Wittwer C, Li X, Hostachy S, Fiedler D, Wang H, Jessen HJ, Kiledjian M, Shears SB. InsP(7) is a small-molecule regulator  of NUDT3-mediated mRNA decapping and processing-body dynamics. Proc Natl Acad Sci U S A. 2020 Aug 11.  Shindo S, Chen SH, Gotoh S, Yokobori K, Hu H, Ray M, Moore R, Nagata K, Martinez  J, Hong JS, Negishi M. Estrogen receptor  phosphorylated at Ser216 confers inflammatory function to mouse microglia. Cell Commun Signal. 2020 Jul 29.  Mazzone CM, Liang-Guallpa J, Li C, Wolcott NS, Boone MH, Southern M, Kobzar NP, Salgado IA, Reddy DM, Sun F, Zhang Y, Li Y, Cui G, Krashes MJ. High-fat food biases hypothalamic and mesolimbic expression of consummatory drives. Nat Neurosci. 2020 Aug 3.		The goal of the Fluorescence Microscopy and Imaging center (FMIC) is to support the mission of the National Institute of Environmental Health Sciences (NIEHS) by providing state-of-the-art fluorescence and optical-based capabilities to NIEHS intramural scientists. In doing so, the objectives of FMIC are to; (i) ensure intramural scientists have access to state-of-the-art equipment, protocols and analysis tools to execute their scientific mission, and (ii) train, develop and support a user base that has the knowledge and skill set to maximally exploit fluorescence and optical-based techniques in the execution of their research.

		2020		1 R01 ES032247-01		-		The Long-term Influence of Persistent Organic Pollutants Exposure During and After Pregnancy on Metabolic Decline in Women After Pregnancies Complicated by Gestational Diabetes		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		CHEN, ZHANGHUA 		$490,160		$490,160		ES20-003		10067310		R01		BOYLES, ABEE		8469965		ES		ABSTRACT Preventing diabetes has become a national priority for public health. Women with gestational diabetes mellitus (GDM) history carry a significantly higher risk of developing type 2 diabetes (T2D) over their lifetime. Therefore, GDM has been used as a unique model to identify early metabolic defects such as insulin resistance and β-cell dysfunction that precede the development of diabetes in young women. Beyond well-known risk factors including unhealthy lifestyle and genetic susceptibility, there is a growing concern over exposures to endocrine disrupting chemicals, such as persistent organic pollutants (POPs), as novel risk factors for T2D. The goal of this study is to investigate long-term effects of exposure to POPs during a woman’s vulnerable time windows of pregnancy and the postpartum period on the metabolic trajectory that leads to T2D in women after GDM pregnancies. Mounting evidence from animal models and human studies suggests that POPs exposure can adversely affect insulin sensitivity and β-cell function thereby increasing T2D risk. However, previous epidemiological studies of POPs and diabetes were mostly cross-sectional and have limitations of only examining the effect of a single chemical compound or chemical class. Little is known about the joint effects of exposure to POPs mixture on the metabolic decline and T2D. Importantly, no studies have assessed the long-term effects of POPs exposure during pregnancy and postpartum period on metabolic decline and development of T2D in women’s later life, beyond the effects of other risk factors such as aging and weight gain. To fill these knowledge gaps, we propose to measure plasma concentrations of 60 priori-selected potentially diabetogenic POPs as the internal POPs exposure level in women during pregnancy and postpartum period. The broad objectives of this project are to investigate long-term effects of POPs exposure during and after pregnancy on the longitudinal decline of insulin sensitivity and β-cell function as well as diabetes incidence in women after delivery. The study will be built upon a unique prospective cohort of 102 women who had GDM during pregnancy and were followed from pregnancy to 12 years after delivery. Insulin sensitivity and β-cell function were assessed in the original cohort using the gold-standard method of intravenous glucose tolerance test at the 3rd trimester of pregnancy and every 15 months up to 12 years after delivery. To further investigate the biological mechanism linking POPs exposure and long-term metabolic decline, we will further investigate the longitudinal metabolomic profiles from fasting plasma samples collected at the 3rd trimester of pregnancy, postpartum and every 15-month visit up to 12 years. We propose to use these metabolomic profiles as signatures of the biological response to the POPs exposure during pregnancy and identify those that predict metabolic decline and T2D incidence. This project will advance our knowledge in the role of POPs exposure during critical exposure windows of pregnancy and the postpartum period in perturbing metabolic pathways and inducing diabetes pathophysiology and T2D incidence in women.		SPECIFIC AIMS  The intensifying type 2 diabetes (T2D) epidemic among minority women is a substantial threat to public health.1,2 Women with gestational diabetes mellitus (GDM) history carry a lifetime risk of progression to T2D of up to 70%.3 Therefore, GDM is a unique model for investigating T2D pathogenesis. Beyond well-known risk factors such as unhealthy lifestyle and genetic susceptibility, there is growing evidence that exposures to endocrine disrupting chemicals (EDCs), may be important and unrecognized contributors to the pathogenesis of T2D. The broad objective of this study is to investigate the effects of exposure to persistent organic pollutants (POPs) during the vulnerable time windows of pregnancy and the postpartum period on negative metabolic trajectories involved in the pathogenesis of T2D in women after pregnancies.  Animal studies showed that exposures to EDCs, including POPs, cause insulin resistance and functional changes to pancreatic β-cells,4-6 the two fundamental mechanisms of T2D. The main compound classes of POPs of concern include per- and polyfluoroalkyl substances (PFASs),7-10 polychlorinated biphenyls (PCBs),11-13 organochlorine (OC) pesticides,14-16 and brominated flame retardants (BFRs).17-19 POPs are ubiquitous, persisting for long periods in the environment, and have long biological half-lives in humans.4,20-25 Many POPs, besides PFASs, are lipophilic and are accumulated in adipose tissue. Therefore, the toxicodynamics of lipophilic POPs relate directly to the dynamics of adiposity.26,27 During and after pregnancy, changes in body composition and breast feeding could significantly influence the body burden of POPs in mothers.28  Studies in the general population have shown that POPs exposure is associated with insulin resistance and lower β-cell function.29-35 Several studies in women have also found that POPs exposure during pregnancy is associated with higher risk of GDM.36-39 However, most previous studies were cross-sectional and no studies have assessed the long-term effects of POPs exposure during pregnancy and the postpartum period on the metabolic decline and development of T2D in women’s later life. Findings from previous studies were also limited by the investigation on a single chemical compound or specific compound class.29-35,40,41 Little is known about the joint effects of exposure to POPs mixture on the glucose metabolic decline and T2D risk.31,40,41 To fill knowledge gaps needed to develop personalized preventive interventions, we propose to measure 60 potentially diabetogenic POPs42,43 from pregnancy to postpartum period and assess their prospective effects on the longitudinal decline of insulin sensitivity and β-cell function in women after delivery, adjusting for key confounders including breast feeding, changes in adiposity and diet (Aim 1). The study will be built upon a unique prospective cohort of 102 Hispanic women who had GDM during pregnancy and were followed from pregnancy to 12 years after delivery. In the parent study, insulin sensitivity and β-cell function were assessed using the gold-standard method of intravenous glucose tolerance test (IVGTT) at the 3rd trimester of pregnancy and every 15-months up to 12 years after delivery. Oral glucose tolerance tests were also assessed at all visits. Important covariates including body fat, diet and physical activity were assessed at all visits. In this study, archived plasma samples collected during the 3rd trimester of pregnancy and 15-30 months postpartum will be used to assay absolute concentrations of 60 circulating POPs exposure.  To further investigate the mechanism linking POPs exposure and long-term metabolic decline, we will use archived fasting plasma samples to measure metabolomic profiles including 3rd trimester of pregnancy, postpartum and follow-up visits up to 12-years after pregnancy. We will investigate longitudinal changes in metabolomic profiles as long-term biological response to POPs exposure during the pregnancy window and identify metabolomic signatures that predict metabolic decline and T2D incidence (Aim 2). Animal models and human studies suggest that POPs exposure may alter key metabolic pathways (amino acid and lipid metabolism) related to T2D.44-46 To our knowledge, only one study has examined the dysregulated metabolic pathways in pregnant women induced by OC pesticides during pregnancy.47 No prospective study has been published to investigate the long-term, prospective effect of POPs exposure during pregnancy on dysregulated metabolic pathways in women. With data we propose to examine following hypotheses: Hypothesis 1: Higher exposures to POPs mixture during critical time windows of pregnancy and postpartum periods are individually and/or jointly associated with higher susceptibility of developing T2D among GDM women. To examine associations between POPs exposure and Aim 1a: longitudinal decreases in insulin sensitivity and β-cell function; and Aim 1b: development of T2D during 12 years after GDM in pregnancy adjusting for key confounders and examining effect modifiers (adiposity changes, breast feeding and diet). Hypothesis 2: Higher exposures to POPs mixture during pregnancy and postpartum period are individually and/or jointly associated with dysregulated metabolic pathways (amino acid and lipid metabolism) that contribute to negative metabolic trajectories and development of T2D. Aim 2a: To examine the long-term associations of POPs exposure with altering metabolic pathways of interest, manifested by longitudinal changes in metabolomic profiles from pregnancy to 12 years postpartum adjusting for key confounders. Aim 2b: To determine whether POPs-related changes in metabolomic profiles after pregnancy are also associated with longitudinal changes in insulin sensitivity and β-cell function and development of T2D in women after GDM in pregnancy. Impact: This project will build longitudinal evidence for the long-term metabolic effects of POPs exposure in women, focusing on critical exposure windows during pregnancy and the postpartum period. Findings of this project will contribute important reference for future regulations of toxic chemicals to protect human health and reduce health disparities among minority women.

		2020		 N01 ES000000-		-		Conduct of Studies to Evaluate the Transcriptomic Changes and Toxicologic Potential of Per/Polyfluorinated Alkyl Substances (PFAS) in Laboratory Animals via Gavage		BATTELLE MEMORIAL INSTITU		-		SPARROW, BARNEY 		$0		$908,597		-		10281193		N01		ROBERTS, GEORGIA		-		-		Selected PFAS with no in vivo toxicology data are being evaluated. The primary endpoints in these studies are hepatic and renal high throughput transcriptomics, in male and female rats exposed for 5 days. Traditional toxicological endpoints (eg organ weights and clinical chemistry) have been added to the studies to provide additional contextualizaing information (i.e., phenotypic anchoring).These data will be used for determining provisional pathway-based transcriptomic BMDs for use in human health risk estimations.		Conduct 5-day studies of 4 PFAS with transcriptomic and classical toxicological endpoints.

		2020		 N01 ES000000-		-		Chemistry Services Supporting Per- and Polyfluoroalkyl Substances (PFAS)		MIDWEST RESEARCH INSTITUTE		-		AILLON, KRISTIN 		$0		$312,428		-		10129858		N01		COLLINS, BRAD		-		-		The goal of this project is to provide support of National Toxicology Program (NTP) hazard identification activities targeted toward the prevention of diseases or adverse effects caused by environmental exposure to chemical or physical agents. Toxicity testing is an important aspect of public health research in that it serves to identify chemicals that are hazardous to human health. Proper chemical analyses are required to ensure that, in toxicity studies, the test species are exposed to the prescribed chemicals at the specified dose concentrations. This contract contributes to the ability of toxicity studies to provide evidence of heightened cancer risk along with other toxicological outcomes, by providing characterization of the chemicals studied, confirmation of the dose levels administered, and internal dose determinations. This information is critical to evaluation of toxicity tests and development of sound, scientific conclusions about the potential toxicity of the study chemical in the test species and ultimately supports the risk assessment efforts of National Toxicology Program and other federal agencies. With internal dose information provided by this contract, extrapolations to humans can be made so that the public can be adequately informed about risk factors arising from exposure to studied chemicals.		This contract provides chemistry services in support of NTP studies and research objectives tailored to the individual needs of specific NTP projects. Chemistry services are provided by the contract on a per-chemical basis to provide key pieces of information at each step of the NTP toxicological evaluation process across multiple studies that make up different NTP programs. During FY20, several tasks were begun, performed, and/or completed to support planned NTP studies and collaborations involving per- and polyfluoroalkyl substances (PFAS). In support of 5-day studies of two PFAS compounds, 2,3-benzofluorene and 6:1 fluorotelomer alcohol (6:1 FTOH), formulations were prepared in corn oil; methods were developed and qualified to analyze the formulations, and they were then shipped to Battelle Memorial Institute to conduct the studies. Prior to the study, both compounds were analyzed for identity and purity and the amounts of PFOA and PFOS present in the 6:1 fluorotelomer alcohol were determined. Liquid chromatography tandem mass spectrometry (LC/MS/MS) methods were developed and qualified to analyze plasma samples received from the 5-day studies of 6:1 FTOH and 2,3-benzofluorene; analyses are complete, and results are being reported. As part of an interagency agreement with the US EPA, ~35 PFAS compounds were sourced and procured. A fluorine-19 quantitative nuclear magnetic resonance (F-19 qNMR) method, adapted from a proton qNMR method developed for analysis of chemicals from the NTP SEAZIT initiative, is being qualified for the analysis of these PFAS compounds and will be used to complete the analysis of  ~150 PFAS compounds that was begun during FY19.

		2020		5 R44 ES029401-03		-		Remediation of Perfluorinated Chemicals in Water Using Novel High-Affinity Polymer Adsorbents		CYCLOPURE, INC.		CA		VITAKU, EDON 		$574,714		$574,714		PA18-574		10005431		R44		HENRY, HEATHER F.		8470016		ES		Abstract The pervasive contamination of drinking water resources by toxic per- and polyfluorinated alkyl substances (PFASs), such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), has emerged as a major health crisis affecting millions of people across the U.S. Given the environmental persistence of these contaminants and their established linkage to serious health risks, it is imperative that safe, efficient, and cost- effective PFAS remediation technologies be developed that can eliminate these contaminants from the U.S. water supplies. While PFOA and PFOS have been the two of the most widely studied PFASs, twelve other PFASs have also been measured in the blood serum of Americans over the age of twelve. Currently, the U.S. Environmental Protection Agency has a non-enforceable Lifetime Health Advisory guideline of 70 parts per trillion (ppt), which applies only to the combination of PFOA and PFOS. However, faced with growing pressure to address PFAS contamination, numerous States have acted to address the PFAS crisis, proposing limits as low as 10 ppt of individual PFASs and for a broader class of PFASs. Although different technologies have been explored for remediation of PFAS-contaminated water, adsorption-based methods using activated carbon or ion- exchange resins remain the most widely used approach. These adsorbents also have well-demonstrated shortcomings such as significant fouling by natural organic matter and/or other water matrix constituents and energy-intensive or difficult regeneration process that limits their reusability and lifetime. CycloPure is developing a novel class of cyclodextrin-based polymer adsorbents with high affinity for PFASs in order to address the urgent need for a highly-scalable, cost-effective method to eliminate PFASs from drinking water supplies. During the Phase I period, a promising approach was identified for the development of cyclodextrin polymers (branded as DEXSORB+) effective against a broad range of PFASs, that combines both electrostatic and hydrophobic interactions in a uniquely designed structure. In this Phase II application, we will continue our efforts to develop and optimize DEXSORB+ polymers with fast uptake kinetics and high adsorption capacities for PFASs and investigate and understand groundwater matrix effects systematically on PFAS adsorption performance and the ability to regenerate the adsorbent. We will also dedicate efforts to develop strategies for particle size control and then perform small-scale column testing in order to simulate a full-scale treatment process. These activities will provide us guidance on the operational conditions prior to moving onto pilot-scale studies.		Specific Aims The overall objective of this SBIR project is to develop a highly effective and commercially viable adsorbent for the removal of per- and polyfluorinated alkyl substances (PFASs) from drinking water resources. In addition to perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), we will focus on the remediation of other emerging PFASs including but not limited to GenX and short-chain compounds that are more difficult to remove. During Phase I, we have established the technical feasibility of a β-cyclodextrin (β-CD) based polymer adsorbent that can effectively remove a broad range of PFASs. We successfully demonstrated highly effective removal of 12 PFASs simultaneously (>90% of each PFAS in 30 min) through the introduction of positive charges onto the backbone of β-CD polymer crosslinked by tetrafluoroterephthalonitrile (TFN) monomer, referred to as TFN- CDP+. This new polymer has a significantly improved affinity towards PFASs compared to its unmodified analogue (TFN-CDP). Furthermore, we showed that β-CD polymers crosslinked by diisocyanates are effective in the removal of PFASs, albeit requiring longer contact times. Given the simplicity of this polymerization chemistry and cost benefits of commercially available diisocyanates such as toluene-2,4-diisocyanate (TDI) and 4,4’-methylene diphenyl diisocyanate (MDI), we envision that the removal performance and affinity improvement can be achieved through the introduction of positive charges into these polymers.  In this Phase II project, we will continue our R&D efforts to fully (1) identify the critical parameters in the preparation of positively charged β-CD polymers for optimal performance and commercially viability and (2) understand their adsorption properties for the removal of PFASs from groundwater. We will evaluate the removal performance of these polymers in the presence of environmentally relevant co-contaminants such as natural organic matter (NOM) and inorganic salts and benchmark against commercially available adsorbents including granular activated carbon (GAC) and ion-exchange (IX) resins. Finally, small-scale column experiments will be performed to simulate a large-scale treatment prior to moving to pilot-scale studies in the next phase. Specific Aim 1: Develop and optimize a positively charged β-CD polymer Based on the promising PFAS removal performance of TFN-CDP+ studied in Phase I, we will continue exploring the positively charged β-CD polymers for optimal PFAS adsorption characteristics and scale-up parameters. Our focus will be placed on three particular crosslinkers: TFN, TDI, and MDI. β-CD polymers crosslinked by each these monomers in the presence of choline chloride (CC, a quaternary ammonium salt) will be prepared. Reaction conditions that enable the efficient incorporation of CC in high yields will be explored. The resulting polymers will be characterized structurally and subjected to PFAS adsorption experiments to determine uptake kinetics and capacity. Milestones: (1) Develop and optimize a procedure for a positively charged β-CD polymer. (2) Optimize the formulation for fast removal kinetics and high uptake capacity. (3) Perform preliminary PFAS adsorption experiments using a mixture of 16 PFASs in nanopure water. Specific Aim 2: Study matrix effects on PFAS adsorption and determine regeneration conditions We will next look into potential groundwater matrix effects on PFAS adsorption and selectivity by systematically adding matrix components into nanopure water. Specific components will include NOM, pH, and inorganic cations and anions. The uptake kinetics and capacities under relevant PFAS concentrations will be studied and compared in the presence and absence of matrix constituents using a batch adsorption setup. This systematic investigation will allow us to identify the effects of individual matrix components on PFAS adsorption. Side-by- side comparisons with GAC and IX resins will be performed. We will also determine an efficient and practical method for the regeneration of adsorbent and recovery of PFASs. Milestones: (1) Determine the effects of potential groundwater matrix constituents on the adsorption performance of positively charged β-CD polymer(s) and benchmark against commercially used media such as GAC and IX resin. (2) Develop a regeneration method for the desorption of PFASs with high recovery rates and assess adsorbent reusability. Specific Aim 3: Identify particle size control strategies and perform small-scale column experiments Our efforts during this final aim will focus on developing strategies for the granulation of the selected β-CD polymer in order to obtain appropriate particle sizes (0.2-1 mm) for column testing. We will design and perform rapid small-scale column tests that can be used to predict performance in a full-scale application. These column experiments will be performed using a PFAS-impacted groundwater samples and will provide breakthrough curves for all PFASs present in the sample. Milestones: (1) Identify a particle size control strategy to obtain granules in the range of 0.2-1 mm. (2) Perform rapid small-scale column tests that simulate a full-scale treatment process, determine PFAS removal performance and treatment capacity, and benchmark against GAC and IX resins.  Upon successful completion of these objectives, we will seek to evaluate the performance of our adsorbent media in a pilot-scale testing and will aim to commercialize it during Phase III.

		2020		 Y01 ES200040-		-		Occupational Exposure and Health Indicator Assessment of Emerging Per- and Polyfluoroalkyl Substances (PFAS)		-		-		WHELAN, ELIZABETH 		$0		$221,436		-		10282096		Y01		GERMOLEC, DORI		-		-		Per- and polyfluoroalkyl substances (PFAS) are a group of synthetic chemicals that have been used in industry and consumer products, worldwide, since the early 1950’s. Sought-after for their physical and chemical properties, PFAS have been integrated extensively into consumer products and industrial applications, such as stain resistant textiles and carpeting, food-handling materials, medical devices, fire-fighting foam, and construction materials. Over the past few decades, growing concern over health effects associated with PFAS has led to industry and government actions designed to halt production of long-chain PFAS, most notably perfluorooctanoic acid (PFOA) and perfluorooctane sulfate (PFOS), and precursors known to transform into long-chain PFAS. Fluorinated replacements for these legacy compounds, consisting of shorter-chain formulas, rapidly emerged and have been promoted as safer alternatives due in large part to shorter elimination half-lives (T1/2) observed in animal models. However, in vivo evidence and pharmacokinetic models suggest exposure to these emerging compounds may result in similar adverse health outcomes.  With the rapid, ongoing global transition from long- to short- chain compounds and numerous options entering the market, the specific PFAS in production and the extent of potential human exposure are largely unknown. Research is needed to identify current chemicals in use, particularly in occupational settings where the potential for repeat exposure to concentrated chemicals is considerable; characterize the range of exposure in humans; and to evaluate indicators of health effects associated with short-chain compounds in human populations. Studies of occupationally exposed populations are anticipated to provide critical human exposure information and information on the potential upper range of human exposure as well as insight into chemicals currently in production. This information can then be used to inform toxicological assessments and further research into the human health effects of PFAS.  In the first year of this project, FY20, NIOSH completed a review of literature pertaining to occupational exposure, health effects in occupational and relevant community populations (including epidemiologic and toxicologic studies), and methodology. The literature review included 1384 documents primarily pulled from peer reviewed literature and government sources.  A manuscript summarizing the occupational exposure literature is in progress.  NIOSH has selected their approach for the collection and analysis of air samples and methods development is ongoing.  NIOSH is exploring additional methods, including semi- and non-targeted analyses and wipe sample collection.  NIOSH has acquired 3 samples of aqueous film forming foam (AFFF) to assist with methods development. These products are known to contain PFAS and have been analyzed by other labs.  As there are a number of ongoing PFAS projects, NIOSH has initiated coordinated discussions within NIOSH as well as other government and academic researchers investigating PFAS exposure. Communications are ongoing with many of these organizations, most notably ATSDR. A draft of the study protocol will be submitted for internal review and will undergo in peer and tripartite review in the first quarter of FY21.		The specific aims of these studies are to 1) Characterize the presence of PFAS compounds across US industries through review of literature and regulatory documents as well as direct communications with industry and worker representatives; 2) Develop and validate air monitoring methods for long and short-chain PFAS in preparation for an occupational exposure assessment; 3) Assess exposure to PFAS in a sample of occupational environments and worker populations from high- and moderate-volume PFAS industries; and 4) Evaluate the association between PFAS exposure and health indicators, including thyroid function and cholesterol.

		2020		5 R01 ES030101-02		-		Environmental Chemicals, Adiposity, and Bone Accrual Across Adolescence		MAINEHEALTH		ME		FLEISCH, ABBY 		$458,752		$458,752		ES18-001		9858355		R01		SMARR, MELISSA M		8469964		ES		PROJECT ABSTRACT Obesity and osteoporosis are public health epidemics with costly comorbidities and limited treatment options. Rates of these disorders globally remain unacceptably high, and this is particularly true in the US where 1 in 3 adults are obese and 1 in 25 has osteoporosis. Adiposity and low bone mineral density (BMD) are precursors to these debilitating disorders and track closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. There are suggestive animal data that chemicals in the environment, per- and polyfluoroalkyl substances (PFASs) and phthalates, may disrupt common mechanistic pathways to concomitantly increase risk of both adiposity and low BMD. Our preliminary data within the prospective Project Viva cohort (~900 children) suggest that children with higher PFAS plasma concentrations in mid-childhood have greater central adiposity and lower BMD by early adolescence. In this proposal, we will expand this prior work. We will extend evaluation through late adolescence, when body composition more strongly predicts adult body composition and related disease risks. We will additionally examine phthalates which act through similar mechanistic pathways as PFASs. We will also employ the novel step of accounting for diet, which has not been comprehensively done in studies of these chemicals, despite the fact that the same Western-style foods that may be a source of chemical exposure also predict risk for adiposity and low BMD. We will accomplish these objectives by first identifying dietary predictors of PFASs and phthlalates in mid-childhood, then examining associations of PFASs and phthalates independent of diet on central adiposity and BMD in late adolescence. Based on our preliminary data suggesting that central adiposity is associated with lower BMD, we will also evaluate the extent to which central adiposity may mediate associations of chemical exposures on BMD. We expect this to be the most comprehensive population-based study to date testing the role of childhood exposures to PFASs and phthalates on development of adiposity and low BMD through adolescence. By examining longitudinal associations across adolescence, we will overcome limitations of many of the existing epidemiologic studies of these chemicals and adiposity, and this will be the first large study to examine the role of these chemicals on BMD in adolescence. Diet, physical activity, and genetics do not explain all of the variability in adiposity and low BMD, and moreover can be difficult to modify. Identifying remediable factors that increase risk of both adiposity and low BMD is a public health priority because this will enable development of preventive strategies to target both conditions. Furthermore, this proposal will advance Dr. Fleisch's career investigating the impact of the toxic environment on endocrine development in childhood with a focus on peripubertal health.		SPECIFIC AIMS Obesity and osteoporosis are both costly public health challenges with limited treatment options. They are also highly prevalent with over 600 million adults worldwide with obesity and over 200 million with osteoporosis. Adiposity and low bone mass share some mechanistic pathways, and each tracks closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. Existing efforts to prevent obesity and osteoporosis have been hampered because the underlying risk factors are not fully understood and are not easily modifiable. One potential risk factor not well characterized in childhood is the role of chemicals in the environment. Compounds such as per- and polyfluoroalkyl substances (PFASs) and phthalates have been shown to activate the peroxisome proliferator-activated receptor family of transcription factors which have been linked to adiposity and low bone mineral density in animal models. Human exposures to PFASs, used as stain repellants, and phthalates, used as plasticizers, are ubiquitous but potentially modifiable, so characterizing the role of these compounds on adiposity and bone mineral density is crucial. However, prior investigation has been limited by few studies with longitudinal follow-up, particularly during puberty, a critical developmental period when adiposity is being redistributed and bone accrual is peaking. Moreover, while consumer products are one source of exposure, Western diets heavy in items such as red meat and fast food are an additional source of exposure to PFASs and some phthalates. Consuming a Western diet is also a strong predictor of risk for obesity and osteoporosis. In children, the contribution of diet to PFAS and phthalate exposures has not been well investigated. Therefore, the objectives of this Outstanding New Environmental Scientist R01 application are to identify dietary predictors of PFAS and phthalate exposures and to characterize the impact of chemical exposures independent of diet on development of adiposity and low bone mineral density in peripubertal children. We will address these objectives by leveraging data from ~900 children in the Boston-area NIH-funded Project Viva cohort. This cohort is uniquely positioned to address these important questions because it has existing measurements of PFAS plasma concentrations in mid-childhood (median 8 years of age), detailed longitudinal dietary history, and data on other key covariates and mediators including sociodemographics, physical activity, and pubertal stage. Project Viva also has existing dual energy x-ray absorptiometry measurements of body composition and bone mineral density in mid-childhood and early adolescence (median 12 years of age), with late adolescent (~17 years of age) follow-up in process. Our proposal will support new assays of phthalate metabolite concentrations in archived mid-childhood urine and investigator effort to test our central hypothesis that exposures to select environmental chemicals in childhood are linked to risk of excess adiposity and low bone mineral density, distinct from any dietary contribution to the chemicals. Our preliminary data from Project Viva suggest that children with higher PFAS plasma concentrations in mid- childhood have greater central adiposity and lower bone mineral density by early adolescence. In this proposal, we will additionally examine phthalates, and we will extend evaluation through late adolescence, when body composition more strongly predicts adult body composition and related disease risks. We propose the following aims: Aim 1: Identify dietary factors that predict concentrations of PFAS and phthalate biomarkers in childhood Hypothesis 1. Children with a more Western-style diet and frequent consumption of foods such as red meat and fast foods will have higher concentrations of PFAS and phthalate biomarkers in mid-childhood. Aim 2: Examine associations of PFASs and phthalates in childhood with adiposity in adolescence Hypothesis 2. Children with higher concentrations of PFAS and phthalate biomarkers in mid-childhood will have greater central adiposity in late adolescence, even after accounting for diet. Aim 3: Study associations of PFASs and phthalates in childhood with bone mineral density in adolescence Hypothesis 3A. Children with higher concentrations of PFAS and phthalate biomarkers in mid-childhood will have lower bone mineral density z-scores in late adolescence, even after accounting for diet. Hypothesis 3B. Associations of PFASs and phthalates with lower bone mineral density will be partially mediated by greater central adiposity. Impact: Identifying early life environmental exposures that are risk factors for both adiposity and low bone mineral density may lead to new preventive interventions. Furthermore, this proposal will build upon Dr. Fleisch's expertise in pediatric endocrinology and mechanistic insight in childhood adiposity and bone accrual. It will advance her career as an environmental scientist investigating the impact of environmental toxicants on endocrine development in childhood, with a focus on peripubertal health.

		2020		2 R01 ES022981-05A1		-		Environmental Obesogens and Weight Change in the POUNDS LOST Trial		HARVARD SCHOOL OF PUBLIC HEALTH		MA		SUN, QI 		$639,617		$639,617		PA19-056		9968808		R01		SCHUG, THADDEUS		8469964		ES		Project Summary/Abstract The role of environmental chemicals known as obesogens in the etiology of human adiposity has been increasingly appreciated. In this proposal, we aim to evaluate polycyclic aromatic hydrocarbons (PAHs) and heterocyclic aromatic amines (HAAs) in relation to weight change in human subjects. The carcinogenic effects of these ubiquitous pollutants are well-documented, and emerging evidence suggests that these chemicals may also disrupt endocrine functions through exerting estrogenic effects and other pathways. Limited human evidence, often from cross-sectional studies, also supports the hypothesis that these chemicals are potential obesogens, although prospective data are needed to substantiate the associations between these chemicals and excess weight gain in humans. We propose to 1) examine excretion of PAHs and HAAs in 24-hour urine samples in relation to short-term weight loss induced by energy restriction in the POUNDS Lost trial; 2) evaluate whether changes in urinary excretion of these chemicals during weight loss period predict weight regain in the POUNDS Lost trial; and 3) investigate associations between levels of these chemicals in 24-hour urine samples and long-term weight change in women and men participating in the Nurses' Health Study II (NHSII) and Coronary Artery Risk Development in Young Adults (CARDIA). In addition, in light of the pathways through which these two groups of chemicals may synergistically amplify each other's detrimental effects, we will also examine potential interactions between PAHs and HAAs on weight loss, weight regain, and long-term weight change in the studies. To ensure high quality scientific data, we have carefully designed our proposed studies. In the POUNDS Lost, NHSII, and CARDIA studies, we will quantify PAHs and HAAs in 24-hour urine samples to substantially improve the reproducibility of urinary measurements over time. In all three studies, body weight and a multitude of other variables that are related with body weight change have been collected repeatedly during follow-up, allowing for comprehensive, longitudinal data analyses. We will restrict the research to largely healthy, non-smoking individuals to minimize the impact of chronic diseases and smoking on the associations of interest. To accomplish the aims, we have assembled an experienced research team with interdisciplinary expertise in the fields of environmental health, obesity epidemiology, biomarker research, biostatistics and bioinformatics, and toxicology. We will collaborate with highly reputable labs at the Centers for Disease Control and Prevention to measure PAH and HAA levels in 24-hour urine samples. Data to be generated from this project will substantially deepen our understanding of the potential, obesogenic effects of PAHs and HAAs in human populations. Moreover, evidence from this proposed research will also aid in the development of policies or recommendations toward reducing exposures to these chemicals and improving human health.		SPECIFIC AIMS The prevalence of obesity has increased from 34% to nearly 40% among U.S. adults in the past decade.16 Given this steady, upward trend, the epidemic of obesity is unlikely to be solely of genetic origin. Of modifiable factors that may boost the risk of obesity, anthropogenic chemicals known as “obesogens” have been identified to be important risk factors for obesity.17, 18 Evidence from animal experiments is accumulating to suggest that pollutants, such as bisphenol A or perfluoroalkyl substances (PFASs), possess obesogenic properties.19-21 In contrast, human data, especially those from prospective studies in adults, are sparse.19, 22 It is often challenging to evaluate obesogens in relation to subsequent weight change in free-living individuals when body weight is not longitudinally tracked and other causes of weight change, such as diet and physical activity, are not controlled. Weight loss trials provide a unique opportunity to examine obesogens’ role in weight loss and regain induced by well-defined interventions. In the preceding cycle of this grant, we demonstrated a novel association between baseline PFAS concentrations and faster weight regain, as well as suppressed resting metabolic rate (RMR) in the POUNDS Lost trial.23 These data suggest that PFASs may counteract the outcome of weight-loss diets commonly used for weight maintenance.24  In this competing renewal, we propose to extend this line of research to include two closely-related groups of environmental pollutants: polycyclic aromatic hydrocarbons (PAHs) and heterocyclic aromatic amines (HAAs). For both PAHs and HAAs, diet is the predominant source of non-occupational exposure,25-27 and grilling or broiling animal proteins has been identified as a critical pathway for the generation of both PAHs and HAAs in foods.27-30 In recent research, we found novel associations between grilling and broiling meats and an elevated risk of developing obesity in U.S. men and women, and such associations were independent of meat intake per se.14, 15 Estimated HAA intake was also associated with faster weight gain and obesity risk (see Preliminary Results). Indeed, evidence from basic science research has suggested that both PAHs and HAAs exert endocrine-disrupting effects and can promote weight gain through binding to and modulating estrogen receptors,31-34 activating peroxisome proliferator-activated receptors,35 promoting inflammation,36-38 or interfering with thyroid hormone functions.39, 40 Despite the evidence from animal studies, data for humans are very limited.41, 42 Whether PAHs or HAAs are prospectively associated with weight change in adults has not been examined. We propose to take advantage of the prospective study design and rich data and resources already collected in the POUNDS Lost trial, the Nurses’ Health Study II (NHSII), and the Coronary Artery Risk Development in Young Adults (CARDIA) to examine the following Specific Aims: Aim 1. To examine associations between baseline levels of PAHs and HAAs in 24-hour urine samples and short-term diet-induced weight loss in the POUNDS Lost trial. This aim will be conducted among 688 non- smoking participants in the trial. We hypothesize that higher urinary levels of PAHs and HAAs are associated with less weight loss between baseline and 6 months. Aim 2. To evaluate changes in PAH and HAA levels between baseline and 6 months in 24-hour urine samples in relation to medium-term weight regain in the POUNDS Lost trial. This aim will be conducted among 621 non-smoking participants who provided 24-hour urine samples at baseline and 6 months and completed the trial at 24 months. We hypothesize that increased PAH and HAA levels between baseline and 6 months are associated with faster weight regain between 6 months and the end of the trial at 24 months. Aim 3. To investigate associations between baseline PAH and HAA levels and long-term weight change among 1,200 free-living, non-smoking participants in NHSII and CARDIA who provided 24-hour urine samples. We hypothesize that higher levels of PAHs and HAAs are associated with a steeper long-term weight gain trajectory in NHSII and CARDIA. Aim 4. To examine potential synergistic effects between PAHs and HAAs on weight change in the POUNDS Lost trial, NHSII, and CARDIA. We hypothesize that higher PAH levels are more strongly associated with less weight loss (POUNDS Lost trial), faster weight regain (POUNDS Lost trial), and faster long-term weight gain (NHSII and CARDIA) when HAA levels are also higher, and vice versa. Secondary Aims: In the POUNDS Lost trial, we will 1) examine potential interactions between PAHs/HAAs and PFASs on weight change, 2) evaluate the role of thyroid hormones, leptin, and soluble leptin receptor, gene expression profiles in adipose tissue, and RMR in mediating the associations between PAHs/HAAs and weight change, and 3) examine PAHs and HAAs in relation to changes in body fat content and waist circumference.  This proposed research will elucidate the potential, obesogenic effects of PAHs and HAAs through evaluting these chemicals in relation to various weight change outcomes in both a weight loss trial and longitudinal observational studies among non-smoking individauls. In addition, given the predominant dietary origin of these chemicals, this research will inform novel strategies to improve the efficacy of dietary approaches to promoting weight loss and obesity prevention.

		2020		5 R01 ES028311-03		-		Assessment of pediatric immunotoxicity, public education, and capacity-building in communities impacted by PFAS-contaminated drinking water		SILENT SPRING INSTITUTE		MA		SCHAIDER, LAUREL A		$531,005		$531,005		PA16-083		9957092		R01		O'FALLON, LIAM		8469965		ES		A growing number of U.S. communities have discovered per- and polyfluoroalkyl substances (PFASs, often called PFCs) in drinking water. Epidemiological studies have reported negative associations between pediatric PFAS exposure and immune function, and suggest that current drinking water guidelines may not adequately protect children from immunotoxicity. In 2016, the National Toxicology Program concluded that two PFASs, PFOA and PFOS, are presumed immune hazards based on human and animal studies. A key knowledge gap is whether exposure to drinking water contaminated by AFFF firefighting foams with complex PFAS mixtures causes clinically relevant immunotoxicity. Communities seek guidance for interpreting blood and water test results and information on health effects, water treatment, remediation, and strategies to engage local officials.  This project will leverage existing researcher-community partnerships to address concerns about health effects from PFASs in drinking water and develop tools and materials to support impacted communities. We will engage with two communities with AFFF-contaminated drinking water, the Pease International Tradeport in Portsmouth, NH, and Hyannis, MA, and evaluate potential immune responses and explore metabolomics profiles among young children. We will develop an online resource center to serve PFAS-affected communities nationwide with educational materials, data tools, and opportunities to connect with other communities. We will explore the exposure experience of affected communities by conducting in-depth interviews and ethnographic research. Project partners include environmental health and social science researchers and community activists with a well-established collaboration. This community-engaged research project has three aims: Aim 1. Quantify associations of child serum PFOA, PFOS, PFHxS, and total PFASs with a) serum antibody  levels following diphtheria and tetanus (DTaP) vaccinations and b) metabolomic profiles. Aim 2. Develop the PFAS Exchange, an online resource center with educational materials, data interpretation  tools, tap water testing, and resources to connect communities, provide report-back materials for participants,  and engage with residents of affected communities, medical professionals, and other stakeholders. Aim 3. Assess individual, family, and community-level experience of residents in areas impacted by PFAS-  contaminated drinking water. The proposed study is innovative in developing novel web-based tools to visualize and interpret personal exposure data, and will be the first to evaluate immunotoxicity and apply novel metabolomics methods in U.S. children exposed to AFFF-contaminated drinking water in early life. It will improve public health by supporting efforts to reduce exposures and health impacts of PFAS contamination through engagement, education, and research. This project fulfills the Research to Action mission by addressing community concerns about health effects of contaminated drinking water and involving community members throughout.		SPECIFIC AIMS  Across the U.S., a growing number of communities are discovering drinking water supplies contaminated with per- and polyfluoroalkyl substances (PFASs, often called PFCs). As we recently reported, over six million Americans in 22 states receive drinking water from sources that exceeded EPA’s 2016 guideline for PFOS and PFOA, and drinking water for an additional 100 million Americans has not yet been tested. Proximity to a military fire training area was a strong predictor of drinking water contamination due to the use of PFASs in aqueous film-forming foam (AFFF) used for fighting fuel fires. Health concerns related to PFOA and PFOS include high cholesterol, testicular and kidney cancer, and reproductive and developmental effects such as decreased birth weight. A 2016 National Toxicology Program systematic review of human and animal studies concluded that both PFOS and PFOA are presumed immune hazards to humans.  While there is a growing body of research on PFOS and PFOA toxicity, AFFF-contaminated drinking water contains complex mixtures of PFASs that include PFHxS, which has a half-life in the body of eight years. Therefore, we need a better understanding of the composition and health impacts of these exposures, particularly in children, who are at greatest risk of clinically impaired vaccine response and other effects on the immune system. Impacted communities in Portsmouth, NH, and Hyannis, MA, have brought to our attention the need for coordinated community resources on water treatment, remediation, and health effects, as well as strategies for effectively engaging governmental agencies and interpreting blood and water test results.  Therefore, the objectives of this proposal are to work with the Portsmouth (Pease Tradeport) and Hyannis communities to: quantify associations of PFAS serum concentrations in children with immune response and metabolomics profiles, develop an online network with resources for community education and engagement, and interview community members to analyze the experiences of residents in impacted communities. In addition, the research tools and community resources developed by this project will support and connect other communities that face similar challenges in responding to PFAS-contaminated drinking water. Project partners include environmental health and social science researchers at Silent Spring Institute, Northeastern University, and Harvard University, and environmental health activists at Testing for Pease, Toxics Action Center, Massachusetts Breast Cancer Coalition, and GreenCAPE.  Aim 1. Quantify associations of child serum PFOA, PFOS, PFHxS, and total PFASs with a) serum antibody levels following diphtheria and tetanus (DTaP) vaccinations and b) metabolomic profiles. We will collect blood samples from 120 children (ages 4 to 6) 21 days after receiving booster DTaP vaccinations. Innovative components include metabolomics profiling that builds on preliminary data showing associations between serum PFOS concentrations and markers of inflammatory response in adult women.  Aim 2. Develop an innovative online resource center, the PFAS Exchange, provide report-back materials for study participants, and engage with residents of affected communities, medical professionals, and other stakeholders. The PFAS Exchange will be a resource center for residents of impacted communities including a wide range of educational outreach materials, innovative data exploration tools, a tap water testing program to evaluate the presence of new PFASs in drinking water treated with activated carbon treatment, and online resources to connect impacted communities. In addition, we will create personalized report-back for immunotoxicity study and tap water testing participants using Silent Spring Institute’s Digital Exposure Report-Back Interface and engage with community members, doctors and nurses, local government officials, policymakers, and journalists.  Aim 3. Assess individual, family, and community-level experiences of residents in areas impacted by PFAS-contaminated drinking water. We will conduct social scientific analysis of the Pease and Hyannis communities using interviews, media analysis, and ethnographic observation. Our interviews and observations will explore the exposure experiences of impacted community members and ways that parents navigate exposure concerns for their children and will compare experiences among communities.  Innovative aspects of our proposed project include evaluating pediatric immunotoxicity and markers of inflammatory responses among exposed children and developing novel online multi-faceted resources for U.S. communities responding to PFAS-contaminated drinking water. The project will have a positive impact on public health through an enhanced understanding of PFAS toxicity in children and by providing tools and information to promote source identification, water testing and treatment, and blood testing. Our researcher- community partnership fulfills Research to Action’s mission by addressing health concerns initially raised by our community partners, who have been integral to this project since its inception.

		2020		5 R00 ES026729-05		-		Neurodevelopmental Effects of Perfluorinated Chemicals		YALE UNIVERSITY		CT		LIEW, ZE YAN 		$245,888		$245,888		PA16-077		9997918		R00		GRAY, KIMBERLY A		8469965		ES		ABSTRACT This proposal builds on the candidate’s dissertation research that examined the associations between prenatal exposure to perfluorinated chemicals (PFCs) and three specific neurodevelopmental outcomes, including autism, attention-deficit/hyperactivity disorder, and cerebral palsy in the Danish National Birth Cohort (DNBC) that consists of ~100,000 mothers and children. PFCs are widespread persistent organic pollutants, and pregnant women and fetuses are often involuntarily and nearly ubiquitously exposed to these synthetic compounds since the 1950s. Animal studies suggest that PFCs are developmental toxicants but evidence from human studies is sparse. Decade long collaborations between UCLA and Aarhus University enabled the candidate to gain access to the unique, large-scale, nationwide Danish cohorts and registries for research. The proposed study will greatly expand the use of DNBC and various Danish registers and allow for the very first time examination of the link between prenatal PFC exposures and an array of neurodevelopmental outcomes never investigated before, including (1) extensive neuropsychological assessments of intelligence, cognition, attention, memory and motor skills in children at age 5; (2) hospital diagnosis of epilepsy; (3) the child’s social competence and mental health at age 11; and (4) intellectual capacity and school performance up to age 16. The proposed studies will capitalize upon the valuable resource of stored maternal pregnancy blood samples from DNBC, allowing a reliable and valid assessment of PFC exposure levels during fetal development. The proposal will be pursued within the context of a strong ongoing collaboration between the UCLA Department of Epidemiology and Aarhus University, adding new partners from the UCLA Medical Psychology Assessment Center (MPAC) and Department of Human Genetics. This application builds on Dr. Liew’s expertise in environmental sciences and advanced epidemiologic methods. It will allow him to newly gain the necessary training in clinical psychology, environmental statistics, and neurobehavioral epi/genetics and to build a skillset compatible with conducting future cutting-edge epi-gene/environment interactions research that optimally uses existing large bio-sample repositories in the Nordic countries. Drs. Beate Ritz and JØrn Olsen have agreed to mentor the candidate through the K99 process. Dr. Robert Asarnow will provide training in administrating/scoring complex neuropsychological instruments and clinical knowledge of neuropsychiatric disorders. Dr. Michael Jerrett will provide training opportunities in environmental statistics and exposure assessment referred to as the ‘external exposome’. Dr. Steve Horvath will provide training in advanced gene-environment and epigenetic network analysis. The contents of this application provide a strategy to position the candidate to successfully launch into a tenured professor track position and equip him with the necessary skills to move towards independence and pursue R01 proposals.		Specific Aims Worldwide the diagnoses of neurodevelopmental disorders are on the rise.1-3 A growing body of research suggests that many neurodevelopmental disorders originate in fetal life or in early childhood.4-6 Various chemical contaminants have also been found in humans at increasing levels and are suspected to contribute to these disorders.7-9 Perfluorinated chemicals (PFCs) are widespread man-made persistent organic pollutants that have endocrine-disrupting and neurotoxic properties. PFCs have been used broadly in commercial products since the 1950s. Research indicated PFCs can cross the placental barrier and expose the developing fetus.11 Both animal and human studies suggest PFCs interfere with maternal sex and thyroid hormone function, an essential mechanism that facilitates fetal brain development.12-14 Recently, we reported a strong association between prenatal PFC exposure and cerebral palsy in children.15 Linking specific chemical exposures to mental disorders is challenging and requires data collection efforts that span decades and start in-utero. Pregnant women, fetuses, and children are involuntarily and nearly ubiquitously exposed to these synthetic compounds, justifying the need for more studies that evaluate neurodevelopmental trajectories of the exposed offspring. Here, we propose to utilize longitudinal data from the Danish National Birth Cohort (DNBC),10 consists of ~100,000 pregnant women and their offspring, to study prenatal exposure to PFCs and a broad range of critical neurodevelopmental endpoints. Prenatal PFC levels will be measured from maternal blood samples collected early in gestation, and linked to diagnosis of epilepsy, specific neuropsychological function at age 5, symptoms of mental disorders at age 11, and academic performance up to age 16. Aim 1: Investigate the impact of prenatal PFC exposures on a wide range of critical functional domains of the developing brain in early life. 1,782 five-year-old children and their mothers in the DNBC participated in extensive neuropsychological assessments of general intelligence, global and specific cognitive function, attention and executive function, social and behavioral problems, memory, and gross/fine motor function. We will investigate the influence of PFC exposures in pregnancy on offspring’s neuropsychological function, as well as vision and hearing in the offspring.  Subaim (1A) Mediation analyses of PFCs, maternal thyroid hormone function in early pregnancy, and brain function in children at age 5. We will examine whether maternal PFC levels correlate with  thyroid hormone levels including free thyroxine (fT4), total thyroxine (TT4) and thyroid stimulating hormone  (TSH) from plasma collected in the first pregnancy trimester, and conduct causal mediation analysis to  assess PFCs’ impact on neurodevelopment via the alteration of maternal thyroid hormone function. Aim 2: Investigate associations between prenatal PFC exposures and epilepsy. We will ascertain epilepsy diagnoses (ICD10 G40-G41) in DNBC children via linkage to the Danish National Hospital registry (15 years of follow-up). With a nested case-control approach, we will randomly select 225 epilepsy cases and 225 age-sex matched controls and also examine sub-clinical phenotypes of epilepsy i.e. co-occurrence with neonatal convulsion, febrile seizures, congenital malformations or cerebral palsy. Aim 3: Investigate the impact of PFCs on social competence and mental health at age 11. We will utilize data collected from a web-based survey conducted among mothers and children in the DNBC at age 11, which assessed detailed information on child growth and development. There are ~2,000 11-year-olds who responded to the survey and have existing prenatal PFCs measures available for analysis. Endpoints of interest include: (i) Strength and Difficulty Questionnaire (SDQ) screening for child’s social and behavioral problems, (ii) Stress in Children (SiC) questionnaire screening for level of stress, depression, anxiety, disruptive behavior, and negative self-perception, (iii) screening question ascertaining eating disorders, psychosis and obsessive compulsive disorders. Aim 4: Investigate PFCs’ effects on intellectual capacity and school performance. We will link ~3600 children in the DNBC that have existing prenatal PFCs values to the Danish National Education Registry and examine the association between prenatal PFC levels and subject-specific test scores as well as final grades for Danish compulsory and upper secondary education (up to age 16). In summary, the proposed research is novel and builds upon the candidate’s strong research background on fetal exposures and adverse outcomes in the DNBC, and strong collaborations with Danish colleagues. The application includes three important training components, the first in Clinical Psychology to administer and interpret complex neuropsychological tests provided by Dr. Asarnow, second in environmental statistics and exposure assessment referred to as the ‘external exposome’ provided by Dr. Jerrett, and third in Human Genetics provided by Dr. Steve Horvath to build a skillset compatible with conducting future cutting edge epi- gene/environment interaction research using Nordic population-based biosample repositories. The research proposed in this application will substantially advance the field and contribute new scientific knowledge about the effects of prenatal PFC exposure and diseases of developmental origin.

		2020		5 R21 ES029328-03		-		Developmental Exposure to Perfluoroalkyl Substances and Cardiometabolic Outcomes in Adulthood: Potential Links via the Plasma Metabolome		ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI		NY		VALVI, DAMASKINI 		$206,873		$206,873		PA18-489		9843130		R21		JOUBERT, BONNIE		8469965		ES		PROJECT SUMMARY Exposure to perfluoroalkyl substances (PFASs) is ubiquitous in the U.S. and worldwide. A breadth of data from animal studies show effects of prenatal and postnatal PFAS exposures on multiple tissues, accompanied by systemic biological responses and altered levels of lipids, glucose, inflammatory markers and metabolism- regulating hormones in peripheral blood. In line with the experimental evidence, our previous prospective investigations showed apparent effects of prenatal PFAS exposures on adverse metabolic and immune outcomes in children, as well as associations of adult PFAS exposures with higher risks of gestational and type 2 diabetes (T2D). As dose-dependence and mechanisms of potential PFAS toxicity in humans are not yet understood, an urgent need exists to elucidate associated health risks and implicated mechanisms. Moreover, although PFASs persist in blood and tissues for years, previous birth cohort research has focused almost exclusively on short-term impacts of prenatal exposure. Therefore, we propose an innovative life-course epidemiologic design that integrates lifetime PFAS exposures and untargeted high-resolution metabolomics (HRM). This design will allow for the identification of biological pathways potentially altered by early-life PFAS exposures and critical periods of susceptibility (Aim 1) as well as of pathways associated with changes in clinical cardiometabolic markers in young adults (Aim 2). Gaining insight from the first two aims, we will then be able to quantify the relative contribution of identified pathways in the PFAS-associated cardiometabolic disease pathogenesis (exploratory Aim 3). To pursue these aims, we will leverage the unique resource of a well- characterized prospective Faroese cohort of 1,022 individuals born in 1986/7 who has now reached adulthood, and utilize state-of-the-art HRM methodologies that offer a wide coverage of biological pathways, including those suspected to mediate PFAS metabolic effects. Five major PFASs have already been measured in whole cord blood and participants' serum at ages 7, 14, 22 and 28 years. Clinical assessments in adulthood included anthropometry, blood pressure and 2 hour-oral glucose tolerance tests, complimenting available obesity measures from childhood examinations. The proposed work will utilize archived fasting plasma from 500 cohort participants for HRM analyses at ages 22 and 28, thereby offering a unique opportunity to capture both long- term and late-onset effects of early-life PFAS exposures. Findings from this exploratory R21 research will provide new insights into systemic biological responses to PFAS exposures and potential critical periods, while also having the potential to identify novel mechanistic pathways for obesity, T2D and heart disease at an early adulthood age-window, when interventions are effective and can benefit the population.		-

		2020		1 R21 ES031345-01A1		-		High-throughput toxicity screening of environmental contaminants and drug candidates using a novel gap junction intercellular communication bioassay in lung and liver cells		MICHIGAN STATE UNIVERSITY		MI		UPHAM, BRAD L		$240,687		$240,687		PA19-053		10056987		R21		RAVICHANDRAN, LINGAMANAIDU V., PHD		8469964		ES		1 We propose to develop an in vitro high throughput bioassay screening (HTS) system to assess the effects  2 of environmental contaminants on gap junctional intercellular communication (GJIC) in liver and lung epithelial  3 cell models. GJIC is a critical cellular phenomenon instrumental in maintaining tissue homeostasis. The  4 selection of GJIC as an endpoint is a significant step in developing a systems-based in vitro model, as this  5 biological phenomenon is crucial for integrating signaling mechanisms within cells with that of neighboring cells  6 in a tissue, and is an important early stage event in abnormal cell proliferation within tissues exposed to  7 toxicants. Most in vitro assessments of GJIC rely on fluorescent dye transfer techniques that require  8 introduction of the dye through scrape loading, microinjection, or electroporation techniques, and detection with  9 microscopes that all tend to be problematic in developing HTS assays, particularly in 3D culture systems. 10 Thus, there is a need to develop and validate a bioassay system to assess GJIC in response to environmental 11 toxicants and drug candidates that is conducive to HTS relevant to in vitro cell model systems. The lung and 12 liver are the major target organs of exposure to inhaled and ingested toxicants so we will use a mouse lung 13 epithelial alveolar type II and rat liver epithelial oval cell lines. 14 Our proposed HTS is to develop a subset of donor and receptor cells for each cell line. The receptor cells 15 will be transfected with yellow fluorescent protein (YFP) gene, and the donor cells with the iodide transporter 16 gene. The addition of iodide initiates the bioassay by entering the donor cells via the iodide transporter, and 17 then transfers through gap junctions to the receptor cells, in which iodide quenches the YFP-fluorescence. 18 Closed or partially closed gap junction channels prevents or partially prevents quenching from iodide in the 19 receptor cells. Fluorescent plate readers measure the fluorescence, which makes this bioassay quite 20 amendable to HTS, thus will address a critical gap in adapting GJIC to HTS toxicological assessments. 21 Aim-1 is to (a) transfect lung and liver cell lines with the iodide transporter (IT)/ yellow fluorescent protein to 22 assess GJIC using HTS, and (b) authenticate these HTS cell models by assessing the effects of polycyclic 23 aromatic hydrocarbons and polyfluoroalkyl substances with known effects on GJIC in the parent cell lines. Aim- 24 2 is to validate the utility of this HTS in assessing a wide array of chemicals with unknown effects on GJIC, 25 which will entail developing a quality control protocol that begins with i) primary screening, ii) hit confirmation 26 and counter screening, iii) hit validation and selectivity. 27 An in vitro lung and liver model HTS that can assess effects of compounds on GJIC, will offer a critically 28 important new tool to screen for environmental toxicants and drug candidates that adversely affect tissue 29 homeostasis resulting in abnormal proliferation and differentiation of cells.		SPECIFIC AIMS We propose to develop an in vitro high throughput screening bioassay system to assess the effects of environmental contaminants on gap junctional intercellular communication (GJIC) in liver and lung epithelial cell models. GJIC is a critical cellular phenomenon instrumental in maintaining tissue homeostasis, and the interruption of GJIC results in abnormal cell growth that contributes to numerous pathologies, including cancer. The toxicological assessment of the numerous contaminants released into our environment is a daunting task, and recent efforts have gravitated to the development of high-throughput screening (HTS) assays that measure the in vitro toxicity of environmental compounds and drug candidates as an alternative to in vivo animal tests of chemical toxicity. The selection of GJIC as an endpoint is a significant step in developing a systems- based in vitro model, as this biological phenomenon is crucial for integrating signaling mechanisms within cells with that of neighboring cells in a tissue, and is an important early stage event in abnormal cell proliferation within tissues. Most in vitro assessments of GJIC rely on fluorescent dye transfer techniques that require introduction of the dye through scrape loading, microinjection, or electroporation techniques, and detection with microscopes that all tend to be problematic in developing HTS assays. Thus, there is a need to develop and validate a bioassay system to assess GJIC in response to environmental toxicants and drug candidates that is conducive to HTS using in vitro cell model systems.  One very promising technique to measure GJIC for HTS is to develop a subset of donor and receptor cells in a cell line where the donor cells are stably transfected with the iodide transporter gene and the acceptor cells with the yellow fluorescent protein (YFP) gene. The addition of iodide initiates the bioassay by entering the donor cells via the iodide transporter, and then transfers through gap junctions to the receptor cells, in which iodide quenches the YFP-fluorescence. Closed or partially closed gap junction channels prevents or partially prevents quenching in the receptor cells from iodide. Fluorescent plate readers measure the fluorescence, which makes this bioassay quite amendable to HTS. We will use the C10 mouse lung cell and F344 WB rat liver cell lines. The lung and liver are the major target organs of exposure to inhaled and ingested toxicants. The C10 mouse cell line is one of the best in vitro cell model systems of alveolar type II cells, which are unipotent stem/progenitor cells that gives rise to alveolar type I cells, and self-renew. Similarly, the F344 WB cell line is an excellent in vitro cell model of liver oval cells, a bipotent stem/progenitor cell that give rise to hepatocytes and hepatic biliary duct cells, and self-renew. The effects of polycyclic aromatic hydrocarbons (PAHs) and polyfluoroalkyl substances (PFAS) on GJIC are well characterized by our labs, are environmental contaminants known to cause adverse effects on human health, and are on the EPA priority list of toxicants. Therefore, we will characterize the efficacy of our new HTS cell model systems assessing PAHs and PFAS. GJIC plays a critical role in coordinating intra-cellular signaling pathways between contiguous cells that control the homeostatic balance of cell proliferation, differentiation and apoptosis in a tissue, and we hypothesize that the interruption of GJIC by toxicants will be critical in the early cellular events of growth and developmental pathologies in tissues. Aim 1: Develop a GJIC/iodide transporter (IT)/ yellow fluorescent protein (YFPQL) HTS system (GJIC/IT- YFP HTS) assay to assess the effects of environmental contaminants and drug candidates on GJIC in liver and lung cell lines. This aim will be in two stages. (a) Transfect liver and lung cell lines with the iodide transporter and YFP genes, and optimize cell ratios of donor and acceptor cells to maximize uptake of iodide and assure high fluorescence quantum yield. (b) Validate these liver and lung HTS cell models for assessing dose and time response to GJIC-dysregulators using compounds with known effects on GJIC, namely PAHs and PFAS, in the same parent cell lines used to establish these HTS cell models. Aim 2: Validate the utility of this GJIC/IT-YFP HTS in assessing a wide array of chemicals with unknown effects on GJIC. We will use two groups of compounds (a) PFAS modelled after the NTP Exploratory PFAS Library, and (b) a library of 1280 FDA approved drugs from the Prestwick Chemical library. This will entail a quality control protocol that begins with i) primary screening, ii) hit confirmation and counter screening, iii) hit validation and selectivity. Significance: An in vitro lung and liver model HTS assessment of GJIC will offer a critically important new tool to screen for environmental toxicants and drug candidates that adversely affect tissue homeostasis by disrupting normal cell to cell communication.

		2020		1 R01 ES032730-01		-		Developing an in vitro to in vivo pipeline of mammary gland exposure-response relationships to per- and poly-fluoroalkyl substances (PFAS)		UNIV OF NORTH CAROLINA CHAPEL HILL		NC		OLDENBURG, AMY L		$559,511		$559,511		PA19-056		10152786		R01		RAVICHANDRAN, LINGAMANAIDU V., PHD		8469964		ES		Project Abstract  Per- and polyfluoroalkyl substances (PFAS) are a family of over 5000 man-made chemicals that are ubiquitous in the environment, due to their chemical stability and bioaccumulative properties. Many of these “forever chemicals” have been linked with health concerns, including strong evidence of developmental health and harm to hormone-sensitive tissues. Manufacturers continue to substitute new PFAS for which exposure- based health risks are unknown. There is an urgent public health need to determine the effects of PFAS in use on both mammary gland development and increased breast cancer incidence. Current exposure studies use rodent models that require cumbersome end-point analyses as well as large monetary and time investments.  Our proposal is aimed at developing an in vitro to in vivo extrapolation (IVIVE) pipeline of mammary gland development and maintenance to identify and prioritize potentially toxic PFAS, to ultimately mitigate number of animals needed for environmental exposure studies. Our approach is to develop in vitro models of the mammary gland of increasing complexity but decreasing throughput, identifying links between high-throughput and high- complexity model endpoint readouts to best prioritize large chemical libraries. A key technology to establish links across multiple in vitro culture platforms is optical coherence tomography-based structural-functional imaging (OCT-SFI), developed by MPI Oldenburg, which non-invasively visualizes label-free cells, their intracellular motility, and morphology of formed spheroids, within optically turbid tissue models.  Our first specific aim advances a high-throughput paper-based culture system, developed by MPI Lockett, to study mammary epithelial cell invasion in physiologically relevant tissue microenvironments. The platform will evaluate 96 different exposure conditions in parallel. Our second specific aim employs 3D co-culture models that include fibroblasts to model stromal signaling known to affect mammary gland development. OCT-SFI will provide cellular motility and morphology of the organotypic spheroids that form in these cultures. Finally, our third aim will screen a library of 40 PFAS, with a particular focus on the perfluoroethercarboxylic acids (PFECAs) currently used in industrial coatings. In addition, 12 PFAS will be screened for which there is existing in vivo rodent model data available, and comparisons between in vitro assay outputs and in vivo gland remodeling will be used to refine the assay models and establish initial thresholds for screening.  The models developed as part of this proposal will thus be predictive of biology, enabling the high-throughput capability needed for future screening of all PFAS as well as other emerging endocrine disruptors. The project’s risk is balanced by the known imaging capabilities of OCT-SFI to probe responses in 3D spheroid and paper- based co-cultures. The high-throughput nature of this IVIVE pipeline makes it ideal for screening libraries of potential toxicants, providing information-rich datasets of spatially and temporally resolved morphological and molecular changes across the tissue-like structures.		Developing an in vitro to in vivo pipeline of mammary gland exposure-response relationships to per- and poly-fluoroalkyl substances (PFAS) This project, submitted to PA-19-056 as an R01 program with no clinical trial, is aimed at developing an in vitro to in vivo extrapolation (IVIVE) pipeline to identify potentially toxic per- and polyfluoroalkyl substances (PFAS) based on carcinogenic potential in the mammary gland. We envision a multi-tiered pipeline starting from a high- throughput paper-based culture (PBC) in vitro platform that prioritizes PFAS for second-stage assessment by a moderate-throughput organotypic mammary spheroid co-culture platform. Optical coherence tomography (OCT) is employed as a high-speed and non-invasive imaging moiety to capture cellular invasion in PBCs, and morphology and motility in spheroids, providing quantitative readouts for assay development. Specific Aims Specific Aim 1: Develop a PBC platform for high-throughput screening of PFAS that assigns an EMT score based on proliferation and invasiveness in mammary monocultures.  Sub-aim 1: Develop OCT-based scanner that rapidly quantifies cellular invasion in 96-well PBCs. An OCT scanner that quantifies the distribution of cells within 4-layer PBCs in <  30s per well will be developed using novel temporal compressive sensing techniques that discriminate live cells from paper fibers based on their characteristic speckle fluctuations. This engine will rapidly and longitudinally provide readouts of cell invasion.  Sub-aim 2: Develop PBC invasion assay with known legacy PFAS molecules PFOA and PFOS. We hypothesize that PBC invasion and proliferation readouts correlate with epithelial-to-mesenchymal (EMT) gene and protein marker upregulation in response to PFAS exposure. Using known legacy PFAS and ER+ and ER- mammary epithelial cell lines in PBCs we will associate EMT signatures with PBC readouts. This will establish a high-throughput PBC-based assay that outputs an EMT score for screening and prioritization of PFAS libraries. Specific Aim 2: Develop a 3D mammary spheroid co-culture assay using OCT-structural functional imaging (OCT-SFI) to prioritize PFAS for carcinogenic potential. For effective IVIVE it is important to model 3D architecture and cell-cell signaling that regulates tissue development, maintenance, and affects likelihood of carcinogenesis. Prior work has established OCT-SFI as an effective tool for detecting malignant phenotypes of mammary epithelial spheroids in co-culture with fibroblasts via morphological and motile signatures.  Sub-aim 1: Develop a 3D mammary co-culture exposure-response assay by correlating existing OCT-SFI metrics with malignancy defined by SPF. We hypothesize that metrics quantified from information-rich (3+1)D OCT-SFI scans of spheroid cultures, such as volume growth rate or intracellular motility, correlate with S-phase fraction (SPF), a standard definition of malignancy, during exposure to PFAS. Using legacy PFAS with known in vivo morphologic response in the mammary gland, we will refine OCT-SFI metrics that best correlate with SPF in normal and pre-malignant mammary epithelial cell lines. This will establish a medium-throughput OCT-SFI- based mammary spheroid assay that outputs a malignancy score for second-stage PFAS prioritization.  Sub-aim 2: Develop deep learning algorithms on OCT-SFI data to discover novel spatial-spectral metrics associated with exposure-induced carcinogenesis. This exploratory Aim seeks to investigate novel deep learning approaches to mine the information-rich (3D space + 1D time) OCT data for features predictive of SPF. Specific Aim 3: Perform pipeline screening on a library of PFAS with little-to-no prior data and refine assays in comparison with existing in vivo data. In this Aim we will employ the assays developed in Aims 1 and 2 to evaluate a library of relevant PFAS, including industrial perfluoroethercarboxylic acids (PFECAs) that have been detected in North Carolina waterways. A subset of these PFAS have or will have existing in vivo rodent model exposure data of mammary gland remodeling available from the NIEHS. We will compare morphologic gland features across these compounds to PBC and spheroid assay readouts in a univariate analysis method developed by the EPA to identify assays with high odds ratio for carcinogenicity when they test positive. These and associations between PBC-based EMT scores and spheroid-based malignancy scores collected across the library will be used to further refine the pipeline. By the conclusion of this effort we will have a preliminary IVIVE pipeline validated across 12 (in vivo) to 40 (PBC assay) compounds to establish quantitative readouts and thresholds for screening of PFAS. We will also have produced new data of PFECAs of immediate concern to prioritize upcoming rodent tests with limited resources.  Investigators. Our team is well suited for this effort: MPI Oldenburg brings expertise in OCT and its application for 3D mammary spheroid co-culture models; MPI Lockett has expertise in characterizing cellular responses to microenvironment factors in 3D cultures in the PBC platform; Co-I Niethammer is expert in machine learning algorithms; Co-I Troester is an expert in breast cancer epidemiology and pathology and will guide development of scoring methods; Co-I Zhou has expertise in biostatistical design models; Consultant Fenton is expert in mammary gland development and dysregulation, especially PFAS exposure-responses in rats.

		2020		1 R25 ES031498-01		-		Near-Peer Mentoring in Environmental Health:  Chemical Exposures and Disease Risk		UNIVERSITY OF MASSACHUSETTS AMHERST		MA		VANDENBERG, LAURA N		$107,907		$107,907		PAR19-197		9920522		R25		HUMBLE, MICHAEL C.		8469980		ES		Project Summary The overarching goal of this R25 application is to provide training to diverse high school and undergraduate students who will work with supportive faculty mentors to understand how environmental chemical exposures contribute to non-communicable diseases, and how hazard and/or exposure mitigation can improve health. Program faculty come from a diverse range of disciplines: toxicology, endocrinology, cell and molecular biology, veterinary and animal sciences, chemistry, epidemiology, chemical engineering, civil and environmental engineering, and science communication. We will focus on recruiting women and individuals from underrepresented groups to participate in this summer program, which includes three aims: 1) To involve high school age young women in introductory summer research experiences and recruit those with an interest in participating in research projects or science communication projects. By partnering with the local Girls Inc. organization, we will offer week-long introductory training programs for 9th grade girls from diverse but underserved communities in Western MA. With 24-26 girls participating every year, we will use this program to recruit 10th and 11th grade girls to participate in Aims 2 and 3. 2) To create a learning community focused on understanding how environmental chemical exposures contribute to non-communicable diseases and develop scientific strategies to create solutions to these challenging problems. High school and undergraduate students will work with UMass faculty to understand how environmental chemical exposures contribute to non-communicable diseases, and how hazards and/or exposures can be mitigated. Research will focus on one of these areas:  • molecular and cellular models of diseases relevant to environmental chemical exposures;  • characterizing chemical exposures and their association with human diseases;  • understanding the effects of environmental chemicals on conditions such as cancer and metabolic diseases;  • creating solutions for exposures to hazardous environmental chemicals including use of green chemistry  principles to avoid hazards entirely and pollution remediation when exposures cannot be avoided. 3) To train diverse participants in methods to communicate complex environmental health concepts in the context of our learning community and in broader communities. High school and undergraduate students will work to create science communication tools, aimed at educating a lay audience about one or more topic addressed in the laboratories in Aim 2. Communication tools could include static or animated infographics, informational videos, podcasts, or other social media tools.		Specific Aims Exposures to environmental chemicals can cause adverse effects in wildlife and humans1-3. Establishing the risks these chemicals pose to health, as well as potential strategies to mitigate or avoid exposures, requires interdisciplinary research, dialogue and collaboration involving epidemiologists, toxicologists, biologists, conservation scientists, exposure scientists, ecologists, and engineers4,5. Furthermore, such collaborative efforts should extend across generations and prepare to train – and learn from – young people invested in improving environmental and public health. There is a large body of research suggesting that groups perform better at problem-solving when they are comprised of diverse participants6,7. Yet, STEM fields including environmental health sciences continue to struggle to recruit diverse trainees. Efforts are needed to encourage women, underrepresented minorities, first generation and economically disadvantaged, LGBTQ, disabled, and veterans to work on scientific efforts that impact all aspects of society – from individuals to communities to the global scale. Continued input from these populations will help to ensure that solutions to the issue of chemical exposures that contribute to disease risk can be implemented in those communities that are most impacted. The overarching goal of this R25 application is to provide training to diverse high school and undergraduate students interested in understanding how environmental chemical exposures contribute to non-communicable diseases, and how hazard and/or exposure mitigation can improve health. We hypothesize that near-peer mentoring programs (matching high school students with undergraduates with similar interests), and traditional mentoring programs (matching each student with supportive program faculty), will encourage individuals from diverse backgrounds to pursue science education opportunities and research careers. Our prior experiences, working with high schoolers and undergraduates, provide strong evidence that these individuals can participate in research endeavors, and make significant, important contributions to hypothesis-driven studies. We propose to develop a summer research program to recruit individuals from underrepresented groups to pursue studies and training in research projects in environmental health sciences. Our proposal includes the following specific aims:  1) To involve high school age young women in introductory summer research experiences and  recruit those with an interest in participating in research projects or science communication  projects. We have developed week-long intensive research experiences through the UMass Eureka  program to provide hands-on exploratory opportunities to 9th grade girls from Holyoke, Chicopee and  Springfield, communities in Western MA where the majority of residents are racial and ethnic minorities.  We will use this research experience to recruit high school students from underrepresented groups to  work in laboratories (Aim 2) or participate in science communication projects (Aim 3).  2) To create a learning community focused on understanding how environmental chemical  exposures contribute to non-communicable diseases and develop scientific strategies to create  solutions to these challenging problems. High school and undergraduate students will work in  laboratories focused on one of five scientific topics relevant to environmental chemical exposures,  disease outcomes, the molecular basis of these diseases, and exposure/pollution avoidance and  remediation. In addition to hands-on research experience, participants will be provided with training in  responsible conduct of research, rigor and reproducibility, networking and professional development,  laboratory safety, scientific writing, and presentation skills.  3) To train diverse participants in methods to communicate complex environmental health  concepts in the context of our learning community and in broader communities. High school and  undergraduate students will work with professional communicators to develop scientific communication  skills and create infographics, informational videos, and other social media tools. The proposed work fits within the mission of NIEHS, advancing research on a range of environmental chemical exposures currently being studied at UMass (PFAS, phthalates, UV-filters, parabens, triclosan, DDT, imidacloprid, bisphenols) and the molecular basis of diseases including cancer, type 2 diabetes, cardiovascular disease, and autoimmune diseases, among others. Completion of this summer research program will allow us to (1) complement and enhance the training of a workforce to meet the nation's research needs in the study of environmental health sciences; (2) encourage individuals from diverse backgrounds, including those from groups underrepresented in the biomedical sciences, to pursue further studies or careers in research; and (3) foster a better understanding of biomedical research and the implications of this work in high school and undergraduate participants.

		2020		1 R43 ES031443-01		-		Fiber adsorbent for remediation of multisolute contamination in drinking water.		CHEMICA TECHNOLOGIES, INC.		OR		TSUKAMOTO, TAKUJI 		$159,012		$159,012		PA18-574		9910154		R43		HENRY, HEATHER F.		8470016		ES		Project Summary The water treatment product developed in this SBIR program will give more people the opportunity to live healthier lives and will strengthen communities by increasing available potable water resources. The contamination of drinking water is an age-old problem which has been made worse in recent decades by man-made toxins (pharmaceuticals, plasticizers, pesticides, disinfectant by-products, etc.) entering drinking water reservoirs via wastewater, agricultural runoff, storm water, and polluted air and soil. Exposure to these toxins through drinking water is leading to chronic, complex diseases; the burden of which falls primarily on socioeconomically disadvantaged communities. Removal of these toxic compounds is imperative to protect health. Traditional adsorption technologies which are relatively straightforward and cost-effective do not have the structural sophistication to allow for the simultaneous removal of a broad spectrum of toxic organic chemicals. Other purification technologies (i.e. reverse osmosis membranes and hydroxyl radicals) have failed to provide a simple and cost-effective means for residential areas to remove the many different organic chemicals now found in drinking water supplies. What is missing from the $3B US residential treatment market is a simple and cost effective POU product for the simultaneous removal of toxic organic and inorganic contaminants. Through this SBIR project, Chemica aims to bring a timely new tool to the field of water treatment/purification that specifically targets difficult to remove contaminants in an easy-to-use and affordable manner. This will be achieved through applying Chemica’s proprietary surface modification techniques to a robust carbon fiber substrate. Chemica’s novel fiber is easily scalable and can be tailored to meet users’ specific needs. Through previous efforts Chemica has developed adsorbents to target either organic toxins or inorganic toxins. The goal for this SBIR program is to develop an adsorbent capable of simultaneous adsorption of BOTH organic and inorganic toxins in a highly efficient mechanism, which will be achieved through the following Specific Aims: 1. Ionic Liquid Assisted Preparation of Functionalized Fiber; 2. Characterization of Toxic Organic and Inorganic Chemical Removal by ACFs. Key words: drinking water, emerging contaminants, toxicity, adsorbent, carbon fiber, pharmaceuticals, plasticizers, pesticides, disinfectant by-products, heavy metals, lead, coordination chemistry, organic chemistry, VOC, arsenic, remediation, ionic liquids		SPECIFIC AIMS Introduction. Chemica Technologies is a technology development company specializing in material science solutions that protect human health and help sustain our environment. Through innovative surface and material chemistry we are creating better solutions to the problem of difficult-to-remove contaminants in drinking water. Through this SBIR project, we attempt to produce a water purification material that simultaneously removes both organic and inorganic toxins from drinking water, which will dramatically expand the range and efficiency of contaminant removal compared to alternative solutions. Significance. “Providing clean water to the world’s ever increasing population becomes ever more challenging as clean water sources become depleted and threatened by human wastes, pesticides and industrial pollution. While earth is a water rich planet, what is in short supply is clean water that people can afford to buy” (Techconnectworld.com, 2014). The UN predicts that by 2025, 2/3 of the world’s population will face moderate or severe water shortages. Thus, effective remediation technologies are urgently needed. Although several water remediation methods are available for a large-scale target, adsorption is known to be one of the most effective methods with simplicity for removing chemicals, especially, organic chemicals. Traditional adsorbents such as granular carbon is useful for as the first stage of the remediation, but, it seems to lack the structural sophistication to simultaneously remove the broad spectrum of organic chemicals which now have been increasingly found in drinking water supplies. Preliminary work by Chemica shows 5-30 times faster removal of 20 complex organic chemicals with varying physico-chemical properties from test water using a prototype material (Tsukamoto and Gatlin, 2018). The Product. Our novel adsorbent is developed through the combination of a specialized, high surface area substrate and proprietary surface chemistry. By improving the efficiency of contaminant removal and regeneration our product will be cost competitive, and eventually decrease the cost as production increases with improving the quality of drinking water., Our target customers are existing providers of water filtration technology with a strong presence in the global drinking water treatment market. Two of which have expressed their keen interest in licensing our IP once our specific aims have been demonstrated, as detailed in the attached letters of support. These companies have the resources necessary to bring this product to market. Long Term Goal. Based on the successful preliminary studies, we aim to produce a prototype modular cartridge containing a robust adsorbent with 5x faster adsorption rates over existing adsorbents for BOTH organic and inorganic solutes and lower lifecycle costs compared to alternative water purification technologies. Phase I Hypothesis. Utilizing ionic liquids in the synthesis of functionalized carbon fiber adsorbents will:  a) result in increased density of inorganic ligand incorporation, b) reduce the time required to prepare the functionalized adsorbent and c) improve the simultaneous adsorption of organic and inorganic contaminants. We will target contaminants of stated concern to NIEHS, including arsenic, PFAS, pesticides, and EDCs. Specific Aim 1. Ionic Liquid Assisted Preparation of Functionalized Fiber. We will apply ionic liquid chemistry to effectively functionalize ACFs and perform physico-chemical characterization of the ACFs. Specific Aim 2: Characterization of Toxic Organic and Inorganic Chemical Removal by ACFs. We will compare the adsorption kinetics and isothermal adsorption of prepared ACFs with selected organic and inorganic chemicals. We will also calculate the cost comparison to prepare the ACFs in large-scale by the differing methods. Phase I will result in an adsorbent which will exceed existing adsorbents in efficiency of simultaneous adsorption of both organic and inorganic toxins. The data produced in Phase I will be used to develop a structure/activity matrix that relates classes of compounds to different functional groups. In Phase II, modular products containing the adsorbent developed in Phase I will be designed to maximize cost and efficacy. Expected Outcomes. These aims are designed to provide customers with evidence that our material will meet or exceed their requirements for manufacturability. Commercial Application Our commercialization strategy for this product is to license to a company with a strong presence in the global water market, which has been estimated to be greater than $500 billion. Companies in this market with whom we have initiated licensing discussions include Teijin Limited, Asahi Kasei, and Nomura Micro.

		2020		5 R01 ES019222-10		-		Manganese Exposure Windows and Neurologic Function in Adolescence		ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI		NY		HORTON, MEGAN K		$582,771		$582,771		PA13-302		10016299		R01		GRAY, KIMBERLY A		8469965		ES		﻿    DESCRIPTION (provided by applicant): The primary objectives of this study are to characterize the effects of environmental manganese (Mn) exposure on adolescent neurodevelopment. Although long known to be a critical neurodevelopmental period in pediatrics/psychology, little is known about the impact of toxic chemical exposures on neurophenotypes in adolescence. Mn is a compelling neurotoxicant to study in adolescence because: i) Mn is an essential trace metal, but it is also neurotoxic at elevated exposures; ii) th catecholaminergic system is a well-known target of Mn, and adolescence neurodevelopment involves substantial changes to the dopaminergic system, iii) Mn exposure is more ubiquitous than previously recognized, but its role in altering brain development is not well known, and iv) there are significant knowledge gaps regarding the impacts of Mn in adolescence. Preliminary results from our initial grant period show that elevated Mn exposure during pre/early adolescence is associated with deficits in attention, neuromotor, cognitive, and olfactory function in children. We will build upon these findings in a cohort of 240 adolescents to determine: 1) the role of Mn exposure timing on adolescent executive function, behavior, and self-regulation by applying novel exposure biomarkers and statistical methods to identify and define critical developmental windows of susceptibility, and 2) functional and anatomical neurophenotypes that are impacted by Mn, focusing on brain areas that subserve executive function, behavior, and self-regulation in adolescence (e.g., Pre-Frontal Cortex, ventral striatum, amygdala) using functional and anatomical MRI. Our established PHIME (Public Health Impact of Manganese Exposure) cohort presents a unique opportunity to achieve these important goals. PHIME was designed to investigate long-term Mn exposure timing; it consists of subjects (now adolescents) living in three well-characterized communities in Northern Italy that differ in the timing and intensity of environmental Mn exposure from current or historic ferromanganese alloy plant operations. Moreover, recent innovations in exposure science now allow us to retrospectively reconstruct Mn exposure across fetal life/early childhood using a novel tooth biomarker of exposure. These studies will be among the first to longitudinally assess the role of environmental Mn on adolescent neurodevelopment and behavior and to objectively determine critical exposure windows that can inform the timing of future public health interventions.		Program Director/Principal Investigator (Last, First, Middle): Lucchini, Smith, Wright Introduction: The primary objectives of this renewal application are to characterize the effects of environmental manganese (Mn) exposure on adolescent neurodevelopment. During adolescence there is significant brain re-organization in the functional domains of planning, concept formation, working memory, inhibitory control, and regulation of emotion/aggression, all of which are important subdomains of executive function. These neurobehavioral functions rely largely on the catecholaminergic system (e.g., dopamine and norepinephrine) and reflect function in the cortical regions (prefrontal cortex, PFC; anterior cingulate cortex, ACC) as well as the ventral striatum, amygdala, and related/connected structures. Although adolescence is long known to be a critical neurodevelopmental period in pediatrics/psychology, little is known about the impact of toxic chemical exposures on neurophenotypes in adolescence. Mn is a compelling neurotoxicant to study in adolescence because: i) Mn is an essential trace metal, but it is also neurotoxic at elevated exposures; ii) the catecholaminergic system is a well-known target of Mn, iii) Mn exposure is more ubiquitous than previously recognized, but its role in altering brain development is not well understood, and iv) there are significant knowledge gaps regarding the impacts of Mn in adolescence.  Preliminary results from our initial grant period show that elevated Mn exposure during pre/early adolescence is associated with deficits in attention, cognition, neuromotor, and olfactory function. We will now build upon these findings to determine: 1) the role of Mn exposure timing on adolescent executive function, behavior, and self-regulation by applying novel exposure biomarkers and statistical methods to identify and define critical developmental windows of susceptibility, and 2) functional and anatomical neurophenotypes that are impacted by Mn, focusing on brain areas that subserve executive function, behavior, and self-regulation in adolescence (e.g., PFC, ventral striatum, amygdala) using functional and anatomical MRI. Our established PHIME (Public Health Impact of Manganese Exposure) cohort presents a unique opportunity to achieve these important goals. PHIME was designed to investigate long-term Mn exposure timing; it consists of subjects (now adolescents) living in three well-characterized communities in Northern Italy that differ in the timing and intensity of environmental Mn exposure from current or historic ferromanganese alloy plant operations. Recent innovations in exposure science now allow us to retrospectively reconstruct Mn exposure across fetal life/early childhood using a novel tooth biomarker of exposure (Fig. 2, section A.4.1). Our plan is innovative and cost- efficient, as we will be able to follow up our cohort to link the timing and intensity of Mn exposure with neurological function at an important developmental age (adolescence) that has been understudied to date. Specific Aim 1: Determine critical developmental exposure windows for Mn by regressing executive function, behavior, and self-regulation measures assessed in adolescence with Mn exposure assessed prenatally, in childhood, and in adolescence, then comparing results from each life stage.  Subaim 1.1: We will determine the association between early life Mn exposure and executive function, behavior and self-regulation in adolescents age ≥17 yrs by using an innovative tooth biomarker of early life Mn exposure, giving us exposure data from fetal life to age 6-12 yrs. We will then use data-driven statistical techniques to identify critical early-life exposure window(s) that predict our neurophenotypes.  Subaim 1.2: We will next use contemporary Mn exposure biomarkers (hair, saliva, blood) to determine the association between Mn exposure during older life stages, pre-adolescence (11–14 yrs, from prior grant cycle) and adolescence (≥17 yrs, this cycle), on the same domains as Subaim 1.1. We will compare these later-life relationships with the early-life tooth based exposure-outcome relationships to further refine the developmental exposure window(s) most predictive of neurobehavioral outcomes in adolescence (see Fig. 1). Specific Aim 2: Determine the relationship of Mn exposure with quantitative, anatomical and functional MRI phenotypes. We will conduct anatomical, resting state, diffusion tensor imaging (DTI), and functional MRI coupled with sensory/emotional, working memory and attentional stimulation, focusing on PFC/ACC and limbic regions, to assess the impact of Mn-exposure on adolescent brain development. The results of aim 1 will guide our analysis by identifying the Mn exposure timing window most likely to predict these phenotypes.  Subaim 2.1: Using a statistical approach similarly to Aim 1, we will test the effects of Mn exposure over different life stages (prenatal, childhood, preadolescence, and adolescence) on neurological function with MRI.  Subaim 2: We will test whether MRI phenotypes are associated with the functional neurobehavioral phenotypes determined in Aim 1. Impact: These studies will be among the first to longitudinally assess the role of environmental Mn on adolescent neurodevelopment and behavior and to objectively determine critical exposure windows that can inform the timing of future public health interventions. Many of the methods we propose are highly innovative and will lay the groundwork for future studies of early life predictors of adolescent health.

		2020		1 R01 ES032213-01		-		Environmental chemical exposures during pregnancy and womens cardio-metabolic health		UNIVERSITY OF COLORADO DENVER		CO		STARLING, ANNE 		$442,225		$442,225		ES20-003		10066188		R01		SMARR, MELISSA M		8469965		ES		Project Summary While much research has been devoted to exploring the impact of environmental chemical exposures during pregnancy on infant and child health, relatively little attention has focused on the potential influence of these exposures on maternal health. Recent evidence suggests that pregnancy may be a sensitive period in the life course, during which chemical exposures may have long-lasting effects on cardio-metabolic disease risk among women. Using a well-characterized existing cohort study that enrolled 1,410 pregnant women in 2009- 2014, we propose the following aims: (1) quantify the relationship between environmental exposures during pregnancy and short-term maternal health outcomes including: postpartum weight retention, reduced breastfeeding initiation and duration, and incident diabetes; (2) quantify the relationship between environmental exposures during pregnancy and long-term maternal health outcomes: body composition, weight trajectories from pregnancy through ~10 years after parturition, hepatic fat, dysglycemia and incident diabetes, and cardiovascular disease; and (3) evaluate the potential role of maternal characteristics and behaviors during pregnancy, specifically obesity and diet quality, in modifying associations between environmental chemical exposures and outcomes. Exposures during pregnancy will include serum per- and polyfluoroalkyl substances (PFAS), urinary phthalate metabolites, phenols and parabens, metals, organophosphate flame retardants, and modeled air pollutants at the maternal residential address during pregnancy. We propose to recruit 700 of the original study participants to return for a follow-up visit at ~10 years postpartum. At this visit, participants will undergo a comprehensive metabolic health evaluation including body composition via air displacement plethysmography (BOD POD), dysglycemia via oral glucose tolerance test, and hepatic fat fraction via MRI. Medical records will be abstracted to document incident diabetes and cardiovascular disease, and to reconstruct body weight trajectories. We will estimate associations between exposures during pregnancy and maternal outcomes using covariate-adjusted multivariable regression models for continuous, binary, or time-to- event data, as appropriate. Exposures will be evaluated as single pollutants and as mixtures using advanced statistical methods including Bayesian Kernel Machine Regression and Bayesian hierarchical Cox survival models. We hypothesize that maternal body mass index prior to pregnancy and diet quality during pregnancy will modify the effects of environmental chemical exposures on cardio-metabolic outcomes, such that associations will be stronger among women with obesity entering pregnancy or with poor diet quality during pregnancy. The results of this study will inform public health interventions to identify women who may be especially susceptible to the effects of environmental chemical exposures during pregnancy, and to improve the environment of pregnancy to promote the long-term health of both the offspring and the mother.		Environmental chemical exposures that occur during pregnancy may have long-lasting detrimental effects on women's health (1). Certain chemical exposures have been associated with gestational hypertension, preeclampsia, weight gain, and gestational diabetes (2-14), and such conditions during pregnancy are also related to women's risk of chronic disease throughout the lifespan. Gestational weight gain and postpartum weight retention may influence subsequent weight trajectory, with lifelong consequences for obesity and diabetes risk. Preeclampsia and gestational diabetes are associated with elevated risks of cardiovascular disease and diabetes, respectively, in the years following the pregnancy (15-18). However, few pregnancy cohort studies have been conducted with a specific focus on long-term maternal health outcomes, and a gap remains in our understanding of pregnancy as a vulnerable period for women's health during which environmental chemical exposures may increase chronic disease risk later in life.  The Healthy Start cohort study of pregnant women and their children (R01DK076648) provides a unique opportunity to examine women's health following well-characterized pregnancy exposures. Detailed behavioral and phenotypic data were collected on 1,410 women during pregnancy (2009-2014) with an emphasis on adiposity, glucose/lipid metabolism, and behavioral risk factors for obesity and diabetes. With additional funding (R01ES022934, R00ES025817, UH3OD023248), numerous environmental chemical exposures were assessed during pregnancy in this cohort, including serum concentrations of per- and polyfluoroalkyl substances (PFAS), urinary concentrations of phthalate metabolites, parabens and phenols, and modeled ambient air pollution near the maternal residence during pregnancy. Our research team consists of senior and junior investigators (Starling, Dabelea, Glueck) with records of highly productive collaborative research on this cohort (19-42), and a new collaboration with NIEHS-supported researchers (Brown, James) with expertise in  characterizing exposures to metals and  interrogating the relationship of metals  exposure with chronic disease (43-47).  We propose a longitudinal study of environmental chemical exposures during pregnancy and short-term and long-term adverse health outcomes  among approximately 700 women  enrolled in the Healthy Start cohort  (Figure). Over 60% of the 1,410 original  participants have returned with their  children for an in-person follow-up visit at  approximately 5 years post-partum, and the ongoing data collection on the children at ~10 years postpartum presents an ideal opportunity for recruitment of the mothers. We propose a strategic combination of record abstraction and new data collection, with an in-person study visit at ~10 years after the enrolled pregnancy for in-depth assessment of cardio- metabolic health. We will focus on chronic disease states that are common among women in the US, cause substantial morbidity and mortality, and have a plausible causal link with environmental chemical exposures: obesity, diabetes, fatty liver, and cardiovascular disease. Aim 1: In an ethnically-diverse group of women from an existing pregnancy cohort study, quantify the relationship between environmental exposures during pregnancy and short-term maternal health outcomes including: postpartum weight retention, reduced breastfeeding initiation and duration, and incident diabetes. Aim 2: In the same cohort of women, quantify the relationship between environmental exposures during pregnancy and long-term maternal health outcomes: body composition, weight trajectories from pregnancy through ~10 years after parturition, hepatic fat, dysglycemia and incident diabetes, and cardiovascular disease. Aim 3: Evaluate the potential role of maternal characteristics and behaviors during pregnancy, specifically obesity and diet quality, in modifying associations between environmental chemical exposures and outcomes.  Leveraging data from an existing pregnancy cohort with extensive maternal phenotypic data collected during and after pregnancy, as well as stored biospecimens from pregnancy, we will identify the independent and joint effects of simultaneous exposure to multiple environmental chemicals during the vulnerable period of pregnancy on women's chronic disease risk, using cutting-edge and novel measurements and statistical approaches. We will also explore factors that potentially exacerbate or mitigate these risks. The completion of these aims will further our understanding of how public health interventions to improve the environment of pregnancy may also help prevent chronic disease among women.

		2020		1 R01 ES031065-01A1		-		Per- and Polyfluoroalkyl substances mixtures and maternal cardiovascular disease risk across the reproductive life course		HARVARD SCHOOL OF PUBLIC HEALTH		MA		JAMES-TODD, TAMARRA M		$655,524		$655,524		PA19-056		10052084		R01		BOYLES, ABEE		8469965		ES		ABSTRACT Cardiovascular disease (CVD) is the leading cause of death among women living in the United States. Progress in identifying modifiable risk factors of CVD has been slow. Growing evidence supports the idea that pregnancy may be a stress test for future CVD risk and also a sensitive window of exposure for endocrine disrupting chemicals (EDCs) and women’s CVD risk. Our study will address the critical need to evaluate EDC exposures in pregnancy and midlife to determine whether these chemicals increase CVD risk across the reproductive life course—a key time period of CVD risk factor development. We will focus on exposure to per- and polyfluoroalkyl substances (PFAS), a class of ubiquitous, persistent chemicals. Our scientific premise is strong as prior studies and our preliminary data suggest that exposure to certain PFAS are associated with adverse cardiometabolic outcomes in both pregnant and non-pregnant women. However, previous studies have not prospectively evaluated CVD risk factor development between pregnancy and mid- life or examined replacement PFAS chemicals. The objective of this study is to determine whether exposures to legacy and replacement PFAS alter CVD risk in women across their reproductive lives. Our central hypothesis is that higher exposure to PFAS during pregnancy and through midlife alters the trajectory of CVD risk, first emerging in pregnancy as hypertension disorders of pregnancy (HDP), with subsequent emergence of CVD risk factors (i.e. obesity, hypertension, hyperglycemia, dyslipidemia) in midlife. This hypothesis will be tested through 3 aims using data from Project Viva, a longitudinal cohort study of 1,563 pregnant women with existing pregnancy PFAS data, of which 1198 are currently participating in a 20 year follow up study. In Aim 1, we will evaluate the association between legacy PFAS concentrations measured at 1st trimester of pregnancy with trajectories of systolic and diastolic blood pressure across pregnancy, and HDP (i.e. gestational hypertension and preeclampsia). In Aim 2, we will examine associations of legacy PFAS concentrations in pregnancy and the change in PFAS concentrations from pregnancy to midlife with CVD risk factors (e.g., body mass index, weight change since index pregnancy, central obesity, fasting glucose, insulin, hemoglobin A1c, hyperglycemia, blood pressure, hypertension, lipid levels, and dyslipidemia) during midlife (i.e.,20 years following pregnancy). In Aim 3, we will assess the association of legacy and replacement PFAS in mid-life with CVD risk factors in midlife. Across all aims, we will examine exposure to individual PFAS and their mixtures using advanced statistical techniques. The innovative aspects of our proposal include: evaluation of pregnancy as a susceptible window for EDCs and women’s CVD risk, examination of next-generation PFAS, and use of a large, well-characterized cohort that is undergoing 20 year follow up. Our findings will fill an important gap about the impact of environmental chemicals on an understudied time period—between pregnancy and midlife—with implications for CVD prevention and risk reduction.		A. SPECIFIC AIMS Cardiovascular disease (CVD) is the leading cause of death among women in the U.S. and has one of the costliest economic burdens, with an annual health expenditure of $318 billion.1 Growing evidence supports the idea that pregnancy may be a stress test as complications during pregnancy (e.g. hypertensive disorders of pregnancy (HDP)—gestational hypertension and preeclampsia), may signal future CVD risk.2-7 In fact, HDP complicates 10-15% of pregnancies each year8 9 and confers a 2-fold increased risk of CVD that emerges even within the first 10 years following pregnancy.5 While lifestyle and genetic factors are assuredly involved in adverse reproductive outcomes and later-life CVD risk,10 11 emerging evidence suggests that exposure to endocrine disrupting chemicals (EDCs) could also be an important and modifiable risk factor.12-16  One class of EDCs that warrants examination is per- and polyfluoroalkyl substances (PFAS).17 These ubiquitous, persistent synthetic EDCs18-20 have been associated with some CVD risk factors,12-14 18 including type 2 diabetes16 19 20 and dyslipidemia in non-pregnant populations.21 The few studies that have evaluated PFAS and HDP show conflicting evidence, likely due to differing exposure levels and CVD risk factors.22-25 However, these studies are limited to single- or short-term time periods. Little is known about changes in PFAS over time or how they may relate to CVD risk across the reproductive life course—a key time period of CVD risk factor development.5 26 PFAS concentrations are associated with age,27-29 breastfeeding,30-32 and menstrual regularity,33-36 including menopause status28 29 33-37 — all factors that may change in the decades between pregnancy and midlife. Furthermore, long-chain PFAS (e.g., PFOA and PFOS), also known as “legacy PFAS”, have been phased out of production and substituted with “replacement PFAS”, including short- chain PFAS and fluorinated alternatives (e.g., ADONA, GenX). Replacement PFAS are now ubiquitous in the environment; however, few studies have evaluated replacement PFAS and/or mixtures of legacy and replacement PFAS with CVD risk factors. Existing studies may underestimate risks associated with PFAS due to their limited exposure assessment and focus on individual chemicals.38  The objective of this study is to determine whether exposures to legacy and replacement PFAS alter CVD risk in women across their reproductive lives. Our central hypothesis is that higher exposure to PFAS during pregnancy and through midlife alters the trajectory of CVD risk, first emerging in pregnancy as HDP, with subsequent emergence of CVD risk factors in midlife (i.e. obesity, hypertension, hyperglycemia, dyslipidemia).  To accomplish our objective, we will leverage data from Project Viva on 1,563 pregnant women including plasma PFAS concentrations from pregnancy, clinical, and anthropometric data. We will also access data being collected from 1,198 women, who are currently participating in a 17-20-year follow-up after pregnancy. Our scientific premise is supported by prior research and our preliminary results, which suggest certain PFAS are associated with HDP and post-pregnancy CVD risk factors in Project Viva participants. Using a prospective cohort study design, we aim to examine: Aim 1: The associations of legacy PFAS concentrations in 1st trimester of pregnancy (individual chemicals and their mixtures) with trajectories and trimester-specific averages of systolic and diastolic blood pressure across pregnancy, as well as HDP (i.e. gestational hypertension and preeclampsia) Hypothesis 1: Higher pregnancy levels of PFAS and their mixtures are associated with higher blood pressure trajectories, trimester-specific average blood pressure, and HDP risk. Aim 2: The associations of legacy PFAS concentrations in pregnancy and the change in legacy PFAS concentrations from pregnancy to midlife (individual chemicals and their mixtures) with CVD risk factors during midlife (i.e., 17-20 years after pregnancy) Hypothesis 2: Higher pregnancy and higher sustained levels of PFAS and their mixtures from pregnancy to midlife will be associated with higher body mass index, weight gain since index pregnancy, central obesity, fasting and 2-hour glucose from a 75-gram OGTT, insulin, hemoglobin A1c, blood pressure, and lipid levels. Aim 3: The associations of legacy and replacement PFAS concentrations in mid-life (individual chemicals and their mixtures) with CVD risk factors in women during midlife Hypothesis 3: Higher levels of legacy and replacement PFAS measured at midlife and their mixtures will be associated with the higher levels of the same outcomes listed in Aim 2 at midlife. Impact: This is one of the first studies to evaluate exposure to PFASs at multiple time points, assessing concentrations across the reproductive life course, and development of CVD risk factors in mothers. This study will also provide critical information about replacement PFAS and CVD risk, with implications on a new set of environmental risk factors. Our findings will fill an important gap about the impact of environmental pollutants on an understudied time period—the decades covering pregnancy to midlife—with implications for CVD risk and risk factor modification for the leading cause of death in women.

		2020		5 R21 ES029681-02		-		Developmental origins of child liver injury: Effects of prenatal environmental exposures		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		CHATZI, VAIA LIDA 		$191,949		$191,949		PA18-489		9922274		R21		JOUBERT, BONNIE		8469965		ES		ABSTRACT Emerging experimental evidence indicates that exposure to environmental pollutants causes liver injury and contributes to “toxicant-associated fatty liver disease”, specially if exposure occurs during critical stages of development. Animal studies show hetatotoxic effects even at low levels of exposure to many endocrine disrupting chemicals (EDCs), including persistent organic pollutants, plasticizers and certain metals. Moreover, chronic exposures to ambient fine particulate matter have been shown to induce liver steatosis, inflammation and fibrosis in mice, accompanied by elevated blood liver enzymes. Human studies have largely been cross- sectional, and no previous population study has examined associations of in utero exposure to air pollution and EDCs with subsequent pediatric liver injury. We propose a novel analytyical approach for investigating effects of in utero environmental exposures on child liver injury, leveraging the extraordinary existing resources of the “Human Early Life Exposome (HELIX)” project, which provides completely harmonized biomonitoring data on environmental exposures, geospatial data and omics biomarkers in 1200 pregnant mothers and their children followed longitudinally up to the age of 6-10 years in 6 European countries. We hypothesize that higher ambient air pollution and targeted EDC exposures during pregnancy are associated with subsequent child liver injury and associated dysregulation of metabolic and inflammatory pathways. We propose to measure in archived serum samples established clinical biomarkers of child liver injury. We will apply novel statistical methods to conduct integrated analyses of HELIX chemical exposures, endogenous metabolites, cytokines, adipokines, and established clinical liver injury biomarkers, with the goal of identifying latent variables representing distinct groups of children at risk for liver injury. Our specific aims are: 1: To evaluate the associations of pregnancy trimester-specific fine particle and other regulated air pollution exposures with biomarkers of child liver injury. 2: To evaluate the associations of prenatal exposure to targeted EDCs with biomarkers of child liver injury. 3: To assess associations of prenatal environmental exposures with biological distinct subgroups of children at risk for liver injury, using an innovative latent variable approach that integrates exposure profiles, clinical biomarkers, engogenous metabolites, cytokine and adipokine data. The proposal brings together international experts on environmental epidemiology, pediatric hepatology, omics, and biostatistics from different research institutes in the U.S. and Europe and will be the first study to link multiple prenatal environmental exposures with childhood liver injury outcomes. The study is cost efficient, leveraging a large European investment in HELIX, and has potential to advance our understanding of early life environmental contributions to child liver injury and to identify new targets for prevention and interventions starting early in life.		SPECIFIC AIMS In parallel with increasing rates of obesity,1, 2 non-alcoholic fatty liver disease (NAFLD) is increasingly diagnosed at younger ages,3, 4 suggesting an early-life etiologic origin.5 In large population studies, for example in the National Health and Nutrition Examination Study,3 noninvasive clinical biomarkers have been used to measure liver injury and prevalence of suspected NAFLD, as the current diagnostic gold standard, liver biopsy, has well- known limitations of high cost, risk, and ethical restrictions.6-8 Over the past 20 years, prevalence of suspected NAFLD, defined as elevated alanine aminotransferase (ALT) levels in blood, has almost tripled among US adolescents, with increases among all race/ethnic subgroups, males and females.3 In adults, NAFLD is the second leading indication for liver transplant in the US,9 and is associated with increased morbidity from extra- hepatic complications.10, 11 The `Developmental Origins of Health and Disease' paradigm posits that environmental exposures during early life may produce permanent changes in tissues' structure, physiology and function, leading to metabolic disease.12 Animal studies have shown hepatotoxic effects even at low levels of exposure to many endocrine disrupting chemicals (EDCs)13,14 we propose to study, including organochlorine (e.g., polychlorinated biphenyls [PCBs], such as PCB-153,15 and dichlorodiphenyldichloroethylene [DDE]16), perfluoroalkyl (e.g., perfluorooctanoic acid [PFOA] and perfluorooctane sulfonate [PFOS])17-20 and persistent brominated (e.g., polybrominated diphenyl ether [PBDE]21) pollutants, to plasticizers (e.g., bisphenol A [BPA]22-25 and di(2(ethylhexyl) phthalate [DEHP] 26), and to certain metals (e.g., cadmium (Cd)27). Chronic exposure to ambient particulate matter (PM) resulted in liver steatosis, inflammation and fibrosis in mice, and in increased blood liver enzymes.28,29 We propose a novel analytical approach for investigating effects of in utero environmental exposures on child liver injury, leveraging the extraordinary existing resources of the “Human Early Life Exposome (HELIX)” project, which provides completely harmonized biomonitoring data on environmental exposures, geospatial data and omics biomarkers in 1200 pregnant mothers and their children followed longitudinally up to the age of 6-10 years in 6 European countries. We hypothesize that higher ambient air pollution and targeted EDC exposures during pregnancy are associated with subsequent child liver injury and associated dysregulation of metabolic and inflammatory pathways. We propose to measure in archived plasma samples noninvasive established clinical biomarkers of child liver injury.30 For this revised application, we have compelling new preliminary results from analysis of a subset of HELIX mother-child pairs (n=200) showing that one standard deviation (SD) increase in prenatal PFOA and ambient PM less than 10 µm in aerodynamic diameter (PM10) exposure was associated with 43% [Odds Ratio (OR): 1.43; 95% Confidence Interval (CI): 1.06-1.92)] and 34% (OR: 1.34; 95% CI: 1.00-1.81) increased odds of elevated ALT levels in children aged 6-10 years, respectively. We will apply novel methods developed as part of our statistical methods program project at USC (P01 CA196569) to conduct integrated analyses of HELIX chemical exposures, endogenous metabolites, cytokines, adipokines, and established clinical liver injury biomarkers, with the goal of identifying latent variables representing distinct subgroups of children at risk for liver injury. Preliminary results of this analysis in the sample of 200 HELIX mother-child pairs show, as a proof-of-principle, that in utero exposure to PM10 and PFOA were associated with a high-risk subgroup of children characterized by elevated ALT and high levels of other clinical biomarkers for liver injury, including ALT, aspartate aminotransferase (AST),30 gamma-glutamyl transferase (GGT),30 and serum cytokeratin 18 (CK-18), a validated blood marker for hepatocyte apoptosis recommended by the NASH Clinical Research Network.31 This approach is complementary to our previous work characterizing disturbed metabolic pathways in children with NAFLD, including fatty acid synthesis and oxidation, glycerophospholipids metabolism, and branched chain amino acids degradation.32 The approach also has potential clinical relevance for identifying biomarker clusters that could be validated in future studies of NAFLD. Our specific aims are: Aim 1: To evaluate the associations of pregnancy trimester-specific air pollution exposures (PM10, PM2.5, nitrogen dioxide (NO2), and near-residence traffic volume) with biomarkers of child liver injury. Aim 2: To evaluate the associations of pregnancy exposure to targeted EDCs (DDE, PCB153, PFOA, PFOS, PBDE-47, BPA, MEHP, cadmium) with biomarkers of child liver injury. Aim 3: To assess associations of prenatal environmental exposures with biological distinct subgroups of children at risk for liver injury, using an innovative latent variable approach that integrates exposure profiles, clinical biomarkers, endogenous metabolites, cytokine and adipokine data. Impact: The study is cost efficient, leveraging a large European investment in HELIX, has potential to advance our understanding of early life environmental contributions to child liver injury and may open new avenues for liver disease prevention by reducing exposures starting early in life.

		2020		1 R01 ES030691-01A1		-		Hepatotoxic effects of perfluoroalkyl substances: a new epidemiological approach for studying environmental fatty liver disease		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		CHATZI, VAIA LIDA 		$637,351		$637,351		PA19-056		9971288		R01		SMARR, MELISSA M		8469965		ES		ABSTRACT The prevalence of non-alcoholic fatty liver disease (NAFLD) in children has almost tripled over the past 20 years. NAFLD currently affects 8-12% of the general pediatric population in the U.S. and more that 30% of obese children. It is associated with an increased risk of developing advance stages of liver disease as well as cardiovascular and metabolic diseases. Mounting evidence suggests that early life environmental exposures contribute to the etiology of NAFLD. PFAS are persistent compounds widely used in water repellant textiles, nonstick coatings, and food packaging products, and have long half-lives (up to a decade) in humans. Almost all U.S. children and adolescents have detectable PFAS blood levels. Even low dose exposure to PFAS induces hepatotoxic effects in animal models. Despite abundant evidence from experimental studies, epidemiologic study is limited to a few cross-sectional studies in adults. We therefore propose a novel study design for investigating PFAS hepatotoxic effects in humans. We will leverage clinical and liver histopathological data from the Teen- Longitudinal Assessment of Bariatric Surgery (Teen-LABS) study, which is the largest national multi-center longitudinal, prospective study on teenagers undergoing bariatric surgery, and offers a unique archive of liver tissue and blood samples. We hypothesize that higher PFAS concentrations will be associated with NAFLD and non-alcoholic steatohepatitis (NASH, more severe NAFLD) at the time of surgery; furthermore, the large metabolic changes occurring after the bariatric surgery “natural experiment” will magnify effects of PFAS exposures, resulting in attenuated improvement in liver injury after surgery. To test this hypothesis, we will use archived samples collected at the time of surgery to measure PFAS concentrations in plasma and liver and assess associations with liver histopathology at the time of surgery and with improvement in liver injury during follow up (Aims1&2). We will then identify pathways altered by PFAS exposure based on high resolution metabolomics profiles in liver tissue and plasma samples, using a hierarchical modeling approach (Aim 3). Finally, we will integrate results from the PFAS-omics analyses, using a novel latent variable modeling framework, to identify subgroups of adolescents who have less improvement in liver injury after bariatric surgery, based on their PFAS exposure and metabolomics profiles (Aim 4). The proposed research will be the first human study to examine the effects of PFAS exposure on NAFLD using the gold standard of liver biopsies for disease diagnosis and liver-specific and plasma metabolomic measures for examining biological mechanisms linking exposure to disease. A strong interdisciplinary team of investigators brings expertise in environmental epidemiology, pediatric hepatology, bariatric surgery, metabolomics, and biostatistics. The study, utilizing existing data and biosamples from a well-phenotyped clinical adolescent bariatric surgery cohort, is an innovative, cost-effective approach to advance our understanding of environmental contributions to pediatric liver disease that may identify new targets for prevention and intervention starting early in life.		SPECIFIC AIMS In parallel with increasing rates of obesity,1,2 non-alcoholic fatty liver disease (NAFLD) is increasingly diagnosed at younger ages with potential long-term impact on liver, cardiovascular and metabolic health.3-5 The prevalence of elevated serum levels of alanine aminotransferase (ALT), a biomarker of liver injury and established clinical screening tool for NAFLD risk, has almost tripled among US adolescents over the last two decades.3 NAFLD in children is more likely than in adults to be characterized by hepatocyte injury in the periportal regions6 that reflect a more rapidly progressive and aggressive form of the disease.7 Experimental evidence indicates that exposure to environmental pollutants disrupts lipid homeostasis in liver and causes hepatic steatosis8,9 and “toxicant-associated fatty liver disease”.10 Poly- and perfluoroalkyl substances (PFAS) are chemically and thermally stable, persistent compounds widely used in water repellant textiles, nonstick coatings, and food packaging products. PFAS have long half lives in humans11 and are detected in blood of almost everyone in the US.12,13 Rodents exposed to PFAS developed hepatomegaly and hepatocellular hypertrophy, had elevated ALT in serum, and accumulated lipid droplets in hepatocytes (steatosis).14-21 Despite compelling evidence from experimental research, investigation of hepatotoxic effects in population studies is limited to a few adult cross-sectional studies.22,23 Our preliminary data from a clinical cohort of adolescents diagnosed with NAFLD show that higher plasma PFAS concentrations were associated with increased risk for more severe fibrosis and nonalcoholic steatohepatitis (NASH).24 The inference that exposure to PFAS causes NAFLD in humans needs to be strengthened by innovative epidemiological approaches. We propose the first human study to examine the effects of PFAS exposure on NAFLD using the gold standard of liver biopsies for disease diagnosis and liver-specific and plasma metabolomic measures for examining biological mechanisms linking exposure to disease. We will leverage the bariatric surgery clinical and liver histopathological data, and archived liver and blood samples from the Teen-Longitudinal Assessment of Bariatric Surgery (Teen-LABS) study, the largest multi-center prospective study of adolescents undergoing bariatric surgery across the US (n=120 with liver biopsy, mean age (SD): 17 (1.6) years).25 Bariatric surgery is an increasingly common intervention for severe obesity that results in rapid improvement in metabolic health,26- 30 and specifically in NAFLD.31,32 However, the determinants of the large variability between individuals’ metabolic responses to bariatric surgery are unknown.27,33 We and others have shown that environmental exposures are associated with decreased benefit in outcomes of bariatric surgery.34-36 We hypothesize that the large metabolic changes occurring after bariatric surgery will magnify the hepatotoxic effects of PFAS exposures observed more subtly in previous population studies, and that these effects are explained by impaired regulation of lipid metabolism and inflammation. Our preliminary data from obese adolescents undergoing bariatric surgery show that PFAS exposure was associated with systemic metabolome perturbations in numerous lipid and inflammation pathways that were also shown to be dysregulated in NAFLD patients.37-40 Our hypotheses and specific aims are: Aim 1. To examine in the Teen-LABS cohort the effects of liver-tissue and plasma PFAS concentrations on histologically-diagnosed NAFLD and on the severity of hepatic steatosis at the time of surgery. Hypothesis 1: We hypothesize that higher PFAS exposure are associated with NAFLD and severity of the disease. Aim 2: To examine the association of PFAS concentrations in liver tissue and plasma samples collected at the time of surgery with longitudinal changes in ALT plasma levels during the 3-year follow-up after surgery. Hypothesis 2: We hypothesize that higher PFAS exposures are associated with attenuated improvement in liver injury after surgery. Aim 3. To evaluate the effects of PFAS concentrations on liver and plasma metabolome profiles measured in archived liver samples from Teen-LABS participants. Hypothesis 3: We hypothesize that higher PFAS exposure impair regulation of lipid metabolism and upregulate inflammatory pathways. Aim 4: To integrate PFAS concentrations and metabolomics measures to identify subgroups of Teen-LABS participants who have less improvement in ALT after bariatric surgery, using an innovative latent variable analysis. Hypothesis 4: PFAS exposure measures and alterations in key metabolites associated with lipid metabolism and inflammation can predict subgroups of adolescents with increased susceptibility to NAFLD. The Teen-LABS plasma archive also provides an opportunity to determine whether results using target liver tissue are similar to those identified in plasma that is widely available in population studies. A recently funded proposal (ES0293281) will allow us to assess the generalizability of our findings on effects of PFAS on pathways of liver injury from this high-risk bariatric surgery cohort to a general pediatric population sample. These complementary studies have potential to advance our understanding of hepatotoxic effects of PFAS and may open new avenues for fatty liver disease prevention and treatment in youth.

		2020		5 R44 ES028649-03		-		Combined In-Situ / Ex-Situ Remediation of PFAS at Hazardous Waste Sites		ENCHEM ENGINEERING, INC.		MA		BALL, RAYMOND G		$508,155		$508,155		PA18-574		10019363		R44		HENRY, HEATHER F.		8471295		ES		Poly- and perfluoroalkyl substances (PFAS) in soil and groundwater are currently remediated by extracting the contaminated groundwater for ex-situ treatment via adsorption onto granular activated carbon (GAC) or other sorbents which only transfers contaminants to another media that still needs to be treated. This is a very long- term and expensive process because 1) it takes decades for the sorbed PFAS on soil to be extracted via groundwater pump and treat (P&T), and 2) the carbon must be changed frequently and 3) treatment (by high temperature regeneration or incineration) is costly. Recently, Higgins (Higgins, Chris, 2016 “Treatment and Mitigation Strategies for Poly and Perfluoroalkyl Substances”, Report #4322, Water Research Foundation, Denver, CO) showed that low molecular weight PFAS breakthrough GAC faster than other compounds. In addition, P&T technology may never achieve EPA Health Advisory concentrations in the aquifer. PFAS are fluorinated anthropogenic pollutants that the USEPA and global health organizations have identified as toxic, persistent, bioaccumulative and highly recalcitrant, being resistant to hydrolysis, photolysis, and biodegradation. PFAS were used in many products, including aqueous film-forming foams to combat chemical fires at military and civilian fire training areas where they are a common source of PFAS to the environment. They have been identified in surface waters and they persist in groundwater years after use, contaminating and threatening drinking water supplies. As of 2014, the U.S. Department of Defense alone has identified 664 fire/crash/training sites alone that potentially have PFAS contamination. Thus, there is a critical need for a more cost-effective and in-situ remediation approach for remediating PFAS contaminated sites that will only increase in the coming years. Our team will further develop and demonstrate an innovative combined in-situ/ex-situ technology to cost-effectively expedite treatment of PFAS at Superfund sites. The proposed proprietary treatment train combines 1) a non-toxic cyclic sugar (CS) to flush sorbed PFAS from the in-situ soil, 2) extraction of the CS- PFAS complex with groundwater and treatment in a high efficiency 99+% removal to 70 ppt (parts-per-trillion) ex-situ reactor that removes the PFAS from the extracted groundwater using a process to enhance foam formation that separates and concentrates the PFAS into a separate reactor where it is destroyed in the concentrate to 70 ppt total PFAS. The treated water with a low concentration of CS amendment is re-injected into the subsurface for continued aquifer flushing. In Phase I, it was shown that: 1) PFAS can be effectively flushed from highly PFAS contaminated soils with a relatively small flushing volume, and 2) the PFAS can be effectively separated from the extracted groundwater and destroyed in the concentrate. Bench scale tests will be used to evaluate those parameters needed to optimize site-specific PFAS desorption from soil, separation of the extracted CS-PFAS complex, and ultimate destruction of the PFAS concentrate in the ex-situ reactor. A site-specific field pilot test to demonstrate PFAS treatment by the process will be performed in Phase II. 1		Aims/Objectives 1: Site Selection and Characterization 2: Site –Specific Soil and Groundwater Bench Scale Testing 3: Construction of a Pilot Scale Treatment System for Mobilization to the Test Site 4: Field Pilot Scale Demonstration of Combined XCT® Process and Design Confirmation SPECIFIC AIMS The specific aims for this Phase II pilot-scale field demonstration include: Specific Aim #1: Site Selection and Characterization  • Perform any necessary Site characterization of hydrogeology, PFAS and co-  contaminants concentrations in soil and groundwater for the demonstration test area to  supplement any existing characterization,  • Select a test Site having the desired subsurface conditions of hydraulic conductivity,  depth to groundwater, geology, and PFAS contaminant distribution Specific Aim #2: Site –Specific Soil and Groundwater Bench Scale Testing  • Perform bench-scale testing on the site-specific PFAS contaminated soil and  groundwater to evaluate required CD concentration for PFAS desorption and flushing  from soil, airflow rate and CD concentration for foam production and removal of the  CD-PFAS complex from the water to be treated, oxidant doses for CD and PFAS  destruction in the separated foam to be used in the pilot test. Specific Aim #3 Construction of a Pilot Scale Treatment System for Mobilization to the Test Site  • A pilot-scale treatment system will be constructed in a cargo container with capability to  inject the CD and extract it in a push-pull mode, treat the water using a two stage foam  fractionation process to produce a PFAS concentrate from the foam, and destruction  step using oxidation of the PFAS concentrate. Specific Aim #4: Field Pilot Scale Demonstration of Combined XCT® Process and Design Confirmation  • Perform pilot field demonstration test of the combined in-situ/ex-situ XCT/OxyZone®  process for PFAS recovery from subsurface soils and groundwater with ex-situ PFAS  destruction at one or two test locations on the Site and quantify the performance and  scale-up costs. At the completion of this Phase II project, we anticipate that PFAS removal will meet current USEPA UCMR contaminant levels in water of 70 ppt. If successful, this will be the first combined in-situ/ex-situ treatment system of its kind capable of removing a broad range of PFAS to a low concentration in the aquifer. The Scope of Work below includes all work necessary to complete the demonstration of this PFAS remediation project. Major milestones include final site selection (proposed: Barnstable County Fire Training Area, Hyannis, Massachusetts), submittal of the project work plan, completion of bench scale testing, field characterization, completion of pilot test field event, post-treatment data collection and analysis, and final report submittal.

		2020		5 R01 ES025214-05		-		Early life perfluoroalkyl substance exposure & obesity: Mechanisms & phenotyping		BROWN UNIVERSITY		RI		BRAUN, JOSEPH M		$569,204		$569,204		PA13-302		9875273		R01		JOUBERT, BONNIE		8469965		ES		﻿    DESCRIPTION (provided by applicant):  Childhood obesity is a major public health problem in the United States where nearly 17% of children are obese and another 15% are overweight. Emerging evidence suggests that early life exposure to chemical obesogens may increase the risk of obesity by affecting hormonal systems involved in adipogenesis, weight homeostasis, or metabolism. Perfluoroalkyl substances (PFAS) are a class of man-made chemicals used in stain/water repellant textiles, nonstick coatings, and food packaging. Growing evidence from animal, human, and experimental studies shows that these chemicals may be obesogens and affect cardio-metabolic endpoints as well. Despite this, there are few prospective human studies characterizing the obesogenic effects of PFAS, and even fewer investigating the molecular mechanisms of PFAS action. We will use the HOME Study, a prospective birth cohort of 375 women and their children from Cincinnati, OH to address these gaps and determine if PFAS exposures during three distinct periods of development are associated with body composition, cardio-metabolic risk markers, and relevant biological intermediates. Women in our study have serum PFOA concentrations two-times higher than US pregnant women due to their proximity to a fluoropolymer manufacturing plant, thus allowing us to examine the impact of high exposure to this chemical. We have measured serum concentrations of four PFAS (PFOA, PFOS, PFNA, and PFHxS) in pregnant women during the 2nd trimester and their children at 3 years of age. Concentrations will also be measured at 12 years of age. We will determine if higher exposures to these PFAS at these times in development are associated with: 1) Growth from birth to 12 years of age and state-of-the-art measures of body composition at 12 years of age; 2) Cardiometabolic risk factors, including central adiposity, blood pressure, and fasting lipid, glucose, and insulin levels at 12 years of age; 3) Cortisol concentrations in infant meconium and adiponectin or leptin levels in serum collected from neonates and 12 year olds; and 4), Changes in leukocyte DNA methylation at >485,000 loci in child blood samples collected at delivery and 12 years. These aims scale from the child to molecular level, allowing us to test the hypothesis that prenatal PFAS exposures adversely affect clinical endpoints in children across the first 12 years of life and related molecular pathways. By identifying potentially modifiable obesity risk factors using these data, we will provide critical data to scientists and policy makers about the health effects of PFAS exposures at three distinct life stages. These data may serve as a model for other potential chemical obesogens that have similar structures or act via comparable mechanisms.		Specific Aims Childhood adiposity is one of the greatest public health threats to this generation of children, with obese youth facing increased risk of premature mortality and cardiometabolic disorders.13-15 Emerging research demonstrates that childhood obesity is related to the in utero and neonatal environment.16-20 This has led to immense interest in determining whether prenatal or postnatal exposures to chemical obesogens - toxicants that alter adipogenesis, growth, or metabolism – increase the risk of obesity and cardiometabolic disease.21,22 Perfluoroalkyl substances (PFAS) are a class of suspected obesogens used in food packaging, non-stick coatings, and stain/water-resistant textiles that bioaccumulate and resist environmental degradation. Human exposure is ubiquitous and these substances have long biological half-lives. Experimental and epidemiological studies suggest that PFAS exposure increases the risk of child/adult obesity, and adversely affect hormone action/synthesis, adipocyte function, and lipid/glucose homeostasis.23-30 PFAS may increase the risk of obesity and cardiometabolic disorders by altering hormonal systems that regulate DNA methylation of genes involved in metabolism or adipogenesis. However, prior epidemiological studies relied on less detailed anthropometric measures, did not comprehensively evaluate biological pathways, did not control for important childhood obesity predictors (e.g., diet), and have not evaluated windows of vulnerability in pre- and postnatal life. This proposal will determine if PFAS exposures during distinct development periods are associated with body composition, cardiometabolic risk markers, biologically relevant intermediates, and DNA methylation. We will use an established and ongoing prospective cohort of pregnant women and their children from Cincinnati, OH. These women have serum perfluorooctanoic acid (PFOA) levels ~2-times higher than pregnant women in the United States because Cincinnati is downstream from a West Virginia fluoropolymer plant that has contaminated the Ohio River. Our preliminary results show that higher prenatal PFOA exposure is associated with changes in child body composition between 2 and 8 years of age. Specifically, we will: Aim 1: Determine if prenatal, early childhood, or concurrent PFAS exposure is associated with adiposity at 12 years of age and altered growth trajectories from birth to 12 years of age.  We have measured PFAS levels in serum collected from mothers during pregnancy and children at 3 years  of age and collected up to 7 measures of weight, height, and abdominal circumference from 375 children  between birth and 8 years of age. We propose to bring a minimum of 200 children back to our study clinic at  age 12 to measure serum PFAS levels, assess body composition using dual X-ray absorptiometry, and  collect data on important predictors of child obesity (e.g., diet, physical activity). Aim 2: Determine if prenatal, early childhood, or concurrent PFAS exposure is associated with adverse cardiometabolic risk markers in 12 year old children.  We will measure abdominal circumference/adiposity, blood pressure, and fasting lipids, glucose, insulin, and  hemoglobin A1C levels in 200 children at 12 years of age. Aim 3: Determine if prenatal, early childhood, or concurrent PFAS exposure is associated with biological intermediates of childhood adiposity, specifically increased glucocorticoid and leptin levels, and decreased adiponectin levels.  We will measure cortisol in infant meconium samples and leptin and adiponectin in serum collected from  neonatal cord blood and 12 year old children. Aim 4: Determine if prenatal PFAS exposure is associated with variation in leukocyte CpG DNA methylation at delivery and 12 years of age.  In 200 children we will assess DNA methylation at >485,000 loci in blood leukocytes collected at delivery and  12 years. We will validate our top hits in another cohort with comparable PFAS and epigenetic measures. Dr. Joseph Braun and a team of co-Investigators will fulfill these aims and determine if PFAS exposure is associated with child adiposity, cardiometabolic risk factors, and molecular endpoints in a population with elevated prenatal PFOA exposure. In addition, our repeated assessment of PFAS exposure during three distinct life-stages, including the sensitive prenatal period, will allow us to discover potentially sensitive windows of development to PFAS exposures. Identifying obesity risk factors is a critical research need since few available interventions lead to lasting and meaningful reductions in child adiposity.31,32 If we determine that chemical obesogens like PFAS are novel obesity risk factors that also impact obesity related biological pathways, this could lead to interventions that reduce exposure to these and other structurally or biologically similar chemicals and ultimately, reduce childhood obesity risk.

		2020		1 R01 ES031079-01		-		Investigating Mixtures of Pollutants and Endometriosis in Tissue (IMPLANT) Study		GEORGE MASON UNIVERSITY		VA		POLLACK, ANNA ZULEMA		$339,796		$339,796		PA19-056		9864319		R01		BOYLES, ABEE		8469965		ES		ABSTRACT Endometriosis affects 6-11% of premenopausal women, causing pain, infertility, and billions of dollars in U.S. health care related costs annually. With a poorly understood etiology, endometriosis is characterized by hormonally responsive endometrial implants outside the uterus. Evidence from experimental and human studies indicate that endocrine disrupting chemicals, to which humans are nearly ubiquitously exposed, may play a role in endometriosis etiology and severity. We propose to measure nine perfluoroalkyl substances (PFASs) and 53 persistent organic pollutants (POPs) to which the population is broadly exposed, in eutopic (healthy uterine tissue) and ectopic (endometriosis implants) endometrial tissue. The literature is limited in that there are no studies of endometriosis incidence and severity in relation to PFASs, POPs, and their mixtures measured in uterine tissue. This study leverages a unique biorepository collected from the operative cohort of the Endometriosis: Natural History, Diagnosis, and Outcomes (ENDO) Study, an NICHD study which enrolled 495 women aged 18-44 from 14 clinical centers in California and Utah prior to laparoscopic surgery. We will determine: 1) whether higher levels of PFASs, POPs, and their mixtures in eutopic endometrial tissue are associated with incident endometriosis and 2) how these exposures in ectopic endometrial tissue are associated with endometriosis severity; 3) whether mixtures of PFASs and POPs across serum, adipose tissue, and eutopic endometrial tissue, are associated with endometriosis incidence; and finally, 4) recognizing the infeasibility of most epidemiologic studies of gynecologic disease to obtain endometrial tissue, we will develop a model to predict eutopic endometrial dose from serum levels of PFAS and POP exposure. This study will provide critical data on PFASs and POPs, which will advance scientific understanding and inform policy makers.		Investigating Mixtures of Pollutants and Endometriosis in Tissue (IMPLANT) Study Endometriosis affects 6-11% of premenopausal women, causing severe pain and infertility 1–5, and costs billions annually in the US, comparable to diabetes 6. This disease is estrogen dependent and is characterized by endometrial tissue growth outside the uterus, called endometriosis implants. Endocrine disrupting chemicals (EDCs) may play a role in its etiology and severity by mimicking hormones, like estrogen 7. Our group showed that ubiquitous EDCs, including per- and polyfluoroalkyl substances (PFASs) 8,9 measured in serum, and persistent organic pollutants (POPs) 10 in serum and adipose, were associated with endometriosis. This leads us to ask the next critical question of their possible role in the development and severity of endometriosis. A recent quantitative review called for measuring target tissue dose for these EDCs 11. Chemical availability differs between serum, adipose, and the target for endometriosis, endometrial tissue. So, serum or adipose chemical levels may not reflect the true exposure-disease relationship, stressing the need for target tissue dose 11,12. No studies have measured PFASs and POPs in eutopic, (healthy uterine tissue), or ectopic endometrium (endometriosis implants), to understand their role in endometriosis. Our long term goal is to prevent endometriosis by identifying modifiable risk factors, including PFASs, chemicals with widespread ongoing exposure and POPs, including organochlorine pesticides, polybrominated diphenyl ethers, and polychlorinated biphenyls. Our overall hypothesis is that PFAS and POP concentrations in endometrial tissue are higher in women with than without endometriosis and will be higher for more severe disease. We will elucidate the role of PFAS and POPs in endometriosis through novel biospecimens, uterine tissue and endometriosis implants. Because PFASs and POPs have shared sources of exposure, such as diet, and potential shared biologic mechanism(s), we will estimate associations between PFASs and POPs mixtures with endometriosis within and across biologic media. This proposal addresses a critical barrier to understanding the role of PFASs and POPs in endometriosis. We will test our novel hypothesis in the Endometriosis: Natural History, Diagnosis, and Outcomes Study, comprising women with (n=190) and without (n=283) surgically visualized endometriosis 9,10,13,14. Measuring PFASs and POPs in eutopic (n=437) and ectopic (n=137) endometrium and their mixtures across tissue in relation to endometriosis will advance the understanding of modifiable risk factors for this disease. The following aims are proposed: Specific Aim 1: Characterize PFASs and POPs concentrations in eutopic endometrial tissue and their association with endometriosis. Specific Aim 2: Characterize PFASs and POPs concentrations in ectopic endometrial implants and their association with endometriosis severity. Specific Aim 3: Determine the consistency of associations between PFASs and POPs and endometriosis by biologic media: adipose (POPs only), endometrium and serum. Exploratory Aim 4: Develop a predictive model for endometrial tissue dose of PFASs and POPs based upon serum concentrations. This prediction will serve as a resource for researchers without endometrial tissue available for estimating target tissue concentrations. Our work will be the first to determine if target tissue concentrations of PFASs and POPs are associated with endometriosis, helping to corroborate evidence from proxy measures. This study will inform whether PFASs and POPs in serum are sufficient to determine associations with endometriosis. The prediction provides an alternative should proxy measures not characterize the target tissue relationship with endometriosis and will be widely applicable to women’s health. This study can contribute to policy for PFASs to which the population is broadly exposed. Our team are experts on the exposures, outcome and analytic tools to model mixtures. Our proposal has ample public health value given the significant burden of endometriosis. This study propels future work identifying biological mechanisms for endometriosis and modifiable environmental exposures.

		2020		1 R01 ES031657-01		-		The Impact of Maternal and Paternal Preconception Perfluoroalkyl Substance (PFAS) Exposure on Reproductive and Perinatal Outcomes		HARVARD SCHOOL OF PUBLIC HEALTH		MA		MESSERLIAN, CARMEN 		$320,579		$639,794		PA19-056		9944227		R01		SMARR, MELISSA M		8469965		ES		Per- and polyfluoroalkyl substances (PFAS) are ubiquitous environmental toxicants that are associated with adverse health outcomes including cancer and thyroid disease. The potential for PFAS exposures to negatively influence human health has generated significant concerns in scientific, governmental and public realms. PFAS are used in numerous consumer products, including nonstick cookware, textiles, and food packaging. Importantly, these chemicals persist in the environment and have long elimination half-lives (~2 to 8 years) in the human body, leading to near-universal exposure (some PFAS have been detected in the serum of more than 99% of the U.S. population). While limited human studies and evidence from animal models implicate PFAS exposures in adverse reproductive and pregnancy outcomes including infertility, pregnancy loss, preterm birth, and low birthweight, knowledge remains scarce, particularly for newer PFAS and PFAS mixtures. Further, studies that examined perinatal outcomes such as preterm birth and low birthweight measured serum/plasma concentrations during pregnancy, which may result in confounding by pregnancy-related physiologic changes. Hence, there is a significant need for studies designed to measure PFAS exposure before conception. To better define the impact of PFAS exposure on reproductive and pregnancy outcomes, and because environmental exposures may also affect male reproductive success, we propose an innovative study to measure serum concentrations of relevant PFAS analytes in both men and women before conception. We will leverage the Environment and Reproductive Health (EARTH) Study (ES009718), a prospective preconception cohort of couples recruited from a fertility clinic and followed through delivery. The aims of this proposal are to determine the extent to which maternal and paternal preconception serum PFAS concentrations (individually and as PFAS mixtures) are associated with: AIM 1) reproductive outcomes of fertilization, implantation, and semen quality parameters; AIM 2) pregnancy outcomes of pregnancy loss and live birth; and AIM 3) birth outcomes of birthweight and gestational age. Innovations include the assessment preconception exposure to emerging and new PFAS and their mixtures in couples and the investigation of early reproductive and pregnancy outcomes that have not been previously studied. The proposed study is highly time- and cost-efficient, as we will have archived biospecimens and clinical data available for 834 nulliparous women and 435 men (435 couples). We will recruit an additional 225 nulliparous women and 180 male partners to increase statistical power to a total of 615 couples. Our team includes expertise in male and female reproductive and environmental epidemiology, PFAS exposure assessment, and advanced biostatistical and mixtures analysis methods. The proposed study will have important scientific and public health implications by examining both maternal and paternal PFAS exposure on reproductive, pregnancy, and birth outcomes, providing much needed data for evidence-based policy to reduce PFAS exposure and harm.		SPECIFIC AIMS Per- and polyfluoroalkyl substances (PFAS) are environmental toxicants of urgent scientific, governmental, and public concern over their near-universal human exposure and adverse health effects.1-7 Despite decades of research, the consequences of PFAS exposure for human health remain strikingly unclear.5 PFAS are a family of high-production volume synthetic water- and stain-resistant chemicals used in countless consumer products including nonstick cookware, textiles, and food packaging. PFAS can be found in the water we drink, the food we eat, the air we breathe, and in our homes, schools, and workplace.8-13,126 The chemical properties that make PFAS useful in so many applications also cause persistence in the environment and accumulation in the body (half-lives ~2 to 8 years).14,15 Indeed, PFAS have been labelled “forever chemicals.”16 General population exposure is ubiquitous; PFAS such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) are detectable in the serum of more than 99% of the United States population.17-19 PFAS have also been measured in human amniotic fluid and cord and neonatal blood.20-24 Although the two most widely studied PFAS (PFOA and PFOS) were voluntarily phased-out by manufacturers in the early 2000s, human exposure is still highly prevalent due to widespread environmental contamination.19,25-33 There is also concern regarding the dozens of newer PFAS used as substitutes for PFOA and PFOS, for which research is lacking.5-7,13,19 Importantly, among the health effects associated with PFAS exposures are adverse reproductive and perinatal health outcomes such as low birthweight.28,30,32-43 Yet, much of our knowledge on these adverse outcomes derives from animal models; there are limited studies on the adverse reproductive and pregnancy outcomes associated with human exposure to PFOS/PFOA, and a lack of studies on the newer PFAS and their mixtures. Moreover, studies of perinatal outcomes such as preterm birth and low birthweight measured serum/plasma PFOS/PFOA concentrations during pregnancy,27,29,30,44,45 which may be confounded by pregnancy-related physiologic changes.33,46-48 Hence, studies of reproductive and perinatal outcomes must be designed to measure PFAS before conception to determine whether maternal exposure is tied to impaired reproduction. Another important gap in our understanding of the reproductive health effects of PFAS is that few,49-51 if any, human studies have measured both male and female exposure concurrently in relation to couple-based fertility, pregnancy, and birth outcomes.52 While epidemiologic evidence documents the effects of male PFAS exposure on semen quality,53-55 there is a dearth of studies on paternal PFAS exposure and subsequent pregnancy or birth outcomes among their partner.52,56 Evidence in animal models shows that paternal environmental and lifestyle exposures induce epigenetic alterations in sperm, which increase the risk of adverse reproductive and offspring outcomes.56-59 It is possible that paternal PFAS exposure may also adversely impact pregnancy and birth outcomes through the male germ line; however, research is lacking.52 To better define the impact of exposure to PFOS/PFOA and newer PFAS and their mixtures on reproductive and pregnancy outcomes, we will measure serum concentrations of PFAS in men and women before conception. We will leverage the Environment and Reproductive Health (EARTH) Study (ES009718), a prospective preconception cohort of couples recruited from a fertility clinic and followed through delivery. The proposed study is time- and cost-efficient since we will have archived biological specimens and clinical data available for 834 nulliparous women and 435 male partners. We expect to recruit an additional 225 nulliparous women and 180 male partners, increasing the total sample size to 615 couples (1059 women, 615 men). Our study outcomes are: semen quality parameters, fertilization, implantation, pregnancy loss, live birth, birthweight, and gestational age. The aims of this proposal are to determine the extent to which maternal and paternal preconception serum PFAS (individually and as PFAS mixtures) are: Aim 1: Associated with reproductive outcomes: fertilization, implantation, and semen quality parameters Hypothesis 1: Increased maternal and paternal serum PFAS concentrations are associated with a reduced fertilization rate and increased implantation failure, along with poorer semen quality. Aim 2: Associated with pregnancy outcomes: pregnancy loss and live births Hypothesis 2: Increased maternal and paternal serum PFAS concentrations are associated with increased biochemical and clinical pregnancy loss and decreased live birth rate. Aim 3: Associated with birth outcomes: birthweight and gestational age Hypothesis 3: Increased maternal and paternal serum PFAS concentrations are associated with reduced birthweight and gestational age. Innovations include assessment of couples’ preconception exposure to legacy, new PFAS and their mixtures, and the investigation of their associations with reproductive, pregnancy, and birth outcomes. This study will provide empirical data needed to support evidence-based policy to reduce PFAS-related exposure and harm.

		2020		1 R01 ES032295-01		-		The role of air pollution in emotional neurodevelopment and risk for psychiatric disorders		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		HERTING, MEGAN MARIE		$554,658		$554,658		PAR19-386		10069846		R01		GRAY, KIMBERLY A		8469965		ES		Project Abstract Outdoor air pollution, including fine particulate matter (PM2.5; and its constituents) and nitrogen dioxide (NO2), is ubiquitous in urban areas and is a neurotoxicant. Emerging toxicological and epidemiological evidence suggests that air pollution may contribute to increases in emotional behavioral problems and is linked to various mental health disorders in children, adolescents, and adults. These recent findings have elucidated the need to: 1) examine long-term effects of prenatal and childhood exposure; 2) identify pre-clinical neuroimaging biomarkers of neurotoxicological effects in neural circuitry implicated in mental health risk; and 3) investigate these effects in late-childhood and adolescence, as it is an opportune time to identify and intervene for those at risk for psychiatric disorders. We propose the first longitudinal study to examine how prenatal and childhood air pollution exposure impacts corticolimbic circuitry involved in emotion processing and regulation, and the onset of internalizing and externalizing psychopathology during the transition from late-childhood to early adolescence. Our hypothesis is that prenatal and childhood air pollution exposure contribute to increased risk for mental health disorders during adolescence through alterations in corticolimbic neural circuitry and emotional development. To test our hypothesis, the proposed project will create lifetime residential air pollution exposure estimates and leverage comprehensive neuroimaging of corticolimbic neural circuitry, emotion, and mental health data, from a multi-ethnic and geographically diverse cohort of 9- to 10-year-old children (N=11,873) enrolled in the nationwide longitudinal Adolescent Brain Cognitive Development (ABCD) study. Using multi-modal neuroimaging, we will elucidate the effects of prenatal and childhood air pollution exposure on changes in the structure (Aim 1) and function (Aim 2) of corticolimbic circuitry underlying emotional processing and regulation from late-childhood to early adolescence. In Aim 3, we will examine how prenatal and childhood air pollution exposure influences the development of emotional problems and subsequent risk for mental health disorders by using both: a) dimensional scales and b) mental health diagnostic criteria (based on Diagnostic and Statistical Manual of Mental Disorders). As an exploratory sub-aim, we will also examine a potential mediation of corticolimbic alterations at 9-10 yrs in the link between air pollution exposure during development and subsequent risk for internalizing and externalizing psychopathology at ages 11-12 yrs. This study is primarily focused on long-term prenatal and childhoodPM2.5 and NO2 exposure; however, we also plan to explore differential timing effects of these exposures as well as the potential neurotoxic effects of other ambient pollutants (i.e. ozone, PM components). The large, sociodemographic and geographic diverse sample of children from ABCD are at an opportune age to evaluate pre-clinical markers of psychopathology. This provides great promise for more robust and generalizable findings that have the potential to impact policy as well as identify early neuroimaging biomarkers as targets for early intervention.		Specific Aims: One in five adolescents are affected by mental health problems1, with half of all lifetime mental health diagnoses occurring by age fourteen2. In order to reduce societal costs and improve quality of life for affected individuals, research on modifiable risk factors holds the promise to open new avenues for early prevention and intervention. Outdoor air pollution is a novel environmental neurotoxin3, 4, with several studies linking long-term exposures to fine particulate matter (PM2.5) and nitrogen dioxide (NO2) with mental illness in children, adolescents, and adults5-11, including internalizing and externalizing disorders, which typically emerge during adolescence12. Prenatal and childhood air pollution exposure has also been linked to subclinical symptoms of anxiety, depression, and aggression in children, as well as increased risk for attention deficit and hyperactivity disorder [ADHD] and delinquency problems8, 13-18. Inhalation toxicological studies also demonstrate depressive-like, anxiety-related, and increased aggression resulting from prenatal and postnatal PM exposure19- 28. However, experimental and epidemiologic findings have elucidated the strong need to also consider the timing of exposure29 and the biological mechanisms that may drive these mental health effects3, 30 in order to strengthen the causal evidence between the association of air pollution and psychopathology. Moreover, characterization of mental health in previous human studies has mainly focused on symptomology, and has yet to examine common brain or behavioral impairments in emotional processing and regulation underlying many mental health disorders31, 32. This study was designed to address these critical knowledge gaps as well as address other methodological weaknesses in the extant literature, including: cross-sectional design, lack of comprehensive exposure data throughout development, and inconsistency of findings across heterogenous populations33, 34. Specifically, we propose the first longitudinal study to examine how prenatal and childhood air pollution exposure impacts corticolimbic circuitry, emotional development, and subsequent risk for psychopathology during the transition to early adolescence – a pivotal period of development just prior to typical age of onset for multiple mental health disorders12.  In this application, we focus on: (a) structural changes in corticolimbic neural circuitry, such as aberrant amygdala and anterior cingulate (ACC) volumes35-39, (b) reduced prefrontal (PFC) to amygdala white matter connectivity40-44, (c) compromised amygdala responsivity to affective stimuli45-47; and (d) intrinsic corticolimbic functional connectivity48-53, because these neural abnormalities are shared among children and adolescents diagnosed with internalizing and externalizing disorders54-58. We provide compelling preliminary data (section A4) that air pollution exposure in late-childhood is associated with corticolimbic gray matter morphology and differences in psychopathology-related emotional tendencies. Our hypothesis is that air pollution exposure contributes to emotional problems and increased risk for internalizing and externalizing psychopathology during adolescence through disruption of corticolimbic neurodevelopment. To test our hypothesis, we propose to create lifetime residential air pollution exposure estimates and leverage comprehensive multi-modal neuroimaging, behavioral self-reports, and diagnostic mental health data from a multi-ethnic and geographically diverse cohort of 9- and 10-year-old children (N=11,873)59-61 enrolled in the longitudinal Adolescent Brain Cognitive Development (ABCD) study conducted in 21 U.S. cities. Baseline (ages 9-10 yrs), 1st yr. (ages 10-11 yrs), and 2nd yr. (ages 11-12 yrs) follow-up visit data will be used, including 2 waves of neuroimaging (i.e. baseline/2nd yr. follow-up) and 3 waves of emotional data. Based on extant literature, we have focused on chronic prenatal and postnatal PM2.5 and NO2 exposure; however, we also plan to explore differential timing effects of these exposures as well as the potential neurotoxic effects of other ambient pollutants (i.e. ozone (O3) and PM components). Aim 1: Elucidate the effects of chronic air pollution exposure (PM2.5 and NO2) on changes in corticolimbic gray and white matter development from late-childhood to early-adolescence (2 waves of data), including: 1a) Morphology and neurite (axon and dendrite) density of gray matter and 1b) Structural connectivity and axon density of white matter tracts for corticolimbic regions of interest (PFC, ACC, amygdala). Aim 2: Investigate the effects of chronic air pollution exposure (PM2.5 and NO2) on changes in corticolimbic functional development from late-childhood to early-adolescence (2 waves of data), including: 2a) Neurophysiological reactivity to emotional stimuli (as measured by the Blood-Oxygenated-Level- Dependent Signal (BOLD) during an emotional fMRI task) and 2b) Functional connectivity (i.e. BOLD correlations) between corticolimbic brain regions of interest. Aim 3: Determine the effects of chronic air pollution exposure (PM2.5 and NO2) on emotional development and internalizing and externalizing psychopathology, by using both 3a) dimensional scales of emotional- related behaviors and 3b) Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria. 3c) Explore potential mediation of identified alterations in corticolimbic neural circuitry in the link between chronic air pollution exposure prior to baseline (9-10 yrs) and psychopathology at the 2nd year follow-up visit (ages 11-12 yrs). Impact: Because air pollution is modifiable, findings from this study is likely to have widespread impacts on environmental health policy as well as open new avenues in identifying potential targets for early intervention.
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		Grant		2020		1 R13 ES031852-01		-		FLUOROS 2020 - An International Symposium on Fluorinated Organics in the Environment		UNIVERSITY OF RHODE ISLAND		RI		LOHMANN, RAINER 		TROTTIER, BRITTANY		$39,100		8015384		ES		PA18-648		9993784		PROJECT SUMMARY/ABSTRACT  The purpose of “FLUOROS 2020 - An International Symposium on Fluorinated Organics in the Environment”, is to convene an unbiased and multidisciplinary exchange of information and to provide networking opportunities for the latest developments and scientific advances on per- and polyfluorinated alkylate substances (PFASs). PFASs have emerged to be of increasing concern for human health and the environment across the US and globally. FLUOROS 2020 is being organized by the STEEP (Sources, Transport, Exposure and Effects of PFASs) Superfund Research Center team, the only SRP center entirely focused on PFASs. FLUOROS 2020 will be held in October 2020 at the WaterFire Arts Center in Providence (RI), an inspiring setting with fully appropriate facilities.  There were two prior FLUOROS Meetings (2005 and 2015) which defined the state of science. The 2015 FLUOROS meeting was attended by > 250 people. Since 2015, much has changed, particularly in the U.S., where many states and the U.S. EPA are working towards the establishment of protective regulatory limits for key PFASs in drinking water, surface water and soil/sediment. At the same time, scientists are discovering an increasing number of novel PFASs, thus questioning the compound-by-compound regulatory approach currently being pursued. Concurrently, new insights from toxicological and epidemiological studies imply adverse effects on the immune system, metabolism and early development at current human exposure levels. Thus, the goals of FLUOROS 2020 are to address the rapidly evolving landscape of PFAS detection, health effects, remediation, regulation and community response to PFAS contamination, with a diverse set of speakers and attendees, including opportunities for trainees. National and international experts will provide overviews of current state-of-the-art and looking ahead to new advances.  The STEEP SRP also co-hosted the 2018 community-focused PFAS-meeting at Northeastern, which was attended by over 200 people. We expect at least 300 attendees for FLUOROS 2020 including scientists, federal, state and local government officials, professionals, journalists and community members to share the latest cutting-edge knowledge and resources on PFASs, and work towards minimizing human exposure to and effects related to PFASs. The overall aims of are to  (1) Foster collaboration and networking among the attendees from different backgrounds. Diverse  speakers will focus on (i) fate& transport; (ii) detection& remediation; (iii) toxicity& human health  effects; and (iv) responses of affected communities to PFASs relevant to SRP and other stakeholders.  (2) Disseminate findings and new insights with key stakeholders, including affected communities,  regulators, other SRPs and the scientific community at large. (3) Provide a unique opportunity for (SRP) trainees to learn, interact, and grow.		Specific Aims “FLUOROS 2020 - An International Symposium on Fluorinated Organics in the Environment,” a 3-day conference, will be held at the WaterFire Arts Center in Providence (RI) in October 2020. FLUOROS 2020 is being organized by the STEEP (Sources, Transport, Exposure and Effects of PFASs) Superfund Research Center team, a collaboration between the University of Rhode Island and scientists from Harvard University and The Silent Spring Institute. The purpose of FLUOROS 2020 is to convene an unbiased and multidisciplinary exchange as well as to provide networking opportunities for the latest developments and scientific advances on per- and polyfluorinated alkylate substances (PFASs). PFASs have emerged to be of increasing concern for human health and the environment across the US and globally. In the US, many states and the U.S. EPA are working towards the establishment of protective regulatory limits for key PFASs in drinking water, surface water and soil/sediment. At the same time, scientists are discovering an increasing number of novel PFASs that are used and disseminated, thus questioning the compound-by-compound regulatory approach currently being pursued. Concurrently, new insights from toxicological and epidemiological studies imply adverse effects on the immune system, metabolism and early development at current human exposure levels. FLUOROS 2020 will be a much-needed platform to bring various stakeholders together in an effort to increase understanding and move towards solutions for PFAS exposure. There were two prior FLUOROS Meetings (2005 and 2015), which defined the state of science. The 2015 FLUOROS meeting was attended by > 250 people. Since 2015, much has changed including a significant uptick in public awareness and the commensurate urgent need of solutions, particularly in the U.S., with regulatory actions at state and federal levels and increasing public demand for action to address contamination of drinking water supplies and ubiquitous human exposure. The STEEP SRP also co-hosted the 2018 community- focused PFAS-meeting at Northeastern, which was attended by over 200 people. We expect at least 300 attendees for FLUOROS 2020 including scientists, federal, state and local government officials, professionals, journalists, and community members to share the latest cutting-edge knowledge and resources on PFASs, to articulate the pressing knowledge gaps, and to work towards minimizing human exposure to and effects related to PFASs. The goals of FLUOROS 2020 are to address the rapidly evolving landscape of PFAS detection, health effects, remediation, regulation and community response to PFAS contamination. National and international experts will provide overviews of current state-of-the-art research and regulatory actions as well as looking ahead to new advances. Since the last FLUOROS meeting in 2015, other meetings that featured PFAS were either community-centered, policy-focused, or sponsored by the private sector. The FLUOROS 2020 meeting will provide a multidisciplinary forum for the latest research and insights into PFASs: Specific Aim 1: Organize and hold “FLUOROS 2020 - An International Symposium on Fluorinated Organics in the Environment”, to bring together the leading experts on the science, regulation and community awareness of PFASs. Specific Aim 2: During FLUOROS 2020, we will foster collaboration and networking among the attendees from different backgrounds. In particular, we will seek out diverse speakers on (i) fate and transport; (ii) detection and remediation; (iii) toxicity, (iv) human health effects of PFASs, (v) economic impacts of continued use of current and ongoing development of these compounds, and (vi) community responses that are of interest to key SRP stakeholders. To enhance new collaborations, we will implement practices that will foster interactions between senior scientists and trainees and other new attendees. Specific Aim 3: Disseminate findings and new insights from FLUOROS 2020 with the key stakeholders, including affected communities, regulators, other SRPs and the scientific community at large. We will report from FLUOROS 2020 live with social media platforms, e.g., Twitter, Instagram, Facebook, and on our STEEP website, thereby assuring platforms that serve an intergenerational and diverse audience—a strategy that increases engagement. We will write a Providence Statement on PFASs, which we will submit to Environmental Health Perspectives, summarizing new insights from FLUOROS 2020. Specific Aim 4: Provide a unique opportunity for (SRP) trainees to participate in FLUOROS 2020. First, trainees will be in charge of designing a trainee-specific half-day session for October 13th. Second, trainees will co-chair sessions Oct. 14-16; Third, trainees will have the opportunity to present posters during Oct. 14-16, and ample time will be given for poster viewing and respondent/trainee discussions; Fourth, a major focus of FLUOROS 2020 will be time for networking to help trainees make important contacts and connections for the evolution of their careers.		R13		Superfund

		Grant		2020		1 P42 ES031009-01		-		Center for Environmental and Health Effects of PFAS		NORTH CAROLINA STATE UNIVERSITY RALEIGH		NC		MATTINGLY, CAROLYN J		HEACOCK, MICHELLE		$1,651,447		8030229		ES		ES18-002		9841005		ABSTRACT Overall Per- and polyfluoroalkyl substances (PFAS) are emerging as a major public health problem in North Carolina (NC) and across the US. PFAS comprise a class of almost 5,000 known compounds. Their unique chemical properties have been harnessed to make consumer and industrial products more water, stain, and grease resistant; they are found in products as diverse as cosmetics and firefighting foams. Despite increasing evidence that they are found ubiquitously in the environment, there is a paucity of knowledge about their toxicity. For the few well-studied PFAS, associated health effects include cancer and toxicity to the liver, thyroid, and immune system; but human exposure levels, mechanisms of action, bioaccumulation, or effective remediation approaches remain unclear for the majority of PFAS. As a result of recent widespread detection in the environment and increasing evidence of human exposure we propose to establish a Superfund Research Program (SRP) Center for Environmental and Human Health Effects of PFAS. Several of these compounds are included on the Substance Priority List of the Agency for Toxic Substances and Disease Registry and are considered contaminants of emerging concern by the US Environmental Protection Agency. The long-term objective of our Center is to advance understanding about PFAS 1) environmental and human exposure in impacted areas, 2) toxicity and underlying mechanisms of thyroid and immune function, 3) bioaccumulation potential, and 4) remediation. To meet our objective we will employ a highly transdisciplinary approach that will integrate leaders in diverse fields (epidemiology, environmental science and engineering, biology, toxicology, immunology, data science, and advanced analytics) across two major NC Universities (NC State and East Carolina Universities); multiple levels of biological organization (biomolecule, pathway, cell, model organisms (periphyton, mayflies, zebrafish, mouse), and human populations); state-of-the-art analytical technologies; cutting-edge data science and management approaches; a recognized track record in interdisciplinary, environmental health science training; and well-established partnerships with government and community stakeholders. We aim to be a trusted resource for SRP stakeholders and impacted communities and to catalyze discovery of information that leads to prevention of PFAS exposure and protection of human health.		SPECIFIC AIMS Overall Per- and polyfluoroalkyl substances (PFAS) are emerging as a major public health problem in North Carolina (NC) and across the US. PFAS comprise a class of almost 5,000 known compounds. Their unique chemical properties have been harnessed to make consumer and industrial products more water, stain, and grease resistant; they are found in products as diverse as cosmetics and firefighting foams. PFAS are resistant to degradation, move easily through the environment, and are suspected of accumulating in living organisms. Despite increasing evidence that they are found ubiquitously in the environment, there is a paucity of knowledge about their toxicity. For the few well-studied PFAS, associated health effects include cancer and toxicity to the liver, thyroid, and immune system. PFAS are highly relevant to the Superfund Research Program (SRP); four PFAS are currently included on the Substance Priority List of the Agency for Toxic Substances and Disease Registry (ATSDR), and two are considered contaminants of emerging concern by the US Environmental Protection Agency. As a result of widespread detection in the environment and evidence of increasing human exposure we propose to establish a Center for Environmental and Human Health Effects of PFAS. The Center's team crosses two major NC Universities, NC State and East Carolina, and is comprised of highly collaborative leaders in transdisciplinary fields that include environmental science and engineering, toxicology, immunology, environmental epidemiology, analytical chemistry, data science, and community engagement. This Center will address pressing questions about this class of compounds and will aim to advance understanding about PFAS environmental and human exposure in impacted areas of NC, toxicity and underlying mechanisms of thyroid and immune function, bioaccumulation potential, and remediation. To achieve these goals, we propose the following specific aims: Specific Aim 1. Institute a Center with a collaborative, transdisciplinary, and inclusive structure that  ensures efficient and effective administrative and fiscal management; substantive integration across  its components; and proactive translation of research discoveries. The Administrative Core has  transdisciplinary, domain-specific, and administrative expertise, substantive connections with SRP  stakeholders to foster research translation, and significant institutional resources that will be leveraged to  create an integrative, transparent structure that facilitates collaborations, training, community involvement,  and opportunities for data sharing through Center-wide initiatives, committees, and infrastructure. Specific Aim 2. Promote and support the progress and integration of Research Projects that will  advance understanding about PFAS exposure, toxicity, bioaccumulation, and remediation. Strong  and highly transdisciplinary teams will leverage the advantages of diverse systems [biomolecule, pathway,  cell, model organism (mayfly, zebrafish, mouse), and human populations] and provide rigorous evaluation of  remediation materials with the use of state-of-the-art analytical and computational techniques to address  pressing questions about PFAS. Specific Aim 3. Provide integrated and state-of-the-art analytical and computational expertise and  infrastructure that will help to address the Center's needs for quantitative targeted and untargeted  discovery analysis of PFAS; combinatorial, untargeted -omics analysis; and materials  characterization. The Research Support Core will provide unparalleled instrumentation and expertise to  address a broad range of scientific questions presented across the Center. The Data Management and  Analysis Core will leverage NC State's renowned data science expertise to extend the impact of our  analytical capacity to facilitate and improve interpretation of PFAS levels and environmental and biological impacts. Specific Aim 4. Prioritize the transdisciplinary training of the next generation of environmental health  scientists through the provision of innovative and inclusive engagement opportunities. The Center  will provide transdisciplinary leadership and innovative enrichment opportunities that span scientific and  community engagement realms, and equip our trainees with a broad perspective and capacity to address  pressing environmental and health challenges including but not limited to PFAS. Specific Aim 5. Empower impacted communities through multidirectional research and training  opportunities that will strengthen partnerships, increase environmental health literacy, inform  community-driven preventive strategies, and protect the health of communities in NC and the US.  Creation of our Center was motivated by the finding by our Deputy Director that the NC Cape Fear  Watershed was contaminated with GenX and other PFAS emitted by a fluorochemical manufacturer and the  many questions impacted communities continue to pose about exposure to un(der)studied PFAS. We will  build on our ongoing community engagement and forge bidirectional community partnerships to address  environmental health challenges and implement protective solutions related to PFAS.		P42		Superfund

		Grant		2020		2 P42 ES007380-22		-		Nutrition and Superfund Chemical Toxicity		UNIVERSITY OF KENTUCKY		KY		PENNELL, KELLY G		HENRY, HEATHER F.		$1,584,982		8030229		ES		ES18-002		9841174		PROJECT SUMMARY The University of Kentucky Superfund Research Center (UK-SRC) provides a focused, cross-disciplinary research and training environment to address critical human health challenges associated with halogenated organic substance exposures. Four center projects and five cores make up the proposed UK-SRC to further develop research on lifestyle changes (e.g., nutrition and exercise) in addition to two environmental science projects that will focus on the remediation and engineering solutions to this set of problems. Due to their relative chemical stability and ubiquity in the environment, chlorinated organic contaminants such as polychlorinated biphenyls (PCBs) and trichloroethylene (TCE) pose significant health risks and enduring remediation challenges, including sites such as the Paducah Gaseous Diffusion Plant, the largest Superfund site in Kentucky. The UK-SRC’s overall focus for this next cycle is the human health impacts of persistent halogenated organics (e.g., PCBs, TCE, and tetrachloroethene (PCE), and in this new cycle of funding, additional questions about per- and polyfluoralkyl substances (PFAS) will be incorporated. Projects covering biomedical research hypothesize that healthy nutrition and exercise components provide a platform to develop primary prevention strategies for diseases associated with environmental toxic insults, while also providing the basis for new risk assessment paradigms. Further, novel iron-based, nano-structured sensing, capture and remediation systems based on biomimetic binding domains and functionalized membrane platforms offer potential for sustainable advances in technical capability for site remediation. The UK-SRC proposes the following goals: 1) to expedite data-driven discovery as facilitated by the Data Management and Analysis Core that will provide insight about biomarkers of exposures to generate new information about the relationship between pollutant exposure, nutrient intake, physical activity and disease risk; 2) to better understand the biochemical, molecular, and cellular mechanisms underlying the toxicity of halogenated organic compounds (i.e., PCBs and PFAS) with a specific focus on chronic inflammatory diseases and windows of susceptibility; 3) to foster informed decisions that expedite clean-up of halogenated organic compounds through advanced material-based technologies, smart filters, and fate and transport science to reduce exposure risks; 4) to promote and interdisciplinary approaches to environmental health science training that accelerate the impact of complex solution-oriented, stakeholder-engaged research aimed at reducing exposures and improving human health; and 5) to engage bi-directionally and provide environmental health programmatic activities to vulnerable, socially-isolated, under-resourced communities in Kentucky, especially Eastern Kentucky (i.e. Central Appalachia), where chronic inflammatory diseases exceed national averages and exposure risks to environmental pollutants are prevalent. Activities will involve community engaged research and an innovative means of integrating projects through the WHY-ENVIRONMENT initiative.		SPECIFIC AIMS  The University of Kentucky Superfund Research Center (UK-SRC) integrates multidisciplinary research, training, and community engagement around a common theme: reducing risks posed by environmental contaminants in vulnerable communities. Specifically, the UK-SRC’s overall focus is the human health impacts of persistent halogenated organics (e.g., polychlorinated biphenyls (PCBs), trichloroethene (TCE), and tetrachloroethene (PCE), and in this new cycle of funding, additional questions about per- and polyfluoralkyl substances (PFAS) will be incorporated. Key research on intervention and prevention paradigms to promote healthy lifestyles (i.e., using diet, nutrition and increased physical activity) will be expanded, and both environmental science and engineering ESE and biomedical research (BMR) projects will benefit from the addition of a Biomonitoring and Chemistry Environmental Analysis (BEAC) Core, which will provide valuable targeted and untargeted analytical capabilities for lipidomics and metabolomics services, along with environmental chemicals, including PFAS. From an engineering perspective, the UK-SRC is poised to develop solutions to prevent future exposures using novel sensing/membrane, remediation, and fate and transport science. These advances will generate novel interventions that are community-relevant to address toxicant exposures, particularly for vulnerable populations during early life, pregnancy, or during old age in Central Appalachia and at various national Superfund sites.  Using a concerted, well-integrated, multi-disciplinary approach, the UK-SRC proposes three aims to address these major environmental challenges in the form of halogenated organic pollutants. In so doing, it will address all four NIEHS Superfund Research Program (SRP) mandates: i.e., to develop a) advanced techniques for the detection, assessment and evaluation of hazardous substances; b) methods to assess the risks to human health posed by these substances; c) methods and technologies to detect hazardous substances in the environment and d) basic biological, chemical and physical methods to reduce the amount and toxicity of hazardous substances.  Specific Aim 1. To develop novel integrative BMR approaches to reduce the effects of halogenated organic compounds. Targeted chemicals (PCBs and PFAS) will form the focus of this comprehensive program involving Projects 1 and 2 to improve human health by a) investigating positive life style interventions, such as healthful nutrition in the form of increased consumption of plant derived polyphenols and fiber (Project 1) as well as the impact of physical activity during pregnancy (Project 2). In addition, Project 2 will determine critical windows of vulnerability by incorporating metabolic profiling techniques from the BEAC core to understand physiological pathways linked to disease outcome and prevention.  Specific Aim 2. To develop ESE solutions to reduce exposure risks associated with PCBs, PCE, TCE, and PFAS. This aim (involving Projects 3 and 4) will incorporate advanced techniques in engineering, membrane science, and environmental systems modeling. Methods to be employed will incorporate responsive membranes and advanced materials for sensing and remediation in the form of graphene oxide and composites and metal catalyzed membranes (Project 3). In addition, advanced fate and transport science will be leveraged to understand exposure pathways associated with aging subsurface piping systems (Project 4).  Specific Aim 3. To foster forward-looking partnerships and training across projects and cores as well as externally through industry, policy makers, and other translational pathways. The Administrative Core of the UK-SRC will be instrumental in facilitating bi-directional communication and research translation across all projects and cores. In addition, the Community Engagement Core (CEC) will foster dissemination and translation of research findings out to the community. The over-arching support of the Data Management and Analysis Core (DMAC) will foster interactions across projects and cores that will allow data to flow both within and outside the Center. Also, key findings and research will be sustained through a Research Experience and Training Coordination Core (RETCC) that will promote interdisciplinary approaches to environmental health science training aimed at creating the next generation of scientists targeting hazardous substance-related research for improving human health.  To achieve these aims, the UK-SRC will synthesize and integrate findings from all four projects by strategic use of five key core components: The BEAC Core, the DMAC, the CEC, the RETCC and the Administrative (ADMC) Core. Consequently, the overall impact of the UK-SRC will lead to a greater awareness of the effect and scope of hazardous substances in the form of TCE, PFAS, PCB and PCE, and provide solutions to mitigate these problems from both biomedical and engineering perspectives.		P42		Superfund

		Grant		2020		5 P42 ES027706-04		-		Sources, Transport, Exposure and Effects of PFASs (STEEP)		UNIVERSITY OF RHODE ISLAND		RI		LOHMANN, RAINER 		HEACOCK, MICHELLE		$1,554,680		8030229		ES		ES15-019		9904663		PROJECT SUMMARY/ABSTRACT The URI-led STEEP (Sources, Transport, Exposure and Effects of PFASs) proposes to aid the Superfund Research Program in addressing the emerging and expanding problem of poly- and perfluorinated alkyl substances (PFASs) contamination. PFASs are industrial compounds that have been manufactured since the 1950s for use in a myriad of products due to their unique oil and water repellent properties. The environmental dissemination and the human health effects of PFASs are only beginning to emerge. Thus, the U.S. EPA limits for PFAS contamination of drinking water remain provisional since they were first published in 2009. In the recently released 2015 draft ToxProfile, ATSDR highlighted uncertainties and disregarded recent reports on adverse human health effects of PFAS exposures from epidemiological studies. Thus, the need for improved risk characterization is urgent and timely.  STEEP aims to better understand the pathways of PFAS contamination from entry into the environment through groundwater contamination, dispersal through the food web, and distribution to vulnerable human populations during early development, in part through breast milk. Specifically, STEEP will characterize sources of PFAS through in situ groundwater measurements combined with geochemical modeling to assess transport and fate (Project 1). The biomedical studies will assess the relationship of PFAS to risk of immune dysfunction and metabolic abnormalities, to be used to derive benchmark doses levels for PFASs for improved risk characterization. Due to the hypersusceptibility during early development, the research will focus on the impact of in utero and early postnatal PFAS exposures on sensitive indicators of organ dysfunctions through parallel human epidemiologic studies (Project 2) and rodent model studies (Project 3). Then, environmental engineering and chemistry research will support the development and deployment of in situ passive sampling techniques for PFAS and their precursors in water (Project 4). STEEP will thereby address limitations in the current understanding of human exposure to PFAS by combining targeted human exposure assessment with chemometric approaches to characterize existing PFAS sources.  To ensure a legacy of scientific awareness, the dissemination of broadly accessible research findings, and practical application by affected communities, STEEP Cores will match the intensity and rigor of the research projects. STEEP Cores will serve to a) prepare the next generation of interdisciplinary emerging contaminant researchers (Training Core), b) translate scientific findings generated by STEEP projects for dissemination to various internal and external stakeholders (Research Translation Core), and c) engage Cape Cod communities on the front lines of PFASs exposure through drinking water contaminated by Aqueous film forming foam use at Joint Base Cape Cod. The Administrative Core, led by its directors, and guided by Internal and External Advisory Committees, will ensure the integration of STEEP’s projects and cores.		SPECIFIC AIMS Poly- and perfluoroalkyl substances (PFASs) have emerged as high-priority environmental contaminants, and a rapidly increasing number of contaminated sites are being discovered, often with highly elevated PFAS concentrations in the drinking water; as the PFASs are highly stable, they now result in food chain contamination worldwide. Although these substances have been produced and used in consumer products for more than 60 years, their ubiquitous occurrence in human blood and in the environment was discovered only around the year 2000, and studies of adverse health effects intensified only recently. Accordingly, current evidence is often too scant to allow a constructive and targeted approach to contaminated sites, whether previously known or newly identified.  The STEEP Center proposes to provide tools to aid the Superfund Research Program (SRP) in addressing the emerging problem of PFASs contaminated sites across the U.S. Even EPA’s provisional drinking water limits are often exceeded. Using a site with characteristic PFASs contamination from aqueous film-forming foams, STEEP will further characterize sources of PFAS by in situ groundwater measurements combined with geochemical modeling to assess transport and fate, including chemometric approaches to fingerprint sources of PFASs as a function of distance from the contaminated site. Parallel animal and human epidemiologic studies will assess the impact of in utero and early-life PFAS exposures on immune dysfunction and metabolic abnormalities. The relationship of PFASs will be used to derive benchmark dose levels for the purpose of improved risk characterization. This research will be supported by the development and deployment of in situ passive sampling approaches for PFASs and their precursors in water and sediments.  STEEP will apply the research findings through the engagement of Cape Cod communities that have been exposed to elevated PFAS levels through groundwater contamination from an aqueous film-forming foam training site. This site mirrors the situation at hundreds of other sites in the U.S. To this end, STEEP will educate communities on the human and environmental health impacts of PFAS as informed by the STEEP projects, engage individuals and community leaders to support their decision-making process with regards to whether prevention or intervention actions are needed to reduce PFAS exposure. STEEP will develop and implement interlinked strategies to employ research generated by the projects, translate and package the information in a variety of communication tools, and deliver the message to stakeholders in impacted communities to affect risk characterization. Furthermore, these tools will be inculcated into the Training Core to enhance the communication skills of the next generation of interdisciplinary researchers.  Specific Aim 1: Support the source, exposure, and site assessment of PFAS (Leads: Sunderland, Vecitis, Harvard University (HU); Lohmann, URI; Schaider, Silent Spring Institute). The environmental engineering projects will assess contaminated groundwater in the region surrounding the Joint Base Cape Cod, MA, to confirm the presence of PFAS and characterize human exposure pathways via a combination of developing novel passive samplers, sampling at field sites, and using chemometric tools to analyze PFAS mixtures in the field. In addition, the projects will assess and predict the bioavailability and uptake of PFAS by fish and benthic biota in a combination of laboratory and field experiments.  Specific Aim 2: Assess critical human health effects of PFAS-exposure by integrating epidemiology and a rodent model to elucidate molecular pathways and the dose-dependence of sensitive toxicological endpoints (Leads: Grandjean, HU; Slitt, Bothun, URI). The biomedical projects have synergistic aims to explore the effects of in utero and early life exposure to PFAS on immune dysfunction and metabolic abnormalities. Rodent models will link a molecular-based understanding of PFAS binding to key proteins and receptors to the adverse health outcomes observed in the epidemiology study. The results will help interpret and explain associations observed in the epidemiological project, and be used to characterize risk by deriving benchmark reference dose levels for PFAS that can be directly applied to calculate safe limits for contamination of drinking water and other media.  Specific Aim 3: Educate communities and advise stakeholders to reduce human exposure to PFAS via effective and integrated community engagement, research translation, and training. (Leads: Cho, McCann, Swift, Rohr, URI; Schaider, Silent Spring Institute). Working in coordination with each other and the project researchers, the Training, Research Translation, and Community Engagement Cores, will implement effective and innovative communication strategies to educate and advise stakeholders including communities on Cape Cod, state and federal regulatory agencies, SRPs, and others. The Cores will promote the understanding of human and environmental health effects and risk characterization, and provide innovative opportunities to enhance research training and communication skills for trainees and scientists through internships, colloquia, and fieldwork.		P42		Superfund

		Grant		2020		3 P42 ES027706-04S1		-		Sources, Transport, Exposure and Effects of PFASs (STEEP)		UNIVERSITY OF RHODE ISLAND		RI		LOHMANN, RAINER 		HEACOCK, MICHELLE		$10,800		8030229		ES		ES15-019		10205254		PROJECT SUMMARY/ABSTRACT The URI-led STEEP (Sources, Transport, Exposure and Effects of PFASs) proposes to aid the Superfund Research Program in addressing the emerging and expanding problem of poly- and perfluorinated alkyl substances (PFASs) contamination. PFASs are industrial compounds that have been manufactured since the 1950s for use in a myriad of products due to their unique oil and water repellent properties. The environmental dissemination and the human health effects of PFASs are only beginning to emerge. Thus, the U.S. EPA limits for PFAS contamination of drinking water remain provisional since they were first published in 2009. In the recently released 2015 draft ToxProfile, ATSDR highlighted uncertainties and disregarded recent reports on adverse human health effects of PFAS exposures from epidemiological studies. Thus, the need for improved risk characterization is urgent and timely.  STEEP aims to better understand the pathways of PFAS contamination from entry into the environment through groundwater contamination, dispersal through the food web, and distribution to vulnerable human populations during early development, in part through breast milk. Specifically, STEEP will characterize sources of PFAS through in situ groundwater measurements combined with geochemical modeling to assess transport and fate (Project 1). The biomedical studies will assess the relationship of PFAS to risk of immune dysfunction and metabolic abnormalities, to be used to derive benchmark doses levels for PFASs for improved risk characterization. Due to the hypersusceptibility during early development, the research will focus on the impact of in utero and early postnatal PFAS exposures on sensitive indicators of organ dysfunctions through parallel human epidemiologic studies (Project 2) and rodent model studies (Project 3). Then, environmental engineering and chemistry research will support the development and deployment of in situ passive sampling techniques for PFAS and their precursors in water (Project 4). STEEP will thereby address limitations in the current understanding of human exposure to PFAS by combining targeted human exposure assessment with chemometric approaches to characterize existing PFAS sources.  To ensure a legacy of scientific awareness, the dissemination of broadly accessible research findings, and practical application by affected communities, STEEP Cores will match the intensity and rigor of the research projects. STEEP Cores will serve to a) prepare the next generation of interdisciplinary emerging contaminant researchers (Training Core), b) translate scientific findings generated by STEEP projects for dissemination to various internal and external stakeholders (Research Translation Core), and c) engage Cape Cod communities on the front lines of PFASs exposure through drinking water contaminated by Aqueous film forming foam use at Joint Base Cape Cod. The Administrative Core, led by its directors, and guided by Internal and External Advisory Committees, will ensure the integration of STEEP’s projects and cores.		SPECIFIC AIMS Poly- and perfluoroalkyl substances (PFASs) have emerged as high-priority environmental contaminants, and a rapidly increasing number of contaminated sites are being discovered, often with highly elevated PFAS concentrations in the drinking water; as the PFASs are highly stable, they now result in food chain contamination worldwide. Although these substances have been produced and used in consumer products for more than 60 years, their ubiquitous occurrence in human blood and in the environment was discovered only around the year 2000, and studies of adverse health effects intensified only recently. Accordingly, current evidence is often too scant to allow a constructive and targeted approach to contaminated sites, whether previously known or newly identified.  The STEEP Center proposes to provide tools to aid the Superfund Research Program (SRP) in addressing the emerging problem of PFASs contaminated sites across the U.S. Even EPA’s provisional drinking water limits are often exceeded. Using a site with characteristic PFASs contamination from aqueous film-forming foams, STEEP will further characterize sources of PFAS by in situ groundwater measurements combined with geochemical modeling to assess transport and fate, including chemometric approaches to fingerprint sources of PFASs as a function of distance from the contaminated site. Parallel animal and human epidemiologic studies will assess the impact of in utero and early-life PFAS exposures on immune dysfunction and metabolic abnormalities. The relationship of PFASs will be used to derive benchmark dose levels for the purpose of improved risk characterization. This research will be supported by the development and deployment of in situ passive sampling approaches for PFASs and their precursors in water and sediments.  STEEP will apply the research findings through the engagement of Cape Cod communities that have been exposed to elevated PFAS levels through groundwater contamination from an aqueous film-forming foam training site. This site mirrors the situation at hundreds of other sites in the U.S. To this end, STEEP will educate communities on the human and environmental health impacts of PFAS as informed by the STEEP projects, engage individuals and community leaders to support their decision-making process with regards to whether prevention or intervention actions are needed to reduce PFAS exposure. STEEP will develop and implement interlinked strategies to employ research generated by the projects, translate and package the information in a variety of communication tools, and deliver the message to stakeholders in impacted communities to affect risk characterization. Furthermore, these tools will be inculcated into the Training Core to enhance the communication skills of the next generation of interdisciplinary researchers.  Specific Aim 1: Support the source, exposure, and site assessment of PFAS (Leads: Sunderland, Vecitis, Harvard University (HU); Lohmann, URI; Schaider, Silent Spring Institute). The environmental engineering projects will assess contaminated groundwater in the region surrounding the Joint Base Cape Cod, MA, to confirm the presence of PFAS and characterize human exposure pathways via a combination of developing novel passive samplers, sampling at field sites, and using chemometric tools to analyze PFAS mixtures in the field. In addition, the projects will assess and predict the bioavailability and uptake of PFAS by fish and benthic biota in a combination of laboratory and field experiments.  Specific Aim 2: Assess critical human health effects of PFAS-exposure by integrating epidemiology and a rodent model to elucidate molecular pathways and the dose-dependence of sensitive toxicological endpoints (Leads: Grandjean, HU; Slitt, Bothun, URI). The biomedical projects have synergistic aims to explore the effects of in utero and early life exposure to PFAS on immune dysfunction and metabolic abnormalities. Rodent models will link a molecular-based understanding of PFAS binding to key proteins and receptors to the adverse health outcomes observed in the epidemiology study. The results will help interpret and explain associations observed in the epidemiological project, and be used to characterize risk by deriving benchmark reference dose levels for PFAS that can be directly applied to calculate safe limits for contamination of drinking water and other media.  Specific Aim 3: Educate communities and advise stakeholders to reduce human exposure to PFAS via effective and integrated community engagement, research translation, and training. (Leads: Cho, McCann, Swift, Rohr, URI; Schaider, Silent Spring Institute). Working in coordination with each other and the project researchers, the Training, Research Translation, and Community Engagement Cores, will implement effective and innovative communication strategies to educate and advise stakeholders including communities on Cape Cod, state and federal regulatory agencies, SRPs, and others. The Cores will promote the understanding of human and environmental health effects and risk characterization, and provide innovative opportunities to enhance research training and communication skills for trainees and scientists through internships, colloquia, and fieldwork.		P42		Superfund

		Grant		2020		3 P42 ES027706-04S2		-		Sources, Transport, Exposure and Effects of PFASs (STEEP)		UNIVERSITY OF RHODE ISLAND		RI		LOHMANN, RAINER 		HEACOCK, MICHELLE		$10,800		8030229		ES		ES15-019		10205263		PROJECT SUMMARY/ABSTRACT The URI-led STEEP (Sources, Transport, Exposure and Effects of PFASs) proposes to aid the Superfund Research Program in addressing the emerging and expanding problem of poly- and perfluorinated alkyl substances (PFASs) contamination. PFASs are industrial compounds that have been manufactured since the 1950s for use in a myriad of products due to their unique oil and water repellent properties. The environmental dissemination and the human health effects of PFASs are only beginning to emerge. Thus, the U.S. EPA limits for PFAS contamination of drinking water remain provisional since they were first published in 2009. In the recently released 2015 draft ToxProfile, ATSDR highlighted uncertainties and disregarded recent reports on adverse human health effects of PFAS exposures from epidemiological studies. Thus, the need for improved risk characterization is urgent and timely.  STEEP aims to better understand the pathways of PFAS contamination from entry into the environment through groundwater contamination, dispersal through the food web, and distribution to vulnerable human populations during early development, in part through breast milk. Specifically, STEEP will characterize sources of PFAS through in situ groundwater measurements combined with geochemical modeling to assess transport and fate (Project 1). The biomedical studies will assess the relationship of PFAS to risk of immune dysfunction and metabolic abnormalities, to be used to derive benchmark doses levels for PFASs for improved risk characterization. Due to the hypersusceptibility during early development, the research will focus on the impact of in utero and early postnatal PFAS exposures on sensitive indicators of organ dysfunctions through parallel human epidemiologic studies (Project 2) and rodent model studies (Project 3). Then, environmental engineering and chemistry research will support the development and deployment of in situ passive sampling techniques for PFAS and their precursors in water (Project 4). STEEP will thereby address limitations in the current understanding of human exposure to PFAS by combining targeted human exposure assessment with chemometric approaches to characterize existing PFAS sources.  To ensure a legacy of scientific awareness, the dissemination of broadly accessible research findings, and practical application by affected communities, STEEP Cores will match the intensity and rigor of the research projects. STEEP Cores will serve to a) prepare the next generation of interdisciplinary emerging contaminant researchers (Training Core), b) translate scientific findings generated by STEEP projects for dissemination to various internal and external stakeholders (Research Translation Core), and c) engage Cape Cod communities on the front lines of PFASs exposure through drinking water contaminated by Aqueous film forming foam use at Joint Base Cape Cod. The Administrative Core, led by its directors, and guided by Internal and External Advisory Committees, will ensure the integration of STEEP’s projects and cores.		SPECIFIC AIMS Poly- and perfluoroalkyl substances (PFASs) have emerged as high-priority environmental contaminants, and a rapidly increasing number of contaminated sites are being discovered, often with highly elevated PFAS concentrations in the drinking water; as the PFASs are highly stable, they now result in food chain contamination worldwide. Although these substances have been produced and used in consumer products for more than 60 years, their ubiquitous occurrence in human blood and in the environment was discovered only around the year 2000, and studies of adverse health effects intensified only recently. Accordingly, current evidence is often too scant to allow a constructive and targeted approach to contaminated sites, whether previously known or newly identified.  The STEEP Center proposes to provide tools to aid the Superfund Research Program (SRP) in addressing the emerging problem of PFASs contaminated sites across the U.S. Even EPA’s provisional drinking water limits are often exceeded. Using a site with characteristic PFASs contamination from aqueous film-forming foams, STEEP will further characterize sources of PFAS by in situ groundwater measurements combined with geochemical modeling to assess transport and fate, including chemometric approaches to fingerprint sources of PFASs as a function of distance from the contaminated site. Parallel animal and human epidemiologic studies will assess the impact of in utero and early-life PFAS exposures on immune dysfunction and metabolic abnormalities. The relationship of PFASs will be used to derive benchmark dose levels for the purpose of improved risk characterization. This research will be supported by the development and deployment of in situ passive sampling approaches for PFASs and their precursors in water and sediments.  STEEP will apply the research findings through the engagement of Cape Cod communities that have been exposed to elevated PFAS levels through groundwater contamination from an aqueous film-forming foam training site. This site mirrors the situation at hundreds of other sites in the U.S. To this end, STEEP will educate communities on the human and environmental health impacts of PFAS as informed by the STEEP projects, engage individuals and community leaders to support their decision-making process with regards to whether prevention or intervention actions are needed to reduce PFAS exposure. STEEP will develop and implement interlinked strategies to employ research generated by the projects, translate and package the information in a variety of communication tools, and deliver the message to stakeholders in impacted communities to affect risk characterization. Furthermore, these tools will be inculcated into the Training Core to enhance the communication skills of the next generation of interdisciplinary researchers.  Specific Aim 1: Support the source, exposure, and site assessment of PFAS (Leads: Sunderland, Vecitis, Harvard University (HU); Lohmann, URI; Schaider, Silent Spring Institute). The environmental engineering projects will assess contaminated groundwater in the region surrounding the Joint Base Cape Cod, MA, to confirm the presence of PFAS and characterize human exposure pathways via a combination of developing novel passive samplers, sampling at field sites, and using chemometric tools to analyze PFAS mixtures in the field. In addition, the projects will assess and predict the bioavailability and uptake of PFAS by fish and benthic biota in a combination of laboratory and field experiments.  Specific Aim 2: Assess critical human health effects of PFAS-exposure by integrating epidemiology and a rodent model to elucidate molecular pathways and the dose-dependence of sensitive toxicological endpoints (Leads: Grandjean, HU; Slitt, Bothun, URI). The biomedical projects have synergistic aims to explore the effects of in utero and early life exposure to PFAS on immune dysfunction and metabolic abnormalities. Rodent models will link a molecular-based understanding of PFAS binding to key proteins and receptors to the adverse health outcomes observed in the epidemiology study. The results will help interpret and explain associations observed in the epidemiological project, and be used to characterize risk by deriving benchmark reference dose levels for PFAS that can be directly applied to calculate safe limits for contamination of drinking water and other media.  Specific Aim 3: Educate communities and advise stakeholders to reduce human exposure to PFAS via effective and integrated community engagement, research translation, and training. (Leads: Cho, McCann, Swift, Rohr, URI; Schaider, Silent Spring Institute). Working in coordination with each other and the project researchers, the Training, Research Translation, and Community Engagement Cores, will implement effective and innovative communication strategies to educate and advise stakeholders including communities on Cape Cod, state and federal regulatory agencies, SRPs, and others. The Cores will promote the understanding of human and environmental health effects and risk characterization, and provide innovative opportunities to enhance research training and communication skills for trainees and scientists through internships, colloquia, and fieldwork.		P42		Superfund

		Grant		2020		3 R01 ES030101-02S1		-		Environmental Chemicals, Adiposity, and Bone Accrual Across Adolescence		MAINEHEALTH		ME		FLEISCH, ABBY 		SMARR, MELISSA M		$200,657		8032199		ES		PA18-592		9930371		PROJECT ABSTRACT Obesity and osteoporosis are public health epidemics with costly comorbidities and limited treatment options. Rates of these disorders globally remain unacceptably high, and this is particularly true in the US where 1 in 3 adults are obese and 1 in 25 has osteoporosis. Adiposity and low bone mineral density (BMD) are precursors to these debilitating disorders and track closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. There are suggestive animal data that chemicals in the environment, per- and polyfluoroalkyl substances (PFASs) and phthalates, may disrupt common mechanistic pathways to concomitantly increase risk of both adiposity and low BMD. Our preliminary data within the prospective Project Viva cohort (~900 children) suggest that children with higher PFAS plasma concentrations in mid-childhood have greater central adiposity and lower BMD by early adolescence. In this proposal, we will expand this prior work. We will extend evaluation through late adolescence, when body composition more strongly predicts adult body composition and related disease risks. We will additionally examine phthalates which act through similar mechanistic pathways as PFASs. We will also employ the novel step of accounting for diet, which has not been comprehensively done in studies of these chemicals, despite the fact that the same Western-style foods that may be a source of chemical exposure also predict risk for adiposity and low BMD. We will accomplish these objectives by first identifying dietary predictors of PFASs and phthlalates in mid-childhood, then examining associations of PFASs and phthalates independent of diet on central adiposity and BMD in late adolescence. Based on our preliminary data suggesting that central adiposity is associated with lower BMD, we will also evaluate the extent to which central adiposity may mediate associations of chemical exposures on BMD. We expect this to be the most comprehensive population-based study to date testing the role of childhood exposures to PFASs and phthalates on development of adiposity and low BMD through adolescence. By examining longitudinal associations across adolescence, we will overcome limitations of many of the existing epidemiologic studies of these chemicals and adiposity, and this will be the first large study to examine the role of these chemicals on BMD in adolescence. Diet, physical activity, and genetics do not explain all of the variability in adiposity and low BMD, and moreover can be difficult to modify. Identifying remediable factors that increase risk of both adiposity and low BMD is a public health priority because this will enable development of preventive strategies to target both conditions. Furthermore, this proposal will advance Dr. Fleisch's career investigating the impact of the toxic environment on endocrine development in childhood with a focus on peripubertal health.		SPECIFIC AIMS Obesity and osteoporosis are both costly public health challenges with limited treatment options. They are also highly prevalent with over 600 million adults worldwide with obesity and over 200 million with osteoporosis. Adiposity and low bone mass share some mechanistic pathways, and each tracks closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. Existing efforts to prevent obesity and osteoporosis have been hampered because the underlying risk factors are not fully understood and are not easily modifiable. One potential risk factor not well characterized in childhood is the role of chemicals in the environment. Compounds such as per- and polyfluoroalkyl substances (PFASs) and phthalates have been shown to activate the peroxisome proliferator-activated receptor family of transcription factors which have been linked to adiposity and low bone mineral density in animal models. Human exposures to PFASs, used as stain repellants, and phthalates, used as plasticizers, are ubiquitous but potentially modifiable, so characterizing the role of these compounds on adiposity and bone mineral density is crucial. However, prior investigation has been limited by few studies with longitudinal follow-up, particularly during puberty, a critical developmental period when adiposity is being redistributed and bone accrual is peaking. Moreover, while consumer products are one source of exposure, Western diets heavy in items such as red meat and fast food are an additional source of exposure to PFASs and some phthalates. Consuming a Western diet is also a strong predictor of risk for obesity and osteoporosis. In children, the contribution of diet to PFAS and phthalate exposures has not been well investigated. Therefore, the objectives of this Outstanding New Environmental Scientist R01 application are to identify dietary predictors of PFAS and phthalate exposures and to characterize the impact of chemical exposures independent of diet on development of adiposity and low bone mineral density in peripubertal children. We will address these objectives by leveraging data from ~900 children in the Boston-area NIH-funded Project Viva cohort. This cohort is uniquely positioned to address these important questions because it has existing measurements of PFAS plasma concentrations in mid-childhood (median 8 years of age), detailed longitudinal dietary history, and data on other key covariates and mediators including sociodemographics, physical activity, and pubertal stage. Project Viva also has existing dual energy x-ray absorptiometry measurements of body composition and bone mineral density in mid-childhood and early adolescence (median 12 years of age), with late adolescent (~17 years of age) follow-up in process. Our proposal will support new assays of phthalate metabolite concentrations in archived mid-childhood urine and investigator effort to test our central hypothesis that exposures to select environmental chemicals in childhood are linked to risk of excess adiposity and low bone mineral density, distinct from any dietary contribution to the chemicals. Our preliminary data from Project Viva suggest that children with higher PFAS plasma concentrations in mid- childhood have greater central adiposity and lower bone mineral density by early adolescence. In this proposal, we will additionally examine phthalates, and we will extend evaluation through late adolescence, when body composition more strongly predicts adult body composition and related disease risks. We propose the following aims: Aim 1: Identify dietary factors that predict concentrations of PFAS and phthalate biomarkers in childhood Hypothesis 1. Children with a more Western-style diet and frequent consumption of foods such as red meat and fast foods will have higher concentrations of PFAS and phthalate biomarkers in mid-childhood. Aim 2: Examine associations of PFASs and phthalates in childhood with adiposity in adolescence Hypothesis 2. Children with higher concentrations of PFAS and phthalate biomarkers in mid-childhood will have greater central adiposity in late adolescence, even after accounting for diet. Aim 3: Study associations of PFASs and phthalates in childhood with bone mineral density in adolescence Hypothesis 3A. Children with higher concentrations of PFAS and phthalate biomarkers in mid-childhood will have lower bone mineral density z-scores in late adolescence, even after accounting for diet. Hypothesis 3B. Associations of PFASs and phthalates with lower bone mineral density will be partially mediated by greater central adiposity. Impact: Identifying early life environmental exposures that are risk factors for both adiposity and low bone mineral density may lead to new preventive interventions. Furthermore, this proposal will build upon Dr. Fleisch's expertise in pediatric endocrinology and mechanistic insight in childhood adiposity and bone accrual. It will advance her career as an environmental scientist investigating the impact of environmental toxicants on endocrine development in childhood, with a focus on peripubertal health.		R01		NIEHS - Direct

		Grant		2020		3 P42 ES031009-01S1		-		Center for Environmental and Health Effects of PFAS		NORTH CAROLINA STATE UNIVERSITY RALEIGH		NC		MATTINGLY, CAROLYN J		HEACOCK, MICHELLE		$304,441		8045167		ES		PA18-935		10208368		Project Summary/Abstract  This project expands the GenX Exposure Study funded through the NC State Center for Environmental and Health Effects of PFAS to answer urgent questions related to per-and polyfluoroalkyl substances (PFAS) exposure and their impacts on SARS-CoV-2 response. PFAS as a class are associated with immune suppression as evidenced in humans by lower antibody titers to common vaccines in higher exposed individuals. Using the GenX Exposure Study, a prospective study of 1,000 PFAS exposed individuals, we plan to answer two questions: 1) what is the prevalence of overt disease, symptoms, sequelae, and antibodies in this population? and 2) does PFAS exposure modify response to virus as measured by antibodies? This study, located in the Cape Fear Region of North Carolina, includes participants ranging in age from 8-86 years with diverse demographic and medical histories. PFAS levels in this study are much higher than the national values for PFAS measured; in this population, novel fluoroethers have been measured in serum and represent ~25% of the overall PFAS levels in serum. In this population, we plan to collect two blood samples for SARS-CoV-2 antibody testing, once in the fall of 2020 and again in the summer of 2021. Additionally, we will administer a survey related to COVID 19 disease and symptoms at five points in time during this one-year study to capture the ongoing disease experience of the cohort. We currently anticipate a prevalence of antibody positive infection of 10% (June 2020); we expect this to increase as the rates of infection are increasing in North Carolina. We will use PFAS values measured in Fall 2020 to assess the impact of PFAS exposure and SARS-CoV-2 response in cross-sectional analyses; we will use the same PFAS measures to assess PFAS exposures on these outcomes in a longitudinal fashion for data collected following PFAS measurement. With 1000 participants, this will be one of the largest studies to date regarding PFAS exposure and immune response as measured by antibodies. Given that PFAS suppress immune function, exposure may result in worse disease because individuals fail to make sufficient antibodies to the virus, or may result in milder disease since the so-called “cytokine storm” may be mitigated by poorer immune response. Our study will provide the survey data combined with antibody data and stored specimens to further explore how PFAS influence COVID. If a vaccine becomes available and is adopted during our study, we will shift our focus to vaccine response. We plan to work with our community partners both local non-governmental organizations and health departments to share results with study participants and the community in a timely fashion. This supplement complements the ongoing research at the NC State Superfund Center and allows us to leverage an ongoing epidemiological study to address this important public health issue.		Specific Aims: COVID-19 Supplement to NC State Center for Environmental and Health Effects of PFAS PFAS have been associated with reduced immune response to vaccines in both humans and animals. The US National Toxicology Program and various state regulatory agencies regard immunotoxicity as the most sensitive endpoint for PFAS. Few human studies, if any, have evaluated whether PFAS exposure modifies response to viruses in addition to the vaccines that are designed to prevent disease as a result of virus exposure. PFAS impacted communities are specifically concerned about whether PFAS exposure increases their risks for adverse impacts from COVID 19. Given these concerns, ATSDR released a statement on the potential intersection between PFAS and COVID-19 exposure in June 2020. This supplement to the GenX Exposure Study (Superfund BMR Project 1) in North Carolina is designed to address these community concerns about whether PFAS exposure influences immune response to SARS-CoV-2, and to set the stage to evaluate whether PFAS exposure modifies response to the vaccine. The GenX Exposure Study as currently funded by Superfund will include 1,000 residents from two PFAS impacted communities in North Carolina: Wilmington and Fayetteville. We have previously collected blood from 497 people ages 6-86 years and analyzed for PFAS. In Fall of 2020, we will enroll ~500 more individuals to increase the sample size to 1000 participants. PFAS exposure in this population is quite high and diverse as a result of releases of PFAS from a chemical plant to both air and water. We have quantified nine PFAS in the blood of participants residing in Wilmington; these include three novel fluoroethers and the legacy PFAS characterized by PFOA and PFOS. The legacy PFAS concentrations in Wilmington blood were much higher than the US population data for 2015 and overall, 25% of the PFAS burden in blood was related to the fluoroethers. Thus, the GenX Exposure Study population provides a unique opportunity to characterize the impact of total PFAS exposure as well as exposure to specific PFAS. To address how PFAS may influence SARS-CoV-2 response in humans, we propose the following aims: Aim 1: Assess COVID 19 prevalence, symptoms, and sequelae, and, potentially, vaccine response in a diverse community of PFAS exposed people in North Carolina. Using the GenX Exposure study population of 1000 people from Wilmington and Fayetteville, NC, we will collect questionnaire information on COVID 19 disease, symptoms, and sequalae at five times in the next year through questionnaire. Additionally, we will collect blood for COVID 19 IgG antibodies (and potentially SARS-CoV-2 vaccine antibodies) in Fall 2020 and late summer 2021. The questionnaire will be administered at blood collections as well as via internet or phone between blood collections. With this information, we will assess the prevalence of disease as well as SARS-CoV-2 antibodies and will be able to evaluate the persistence of SARS-CoV-2 antibodies over time. Aim 2: Evaluate the association between previously measured PFAS in serum and SARS-CoV-2 response. Serum PFAS have been measured on ~500 people in the cohort earlier, and all 1000 participants will have PFAS measured in samples collected in Fall 2020. With this information, we will assess whether individuals with higher total levels of PFAS, or with higher levels of specific PFAS, have a different response to SARS-CoV-2 exposure than others in the cohort. For disease severity measures, we will adjust for known predictors of adverse outcomes such as age and pre-existing disease. In keeping with the parent grant’s commitment to community engagement, we will share all antibody results with study participants, local public health officials, and the community as a whole in a timely fashion. The GenX Exposure Study provides a unique opportunity to leverage an ongoing Superfund project to evaluate the impact of PFAS exposure to SARS-CoV-2 in a timely fashion consistent with the goals of the Notice of Special Interest regarding COVID 19. This study will be the largest prospective study to date with regard to PFAS and antibody response and will assess these potential impacts in a diverse population-based sample with respect to age, pre-existing medical conditions, gender, race, and PFAS exposure levels. These data will help support the community’s concern regarding providing timely information to their health care providers about potential health consequences of PFAS. Given the potential timing of a vaccine for SARS-CoV-2, this study would be well situated to evaluate immune response to this vaccine in a timely fashion.		P42		Superfund

		Grant		2020		3 P42 ES031009-01S2		-		Center for Environmental and Health Effects of PFAS		NORTH CAROLINA STATE UNIVERSITY RALEIGH		NC		MATTINGLY, CAROLYN J		HEACOCK, MICHELLE		$542,111		8045167		ES		PA18-591		10221364		Abstract The NC State Center for Environmental and Health Effects of PFAS focuses on understanding the implications of PFAS exposure in humans and animals in the Cape Fear River Basin of North Carolina. The Cape Fear River in North Carolina is characterized by high levels of a variety of PFAS (per-and poly-fluoroalkyl substances) throughout the watershed. The specific chemicals vary by location with the lower Cape Fear characterized by the presence of novel fluoroethers from chemical manufacturing near Fayetteville, NC, while upstream, the levels of legacy PFAS such as PFOA and PFOS are elevated and frequently exceed the drinking water advisory levels for these chemicals. To better characterize the diversity of PFAS exposures among impacted communities along the Cape Fear River, we have developed this supplement proposal to: 1) further characterize human exposure in communities upriver from Fayetteville, 2) expand analytical capabilities to measure total organic fluorine in biological and environmental samples, and 3) demonstrate feasibility for novel blood collection methods that can be employed in the field for both human and animal blood PFAS analysis.		Specific Aims  PFAS (per- and poly-fluoroalkyl substances) have been detected throughout the Cape Fear River watershed in North Carolina. In the central and downstream regions of the watershed, PFAS exposure through drinking water is dominated by high levels of poorly understood fluoroethers. In the headwater region of the watershed, the PFAS fingerprint differs, and exposure is dominated by high levels of short-chain perfluoroalkyl acids (PFAAs) and legacy compounds (e.g., PFOA, PFOS) that frequently exceed drinking water advisory levels. To more effectively assess the extent and effects of PFAS exposure in communities throughout the Cape Fear River, we have developed this supplement proposal to: 1) characterize human exposure and thyroid health effects in communities upriver of Fayetteville (this impacted community was not included in the funded parent proposal), 2) expand analytical capabilities to measure total organic fluorine in biological and environmental samples to allow the ability to capture the totality of PFAS exposure, and 3) demonstrate feasibility of using dried blood spot collection for sampling and analysis of PFAS exposure in humans and animals for sample collection in field settings. These proposed aims would expand the exposure assessment of impacted communities and wildlife and strengthen considerably the measurement science component of our Superfund Center. The aims are consistent with the overall theme of our Center, will feed back to other research projects by informing real-world exposure information from impacted communities and field studies and expand the opportunities for community engagement and training. Aim 1: Expand the BMR Project 1 (GenX Study cohort) to PFAS-impacted communities in the Upper Cape Fear River Basin  Pittsboro, a community of ~4500 people, relies on the Haw River, part of the Cape Fear River basin, for drinking water. Legacy PFAS (PFOA, PFOS) as well as short-chain PFAAs such as PFHxA are present in surface water upstream of the drinking water treatment plant and in the tap water of Pittsboro residents. Blood PFAS results for Wilmington residents suggest that the levels of legacy PFAS were 2-4 times higher than national values. Basin-wide PFAS occurrence data suggest that upstream sources in the Haw River watershed may contribute to PFAS exposure downstream. Inclusion of Pittsboro residents will provide a legacy PFAS exposed population who are not impacted by downstream sources to help elucidate both PFAS exposures as well as thyroid health outcomes along the Cape Fear River. We will leverage a small (n=50) study being conducted by SRP researchers at Duke University to create a sample of 400 residents ages six and older to include in the larger GenX Study cohort. We will measure PFAS and thyroid hormones in blood samples and will include these individuals in cross-sectional analyses related to PFAS exposure and thyroid outcome. Aim 2: Expand our analytical capacity to characterize total PFAS exposure through use of total organic fluorine measurements [adsorbable/extractable organic fluorine (AOF/EOF)].  Our earlier work highlights that analytical methods targeting commonly measured PFAAs do not fully capture total PFAS exposure. In blood samples from Wilmington, novel fluoroethers contributed to at least 25% of the total body burden of PFAS and to >99% of all quantifiable PFAS in water. To help guide discovery of “missing PFAS” through non-target analyses, we propose to add a combustion ion chromatography system to our Center's analytical capabilities and develop methods to determine AOF/EOF in environmental and biological samples. With the developed methods, we will characterize total organic fluorine levels in all participants of the GenX Study cohort (1000 in parent proposal + 400 proposed here). The addition of AOF/EOF to our analytical capabilities will benefit all of our Center's projects because we will be able to better describe human and animal exposures, enhance the understanding of potential biological transformations in our experimental studies, and better evaluate the overall efficacy of potential remediation technologies. Aim 3: Optimize and validate sampling, extraction, and PFAS analysis from dried blood spots (DBS).  Previous analysis including our preliminary study of alligator samples demonstrated the promise of DBS samples for accurate PFAS exposure assessment by liquid chromatography/mass spectrometry. The goal of this aim is to develop DBS sampling as a robust and minimally invasive approach for PFAS exposure assessment in human clinical, and wildlife samples, which sets the stage for use in archived DBS samples for historical analysis of PFAS exposures. The proposed experiments will evaluate and develop analytical methods for extraction and analysis of DBS samples, compare PFAS concentration measurements between blood/serum and DBS samples, and use wildlife samples to develop field techniques for DBS sampling, storage, and analysis. Initially, parallel method development experiments using wildlife whole blood and NIST standard reference human whole blood will be done to validate DBS methods for accurate PFAS measurements. Freshly collected human DBS samples for a subset of participants sampled in Aim 1 will be used to compare PFAS concentrations across serum, and DBS samples of venous and capillary whole blood collected from a minimally invasive finger stick.		P42		Superfund

		Grant		2020		3 P42 ES007380-22S1		-		NUTRITION AND SUPERFUND CHEMICAL TOXICITY		UNIVERSITY OF KENTUCKY		KY		PENNELL, KELLY G		HENRY, HEATHER F.		$198,849		8045167		ES		PA18-591		10263610		PROJECT SUMMARY The University of Kentucky Superfund Research Center (UK-SRC) provides a focused, cross-disciplinary research and training environment to address critical human health challenges associated with halogenated organic substance exposures. Four center projects and five cores make up the proposed UK-SRC to further develop research on lifestyle changes (e.g., nutrition and exercise) in addition to two environmental science projects that will focus on the remediation and engineering solutions to this set of problems. Due to their relative chemical stability and ubiquity in the environment, chlorinated organic contaminants such as polychlorinated biphenyls (PCBs) and trichloroethylene (TCE) pose significant health risks and enduring remediation challenges, including sites such as the Paducah Gaseous Diffusion Plant, the largest Superfund site in Kentucky. The UK-SRC’s overall focus for this next cycle is the human health impacts of persistent halogenated organics (e.g., PCBs, TCE, and tetrachloroethene (PCE), and in this new cycle of funding, additional questions about per- and polyfluoralkyl substances (PFAS) will be incorporated. Projects covering biomedical research hypothesize that healthy nutrition and exercise components provide a platform to develop primary prevention strategies for diseases associated with environmental toxic insults, while also providing the basis for new risk assessment paradigms. Further, novel iron-based, nano-structured sensing, capture and remediation systems based on biomimetic binding domains and functionalized membrane platforms offer potential for sustainable advances in technical capability for site remediation. The UK-SRC proposes the following goals: 1) to expedite data-driven discovery as facilitated by the Data Management and Analysis Core that will provide insight about biomarkers of exposures to generate new information about the relationship between pollutant exposure, nutrient intake, physical activity and disease risk; 2) to better understand the biochemical, molecular, and cellular mechanisms underlying the toxicity of halogenated organic compounds (i.e., PCBs and PFAS) with a specific focus on chronic inflammatory diseases and windows of susceptibility; 3) to foster informed decisions that expedite clean-up of halogenated organic compounds through advanced material-based technologies, smart filters, and fate and transport science to reduce exposure risks; 4) to promote and interdisciplinary approaches to environmental health science training that accelerate the impact of complex solution-oriented, stakeholder-engaged research aimed at reducing exposures and improving human health; and 5) to engage bi-directionally and provide environmental health programmatic activities to vulnerable, socially-isolated, under-resourced communities in Kentucky, especially Eastern Kentucky (i.e. Central Appalachia), where chronic inflammatory diseases exceed national averages and exposure risks to environmental pollutants are prevalent. Activities will involve community engaged research and an innovative means of integrating projects through the WHY-ENVIRONMENT initiative.		SPECIFIC AIMS  The University of Kentucky Superfund Research Center (UK-SRC) integrates multidisciplinary research, training, and community engagement around a common theme: reducing risks posed by environmental contaminants in vulnerable communities. Specifically, the UK-SRC’s overall focus is the human health impacts of persistent halogenated organics (e.g., polychlorinated biphenyls (PCBs), trichloroethene (TCE), and tetrachloroethene (PCE), and in this new cycle of funding, additional questions about per- and polyfluoralkyl substances (PFAS) will be incorporated. Key research on intervention and prevention paradigms to promote healthy lifestyles (i.e., using diet, nutrition and increased physical activity) will be expanded, and both environmental science and engineering ESE and biomedical research (BMR) projects will benefit from the addition of a Biomonitoring and Chemistry Environmental Analysis (BEAC) Core, which will provide valuable targeted and untargeted analytical capabilities for lipidomics and metabolomics services, along with environmental chemicals, including PFAS. From an engineering perspective, the UK-SRC is poised to develop solutions to prevent future exposures using novel sensing/membrane, remediation, and fate and transport science. These advances will generate novel interventions that are community-relevant to address toxicant exposures, particularly for vulnerable populations during early life, pregnancy, or during old age in Central Appalachia and at various national Superfund sites.  Using a concerted, well-integrated, multi-disciplinary approach, the UK-SRC proposes three aims to address these major environmental challenges in the form of halogenated organic pollutants. In so doing, it will address all four NIEHS Superfund Research Program (SRP) mandates: i.e., to develop a) advanced techniques for the detection, assessment and evaluation of hazardous substances; b) methods to assess the risks to human health posed by these substances; c) methods and technologies to detect hazardous substances in the environment and d) basic biological, chemical and physical methods to reduce the amount and toxicity of hazardous substances.  Specific Aim 1. To develop novel integrative BMR approaches to reduce the effects of halogenated organic compounds. Targeted chemicals (PCBs and PFAS) will form the focus of this comprehensive program involving Projects 1 and 2 to improve human health by a) investigating positive life style interventions, such as healthful nutrition in the form of increased consumption of plant derived polyphenols and fiber (Project 1) as well as the impact of physical activity during pregnancy (Project 2). In addition, Project 2 will determine critical windows of vulnerability by incorporating metabolic profiling techniques from the BEAC core to understand physiological pathways linked to disease outcome and prevention.  Specific Aim 2. To develop ESE solutions to reduce exposure risks associated with PCBs, PCE, TCE, and PFAS. This aim (involving Projects 3 and 4) will incorporate advanced techniques in engineering, membrane science, and environmental systems modeling. Methods to be employed will incorporate responsive membranes and advanced materials for sensing and remediation in the form of graphene oxide and composites and metal catalyzed membranes (Project 3). In addition, advanced fate and transport science will be leveraged to understand exposure pathways associated with aging subsurface piping systems (Project 4).  Specific Aim 3. To foster forward-looking partnerships and training across projects and cores as well as externally through industry, policy makers, and other translational pathways. The Administrative Core of the UK-SRC will be instrumental in facilitating bi-directional communication and research translation across all projects and cores. In addition, the Community Engagement Core (CEC) will foster dissemination and translation of research findings out to the community. The over-arching support of the Data Management and Analysis Core (DMAC) will foster interactions across projects and cores that will allow data to flow both within and outside the Center. Also, key findings and research will be sustained through a Research Experience and Training Coordination Core (RETCC) that will promote interdisciplinary approaches to environmental health science training aimed at creating the next generation of scientists targeting hazardous substance-related research for improving human health.  To achieve these aims, the UK-SRC will synthesize and integrate findings from all four projects by strategic use of five key core components: The BEAC Core, the DMAC, the CEC, the RETCC and the Administrative (ADMC) Core. Consequently, the overall impact of the UK-SRC will lead to a greater awareness of the effect and scope of hazardous substances in the form of TCE, PFAS, PCB and PCE, and provide solutions to mitigate these problems from both biomedical and engineering perspectives.		P42		Superfund

		Grant		2020		1 R43 ES032380-01		-		Development of Smart Flocculants for the Treatment of PFAS Contaminated Water		BLUEGRASS ADVANCED MATERIALS, LLC		KY		GUTIERREZ, ANGELA MARIA		HENRY, HEATHER F.		$168,087		8046441		ES		PA19-272		10081219		Project Summary Per- and polyfluoroalkyl substances (PFAS) are a family of manmade congeners with dual hydro- and oleo- phobic properties, which is why they have been widely used in firefighting foams, as well as in a multitude of other products such as food packaging, paints, pesticides, and microelectronics. Given their extensive use, high water solubility, and resistance to conventional wastewater treatment methods, PFAS have been detected in public water supplies all over the country causing concern for potential toxic human health effects given their environmental persistence. Flocculation is a widely used separation technique in the removal of suspended solids from water and wastewater. However, traditional flocculants (e.g., inorganic salts and polymeric systems) form aggregate flocs that are usually loosely packed, contain a large amount of water due to their hydrophilicity and as such, require large settling tanks due to the slow process of separation that is required to collect the solids. Furthermore, they have seldom been used to remove dissolved species like PFAS. To address these issues, BAM proposes an innovative “smart” polymeric flocculant that consists of a temperature responsive compound, N-isopropylacrylamide (NIPAAm), modified with a cationic co-monomer dimethylaminoethyl acrylate (DMAEA), and a fluorinated co-monomer short chain trifluoroethyl acrylate (TFEA) and long chain dodecafluoroheptyl acrylate (DDFHA). The combination of these three components results in a polymer which can rapidly capture the dissolved PFAS molecules and form insoluble solid aggregates at temperatures above the lower critical solution temperature (LCST) The core advantages of this system include: (1) slow water retention in the sediment, (2) fast kinetics, and (3) lower energy input by shifting the aggregation temperatures closer to ambient conditions. Specific Aim 1 of the proposed project will involve development and performance evaluation of the cationic and fluorinated modified smart flocculants. More specifically, aim 1 focuses on the material development, where the cationic and fluorinated NIPAAm copolymer with varying composition and molecular weight will be synthesized and characterized. Specific Aim 2 will investigate the flocculation efficiency of the prepared materials in the removal of PFAS, such as perfluorooctanoic acid (PFOS) and perfluorooctane sulfonic acid (PFOA), from contaminated water. To study the PFAS removal efficiency, various environmental conditions (e.g., ionic strength, pH, turbidity) and process variables (e.g., polymer dosage, initial PFAS concentration) will be examined, and the performance will be evaluated through kinetics, sediment compactness, and supernatant composition. Phase I funding of this project will produce a novel smart flocculant system with enhanced solid-liquid separation performance for removing PFAS from contaminated water. When achieved, Phase II of this project will be operated to investigate the efficacy of the prepared copolymer flocculants in drinking water and wastewater.		SPECIFIC AIMS Rationale. Per- and polyfluoroalkyl substances (PFAS) are a family of manmade congeners with dual hydro- and oleo-phobic properties, owing to their wide use in firefighting foams, and a multitude of other products such as food packaging, paints, pesticides, and microelectronics [1,2]. Given their extensive use, high water solubility, and resistance to conventional wastewater treatment methods, PFAS have been detected in the public water supply of at least 6 million Americans [3]. Their environmental persistence has been a cause of concern for potential toxic human health effects and lack of regulated clean-up standards [3]. Flocculation is a well-known solid-liquid separation process, which has been excessively used to remove suspended solids from industrial wastewater [4 - 6]. Recently, polymeric flocculants have attracted attention due to their easy handling and high efficiency on particle capture [7]. However, most conventional polymeric flocculants are based on hydrophilic polymers, and thus exhibit drawbacks like high water retention in sediment and difficultly in removal due to their comparable density of water [8]. To improve this process, studies have suggested using smart thermo- responsive polymers based on N-isopropylacrylamide (NIPAAm) as an alternative, aiming to enhance the recovery of water by introducing the unique phase transition property of these polymers [9]. PNIPAAm (PNIPAAm) has been widely studied for its temperature responsiveness; having a temperature controlled hydrophilic/hydrophobic phase transition at its lower critical solution temperature (LCST). Traditional flocculation has targeted the removal of suspended solids, smart flocculants have opened up the potential to target soluble contaminants that interact with the dissolved polymer state at ambient temperature and then are separated from the solution through entrapment in the polymer solids formed above the LCST. The smart flocculation mechanism demonstrated here is based on PNIPAAm chains and/or functional co-monomers interacting with target compounds at temperatures below the LCST through hydrogen bonding, Van der Waals or ionic interactions [10 – 12]. Bluegrass Advanced Materials (BAM) proposes to further enhance the flocculation efficiency of PNIPAAm and create specificity for PFAS compounds through the synthesis of innovative copolymers incorporating cationic and fluorinated co-monomers. Here, we developed a novel copolymer flocculant consisting of NIPAAm and dimethylaminoethyl acrylate (DMAEA), as well as a novel copolymer flocculant consisting of NIPAAm and short chain trifluoroethyl acrylate (TFEA) and long chain dodecafluoroheptyl acrylate (DDFHA) thereby providing a new and interesting application of flocculation for the capture of dissolved species. The key advantages of these flocculant system are:  1. Low water retention in the sediment: dissolved PFAS molecules are captured by dissolved polymer  at ambient temperature and then collected in an insoluble densely packed solid pellet above the LCST  2. Fast kinetics: flocculation occurs within minutes compared to several hours for previous systems  3. Lower energy input: LCST is closer to ambient temperature than traditional NIPAAm based systems The overall objective is to develop novel copolymer flocculants and examine their solid-liquid separation efficiency in removing persistent water-soluble contaminates like PFAS from water/wastewaters. Specific Aim 1. Synthesis of cationic and fluorinated co-monomer modified PNIPAAm based smart flocculants with varying composition and molecular weight (MW). Smart cationic DMAEA-co-NIPAAm, and fluorinated (TFEA or DDFHA)-co-NIPAAm copolymer systems have been developed through free radical polymerization. Copolymers with different compositions of the co-monomers, both varied at different molar ratios (e.g. 0.1 to 7 mol%), and MWs will be synthesized (e.g. varying initiator content, reaction time). Multiple characterization techniques including 1H-NMR for composition, UV-vis for optical transmittance properties, and GPC for MW will be conducted. Aqueous solubility limit of the copolymer flocculants will be evaluated, and the LCST will be determined as a function of temperature. Specific Aim 2. Evaluate flocculation efficiency of the smart copolymer flocculants in PFAS contaminated waters. Flocculation will be performed in water samples containing common PFAS compounds, including perfluorooctanoic acid (PFOA) and perfluorooctanoic sulfonate (PFOS). The copolymers will be dosed over appropriate regimes based on solubility analysis from Specific Aim 1. Other process variables as PFAS dosage and mechanical agitation will be studied. Environmental conditions (i.e. pH, ionic strength, water hardness, temperature, and presence of organic matter) will be varied to investigate their effect in PFAS removal. Flocculation performance will be evaluated based on kinetics, sediments compactness (i.e. floc size, internal water retention), quality of supernatant (i.e. residual polymer/PFAS), and life-cycle analysis of produced flocs. Deliverables: Phase I funding t will produce smart cationic and fluorinated modified smart flocculant system with enhanced solid-liquid separation performance for the removal of multiple persistent PFAS contaminants. It is hypothesized that improved flocculation efficiency will be achieved through the tuning of the cationic and fluorinated co-monomer content (i.e. cationic interactions between PFAS charged head and cationic monomer and chain interactions between PFAS and perfluorinated co-monomer). Upon successful completion, Phase II will investigate the efficacy of the prepared copolymer flocculants in water/waste water.		R43		Superfund

		Grant		2020		1 R21 ES032187-01		-		Per- and Polyfluoroalkyl Substances (PFAS) in Marine Fish and Shellfish: A biomonitoring tool for PFAS remediation and a metric for potential human exposure through seafood consumption		DARTMOUTH COLLEGE		NH		CHEN, CELIA Y		HENRY, HEATHER F.		$246,000		8046831		ES		ES19-011		10064160		PROJECT SUMMARY With concerns about human exposure to per- and polyfluoroalkyl substances (PFASs) on the rise, regional data about PFASs in various environmental media are needed to inform enforceable and protective standards for common routes of exposure, including seafood consumption. PFASs are persistent environmental contaminants of particular concern for vulnerable and sensitive populations, including children and pregnant women. Four PFASs are commonly detected in blood from United States (US) residents: perfluorooctanoic acid (PFOA), perfluorooctane sulfonic acid (PFOS), perfluorononanoic acid (PFNA), and perfluorohexane sulfonic acid (PFHxS). Animal and epidemiologic studies support a role for PFAS effects on the thyroid, liver, cholesterol, and even cancer risk. Human exposure to PFASs occurs primarily through ingestion, notably via PFAS contaminated drinking water and diet. These contaminants pose a regional as well as national threat to surface water and drinking water supplies with detections occurring in 49 states. PFASs in fish and shellfish, particularly in freshwater ecosystems, are recognized as an important dietary source of exposure, but data regarding exposures from marine sourced seafood are limited, hindering the development of health protective standards. In the northeastern United States (US), where an abundance of PFAS contamination sites have been identified and seafood consumption rates tend to be high relative to other regions of the US, marine species comprise a considerable share of the market. In New Hampshire (NH), the PFAS landscape is rapidly evolving with implementation of regulatory limits on drinking water supplies, investigation and remediation efforts at affected sites, and ongoing efforts to monitor exposed communities. As regulations of PFAS use evolve and remediation commences at contaminated sites, seafood monitoring will be integral to evaluating effectiveness of policies and remediation activities. There is an urgent need to collect human exposure data in order to provide critical information to understand the PFAS exposure-health outcome relationship. The proposed research encompasses both measurements of PFASs in regionally sourced, commonly consumed marine seafood species, and an assessment of local seafood consumption habits to help meet this need. The research will be conducted by a highly interdisciplinary team of scientists (marine biologists, epidemiologists, toxicologists, environmental chemists) involving a collaboration between the NH Department of Environmental Services and Dartmouth College. The project will leverage a unique archive of existing fish and shellfish tissue samples harvested throughout the Gulf of Maine (GOM), as well as new samples collected in Great Bay (GB) adjacent to a PFAS contamination site at the Pease Air Force Base. Furthermore, the proposed research will take advantage of the start of active PFAS remediation at the Pease Air Force Base to evaluate remedial effectiveness based on PFAS concentrations in the neighboring GB. The research project is proposed to provide time critical data to support timely action to protect public health in the GOM region.		SPECIFIC AIMS Although, dietary sources of per- and polyfluoroalkyl substances (PFASs) in fish and shellfish from freshwater ecosystems have been documented, less information about exposure from marine sourced seafood is available. Humans are primarily exposed to these known endocrine-disrupting chemicals through contaminated water and diet; this represents a critical knowledge gap in understanding the influence of PFAS contamination on human health. PFASs are contaminants of emerging concern, with increasing numbers of regulatory agencies seeking to provide guidance on PFASs due to concerns about their potential adverse health effects paired with their persistence and ubiquity in our environment (1-4). Indeed, PFASs are incredibly recalcitrant, resisting degradation both inside and outside of the body (5). In May 2016, the United States (US) Environmental Protection Agency established combined drinking water health advisories for perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid (PFOS) based on a careful review of the persistence and known toxicity of these two PFASs; this agency advised against consuming water containing PFOA and PFOS at an individual or combined concentration greater than 70 parts per trillion (6). Several states, including New Hampshire (NH) (7), have introduced drinking water standards and begun remediation efforts at sites highly contaminated by PFASs. Historically, PFASs were common additives to aqueous firefighting foams, leading to large scale contamination of ground and surface water near military installations where firefighting training activities were common (8-12). One such site is the former Pease Air Force Base in Portsmouth, NH, where historic application of aqueous film forming foam (AFFF) contaminated soil and groundwater across the base (9). Starting in 2019, groundwater remediation was initiated using a pump-and-treat system consisting of carbon and ion-exchange resin to filter approximately 350 million gallons of water per year (13). However, PFASs are migrating off site and are found in streams flowing directly from the base into Great Bay (GB) and the Gulf of Maine (GOM), which have commercially and recreationally significant finfish and shellfish fisheries. Reducing and preventing bioaccumulative PFASs are critical public health priorities due to the potential for related adverse health outcomes long after initial exposure occurs. The site remediation at the former Pease Air Force Base offers a unique opportunity to investigate the downstream effects of remediation on both marine and human health. Further, the state of NH is seeking to set surface water standards for PFASs in the coming years, and additional information about PFASs in seafood and human seafood consumption patterns in the region are necessary to inform this endeavor. The proposed research aims will provide data that will facilitate timely action by the NH Department of Environmental Services (DES) to protect public health and inform a critical gap in our current knowledge about dietary sources of PFAS. AIM 1: At the regional scale, determine the level of bioaccumulation of PFASs in marine fish species from the GOM. We hypothesize that fish of higher trophic levels will have higher PFAS concentrations; shellfish will have lower and different concentrations of compounds than finfish, and offshore fish will have lower concentrations than inshore fish. AIM 2: At the local scale, determine whether concentrations in bivalves in GB vary with distance from Pease Air Force Base and monitor the effectiveness of groundwater remediation at Pease by comparing bivalve tissue concentrations before and after the intervention. We hypothesize that concentrations of PFASs in bivalves will decrease with distance from the Pease Air Force Base source, and that the groundwater remediation will reduce the levels of PFASs in bivalve tissues. AIM 3: Define local population fish consumption habits through a representative survey and combine survey findings with GOM and GB fish/shellfish data to support anticipated risk assessment and protective regulatory approaches throughout the GOM. We hypothesize that consumption of GOM seafood results in exposure levels of concern. Expected Outcomes. Efforts to reduce the population burden of PFASs are urgently needed, and investigation of concentrations of PFASs in marine-sourced seafood is needed to inform risk assessment and health policy. Accumulating evidence points to the potential for PFASs to affect a wide range of health outcomes, and the likely important role of dietary sources of PFASs is not yet well understood. Understanding the implications of remediation efforts on shellfish will inform future efforts to reduce or prevent exposure to PFASs. Finally, findings from our analysis of regional seafood and NH seafood consumption survey will be directly useful to NH risk assessors, providing regionally-relevant information that can be extrapolated to other New England states and essential data for broader development of PFAS surface water standards.		R21		Superfund

		Grant		2020		3 U2C ES030167-03S2		-		Genetics and quantum chemistry as tools for unknown metabolite identification		UNIVERSITY OF GEORGIA		GA		EDISON, ARTHUR S		BALSHAW, DAVID M		$351,409		8047039		ES		PA18-935		10173229		Project Summary/Abstract The SARS-CoV-2 virus and resulting COVID-19 pandemic has created the biggest global health crisis in our lifetime. We have assembled a team of investigators with expertise in vaccine development, environmental exposures, immunology, metabolomics, lipidomics, and modeling to discover metabolic predictive biomarkers (MPBs) of infection in ferrets. We will use ferrets, because they have already been shown to be an effective animal model for human COVID-19 disease, and they are currently being used for vaccine development. Our study builds upon an NIH funded co-infection study in which ferrets will be infected with 4 different common respiratory viruses before infection by SARS-CoV-2. That study will determine the severity of infections and immune responses, but it did not include metabolomics measurements. The hypothesis of the co-infections is that the severity of SARS-CoV-2 infection will be attenuated with co-infection by another virus. We will be adding a group of ferrets that will be exposed to per- and polyfluoroalkyl substances (PFAS) prior to infection by SARS- CoV-2. PFAS have been shown to suppress the immune system in mice, and a limited number of studies have demonstrated associations between severity of virus infection and levels of PFAS. PFAS bioaccumulate in tissues and are common chemicals used in many everyday items such as plastic bottles and non-stick cooking pans, so this common environmental exposure could be an important variable in COVID-19 symptoms. The ferret model provides an ideal way to study the effect of PFAS on SARS-CoV-2 infection progression and outcomes. For each group in the study (co-infection, PFAS, or control), 15 serum samples will be collected from each animal (n=6 for each group) over about 1 month, with SARS-CoV-2 infection occurring at the midpoint of the sampling. Thus, we will be able to derive detailed time-course measurements of metabolites and lipids and associate these signals with phenotypic outcomes. We have 3 specific aims: 1) Conduct the co-infection and PFAS exposure studies in BSL-3 containment and collect immunological and infectivity data. Serum samples will be collected and inactivated by a biosafety- approved protocol. 2) Measure metabolites and lipids using non-targeted LC-MS and NMR. NMR is faster and less expensive and will be used to prioritize samples for LC-MS. Background PFAS signals from animal housing equipment will be determined. 3) Model the metabolites and lipids with phenotypic outcomes. We will also model the influence of PFAS exposure on the lipidome to better understand the molecular mechanisms of PFAS immunotoxicity. We have also started a Slack workspace for communication between different groups around the world working on COVID-19 metabolomics. This workspace provides for sharing of protocols and data, posting the latest research in this area, as well as a forum for questions and answers.  All data generated from our study will be shared publicly as soon as it passes our system suitability tests.		Role of PFAS Exposure and Co-Infection on COVID-19. Specific Aims The SARS-CoV-2 virus and resulting COVID-19 pandemic has created the biggest global health crisis in our lifetime. The public health measures of “social distancing” and limited testing to control the outbreak in order to avoid overwhelming our healthcare infrastructure are effective in the short-term but ultimately limited. We desperately need effective vaccines, drugs to treat acute infection, and a thorough understanding of the underlying biology of the host-virus interactions and the etiology of the disease. Our team has a unique opportunity to contribute to several of the intermediate- and long-term needs of this pandemic. We have a combination of experience in vaccine development, infectious disease, environmental exposure science, metabolomics, and systems biology. We have also had previous or ongoing successful collaborations on related projects and have highly trained personnel who have already started work on this project. We will use a ferret model of SARS-CoV-2 infection. Ferrets have several advantages for this study: they can be infected and transmit virus, similar to humans, they are widely used for vaccine development for respiratory infections, and we can obtain detailed time-course data to monitor the development of infection. MPI Tompkins has been funded to examine how co-infections with common respiratory viruses will affect SARS-CoV-2 infection, but the funded study does not include metabolomics. Environmental chemical exposures also have the potential to influence the severity of SARS-CoV-2 infection. Of particular concern is the group of per- and polyfluoroalkyl substances (PFAS), which have been shown to suppress the immune system in mice. PFAS bioaccumulate in tissues and are common chemicals used in many everyday items such as plastic bottles and non-stick cooking pans. The ferret model provides an ideal way to study the effect of PFAS on SARS-CoV-2 infection progression and outcomes. Here, we propose to add PFAS groups to the already-funded co-infection cohort described above. Specifically, we will study two groups of 6 animals each (3 male, 3 female), which are exposed to perfluorooctanoic acid (PFOA), a well-studied PFAS. Following PFOA exposure, we will collect serum every 2 days for about 2 weeks prior to SARS-CoV-2 infection and for another 2 weeks following infection. We will conduct metabolomics and lipidomics studies of this serum to determine molecular level details of PFAS exposure and its consequence on SARS-CoV-2 infection. We will also use the same protocols to measure the metabolome/lipidome of the most significant animals from the viral co-infection groups. We hypothesize that PFAS exposure will increase the severity of SARS-CoV-2 infection and that respiratory co- infections will decrease the severity of COVID-19.  All data generated from this study will be shared publicly as soon as it passes our system suitability tests. Aim 1: Conduct SARS-CoV-2 Infection Study on Ferrets in a BSL-3 environment. Tompkins has established a co-infection study using common respiratory viruses with subsequent SARS-CoV- 2 infection. In this project, will add a group to that study cohort that is pre-exposed to PFAS. Several phenotypic measurements will be made on all animals to assess severity of SARS-CoV-2 infection and transmission characteristics. Serum from each animal will be collected over 15 time points to establish robust trends before and after SARS-CoV-2 infection. We hypothesize that PFAS exposure will lead to more severe COVID-19 symptoms and poorer outcomes. Aim 2: Measure metabolomic and lipidomic data from serum samples obtained from Aim 1. We will use non-targeted metabolomics and lipidomics on all PFAS exposed ferrets as well as a subset of groups from the co-infection groups. Phenotypic outcomes from Aim 1 will inform our decision about which additional groups to measure. We will employ a combination of NMR for its lower cost screening capabilities with LC-MS lipidomics for its ability to obtain detailed lipid profiles. Aim 3: Analyze metabolite and lipid data from Aim 2 and model these measurements with functional data collected in Aim 1. We will model the analytical data from Aim 2 with the phenotypic outcomes of Aim 1 to establish molecular correlates to specific phenotypes of infection. We will also model the influence of PFAS on the lipidome in order to develop a molecular-level model of PFAS exposure in animals.		U2C		Superfund

		Grant		2020		5 R01 ES030078-02		-		Early Life Phthalate and Perfluoroalkyl Substance Exposures and Childhood Bone Health		JOHNS HOPKINS UNIVERSITY		MD		BUCKLEY, JESSIE P		BOYLES, ABEE		$439,282		8469964		ES		ES18-001		9843146		Abstract Phthalates and perfluoroalkyl substances (PFAS) are synthetic chemicals with widespread human exposures that lower bone density in animals. Our preliminary data and limited epidemiologic studies report associations of these chemicals with shorter stature in children as well as lower bone density and altered vitamin D metabolism in adults. Low peak bone mass in adolescence is a strong modifiable risk factor for osteoporosis, a bone disease impacting millions of older Americans. Although early life is a critical period of skeletal growth and bone mass accrual, there are currently no longitudinal studies of phthalate or PFAS exposures in relation to childhood bone density. Therefore, our goal is to test the novel hypothesis that early life phthalate and PFAS exposures adversely impact skeletal growth, bone strength, and vitamin D metabolism in children. Our highly efficient proposal leverages the Health Outcomes and Measures of the Environment (HOME) Study, a prospective, racially-diverse pregnancy cohort study enrolled in Cincinnati, Ohio with existing exposure biomarker, confounder, and height measures from gestation through 8 years of age. Dual-energy X-ray absorptiometry measurements of bone density are currently being collected at an ongoing 12-year follow-up visit. We will additionally measure validated vitamin D and phthalate exposure biomarkers to investigate whether phthalate or PFAS exposures are associated with height trajectories from birth to age 12 years (Aim 1), bone density at age 12 years (Aim 2), and vitamin D biomarker concentrations at ages 8 and 12 years (Aim 3). Further, we will explore the role of chemical and nutritional co-exposures by examining whether height or bone density associations are modified or mediated by vitamin D biomarker concentrations or calcium intake (Aim 4). Using rich longitudinal data and a sophisticated Bayesian modeling approach, we will investigate potential windows of susceptibility (prenatal, early childhood, mid childhood, and early adolescence) as well as effects of cumulative exposures and exposure mixtures. This research will constitute the first systematic assessment of the role of phthalates and PFAS in altering bone health, a significant but understudied component of child well-being with critical importance for life-long risk of fractures and osteoporosis. In addition, this NIEHS ONES Award will support an exceptional Early Stage Investigator to establish an innovative research program specializing in children's environmental health. Finally, our findings will catalyze future research examining environmental impacts on bone health in later adolescence, elucidating biological mechanisms, investigating other environmental bone toxicants, and developing chemical or nutritional interventions with the goal of setting children on a path to healthier, stronger bones throughout life.		Specific Aims Phthalates and perfluoroalkyl substances (PFAS) are two classes of synthetic chemicals with ubiquitous human exposures1 that lower bone density in animals2-8 and are associated with worse bone health in human cross-sectional studies.9-13 In adults, phthalate exposures are associated with lower biomarker concentrations of vitamin D, a micronutrient critical in bone formation and resorption.14,15 Although early life is a known critical window for bone mineral accrual,16,17 there have been no longitudinal studies of phthalate or PFAS exposures in relation to bone density or vitamin D in children. Remarkably, higher phthalate and PFAS biomarker concentrations were associated with shorter stature in every study that has assessed child height,18-23 a measure of skeletal growth that is correlated with bone density. We report novel preliminary data demonstrating associations of prenatal phthalate and PFAS biomarker concentrations with shorter stature in early childhood and cross-sectional associations of PFAS with bone turnover and vitamin D biomarkers. While these and previous findings implicate phthalates and PFAS as potential bone toxicants, longitudinal studies of children are critically needed that 1) comprehensively assess skeletal development using growth curve modeling, 2) measure bone density using standard clinical tools, 3) examine susceptibility windows and cumulative exposures due to the dynamic and ongoing nature of bone development, and 4) consider vitamin D and calcium given their known essential roles in bone health. The overarching hypothesis of our proposal is that early life phthalate and PFAS exposures are adversely associated with skeletal growth, bone strength, and vitamin D metabolism in children. We propose to test this novel hypothesis within the Health Outcomes and Measures of the Environment (HOME) Study, a prospective, multi-ethnic pregnancy cohort study enrolled in Cincinnati, Ohio during 2003-2006.24 The HOME Study has amassed extensive data from gestation through age 8 years including repeated urinary phthalate and serum PFAS biomarker concentrations and height measurements as well as comprehensive covariate information. A 12-year follow-up visit is currently underway, with dual-energy X-ray absorptiometry (DXA) measurements of bone density expected for at least 250 children. In this highly efficient proposal, we seek to additionally measure validated biomarkers of toxicant exposure and vitamin D to examine the following specific aims: Aim 1: Determine whether early life phthalate and PFAS exposures are associated with skeletal growth  through age 12 years. Leveraging repeated exposure biomarker and height measures from gestation  through age 12 years, we will estimate associations with skeletal growth parameters using the Super  Imposition by Translation And Rotation (SITAR) model and longitudinal linear mixed models. Aim 2: Determine whether early life phthalate and PFAS exposures are associated with bone strength  at age 12 years. We will estimate associations of prenatal, early childhood, mid-childhood, and concurrent  exposure biomarkers with DXA bone density measures at age 12 to evaluate hypotheses regarding  susceptibility windows and cumulative exposures. Aim 3: Determine whether phthalate and PFAS exposures are associated with vitamin D biomarker  concentrations at age 8 and 12 years. We will estimate associations of exposure biomarkers with serum  25-hydroxyvitamin D concentrations to test the hypothesis that these chemicals alter vitamin D metabolism. Aim 4: Examine modification or mediation of associations by micronutrient intake. In this exploratory  aim, we will examine modification or mediation of Aim 1 & 2 associations by serum 25-hydroxyvitamin D  concentrations and calcium intake at age 12 years to investigate chemical and nutritional co-exposures. We seek to expand the field of children's environmental health to systematically address bone health, a significant but understudied component of child well-being with critical importance for fracture risk,25,26 reduced peak bone mass,16,17 and development of osteoporosis.27 Laboratory findings, our preliminary data, and limited epidemiological evidence strongly suggest that phthalate and PFAS exposures impair skeletal growth and bone strength. Dr. Buckley will lead a team of experts in environmental and nutritional epidemiology, pediatrics, body composition, and biostatistics to efficiently investigate our aims by pairing a uniquely well-characterized longitudinal cohort study with a state-of-the-art Bayesian statistical analysis approach. Building on her previous work examining environmental obesogens,28-30 this Outstanding New Environmental Scientist (ONES) Award proposal will foster Dr. Buckley's career development by establishing her as an expert in the field of early life chemical exposures and child growth. In addition, it will serve as the basis of future research examining environmental impacts on bone health in later adolescence, identifying biological mechanisms for chemical- induced bone toxicity, investigating other environmental bone toxicants, and developing interventions with the goal of setting children on a path to healthier, stronger bones throughout life.		R01		NIEHS - Direct

		Grant		2020		5 R01 ES030101-02		-		Environmental Chemicals, Adiposity, and Bone Accrual Across Adolescence		MAINEHEALTH		ME		FLEISCH, ABBY 		SMARR, MELISSA M		$458,752		8469964		ES		ES18-001		9858355		PROJECT ABSTRACT Obesity and osteoporosis are public health epidemics with costly comorbidities and limited treatment options. Rates of these disorders globally remain unacceptably high, and this is particularly true in the US where 1 in 3 adults are obese and 1 in 25 has osteoporosis. Adiposity and low bone mineral density (BMD) are precursors to these debilitating disorders and track closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. There are suggestive animal data that chemicals in the environment, per- and polyfluoroalkyl substances (PFASs) and phthalates, may disrupt common mechanistic pathways to concomitantly increase risk of both adiposity and low BMD. Our preliminary data within the prospective Project Viva cohort (~900 children) suggest that children with higher PFAS plasma concentrations in mid-childhood have greater central adiposity and lower BMD by early adolescence. In this proposal, we will expand this prior work. We will extend evaluation through late adolescence, when body composition more strongly predicts adult body composition and related disease risks. We will additionally examine phthalates which act through similar mechanistic pathways as PFASs. We will also employ the novel step of accounting for diet, which has not been comprehensively done in studies of these chemicals, despite the fact that the same Western-style foods that may be a source of chemical exposure also predict risk for adiposity and low BMD. We will accomplish these objectives by first identifying dietary predictors of PFASs and phthlalates in mid-childhood, then examining associations of PFASs and phthalates independent of diet on central adiposity and BMD in late adolescence. Based on our preliminary data suggesting that central adiposity is associated with lower BMD, we will also evaluate the extent to which central adiposity may mediate associations of chemical exposures on BMD. We expect this to be the most comprehensive population-based study to date testing the role of childhood exposures to PFASs and phthalates on development of adiposity and low BMD through adolescence. By examining longitudinal associations across adolescence, we will overcome limitations of many of the existing epidemiologic studies of these chemicals and adiposity, and this will be the first large study to examine the role of these chemicals on BMD in adolescence. Diet, physical activity, and genetics do not explain all of the variability in adiposity and low BMD, and moreover can be difficult to modify. Identifying remediable factors that increase risk of both adiposity and low BMD is a public health priority because this will enable development of preventive strategies to target both conditions. Furthermore, this proposal will advance Dr. Fleisch's career investigating the impact of the toxic environment on endocrine development in childhood with a focus on peripubertal health.		SPECIFIC AIMS Obesity and osteoporosis are both costly public health challenges with limited treatment options. They are also highly prevalent with over 600 million adults worldwide with obesity and over 200 million with osteoporosis. Adiposity and low bone mass share some mechanistic pathways, and each tracks closely from childhood to adulthood. Identifying preventive measures and intervening in early life is critical to curb these epidemics. Existing efforts to prevent obesity and osteoporosis have been hampered because the underlying risk factors are not fully understood and are not easily modifiable. One potential risk factor not well characterized in childhood is the role of chemicals in the environment. Compounds such as per- and polyfluoroalkyl substances (PFASs) and phthalates have been shown to activate the peroxisome proliferator-activated receptor family of transcription factors which have been linked to adiposity and low bone mineral density in animal models. Human exposures to PFASs, used as stain repellants, and phthalates, used as plasticizers, are ubiquitous but potentially modifiable, so characterizing the role of these compounds on adiposity and bone mineral density is crucial. However, prior investigation has been limited by few studies with longitudinal follow-up, particularly during puberty, a critical developmental period when adiposity is being redistributed and bone accrual is peaking. Moreover, while consumer products are one source of exposure, Western diets heavy in items such as red meat and fast food are an additional source of exposure to PFASs and some phthalates. Consuming a Western diet is also a strong predictor of risk for obesity and osteoporosis. In children, the contribution of diet to PFAS and phthalate exposures has not been well investigated. Therefore, the objectives of this Outstanding New Environmental Scientist R01 application are to identify dietary predictors of PFAS and phthalate exposures and to characterize the impact of chemical exposures independent of diet on development of adiposity and low bone mineral density in peripubertal children. We will address these objectives by leveraging data from ~900 children in the Boston-area NIH-funded Project Viva cohort. This cohort is uniquely positioned to address these important questions because it has existing measurements of PFAS plasma concentrations in mid-childhood (median 8 years of age), detailed longitudinal dietary history, and data on other key covariates and mediators including sociodemographics, physical activity, and pubertal stage. Project Viva also has existing dual energy x-ray absorptiometry measurements of body composition and bone mineral density in mid-childhood and early adolescence (median 12 years of age), with late adolescent (~17 years of age) follow-up in process. Our proposal will support new assays of phthalate metabolite concentrations in archived mid-childhood urine and investigator effort to test our central hypothesis that exposures to select environmental chemicals in childhood are linked to risk of excess adiposity and low bone mineral density, distinct from any dietary contribution to the chemicals. Our preliminary data from Project Viva suggest that children with higher PFAS plasma concentrations in mid- childhood have greater central adiposity and lower bone mineral density by early adolescence. In this proposal, we will additionally examine phthalates, and we will extend evaluation through late adolescence, when body composition more strongly predicts adult body composition and related disease risks. We propose the following aims: Aim 1: Identify dietary factors that predict concentrations of PFAS and phthalate biomarkers in childhood Hypothesis 1. Children with a more Western-style diet and frequent consumption of foods such as red meat and fast foods will have higher concentrations of PFAS and phthalate biomarkers in mid-childhood. Aim 2: Examine associations of PFASs and phthalates in childhood with adiposity in adolescence Hypothesis 2. Children with higher concentrations of PFAS and phthalate biomarkers in mid-childhood will have greater central adiposity in late adolescence, even after accounting for diet. Aim 3: Study associations of PFASs and phthalates in childhood with bone mineral density in adolescence Hypothesis 3A. Children with higher concentrations of PFAS and phthalate biomarkers in mid-childhood will have lower bone mineral density z-scores in late adolescence, even after accounting for diet. Hypothesis 3B. Associations of PFASs and phthalates with lower bone mineral density will be partially mediated by greater central adiposity. Impact: Identifying early life environmental exposures that are risk factors for both adiposity and low bone mineral density may lead to new preventive interventions. Furthermore, this proposal will build upon Dr. Fleisch's expertise in pediatric endocrinology and mechanistic insight in childhood adiposity and bone accrual. It will advance her career as an environmental scientist investigating the impact of environmental toxicants on endocrine development in childhood, with a focus on peripubertal health.		R01		NIEHS - Direct

		Grant		2020		2 R15 ES017321-04		-		CYP2B6 inhibitors perturb proper distribution of lipids leading to obesity and fatty liver disease		CLEMSON UNIVERSITY		SC		BALDWIN, WILLIAM S		CARLIN, DANIELLE J.		$52,110		8469964		ES		PAR18-714		9879925		Abstract: Obesity, diabetes, and fatty liver diseases are at endemic proportions. Toxicological data indicates that the development of obesity is caused by more than just overeating, but also chemical exposure. Further, high-fat diet (HFD)-fed Cyp2b-null mice are obese compared to HFD-fed wildtype mice, primarily due to an increase in white adipose tissue (WAT) mass. Additionally, preliminary data demonstrates that the n-3 fatty acid, -linolenic acid (ALA) is a specific substrate for CYP2B6; producing 9-HOTre, an ALA-oxylipin at concentrations >20X more than other PUFA metabolites. ALA reduces triglyceride accumulation in HepG2 cells; however, it increases triglyceride accumulation in CYP2B6-HepG2 cells. This suggests that ALA is being metabolized to a product, probably 9-HOTre, that is signaling for increased fatty acid uptake. In addition, 13- HOTre, a secondary ALA-oxylipin, inhibits PPAR activity in white adipose tissue. We hypothesize that 9- HOTre and 13-HOTre inhibit fatty acid uptake into white adipose tissue, but is not available to do so in Cyp2b- null mice, leading to greater WAT mass and obesity. We will also test whether 9-HOTre increases fatty acid absorption and oxidation into skeletal muscle. Thus, disruption of CYP2B6 by xenobiotics could significantly alter lipid distribution and use by inhibiting the formation of 9-HOTre. In turn we have used ALA-treated HepG2 and CYP2B6-HepG2 cells to screen for chemicals that perturb CYP2B6-mediated triglyceride accumulation. While we have examined obesity in Cyp2b-null mice, we have not investigated fatty liver disease, especially NASH, a pertinent metabolic disease. Therefore, the purpose of this grant is to: (Aim 1) Test whether murine Cyp2b-members play a role in the development of NAFLD and NASH. We will use a methionine-choline deficient diet to determine if Cyp2b-null mice are more susceptible to NASH. RNAseq will be used to determine the mechanism by which Cyp2b provides protection. (Aim 2) Test whether disruption of CYP2B6-mediated metabolism of -linolenic acid (ALA) to 9-HOTre increases hepatic, white adipose tissue (WAT) and skeletal muscle fatty acid uptake or oxidation. We hypothesize that 9-HOTre increases uptake into skeletal muscle and liver and decreases uptake in WAT. In addition, we will test whether CYP2B6 inhibitors and environmental pollutants reverse the effects of ALA by inhibiting the production of 9-HOTre. (Aim 3) We humanized our Cyp2b-null mouse model human CYP2B6. In this aim, we will test whether CYP2B6 protects from toxicant- induced (PFOS-induced) NAFLD in comparison to Cyp2b-null mice. PFOS is a potent inducer of Cyp2b and NAFLD. We hypothesize the induction is protective and therefore CYP2B6 is protective. However, there is conflicting evidence surrounding Cyp2b induction and oxylipin associations with NAFLD, and it is possible that CYP2B6 increases fatty liver disease while providing protection from obesity. This will be ferreted out during the course of these studies. In summary, we propose that inhibition and repression of CYP2B6 plays a role in the NAFLD/obesity epidemic through reduced production of the newly discovered signaling molecule 9-HOTre.		2. Specific Aims. CYP2B6 inhibitors perturb proper distribution of lipids leading to obesity and fatty liver disease. More than 38% of adults and 17-18% of children in the United States are obese (1), which increases the rate of several diseases including diabetes, non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH) (2-8). Recent data indicates that the development of obesity, NAFLD, and NASH is caused by more than just overeating, but also exposure to specific chemicals called obesogens (10-15). There are several lines of evidence that led us to test the role of Cyp2b enzymes in obesity. Hepatic P450 Reductase-null (HRN) mice with no P450 activity are steatotic with induced Cyp2b10 expression, hepatomegaly, and perturbed levels of polyunsaturated fatty acids (PUFAs) (16,17). Cyp2b9 is the most highly induced gene in murine brown fat and liver following a high-fat diet (HFD) (18,19), Our preliminary data demonstrates that Cyp2b- knockdown (RNAi-based) mice (20) and recently produced Cyp2b-null mice are age-dependent and diet- induced obese with greater white adipose tissue (WAT) mass, perturbations in serum cholesterol and triglycerides, and higher retention of liver triglycerides regardless of diet in comparison to wildtype mice. In addition, human CYP2B6 specifically metabolizes ALA to the oxylipin, 9-HOTre. Our understood role of Cytochrome P450 2B (CYP2B) is the detoxification of xenobiotics and endobiotics. We hypothesize that chemical repression or inhibition of CYP2B activity increases obesity due to its inability to metabolize α-linolenic acid (ALA) to 9-HOTre. Our recent data demonstrating that CYP2B6 preferentially metabolizes ALA >20X more than other PUFAs is transformative and provides a specific function for CYP2B6 under high-fat diet conditions and a putative mechanism by which CYP2B6 inhibition causes metabolic disease. Very little is known about CYP2B6's role in ALA metabolism and the interplay between fatty acid metabolism and toxicant exposure. Furthermore, much less is known about CYP2B6's responses to a HFD, and what this means to obesity. In this grant, we will (1) test whether Cyp2b's are involved in NAFLD/NASH. (2) The mechanism by which Cyp2b's are protective from obesity and fatty liver diseases. (3) The role of the CYP2B6-mediated ALA-oxylipins in fatty acid uptake and oxidation, and how CYP2B6 inhibition perturbs lipid metabolism. (4) The potential for CYP2B6 to provide a protective role from toxicant (PFOS)-induced NAFLD. This work will provide critical data on NAFLD, a novel mechanism of action for obesogens, and transformative research on CYP2B6, 9-HOTre, and fatty acid metabolism. Specific Aim 1: Test whether murine Cyp2b-members play a role in the development of NAFLD and NASH. In this aim we will (1A) Test whether the loss of Cyp2b exacerbates non-alcoholic steatohepatitis (NASH) using a methionine-choline deficient (MCD) high-fat diet treatment model comparing wildtype and Cyp2b-null mice. (1B) Test whether there are specific energy homeostatic pathways perturbed during progression to NASH by loss of Cyp2b using RNAseq, and (1C) test whether the lack of hepatic Cyp2b isoforms is perturbing fatty acid metabolism in Cyp2b-null mice. Mice will be fed a MCD-HFD for 8-weeks and weight gain, WAT, liver triglycerides, collagen, and other key serum and liver parameters measured to test whether Cyp2b-null mice are more susceptible to fatty liver disease progression to NASH. This aim is key to determining whether specific toxicants through Cyp2b inhibition could increase the likelihood of fatty liver disease progression and why? Specific Aim 2: Test whether disruption of CYP2B6-mediated metabolism of α-linolenic acid (ALA) increases hepatic, white adipose tissue (WAT) and skeletal muscle fatty acid uptake, accumulation, or oxidation. We recently demonstrated that CYP2B6 specifically metabolizes the PUFA ALA to 9-HOTre as the primary metabolite, and ALA increases triglyceride accumulation in HepG2 cells transfected with CYP2B6. This is evidence that 9-HOTre is a specific product of CYP2B6 with a putative role in fatty acid absorption and we suspect, fatty acid oxidation. We will test whether inhibition of CYP2B6-mediated ALA metabolism perturbs triglyceride accumulation in several cell types. Furthermore, we hypothesize that 9-HOTre decreases fatty acid uptake into WAT by inhibiting PPARγ, and increases fatty acid uptake into skeletal muscle. In turn, inhibition of CYP2B6 and subsequent loss of 9-HOTre would cause a functional loss of fatty acid oxidation. This will be tested in HepG2, 3T3-L1, C2C12, and skeletal muscle from Cyp2b-null and humanized CYP2B6-Tg mice. Specific Aim 3: Test whether CYP2B6 protects from toxicant-induced (PFOS-induced) NAFLD: PFOS is a known inducer of NAFLD (21,22), and a powerful inducer of Cyp2b9 and Cyp2b10 (23,24). Cyp2b9 is also the most highly induced gene by a high-fat diet (HFD). Therefore, we will examine whether Cyp2b-null or humanized CYP2B6-Tg mice are more sensitive to NAFLD following PFOS exposure, or PFOS exposure in conjunction with a HFD. We hypothesize that CYP2B6 is partially protective primarily because of its ability to produce 9-HOTre and increase the distribution of fatty acids, but acknowledge CYP2B6 may increase fatty liver in order to reduce serum triglycerides and cholesterol.		R15		NIEHS - Direct

		Grant		2020		5 R01 ES025748-05		-		Activation of Nrf2 during embryonic development: mechanisms and consequences		UNIVERSITY OF MASSACHUSETTS AMHERST		MA		TIMME-LARAGY, ALICIA R		SCHUG, THADDEUS		$337,285		8469964		ES		PA13-302		9924600		﻿    DESCRIPTION (provided by applicant): Early life stage exposures to environmental contaminants can result in aberrant pancreatic β-cell development, which may predispose an individual to diabetes. A common mode of toxicity shared by numerous, diverse environmental contaminants is the generation of reactive oxygen species (ROS) and oxidative stress. ROS and cellular redox potential play fundamental roles in normal embryonic development and cell signaling. Perturbation of these processes resulting from contaminant exposure can alter cell fate decisions, resulting in functional or structural alterations that only become apparent with subsequent stress or age. However, surprisingly little is known about how embryos respond to oxidative stress, or the impact of toxicant exposures on pancreas development. The long-term goal of this research is to understand how embryos respond to oxidative stress, and how toxicant exposures contribute to the developmental origins of diabetes.  The zebrafish (Danio rerio) is a well-established, widely used, and powerful model organism for studying vertebrate embryonic development in vivo. To investigate how changes in the developmental redox microenvironment affect toxicant sensitivity and pancreatic β-cells at specific stages, we will us a fluorescent redox biosensor, redox imaging, and automated, time-lapse microscopy of transparent, transgenic zebrafish embryos exposed to environmental contaminants. This project will focus on environmentally relevant concentrations of persistent toxicants previously implicated in the etiology of diabetes (PCBs, phthalates, and the Teflon surfactant PFOS). We will examine the relationship between the most abundant antioxidant defense, glutathione (GSH), and the transcription factor Nrf2, that regulates the response to oxidative stress. Our specific aims are: 1) elucidate the relationship between GSH and contaminant activation of Nrf2 during embryonic development and create an embryo redox map; 2) determine how an oxidant exposure history affects Nrf2 activation and toxicant sensitivity, 3) ascertain the roles of oxidative stress, GSH, and Nrf2 activation in deviant pancreatic β-cell development, and identify critical sensitive windows of pancreas organogenesis.  This research will lead to a mechanistic understanding of how early life chemical exposures and oxidative stress may damage the developing pancreas and predispose humans to diabetes and potentially other diseases. This work will also elucidate a poorly understood, but critical fundamental biological process- the role of the redox environment in embryonic development- and identify specific targets for mitigation and translational toxicology.		Specific Aims:  Exposure to environmental contaminants during embryonic development may result in diseases that emerge later in life, including types 1 and 2 diabetes mellitus (1-4). These exposures can cause subtle, but permanent structural or metabolic changes in developing organs (5); however, little is known about the impact of toxicant exposures on pancreas development. In adults, pancreatic β-cells have alarmingly low levels of antioxidant defenses (6, 7). β-cells are exquisitely sensitive to chemical-induced oxidative stress (8). During development, oxidative stress can divert these cells from a proliferative state to one of premature differentiation (9). Because numerous toxicants share oxidative stress as a common mode of toxicity, the long-term goal of this research is to better understand how embryos respond to oxidative stress, the consequences for pancreas development, later-life implications for both types of diabetes, and the potential for therapeutic interventions.  A key regulator of the response to oxidative stress is the transcription factor Nrf2 (Nfe2l2). While Nrf2 is not required for vertebrate embryonic development per se, it is necessary to protect the embryo from oxidative damage. Activation of Nrf2 is primarily controlled by its cytosolic repressor, Keap1, which targets it for ubiquitination. We propose it may be further controlled by developmental changes in the intracellular redox environment that acts to buffer or amplify detection of reactive oxygen species (ROS). If Keap1's ability to sense oxidative stress is muffled, the embryo's ability to mount a timely antioxidant response may be attenuated or delayed.  We have found that exposure to pro-oxidant contaminants (PCB126, MEHP, and PFOS) during organogenesis results in deviant development of insulin-producing β-cells in the pancreatic islet. These changes may persist, leading to “fragile” β-cells and susceptibility to type 1 and/or type 2 diabetes. The objective of this research is to understand how changes in the developmental redox microenvironment define windows of toxicant sensitivity, and the fundamental consequences for pancreatic β-cell development and function. Glutathione (GSH) is the most abundant cellular antioxidant. We recently discovered stage-specific, dynamic changes in GSH concentrations and redox potential (Eh) during development in zebrafish (Danio rerio) (10). However, we do not yet have a tissue-specific understanding of these changes, or the implications for Nrf2 activation and toxicant sensitivity. To address this knowledge gap, we will utilize the speed, transparency, and transgenic tools of the zebrafish model, cell culture, and environmentally relevant concentrations of pro-oxidant contaminants implicated in the etiology of diabetes (PCBs, MEHP, and PFOS). The central hypothesis of this application is that changes in GSH concentration and Eh are critical regulators of Nrf2 activation by contaminants during organogenesis, that determine how and when oxidative stress can alter developing β-cells. Three specific aims test the hypothesis: Aim 1: Elucidate the spatio-temporal relationship between GSH and contaminant activation of Nrf2. We  have observed that as GSH parameters change during development, so too does the 1) detection of ROS,  2) induction of genes regulated by Nrf2, and 3) embryo survival to toxicant exposures. To understand how  the GSH redox environment impacts activation of Nrf2, we will examine the relationship between GSH Eh  and nuclear localization of Nrf2 in vitro using the Redoxfluor biosensor, Nrf2 fusion proteins, time-lapse  microscopy, and Nrf2 target-gene expression. We will examine this relationship in vivo using zebrafish  embryos, Nrf2 immunohistochemistry, ROS dyes, and chemical activators of Nrf2. Deliverable: We will use  these data to build an empirically validated spatio-temporal map of oxidative stress-related embryotoxicity. Aim 2: Determine how oxidant exposure history affects Nrf2 activation and toxicant sensitivity. We  have observed that an organism's chemical history, i.e. early exposures to oxidants, results in persistent  alterations to GSH Eh homeostasis and changes to larval-stage chemical sensitivity. To understand how  early exposures to oxidative stress program these persistent changes in GSH homeostasis and alter the  Nrf2-mediated response to oxidative stress and toxicity, we will use time-lapse microscopy to examine  GSH Eh in live mosaic embryos expressing the fluorescent Redoxfluor biosensor. Deliverables:  Quantification of perturbation & recovery of GSH Eh following recurrent low-dose exposures to pro-oxidants  or antioxidants followed by later exposure to environmentally relevant Nrf2 activators; measurement of  changes in toxicant sensitivity, morphology, and gene expression using RNA-Seq. Aim 3: Ascertain the roles of oxidative stress, GSH, and Nrf2 activation in deviant β-cell development.  Our data show that exposures to PCB126, PFOS, and MEHP during organogenesis result in fragmentation  of the primary islet, small islet size, ectopic β cells, and altered islet migration. These endocrine disrupting  chemicals share oxidative stress as a non-canonical mode of toxicity. Our data also indicate that Nrf2 is  involved in regulating activity of Pdx1, a transcription factor necessary for pancreas development.  Deliverables: We will use transgenic fish to understand how islet structure and function are altered by  exposure to pro-oxidant contaminants, and determine whether the oxidative chemical history of the embryo  during early pancreas organogenesis mitigates or exacerbates deviant pancreas development. We will  engineer a germ-line transgenic zebrafish expressing a redox biosensor in pancreatic β-cells to identify  when and how chemical induced changes in GSH Eh alter islet development and function. IMPACT: Our data will lead to a mechanistic understanding of how early-life chemical exposures and oxidative stress can damage the developing pancreas and predispose humans to diabetes and potentially other diseases. This work will also elucidate a poorly understood, but critical fundamental biological process- the role of the redox environment in embryonic development- and identify specific targets for mitigation and translational toxicology.		R01		NIEHS - Direct

		Grant		2020		2 R01 ES022981-05A1		-		Environmental Obesogens and Weight Change in the POUNDS LOST Trial		HARVARD SCHOOL OF PUBLIC HEALTH		MA		SUN, QI 		SCHUG, THADDEUS		$639,617		8469964		ES		PA19-056		9968808		Project Summary/Abstract The role of environmental chemicals known as obesogens in the etiology of human adiposity has been increasingly appreciated. In this proposal, we aim to evaluate polycyclic aromatic hydrocarbons (PAHs) and heterocyclic aromatic amines (HAAs) in relation to weight change in human subjects. The carcinogenic effects of these ubiquitous pollutants are well-documented, and emerging evidence suggests that these chemicals may also disrupt endocrine functions through exerting estrogenic effects and other pathways. Limited human evidence, often from cross-sectional studies, also supports the hypothesis that these chemicals are potential obesogens, although prospective data are needed to substantiate the associations between these chemicals and excess weight gain in humans. We propose to 1) examine excretion of PAHs and HAAs in 24-hour urine samples in relation to short-term weight loss induced by energy restriction in the POUNDS Lost trial; 2) evaluate whether changes in urinary excretion of these chemicals during weight loss period predict weight regain in the POUNDS Lost trial; and 3) investigate associations between levels of these chemicals in 24-hour urine samples and long-term weight change in women and men participating in the Nurses' Health Study II (NHSII) and Coronary Artery Risk Development in Young Adults (CARDIA). In addition, in light of the pathways through which these two groups of chemicals may synergistically amplify each other's detrimental effects, we will also examine potential interactions between PAHs and HAAs on weight loss, weight regain, and long-term weight change in the studies. To ensure high quality scientific data, we have carefully designed our proposed studies. In the POUNDS Lost, NHSII, and CARDIA studies, we will quantify PAHs and HAAs in 24-hour urine samples to substantially improve the reproducibility of urinary measurements over time. In all three studies, body weight and a multitude of other variables that are related with body weight change have been collected repeatedly during follow-up, allowing for comprehensive, longitudinal data analyses. We will restrict the research to largely healthy, non-smoking individuals to minimize the impact of chronic diseases and smoking on the associations of interest. To accomplish the aims, we have assembled an experienced research team with interdisciplinary expertise in the fields of environmental health, obesity epidemiology, biomarker research, biostatistics and bioinformatics, and toxicology. We will collaborate with highly reputable labs at the Centers for Disease Control and Prevention to measure PAH and HAA levels in 24-hour urine samples. Data to be generated from this project will substantially deepen our understanding of the potential, obesogenic effects of PAHs and HAAs in human populations. Moreover, evidence from this proposed research will also aid in the development of policies or recommendations toward reducing exposures to these chemicals and improving human health.		SPECIFIC AIMS The prevalence of obesity has increased from 34% to nearly 40% among U.S. adults in the past decade.16 Given this steady, upward trend, the epidemic of obesity is unlikely to be solely of genetic origin. Of modifiable factors that may boost the risk of obesity, anthropogenic chemicals known as “obesogens” have been identified to be important risk factors for obesity.17, 18 Evidence from animal experiments is accumulating to suggest that pollutants, such as bisphenol A or perfluoroalkyl substances (PFASs), possess obesogenic properties.19-21 In contrast, human data, especially those from prospective studies in adults, are sparse.19, 22 It is often challenging to evaluate obesogens in relation to subsequent weight change in free-living individuals when body weight is not longitudinally tracked and other causes of weight change, such as diet and physical activity, are not controlled. Weight loss trials provide a unique opportunity to examine obesogens’ role in weight loss and regain induced by well-defined interventions. In the preceding cycle of this grant, we demonstrated a novel association between baseline PFAS concentrations and faster weight regain, as well as suppressed resting metabolic rate (RMR) in the POUNDS Lost trial.23 These data suggest that PFASs may counteract the outcome of weight-loss diets commonly used for weight maintenance.24  In this competing renewal, we propose to extend this line of research to include two closely-related groups of environmental pollutants: polycyclic aromatic hydrocarbons (PAHs) and heterocyclic aromatic amines (HAAs). For both PAHs and HAAs, diet is the predominant source of non-occupational exposure,25-27 and grilling or broiling animal proteins has been identified as a critical pathway for the generation of both PAHs and HAAs in foods.27-30 In recent research, we found novel associations between grilling and broiling meats and an elevated risk of developing obesity in U.S. men and women, and such associations were independent of meat intake per se.14, 15 Estimated HAA intake was also associated with faster weight gain and obesity risk (see Preliminary Results). Indeed, evidence from basic science research has suggested that both PAHs and HAAs exert endocrine-disrupting effects and can promote weight gain through binding to and modulating estrogen receptors,31-34 activating peroxisome proliferator-activated receptors,35 promoting inflammation,36-38 or interfering with thyroid hormone functions.39, 40 Despite the evidence from animal studies, data for humans are very limited.41, 42 Whether PAHs or HAAs are prospectively associated with weight change in adults has not been examined. We propose to take advantage of the prospective study design and rich data and resources already collected in the POUNDS Lost trial, the Nurses’ Health Study II (NHSII), and the Coronary Artery Risk Development in Young Adults (CARDIA) to examine the following Specific Aims: Aim 1. To examine associations between baseline levels of PAHs and HAAs in 24-hour urine samples and short-term diet-induced weight loss in the POUNDS Lost trial. This aim will be conducted among 688 non- smoking participants in the trial. We hypothesize that higher urinary levels of PAHs and HAAs are associated with less weight loss between baseline and 6 months. Aim 2. To evaluate changes in PAH and HAA levels between baseline and 6 months in 24-hour urine samples in relation to medium-term weight regain in the POUNDS Lost trial. This aim will be conducted among 621 non-smoking participants who provided 24-hour urine samples at baseline and 6 months and completed the trial at 24 months. We hypothesize that increased PAH and HAA levels between baseline and 6 months are associated with faster weight regain between 6 months and the end of the trial at 24 months. Aim 3. To investigate associations between baseline PAH and HAA levels and long-term weight change among 1,200 free-living, non-smoking participants in NHSII and CARDIA who provided 24-hour urine samples. We hypothesize that higher levels of PAHs and HAAs are associated with a steeper long-term weight gain trajectory in NHSII and CARDIA. Aim 4. To examine potential synergistic effects between PAHs and HAAs on weight change in the POUNDS Lost trial, NHSII, and CARDIA. We hypothesize that higher PAH levels are more strongly associated with less weight loss (POUNDS Lost trial), faster weight regain (POUNDS Lost trial), and faster long-term weight gain (NHSII and CARDIA) when HAA levels are also higher, and vice versa. Secondary Aims: In the POUNDS Lost trial, we will 1) examine potential interactions between PAHs/HAAs and PFASs on weight change, 2) evaluate the role of thyroid hormones, leptin, and soluble leptin receptor, gene expression profiles in adipose tissue, and RMR in mediating the associations between PAHs/HAAs and weight change, and 3) examine PAHs and HAAs in relation to changes in body fat content and waist circumference.  This proposed research will elucidate the potential, obesogenic effects of PAHs and HAAs through evaluting these chemicals in relation to various weight change outcomes in both a weight loss trial and longitudinal observational studies among non-smoking individauls. In addition, given the predominant dietary origin of these chemicals, this research will inform novel strategies to improve the efficacy of dietary approaches to promoting weight loss and obesity prevention.		R01		NIEHS - Direct

		Grant		2020		5 R01 ES028201-04		-		Toxicant disruption of receptor-mediated endocytosis in oogenesis and later life metabolic dysfunction		UNIVERSITY OF MASSACHUSETTS AMHERST		MA		TIMME-LARAGY, ALICIA R		SCHUG, THADDEUS		$385,405		8469964		ES		ES16-007		9994304		Summary Before the placenta becomes fully functional late in the first trimester, the human embryo's primary source of nutrients is the yolk—a cache of maternally-deposited lipids and proteins. The deposition of yolk into the oocyte is governed by receptor-mediated endocytosis, namely by a receptor complex called MERC. Preliminary studies in zebrafish (Danio rerio) have shown that maternal exposures to perfluorinated compounds (PFCs) disrupted MERC expression and altered oocyte nutrient quantity and composition. Further, these preconception PFC exposures impaired pancreatic organogenesis, decreasing insulin-producing islet area in the resulting embryos. In the nematode (Caenorhabditis elegans), preconception exposed eggs developed elevated triglyceride levels as adults, suggestive of metabolic dysfunction. The goal of this study is to gain a mechanistic understanding of the process by which preconception PFC exposures impair oocyte nutrient deposition, induce nutritional stress and predispose individuals to metabolic dysfunction later in life. We will use an evolutionary, three-model approach combining the strengths of the zebrafish, nematode, and fruitfly (Drosophila melanogaster) models (e.g. transparent, high numbers of progeny, short generation time, and transgenic and mutant lines) to assess the nutritional and metabolic consequences of preconception exposures to two persistent perfluorinated compounds: the legacy toxicant perfluorooctanesulfonic acid, and its emerging replacement chemical perfluorobutanesulfonic acid. The first aim of this study will elucidate the mechanisms by which these maternal preconception exposures disrupt MERC function, and impair nutrient deposition in the oocyte. The second aim will assess how these exposures affect embryonic nutrition and development of the pancreas—a master regulator of glucose homeostasis and digestion. The third aim will delineate the truncation of the healthspan by assessing metabolic dysfunction later in life. Overall, this project will identify a mechanism by which maternal preconception exposures can reduce oocyte quality and impair metabolic function throughout the life course. This project addresses NIEHS goals to 1) identify key “sensitive” windows during which exposures may contribute to the Developmental Origins of Health and Disease paradigm, and 2) discover hazards posed by emerging contaminants.		Specific Aims:  Preconception factors such as maternal nutrition, smoking, and alcohol consumption affect processes involved in oocyte maturation, and are associated with significant adverse health outcomes for the offspring (1- 4). Lipid-rich nutrients endocytosed during oocyte maturation provide a required energy source for the embryo prior to placental development and are critical for later life health (5, 6). Interactions between toxicant exposure and gamete nutrient composition are under-studied, and present a significant knowledge gap within the developmental origins of health and disease (DOHaD) paradigm. The long-term goal of this research is to understand how exposure to contaminants can alter oocyte maturation, cause early nutrition imbalances, modify nutrient sensing responses, and predispose individuals to later-life metabolic syndrome.  Perfluorinated compounds (PFCs) pose a major public health exposure risk, through drinking water, food packaging, and cooking surfaces, and are associated with an increased risk for metabolic syndrome (7, 8). PFCs may damage a maturing oocyte prior to conception and cause subtle but significant nutritional changes. PFCs can also be deposited into the oocyte alongside nutrients via receptor-mediated endocytosis, regulated by a complex of redox-sensitive proteins: Megalin (aka Lrp2), Cubilin, and Amionless, collectively referred to as the Multifunctional Endocytotic Receptor Complex (MERC) (9). Our preliminary data in zebrafish (Danio rerio) demonstrate that maternal exposure to perfluorooctanesulfonic acid (PFOS) reduced nutrient volume and cholesterol content in the oocyte. Larvae raised from these oocytes have reduced pancreatic islet areas, and an increased rate of nutrient utilization. This finding is further supported by elevated triglycerides in mature C. elegans worms raised from eggs laid by PFOS exposed adults, pointing towards metabolic dysfunction.  The mechanisms underlying how preconception exposures contribute to later life metabolic syndrome are not well understood. One explanation may be rooted in the expression of MERC proteins and their function in oocyte nutrient loading. Also, it is unclear whether these later life effects are due to toxicant deposition into the oocyte, altered nutrient content, or an interactive effect. Building on our expertise in developmental and reproductive toxicology, adipogenesis, and oxidative stress, we will take an evolutionary, comparative approach and utilize the speed, transparency, and transgenic tools of zebrafish, the free-living nematode Caenorhabditis elegans, and the fly Drosophila melanogaster, to conduct a mechanistic investigation comparing a legacy and emerging PFC: PFOS and perfluorobutanesulfonic acid (PFBS). The central hypothesis is that preconception exposure to PFCs produce changes in oocyte nutrient composition that cause embryonic nutritional stress and metabolic dysfunction at later life stages. Three specific aims test this hypothesis: Aim 1: Elucidate the role of endocytosis in the aberrant nutrient content and toxicant deposition in  maturing oocytes following preconception exposure to PFCs. We will modulate the expression and  redox-sensitive activity of MERC proteins in mature oocytes using Nfe2l2a (Nrf2a, a redox-sensitive  transcription factor) wildtype and mutant zebrafish, and a heat shock GAL4/UAS-RNAi model to knock  down the lrp2 homolog in the fly (lrp1), and visualize disruptions in oocyte deposition in a transgenic worm  (VIT6:GFP). Following targeted maternal exposures to PFOS, PFBS, or solvent control (DMSO) during  oocyte maturation, we will assess receptor expression, protein sulfenylation, yolk composition, redox  potential, and quantify toxicant deposition in the yolk. Deliverable: We will characterize the altered nutrient  loading and PFC deposition in oocytes, determine whether modulation of MERC regulates these  processes, and how oxidative stress alters either the expression and/or function of MERC in oogenesis. Aim 2: Distinguish between effect of aberrant oocyte yolk composition and maternal toxicant  deposition on pancreas development and metabolic function. We will microinject zebrafish eggs with  lipids to distinguish the contribution of altered oocyte nutrition vs. maternally loaded PFCs in the deviant  development of the pancreas, and the perturbed gluco-regulatory axis, digestive nutrient sensors, and lipid  accumulation. Deliverables: These data will provide an in depth understanding of how PFCs and lipids  program nutrient sensing and utilization in the embryo, and set the stage for metabolic syndrome. Aim 3: Delineate the truncation of the healthspan following maternal preconception vs developmental  PFC exposures in three model species. We will use biochemical and pathological measures to gauge  metabolic dysfunction throughout the life course in fish, fly, and the worm, to determine the incidence rate  and latency of onset. Deliverables: We will use these data to compare the truncation of the health span  from preconception vs. developmental PFC, and identify evolutionarily conserved processes. IMPACT: This study will contribute to nutrition intervention targets for preconception counseling approaches. These data will inform an adverse outcome pathway for metabolic syndrome, and provide a mechanistic understanding of reproductive biology that expands the developmental origins paradigm to include preconception nutritional modulation by environmental contaminants.		R01		NIEHS - Direct

		Grant		2020		5 R01 ES028369-03		-		Mechanisms and therapies for the neurobehavioral deficits from early Mn exposure		UNIVERSITY OF CALIFORNIA SANTA CRUZ		CA		SMITH, DONALD R		HOLLANDER, JONATHAN		$585,062		8469964		ES		PA16-160		10002223		Project Summary  Studies in children/adolescents have linked developmental environmental manganese (Mn) exposure to inattention, impulsivity, hyperactivity, oppositional behaviors, and fine motor deficits, though these studies are limited by their cross-sectional designs and limited control of confounding that make it impossible to demonstrate that Mn causes these deficits. Our recent studies have shown that developmental Mn exposure causes lasting deficits in attention, impulse control, and fine motor function, providing the first causal evidence supporting the human studies. Our initial studies of the potential benefits of chronic oral methylphenidate (Ritalin) treatment revealed that the one dose studied alleviated the Mn-induced impulse control and fine motor dysfunctions, but impaired attentional performance in the Mn animals. We propose to build upon these findings to elucidate the neural mechanisms underlying the lasting attentional, impulse control, and fine motor dysfunction caused by developmental Mn exposure, and test potential therapeutic interventions (methylphenidate, guanfacine), in our established rodent model of childhood Mn exposure. Our testable hypotheses are 1) Oral MPH and/or guanfacine treatment will alleviate the lasting fine motor, attention and impulse control deficits caused by developmental Mn exposure; and 2) These lasting deficits caused by Mn exposure are due to changes levels of catecholaminergic system proteins in the pre-frontal cortex - striatal pathway. We will test these hypotheses via the following aims: Aim 1 will (i) Identify a clinically-relevant therapeutic regimen of MPH for the Mn deficits in attention, impulse control, and fine motor function by determining the dose-response relationship with MPH in male and female control vs Mn animals, and (ii) Determine involvement of DA D1, D2, and α2A adrenoreceptors in the Mn deficits and in the therapeutic efficacy of MPH, using administration of selective receptor antagonists during behavioral testing. Aim 2 will use PET neuroimaging and quantitative immunohistochemistry to further elucidate changes in catecholaminergic system proteins implicated in the attention/impulse control/fine motor Mn deficits, and the association of these measures with the attention/impulse control/fine motor outcomes. Aim 3 will test the hypotheses that guanfacine alleviates the attention/impulse control deficits produced by Mn. These studies will be the first to identify potentially efficacious therapies for the treatment/prevention of attentional and co-morbid fine motor deficits due to developmental Mn exposure, and to elucidate their neural mechanisms.		Our proposed studies will elucidate the neural mechanisms underlying the lasting attentional, im- pulse control, and fine motor dysfunction caused by developmental manganese (Mn) exposure, and test potential therapeutic interventions (methylphenidate and guanfacine), using a rodent model of childhood Mn exposure. The scientific premise for the proposed studies is very strong - while deficits in attention, impulse control, and fine motor function have been postulated based on human epidemiological data, our recent findings provide the first evidence of a causal relationship between developmental Mn exposure and these functional impairments1–4. Moreover, these deficits were associated with lasting reductions in stimulated norepinephrine (NE) and dopamine (DA) release from the prefrontal cortex (PFC) and striatum, and lasting changes in D1 and D2 receptor, norepinephrine transporter (NET), and tyrosine hydroxylase protein levels in the PFC (refs3,5,6 and Figs. 4,9, Table 1), implicating catecholaminergic (CA) fronto-striatal circuits in these impairments. Our initial study of the benefits of oral methylphenidate (MPH, Ritalin) treatment revealed that the one dose studied allevi- ated the Mn impairments in impulse control and fine motor function, but not attention (refs3,4 and Figs. 6 - 8).  In this revised application, we include sex as a biological variable and will determine (a) potential therapies for the functional Mn deficits, and (b) the mechanisms underlying these Mn-induced deficits using pharmacologic receptor antagonist challenges, in vivo PET imaging, and quantitative measurement of catecholaminergic sys- tem proteins. The following hypotheses will be tested. 1) Oral MPH and/or guanfacine treatment will alleviate the lasting attention, impulse control, and fine motor deficits caused by developmental Mn exposure; and 2) The lasting attention, impulse control and fine motor deficits caused by Mn are due to lasting reductions in DA and NE release, and changes in CA system proteins (e.g., DA D1, D2, α2A receptors, etc.) in the fronto-striatal pathway. These hypotheses will be tested via the following aims: Aim 1: Determine the efficacy of methylphenidate to alleviate Mn-induced impairments in selective at- tention, impulse control, and fine motor function, and catecholaminergic function.  Subaim 1.1: Identify a clinically-relevant therapeutic regimen of MPH for the functional Mn deficits by deter- mining the dose-response relationship with MPH (a DA/NE transporter inhibitor) in male and female control vs Mn animals. We expect a shift in the MPH dose-response curve in the Mn animals in support of our hypothesis that CA changes in the fronto-striatal circuitries underlie the functional Mn deficits. We will also test whether the neurobehavioral effects of Mn and MPH differ between males and females, and whether the MPH dose used in our initial studies in males exceeded the therapeutic level for attention, but not for impulse control/motor function in the Mn animals, reflecting different MPH dose-response functions for these different domains of impairment.  Subaim 1.2: Determine involvement of DA D1, D2, and α2A adrenoreceptors in the Mn deficits and in the therapeutic efficacy of MPH, using administration of selective receptor antagonists during behavioral testing. Aim 2: Use PET neuroimaging and quantitative immunohistochemistry to further elucidate mechanisms underlying the functional Mn deficits.  Subaim 2.1: Using PET neuroimaging in behaviorally-tested male Mn and control animals, determine the binding potentials of active DA D1, D2, and α2A NA receptors, and the MPH-stimulated increase in extracellular DA/NE levels in the PFC, striatum, and globus pallidus.  Subaim 2.2: Using quantitative immunohistochemistry, determine protein levels of D1, D2, and α2A recep- tors, and DAT, NET, and tyrosine hydroxylase in the same brain areas in behaviorally-tested control, Mn, and chronic MPH-treated males and females.  We will test the hypothesis that developmental Mn exposure causes hypofunctioning of the CA system in the fronto-cortico-striatal circuit, evidenced by lasting reductions in MPH-stimulated DA and NE release and altered expression of CA system proteins, and that these changes are associated with the Mn deficits in the same behaviorally-tested animals. Aim 3: Determine (i) the efficacy of guanfacine, a selective α2A adrenoreceptor agonist, to alleviate Mn- induced impairments in selective attention and impulse control, and (ii) whether chronic guanfacine treatment alters brain catecholaminergic system protein levels in behaviorally-tested subjects.  We will test the hypothesis that guanfacine alleviates the attentional and/or impulse control dysfunction caused by developmental Mn exposure. Guanfacine improves attentional and impulse control function in children with attention deficit hyperactivity disorder (ADHD), but unlike MPH, is not a psychostimulant drug with addictive potential. In our recent study4, the single dose of MPH studied was not effective in alleviating Mn-induced atten- tional dysfunction, but did alleviate the impulse control deficit. While a lower MPH dose may prove effective, it is prudent to also explore another therapeutic approach with a differing neurochemical profile. Impact: These studies will be the first to identify potentially efficacious pharmacotherapies (MPH, guanfacine) for the treatment of attentional, impulse control and fine motor deficits due to developmental Mn exposure in male and female animals, and to elucidate the neural mechanisms underlying those Mn deficits. Our methods are highly innovative and will lay the groundwork for translational studies in children.		R01		NIEHS - Direct

		Grant		2020		1 R21 ES031345-01A1		-		High-throughput toxicity screening of environmental contaminants and drug candidates using a novel gap junction intercellular communication bioassay in lung and liver cells		MICHIGAN STATE UNIVERSITY		MI		UPHAM, BRAD L		RAVICHANDRAN, LINGAMANAIDU V., PHD		$240,687		8469964		ES		PA19-053		10056987		1 We propose to develop an in vitro high throughput bioassay screening (HTS) system to assess the effects  2 of environmental contaminants on gap junctional intercellular communication (GJIC) in liver and lung epithelial  3 cell models. GJIC is a critical cellular phenomenon instrumental in maintaining tissue homeostasis. The  4 selection of GJIC as an endpoint is a significant step in developing a systems-based in vitro model, as this  5 biological phenomenon is crucial for integrating signaling mechanisms within cells with that of neighboring cells  6 in a tissue, and is an important early stage event in abnormal cell proliferation within tissues exposed to  7 toxicants. Most in vitro assessments of GJIC rely on fluorescent dye transfer techniques that require  8 introduction of the dye through scrape loading, microinjection, or electroporation techniques, and detection with  9 microscopes that all tend to be problematic in developing HTS assays, particularly in 3D culture systems. 10 Thus, there is a need to develop and validate a bioassay system to assess GJIC in response to environmental 11 toxicants and drug candidates that is conducive to HTS relevant to in vitro cell model systems. The lung and 12 liver are the major target organs of exposure to inhaled and ingested toxicants so we will use a mouse lung 13 epithelial alveolar type II and rat liver epithelial oval cell lines. 14 Our proposed HTS is to develop a subset of donor and receptor cells for each cell line. The receptor cells 15 will be transfected with yellow fluorescent protein (YFP) gene, and the donor cells with the iodide transporter 16 gene. The addition of iodide initiates the bioassay by entering the donor cells via the iodide transporter, and 17 then transfers through gap junctions to the receptor cells, in which iodide quenches the YFP-fluorescence. 18 Closed or partially closed gap junction channels prevents or partially prevents quenching from iodide in the 19 receptor cells. Fluorescent plate readers measure the fluorescence, which makes this bioassay quite 20 amendable to HTS, thus will address a critical gap in adapting GJIC to HTS toxicological assessments. 21 Aim-1 is to (a) transfect lung and liver cell lines with the iodide transporter (IT)/ yellow fluorescent protein to 22 assess GJIC using HTS, and (b) authenticate these HTS cell models by assessing the effects of polycyclic 23 aromatic hydrocarbons and polyfluoroalkyl substances with known effects on GJIC in the parent cell lines. Aim- 24 2 is to validate the utility of this HTS in assessing a wide array of chemicals with unknown effects on GJIC, 25 which will entail developing a quality control protocol that begins with i) primary screening, ii) hit confirmation 26 and counter screening, iii) hit validation and selectivity. 27 An in vitro lung and liver model HTS that can assess effects of compounds on GJIC, will offer a critically 28 important new tool to screen for environmental toxicants and drug candidates that adversely affect tissue 29 homeostasis resulting in abnormal proliferation and differentiation of cells.		SPECIFIC AIMS We propose to develop an in vitro high throughput screening bioassay system to assess the effects of environmental contaminants on gap junctional intercellular communication (GJIC) in liver and lung epithelial cell models. GJIC is a critical cellular phenomenon instrumental in maintaining tissue homeostasis, and the interruption of GJIC results in abnormal cell growth that contributes to numerous pathologies, including cancer. The toxicological assessment of the numerous contaminants released into our environment is a daunting task, and recent efforts have gravitated to the development of high-throughput screening (HTS) assays that measure the in vitro toxicity of environmental compounds and drug candidates as an alternative to in vivo animal tests of chemical toxicity. The selection of GJIC as an endpoint is a significant step in developing a systems- based in vitro model, as this biological phenomenon is crucial for integrating signaling mechanisms within cells with that of neighboring cells in a tissue, and is an important early stage event in abnormal cell proliferation within tissues. Most in vitro assessments of GJIC rely on fluorescent dye transfer techniques that require introduction of the dye through scrape loading, microinjection, or electroporation techniques, and detection with microscopes that all tend to be problematic in developing HTS assays. Thus, there is a need to develop and validate a bioassay system to assess GJIC in response to environmental toxicants and drug candidates that is conducive to HTS using in vitro cell model systems.  One very promising technique to measure GJIC for HTS is to develop a subset of donor and receptor cells in a cell line where the donor cells are stably transfected with the iodide transporter gene and the acceptor cells with the yellow fluorescent protein (YFP) gene. The addition of iodide initiates the bioassay by entering the donor cells via the iodide transporter, and then transfers through gap junctions to the receptor cells, in which iodide quenches the YFP-fluorescence. Closed or partially closed gap junction channels prevents or partially prevents quenching in the receptor cells from iodide. Fluorescent plate readers measure the fluorescence, which makes this bioassay quite amendable to HTS. We will use the C10 mouse lung cell and F344 WB rat liver cell lines. The lung and liver are the major target organs of exposure to inhaled and ingested toxicants. The C10 mouse cell line is one of the best in vitro cell model systems of alveolar type II cells, which are unipotent stem/progenitor cells that gives rise to alveolar type I cells, and self-renew. Similarly, the F344 WB cell line is an excellent in vitro cell model of liver oval cells, a bipotent stem/progenitor cell that give rise to hepatocytes and hepatic biliary duct cells, and self-renew. The effects of polycyclic aromatic hydrocarbons (PAHs) and polyfluoroalkyl substances (PFAS) on GJIC are well characterized by our labs, are environmental contaminants known to cause adverse effects on human health, and are on the EPA priority list of toxicants. Therefore, we will characterize the efficacy of our new HTS cell model systems assessing PAHs and PFAS. GJIC plays a critical role in coordinating intra-cellular signaling pathways between contiguous cells that control the homeostatic balance of cell proliferation, differentiation and apoptosis in a tissue, and we hypothesize that the interruption of GJIC by toxicants will be critical in the early cellular events of growth and developmental pathologies in tissues. Aim 1: Develop a GJIC/iodide transporter (IT)/ yellow fluorescent protein (YFPQL) HTS system (GJIC/IT- YFP HTS) assay to assess the effects of environmental contaminants and drug candidates on GJIC in liver and lung cell lines. This aim will be in two stages. (a) Transfect liver and lung cell lines with the iodide transporter and YFP genes, and optimize cell ratios of donor and acceptor cells to maximize uptake of iodide and assure high fluorescence quantum yield. (b) Validate these liver and lung HTS cell models for assessing dose and time response to GJIC-dysregulators using compounds with known effects on GJIC, namely PAHs and PFAS, in the same parent cell lines used to establish these HTS cell models. Aim 2: Validate the utility of this GJIC/IT-YFP HTS in assessing a wide array of chemicals with unknown effects on GJIC. We will use two groups of compounds (a) PFAS modelled after the NTP Exploratory PFAS Library, and (b) a library of 1280 FDA approved drugs from the Prestwick Chemical library. This will entail a quality control protocol that begins with i) primary screening, ii) hit confirmation and counter screening, iii) hit validation and selectivity. Significance: An in vitro lung and liver model HTS assessment of GJIC will offer a critically important new tool to screen for environmental toxicants and drug candidates that adversely affect tissue homeostasis by disrupting normal cell to cell communication.		R21		NIEHS - Direct

		Grant		2020		1 R01 ES032270-01		-		Gene-pesticide interactions and ADHD		CINCINNATI CHILDRENS HOSP MED CTR		OH		VORHEES, CHARLES V		HOLLANDER, JONATHAN		$433,884		8469964		ES		PAR19-386		10068848		Attention Deficit Hyperactivity Disorder (ADHD) is the most prevalent neurodevelopmental psychiatric disorder (9.4% prevalence in children; 4.4% in adults) and is polygenic. A novel gene associated with ADHD is Latrophilin-3 found in striatum, hippocampus, cerebellum, prefrontal cortex (PFC), and amygdala. In humans, there are 21 variants of LPHN3 associated with ADHD. Some pesticides may interact with ADHD genetic risk factors to trigger or exacerbate the symptoms. We found that the common pyrethroid, deltamethrin (DLM), administered prior to weaning in rats causes long-term behavioral, neurochemical, and electrophysiological effects. We developed the first KO rats of Lphn3. Lphn3 KO rats are hyperactive, hyper-reactive to startle stimuli, and cognitively impaired. This PAR-19-386 “Environmental Risks for Psychiatric Disorders: Biological Basis of Pathophysiology” seeks models that will elucidate Gene x Environment interactions related to neuropsychiatric disorders, such as ADHD. We hypothesize that Lphn3-/- and Lphn3+/- rats will interact with DLM (Type II pyrethroid) or permethrin (PRM, Type I pyrethroid) to exacerbate an ADHD-like phenotype. Specific Aim 1: Determine the effects of DLM in Lphn3-/-, Lphn3+/-, and wildtype (WT) rats on activity, reactivity, learning and memory (L&M), dopamine (DA) and NMDA markers, and apoptosis. Aim-1a: Compare WT rats with Lphn3-/- and Lphn3+/- rats administered 0, 0.5, or 2.0 mg/kg DLM from P3-20 for changes in activity, acoustic and tactile startle (including prepulse inhibition (PPI)) egocentric, allocentric, and working L&M, and for changes in DA and NMDA-R markers in various brain regions, including markers for programmed cell death. Aim-1b, neurochemical outcomes in rats not behaviorally tested. Specific Aim 2: Determine the effects of PRM in Lphn3-/-, Lphn3+/- rats vs. WT rats on the outcomes used in Aim-1. Aim-2a: Same as Aim-1a with PRM. Aim-2b: Same as Aim-1b with PRM. Specific Aim 3: Determine the effects of DLM in adult Lphn3- /-, Lphn3+/- rats vs. WT rats. Aim-3a: same outcomes as in Aim-1a. Adults with ADHD are an understudied and a population susceptible for higher exposure to pyrethroids from occupational exposure, making Aims 3 and 4 important. Aim-3b: Same as Aim-1b in adult rats. Specific Aim 4: Determine the effects of PRM in adult Lphn3-/-, Lphn3+/- rats vs. WT rats. Aim-4a: Same outcomes used in Aim-1a. Aim-4b: Same as Aim-1b in adult rats not behaviorally tested. Impact: ADHD interferes with normal development, costs billions to treat and manage, yet we know little about environmental contributions to those with ADHD. Insecticides are suspected in ADHD but such interactions between gene and environment are not established. Lphn3-/- and Lphn3+/- rats represent a novel approach to probing the effects of exposure to pyrethroids using a known ADHD genetic susceptibility. The model will shed new light on how a gene known to be associated with ADHD affects the behavioral and biochemical effects of prototypical pyrethroids. Interaction data can be used for risk assessment and help provide safeguards against pyrethroid exposure for those with ADHD.		SPECIFIC AIMS Attention Deficit Hyperactivity Disorder (ADHD) is the most prevalent neurodevelopmental psychiatric disorder. CDC estimates a 9.4% prevalence in children and NIMH estimates 4.4% prevalence in adults. ADHD is polygenic with clusters of multiple small effect CNVs and SNPs (Zhang et al., 2012; Faraone and Larsson, 2019). Recently, a novel gene was found to be associated with ADHD: Latrophilin-3. Latrophilins (LPHNs) are cell adhesion G coupled protein receptors (GCPR) (Burbach and Meijer, 2019; Moreno-Salinas et al., 2019). LPHN3 is a 7-transmembrane, Ca-independent, GCPR (Kreienkamp et al., 2000; Boucard et al., 2014); also named ADGRL(3) (Adhesion G protein-coupled receptor L(3) (Hamann et al., 2015) (OMIM 616417)). In descending order LPHN3 is enriched in striatum, hippocampus, cerebellum, prefrontal cortex (PFC), and amygdala. The external domain of LPHN3 binds to FLRT3 and tenurin-3 trans-synaptically (Fig. 1). Variant forms of LPHN3 are risk factors for ADHD (Faraone et al., 2003; Polanczyk et al., 2007) with an odds ratio of 1.2:1. There are also environmental contributions to ADHD that are not well understood. A suspected risk factor is pesticide exposure. Some pesticides are developmental neurotoxins. We recently found that deltamethrin (DLM) administered to rats from postnatal day (P) 3-20 results in long-term behavioral, neurochemical, and electrophysiological effects (Pitzer et al., 2019). Separately, we developed the first rat KO of Lphn3 (Regan et al., 2019). Lphn3 KO rats are hyperactive, hyper-reactive, and cognitively impaired. While Lphn3 KO rats show features consistent with ADHD, it is not a direct model of ADHD because children carrying a variant LPHN3 gene (of which there are 21) do not have a null mutation, but rather reduced expression. Our models with 2 levels of gene disruption, will shed light on how this gene’s effects are intensified in combination with pyrethroids. For PAR-19-386 “Environmental Risks for Psychiatric Disorders: Biological Basis of Pathophysiology” we hypothesize that null and/or reduced LPHN3 (Lphn3-/- and Lphn3+/- rats) expression will interact with two pyrethroids to which children and adults are exposed; one a prototypical Type II (deltamethrin; DLM) and the other a prototypical Type I (permethrin; PRM) pyrethroid, and that such exposure will exacerbate the ADHD-like phenotype we see in Lphn3 KO and Het rats. There are data that children exposed to pyrethroids have increased prevalence of ADHD and cognitive dysfunction (Fiedler et al., 2015; Viel et al., 2015; Wagner-Schuman et al., 2015). Adults are also exposed to pyrethroids but there are no studies on the effects of pyrethroids in adults with ADHD.  Specific Aim 1: Determine the effects of developmental exposure to DLM in Lphn3-/-, Lphn3+/-, and wildtype (WT) rats on activity, reactivity, learning and memory (L&M), dopamine (DA) and NMDA markers, and apoptosis. We have data showing that developmental DLM exposure (Pitzer et al., 2019) has effects that overlap with those seen in Lphn3 KO rats (Regan et al., 2019). Accordingly, Aim-1a will compare WT rats with Lphn3 KO and Lphn3 Het rats administered 0, 0.5, or 2.0 mg/kg DLM from P3-20 for exacerbated home-cage hyperactivity, suppressed prepulse inhibition (PPI), worsened striatally based egocentric L&M (Cincinnati water maze; CWM), worsened allocentric L&M (Morris water maze, MWM), worsened working memory (radial maze), and greater changes in DA markers in striatum/nAcc and PFC, and NMDARs in hippocampus, and cause apoptosis in these regions. Aim-1b: Using one dose from Aim-1a, assess the same neurochemical markers affected in Aim-1a in rats not tested behaviorally.  Specific Aim 2: Determine the effects of developmental exposure to PRM in Lphn3-/-, Lphn3+/- rats vs. WT rats on the outcomes as used in Aim-1. Aim-2a: Same as Aim-1a with PRM. Aim-2b: Same as Aim-1b with PRM.  Specific Aim 3: Determine the effects of DLM in adult Lphn3-/-, Lphn3+/- rats vs. WT rats. Adult rats are also affected by DLM but interactions with ADHD risk genes are unknown. Adult humans with ADHD represent an understudied and potentially susceptible subpopulation about which interactions with environmental agents are unknown. Therefore, Aim-3a will evaluate the same outcomes as in Aim-1a in adult rats of the same genotypes. Aim-3b: same as Aim-1b except in adult rats not behaviorally tested.  Specific Aim 4: Determine the effects of PRM in adult Lphn3-/-, Lphn3+/- rats vs. WT rats. Aim-4a: Same as Aim-2a in adult rats. Aim-4b: Same as Aim-2b except in adult rats not behaviorally tested.  Impact: ADHD interferes with human potential, costs billions of dollars per year to treat, yet we still know little about environmental factors that act upon a subpopulation such as those with ADHD. Insecticides have been suspected in ADHD before but such Gene x Environment (GxE) interactions are not yet established. Lphn3 KO and Het rats represent a novel approach to probing the effects of developmental and adult exposure to pyrethroids using a known human ADHD susceptibility gene. The GxE model we propose will shed new light on how this gene affects the neurobehavioral and biochemical effects associated with ADHD, with particular emphasis on DA and NMDA-R markers in conjunction with prototypical pyrethroids for which rodent data show clear overlapping effects with Lphn3 KO rats (Richardson et al., 2015; Pitzer et al., 2019; Regan et al., 2019).		R01		NIEHS - Direct

		Grant		2020		1 R01 ES032730-01		-		Developing an in vitro to in vivo pipeline of mammary gland exposure-response relationships to per- and poly-fluoroalkyl substances (PFAS)		UNIV OF NORTH CAROLINA CHAPEL HILL		NC		OLDENBURG, AMY L		RAVICHANDRAN, LINGAMANAIDU V., PHD		$559,511		8469964		ES		PA19-056		10152786		Project Abstract  Per- and polyfluoroalkyl substances (PFAS) are a family of over 5000 man-made chemicals that are ubiquitous in the environment, due to their chemical stability and bioaccumulative properties. Many of these “forever chemicals” have been linked with health concerns, including strong evidence of developmental health and harm to hormone-sensitive tissues. Manufacturers continue to substitute new PFAS for which exposure- based health risks are unknown. There is an urgent public health need to determine the effects of PFAS in use on both mammary gland development and increased breast cancer incidence. Current exposure studies use rodent models that require cumbersome end-point analyses as well as large monetary and time investments.  Our proposal is aimed at developing an in vitro to in vivo extrapolation (IVIVE) pipeline of mammary gland development and maintenance to identify and prioritize potentially toxic PFAS, to ultimately mitigate number of animals needed for environmental exposure studies. Our approach is to develop in vitro models of the mammary gland of increasing complexity but decreasing throughput, identifying links between high-throughput and high- complexity model endpoint readouts to best prioritize large chemical libraries. A key technology to establish links across multiple in vitro culture platforms is optical coherence tomography-based structural-functional imaging (OCT-SFI), developed by MPI Oldenburg, which non-invasively visualizes label-free cells, their intracellular motility, and morphology of formed spheroids, within optically turbid tissue models.  Our first specific aim advances a high-throughput paper-based culture system, developed by MPI Lockett, to study mammary epithelial cell invasion in physiologically relevant tissue microenvironments. The platform will evaluate 96 different exposure conditions in parallel. Our second specific aim employs 3D co-culture models that include fibroblasts to model stromal signaling known to affect mammary gland development. OCT-SFI will provide cellular motility and morphology of the organotypic spheroids that form in these cultures. Finally, our third aim will screen a library of 40 PFAS, with a particular focus on the perfluoroethercarboxylic acids (PFECAs) currently used in industrial coatings. In addition, 12 PFAS will be screened for which there is existing in vivo rodent model data available, and comparisons between in vitro assay outputs and in vivo gland remodeling will be used to refine the assay models and establish initial thresholds for screening.  The models developed as part of this proposal will thus be predictive of biology, enabling the high-throughput capability needed for future screening of all PFAS as well as other emerging endocrine disruptors. The project’s risk is balanced by the known imaging capabilities of OCT-SFI to probe responses in 3D spheroid and paper- based co-cultures. The high-throughput nature of this IVIVE pipeline makes it ideal for screening libraries of potential toxicants, providing information-rich datasets of spatially and temporally resolved morphological and molecular changes across the tissue-like structures.		Developing an in vitro to in vivo pipeline of mammary gland exposure-response relationships to per- and poly-fluoroalkyl substances (PFAS) This project, submitted to PA-19-056 as an R01 program with no clinical trial, is aimed at developing an in vitro to in vivo extrapolation (IVIVE) pipeline to identify potentially toxic per- and polyfluoroalkyl substances (PFAS) based on carcinogenic potential in the mammary gland. We envision a multi-tiered pipeline starting from a high- throughput paper-based culture (PBC) in vitro platform that prioritizes PFAS for second-stage assessment by a moderate-throughput organotypic mammary spheroid co-culture platform. Optical coherence tomography (OCT) is employed as a high-speed and non-invasive imaging moiety to capture cellular invasion in PBCs, and morphology and motility in spheroids, providing quantitative readouts for assay development. Specific Aims Specific Aim 1: Develop a PBC platform for high-throughput screening of PFAS that assigns an EMT score based on proliferation and invasiveness in mammary monocultures.  Sub-aim 1: Develop OCT-based scanner that rapidly quantifies cellular invasion in 96-well PBCs. An OCT scanner that quantifies the distribution of cells within 4-layer PBCs in <  30s per well will be developed using novel temporal compressive sensing techniques that discriminate live cells from paper fibers based on their characteristic speckle fluctuations. This engine will rapidly and longitudinally provide readouts of cell invasion.  Sub-aim 2: Develop PBC invasion assay with known legacy PFAS molecules PFOA and PFOS. We hypothesize that PBC invasion and proliferation readouts correlate with epithelial-to-mesenchymal (EMT) gene and protein marker upregulation in response to PFAS exposure. Using known legacy PFAS and ER+ and ER- mammary epithelial cell lines in PBCs we will associate EMT signatures with PBC readouts. This will establish a high-throughput PBC-based assay that outputs an EMT score for screening and prioritization of PFAS libraries. Specific Aim 2: Develop a 3D mammary spheroid co-culture assay using OCT-structural functional imaging (OCT-SFI) to prioritize PFAS for carcinogenic potential. For effective IVIVE it is important to model 3D architecture and cell-cell signaling that regulates tissue development, maintenance, and affects likelihood of carcinogenesis. Prior work has established OCT-SFI as an effective tool for detecting malignant phenotypes of mammary epithelial spheroids in co-culture with fibroblasts via morphological and motile signatures.  Sub-aim 1: Develop a 3D mammary co-culture exposure-response assay by correlating existing OCT-SFI metrics with malignancy defined by SPF. We hypothesize that metrics quantified from information-rich (3+1)D OCT-SFI scans of spheroid cultures, such as volume growth rate or intracellular motility, correlate with S-phase fraction (SPF), a standard definition of malignancy, during exposure to PFAS. Using legacy PFAS with known in vivo morphologic response in the mammary gland, we will refine OCT-SFI metrics that best correlate with SPF in normal and pre-malignant mammary epithelial cell lines. This will establish a medium-throughput OCT-SFI- based mammary spheroid assay that outputs a malignancy score for second-stage PFAS prioritization.  Sub-aim 2: Develop deep learning algorithms on OCT-SFI data to discover novel spatial-spectral metrics associated with exposure-induced carcinogenesis. This exploratory Aim seeks to investigate novel deep learning approaches to mine the information-rich (3D space + 1D time) OCT data for features predictive of SPF. Specific Aim 3: Perform pipeline screening on a library of PFAS with little-to-no prior data and refine assays in comparison with existing in vivo data. In this Aim we will employ the assays developed in Aims 1 and 2 to evaluate a library of relevant PFAS, including industrial perfluoroethercarboxylic acids (PFECAs) that have been detected in North Carolina waterways. A subset of these PFAS have or will have existing in vivo rodent model exposure data of mammary gland remodeling available from the NIEHS. We will compare morphologic gland features across these compounds to PBC and spheroid assay readouts in a univariate analysis method developed by the EPA to identify assays with high odds ratio for carcinogenicity when they test positive. These and associations between PBC-based EMT scores and spheroid-based malignancy scores collected across the library will be used to further refine the pipeline. By the conclusion of this effort we will have a preliminary IVIVE pipeline validated across 12 (in vivo) to 40 (PBC assay) compounds to establish quantitative readouts and thresholds for screening of PFAS. We will also have produced new data of PFECAs of immediate concern to prioritize upcoming rodent tests with limited resources.  Investigators. Our team is well suited for this effort: MPI Oldenburg brings expertise in OCT and its application for 3D mammary spheroid co-culture models; MPI Lockett has expertise in characterizing cellular responses to microenvironment factors in 3D cultures in the PBC platform; Co-I Niethammer is expert in machine learning algorithms; Co-I Troester is an expert in breast cancer epidemiology and pathology and will guide development of scoring methods; Co-I Zhou has expertise in biostatistical design models; Consultant Fenton is expert in mammary gland development and dysregulation, especially PFAS exposure-responses in rats.		R01		NIEHS - Direct

		Grant		2020		5 R01 ES026964-04		-		A Longitudinal Study of Endocrine Disruptor Mixtures and Reproductive Aging		UNIVERSITY OF MICHIGAN AT ANN ARBOR		MI		PARK, SUNG KYUN 		BOYLES, ABEE		$462,522		8469965		ES		PA13-302		9731469		Project Summary/Abstract Exposure to endocrine disrupting chemicals (EDCs) is widespread and these compounds can persist in the environment and the human body over decades. The population is aging, and women, in particular, can experience significant morbidity and diminished quality of life with aging. Recent epidemiologic data suggest that the timing of reproductive aging (the gradual decline in ovarian function with age) and the pattern of hormonal change during the menopausal transition influence women’s risk of chronic disease and their long- term health with aging. While numerous studies have examined adverse reproductive health effects and exposure to EDCs, little is known about how EDCs affect the timing or process of reproductive aging. Further, most existing epidemiologic studies on this topic have been cross-sectional with studies of age-at-menopause based on recall, limiting causal inference. In addition, combined exposure to various EDCs and pollutant- pollutant interactions (mixtures), as well as low-dose and non-monotonic dose-responses have been rarely if at all addressed. The proposed new epidemiologic study in a multi-ethnic cohort of women seeks to better understand how EDCs exposure affects the timing and characteristics of reproductive aging. We propose 1) to assess associations between EDC exposure (polychlorinated biphenyls, chlorinated pesticides, brominated flame retardants, and perfluorinated compounds) and timing of reproductive aging, including age at menopause and duration of the menopausal transition; 2) to assess the association between EDC exposure and hormonal characteristics during the menopausal transition, including levels and patterns of change in estradiol, follicle stimulating hormone, testosterone, sex-hormone binding globulin, and anti-Müllerian hormone; and 3) to examine the simultaneous effects of multiple EDCs and their interactions (mixture effects) on these reproductive aging outcomes using regression methods for high-dimensional covariates (multi-pollutant approaches). We will also explore effect modification by race/ethnicity and temporal variations in EDCs. We will capitalize on extensive phenotypic data and biospecimens collected for more than 15 years in an ongoing, large longitudinal cohort of women, the Study of Women’s Health Across the Nation (n=1,800 with a total of ~14,000 observations). This project addresses strategic priorities of the National Institute of Environmental Health Sciences, including disease pathogenesis by combined environmental exposures, as well as environmental health disparities. We will address these issues using innovative analytic approaches likely to yield new insights on the study of pollution mixtures and human health. The knowledge gained from this research may guide disease prevention initiatives; enhance women’s health and wellbeing as they age; and reduce environmental health disparities.		SPECIFIC AIMS A wide range of endocrine disrupting chemicals (EDCs) are found in products used every day, including plasticizers, pesticides, flame retardants, and surfactants.1-3 These compounds persist in the environment and can affect human health.1-3 With the aging of the United States population — 20 percent will be aged 65 and over by 2030 — the potential influence of EDCs on the aging process and health is of increasing interest. Recent data from the major cohort studies of the menopausal transition, including the Study of Women's Health Across the Nation (SWAN), strengthen the evidence that both the timing of reproductive aging and the pattern of hormonal change during the menopausal transition influence women's risk of chronic disease and their long-term health with aging.4-9 For example, early menopause is associated with mortality and risk of cardio-metabolic diseases.10-13 EDCs, including persistent organic pollutants, can influence menstrual function, hormone levels, and fertility.14-17 Information on how EDCs affect the timing or process of reproductive aging, however, is limited.18-20 Despite the fact that cigarette smoking is one of the few risk factors known to have a substantive impact on the timing of menopause, reducing expected age at menopause by 6 months to one year,21-23 few studies have addressed the role of environmental chemicals and reproductive aging.18-20 Extant studies have been predominantly cross-sectional with age-at-menopause based on recall, limiting causal inference. To fully understand the role of EDCs on reproductive aging, it is also important to account for effects of mixtures (combined exposure as well as pollutant-pollutant interactions) as well as low-dose and non- monotonic dose-responses. The 20-year multi-site, multiethnic SWAN cohort has described the natural history of the menopausal transition with prospective assessment of several characteristics of reproductive aging, including age at menopause, age at onset and duration of the menopausal transition, and the longitudinal trajectories of estradiol (E2), follicle stimulating hormone (FSH), testosterone and anti-Müllerian hormone (AMH). SWAN provides a unique opportunity to advance scientific understanding of the impact of exposure to EDC's on endocrine function and reproductive aging. Our long-term goal is to better understand how exposure to multiple persistent EDCs affects the timing and characteristics of reproductive aging. We propose a comprehensive study of the impact of exposure to multiple EDCs on reproductive aging. In 1996, SWAN enrolled 3302 premenopausal women aged 42-52 years old. This prospective study has detailed phenotypic measures, annual or bi-annual measures of reproductive hormones, and prospectively collected menstrual calendars. The SWAN Repository has stored serum specimens since the study's inception, providing a valuable resource to assess multiple EDCs and pollutant mixtures. This study will focus on persistent EDCs, such as polychlorinated biphenyls (PCBs), chlorinated pesticides, brominated flame retardants (BFRs), and perfluorinated compounds (PFCs). Evaluation of the contributions of EDCs in a well-established, longitudinal cohort with long-term follow-up will facilitate understanding of “how combined environmental exposures affect disease pathogenesis”, a strategic goal of the National Institute of Environmental Health Sciences (NIEHS). We propose the following three specific aims: Aim 1: To assess the association between exposure to PCBs, chlorinated pesticides, BFRs and PFCs and the timing of reproductive aging including age at natural menopause, age at onset of the menopausal transition, and duration of the menopausal transition. Hypothesis: Women with higher exposures to EDCs assessed individually will have alterations in the timing of reproductive aging after adjusting for sociodemographic factors, body size and composition, medical conditions and smoking status. Aim 2: To assess the association between exposure to PCBs, chlorinated pesticides, BFRs and PFCs and the hormonal characteristics during the menopausal transition including levels and patterns of change in AMH, E2, FSH, and testosterone. Hypothesis: Women with higher exposures to EDCs assessed individually will have alterations in hormonal levels at baseline and the pattern of hormonal change after adjusting for the known risk factors listed in Aim 1. Aim 3: To examine the simultaneous effects of multiple EDCs and their interactions on the reproductive aging outcomes specified in Aim 1 and 2 using regression methods for high-dimensional covariates (multi-pollutant approaches). Exploratory Aim 1: To examine effect modification by race/ethnicity for the Aims above. Hypothesis: Black, Chinese, Japanese, and Hispanic are more susceptible than Whites to adverse reproductive function responses to EDCs. Exploratory Aim 2: To examine temporal variations in serum EDCs in a subset of 75 women with four repeatedly collected samples (n=300). Hypothesis: Weight changes during the menopausal transition and post-menopause are an important determinant of temporal variations in EDC concentrations in serum. Expected Outcomes and Impacts: We anticipate that by comprehensively evaluating the impact of multiple EDCs on reproductive aging, this prospective study will advance scientific understanding of how complex exposures to EDCs may accelerate, delay or disrupt reproductive aging during this critical life stage. Such information would help define subgroups of midlife women who are at greater risk for adverse, menopause- associated changes in their risk of chronic disease and mortality that may inform the critical timing of interventions to effectively prevent or reduce the risk of chronic diseases and premature mortality.		R01		NIEHS - Direct

		Grant		2020		5 R01 ES029951-02		-		A preconception cohort study of environmental chemicals, fertility, and miscarriage		BOSTON UNIVERSITY MEDICAL CAMPUS		MA		WISE, LAUREN A		SMARR, MELISSA M		$602,673		8469965		ES		PA18-484		9840475		ABSTRACT Infertility and spontaneous abortion (SAB) are significant public health problems, affecting up to 25% of reproductive age couples in the United States. Health care costs attributable to infertility and SAB exceed $5 billion per year, and several studies have shown an association between infertility treatments and adverse pregnancy outcomes. Thus, identifying modifiable risk factors for subfertility and SAB is an important public health goal. The potential effects of exposure to endocrine-disrupting chemicals (EDCs) on risk of subfertility and SAB are understudied. The few existing human studies have limitations including small sample size, enrollment after conception, retrospective study design, suboptimal assessment of exposure and outcome, inadequate control for potential confounding variables, and limited generalizability. The proposed study will prospectively assess the relation of exposure to selected EDCs, including phenols, phthalates, and per- and poly-fluoroalkyl substances (PFAS), to risk of subfertility and SAB in a preconception subcohort of 950 pregnancy planners. We will use data from two NICHD-supported prospective cohorts of pregnancy planners in North America and Denmark. With web-based recruitment and data collection, we have enrolled over 17,000 women attempting pregnancy into these cohorts. In a subset of 200 participants, we have successfully pilot tested in-person collection of urine and blood specimens during the preconception and early pregnancy periods. In this application, we propose to expand in-person biospecimen collection, increasing the number of women with preconception and early pregnancy urine and blood samples from 200 to 950. At each of our three biospecimen collection sites (Boston, Detroit, and Aarhus), we will enroll 250 women and collect three urine samples and one blood sample (in preconception) and three urine samples and one blood sample (in early pregnancy). We will ship the samples to the CDC for the analysis of urinary phthalates, urinary phenols, and serum PFAS. To increase cost efficiency, we will pool three urine samples in each exposure window before assaying for phthalates and phenols; and we will assay one preconception blood specimen for PFAS, a persistent chemical, in analyses of subfertility and SAB. Finally, we will conduct a pilot study among 100 U.S. participants to assess the feasibility of collecting urine by mail, which would allow us to take advantage of our full geographically-diverse cohort in the future. Strengths of this application include the prospective design, preconception enrollment of pregnancy planners, repeated measurement of exposure during preconception and early pregnancy, excellent control for confounding via bimonthly prospective data collection on a wide range of covariates, and use of the latest analytic methods for mixtures modeling. We have generated compelling preliminary data to support our aims. The present grant is cost-effective in leveraging already-established cohort studies with data collection and follow-up supported by other grants. The results generated will be translatable by directly informing future regulatory decisions about EDC standards in a manner that could reduce rates of infertility and SAB.		SPECIFIC AIMS Infertility and spontaneous abortion (SAB) are significant public health problems, affecting up to 25% of reproductive age couples in the United States.1-5 As couples increasingly postpone childbearing, rates of infertility and SAB increase sharply and many couples seek infertility treatment,6,7 which costs an estimated $5 billion per year8 and is associated with adverse pregnancy outcomes.9,10 Emerging data from laboratory and human studies indicate that exposure to endocrine disrupting chemicals (EDCs) may contribute to the risk of infertility and SAB, but existing studies have been small, have evaluated single EDCs using only one measurement in time, or have been conducted in fertility clinic populations, and thus may not apply to the general population of couples trying to conceive. In addition, most studies have focused on a few select chemicals (e.g., bisphenol A and diethylhexyl phthalate (DEHP) metabolites). There has been little research on the health effects of newer replacement chemicals (e.g., bisphenols F and S, and 1,2-cyclohexane dicarboxylic acid diisononyl ester (DINCH)). With support from the NICHD (R01HD060690, R01HD086742), our research team has developed an efficient web-based infrastructure to recruit, follow, and collect data on more than 17,000 women planning a pregnancy, and more than 2,500 of their male partners, in the U.S., Canada, and Denmark.11-16 In a subset of 200 female participants, we have successfully pilot-tested the collection of blood and urine specimens before and during pregnancy, and evaluated three classes of EDCs (phenols, phthalates, and per- and poly-fluoroalkyl substances (PFAS)) in relation to fecundability, the average per-cycle probability of conception. Our choice of EDCs was informed by their high prevalence among reproductive-aged females and minorities,17-30 and their association with delayed time-to-pregnancy (TTP)31-44 and risk of SAB45-50 in previous studies. Our preliminary results show lower fecundability among participants with the highest exposures to several EDCs, including monoethyl phthalate, monocarboxyoctyl phthalate, DINCH metabolites, perfluorononanoic acid, bisphenol S and benzophenone-3.51-53 In the present application, we will build on this work and perform a more comprehensive evaluation of the association of EDCs with fertility and SAB. We will collect repeated samples of urine (three samples during preconception and three during early pregnancy) and blood (one sample during preconception and one during early pregnancy) from 750 newly-enrolled female participants for the measurement of phthalates, phenols, and PFAS. We will also pilot test the collection of urine through the mail among 100 new participants to expand the number and geographic diversity of our subcohort. We propose the following specific aims: Specific Aim 1: Examine the association of female exposure to select non-persistent EDCs with TTP and SAB.  Hypothesis 1: Women with higher urinary concentrations of phthalates, phthalate alternatives, phenols, and parabens during the preconception period will have longer TTP (i.e., delayed conception). Hypothesis 2: Women with higher urinary concentrations of phthalates, phthalate alternatives, phenols, and  parabens during the preconception and early pregnancy periods will have a higher risk of SAB. Specific Aim 2: Evaluate the association of female exposure to PFAS with TTP and SAB.  Hypothesis 1: Women with higher preconception serum PFAS concentrations will have longer TTP. Hypothesis 2: Women with higher preconception serum PFAS concentrations will have a higher risk of SAB. Specific Aim 3: Assess the effects of EDC mixtures, both within and between chemical classes, on TTP and SAB using state-of-the-art methods, including weighted quantile sum regression, random forest, and Bayesian kernel machine regression. Specific Aim 4: Pilot test the feasibility of in-home collection and mailing of urine specimens among 100 newly- enrolled participants. We will assess whether mailing biospecimen collection kits to our geographically-dispersed cohort, and requesting preconception and early pregnancy urine samples, is feasible and cost-effective. Infertility and SAB are significant public health problems and little is known about their causes. There are very few prospective cohort studies with repeated biological samples collected during the preconception and pregnancy periods. This will be the largest preconception prospective cohort study of EDCs in relation to TTP and SAB to date, and will improve on previous studies by evaluating multiple measurements of EDCs, measuring a wide array of EDCs including newer replacement chemicals, and analyzing EDC mixtures. Our study enrolls couples before conception, thereby reducing exposure misclassification, selection bias, and recall bias, and capturing many early pregnancy losses that would have been missed in traditional pregnancy-based studies. The study hypotheses are supported by compelling preliminary data from our cohorts. By leveraging existing web-based methods and infrastructure supported by the NICHD, the proposed study is highly innovative and cost-effective. Findings from the proposed research are likely to have a large and sustained impact on the field.		R01		NIEHS - Direct

		Grant		2020		5 R21 ES029328-03		-		Developmental Exposure to Perfluoroalkyl Substances and Cardiometabolic Outcomes in Adulthood: Potential Links via the Plasma Metabolome		ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI		NY		VALVI, DAMASKINI 		JOUBERT, BONNIE		$206,873		8469965		ES		PA18-489		9843130		PROJECT SUMMARY Exposure to perfluoroalkyl substances (PFASs) is ubiquitous in the U.S. and worldwide. A breadth of data from animal studies show effects of prenatal and postnatal PFAS exposures on multiple tissues, accompanied by systemic biological responses and altered levels of lipids, glucose, inflammatory markers and metabolism- regulating hormones in peripheral blood. In line with the experimental evidence, our previous prospective investigations showed apparent effects of prenatal PFAS exposures on adverse metabolic and immune outcomes in children, as well as associations of adult PFAS exposures with higher risks of gestational and type 2 diabetes (T2D). As dose-dependence and mechanisms of potential PFAS toxicity in humans are not yet understood, an urgent need exists to elucidate associated health risks and implicated mechanisms. Moreover, although PFASs persist in blood and tissues for years, previous birth cohort research has focused almost exclusively on short-term impacts of prenatal exposure. Therefore, we propose an innovative life-course epidemiologic design that integrates lifetime PFAS exposures and untargeted high-resolution metabolomics (HRM). This design will allow for the identification of biological pathways potentially altered by early-life PFAS exposures and critical periods of susceptibility (Aim 1) as well as of pathways associated with changes in clinical cardiometabolic markers in young adults (Aim 2). Gaining insight from the first two aims, we will then be able to quantify the relative contribution of identified pathways in the PFAS-associated cardiometabolic disease pathogenesis (exploratory Aim 3). To pursue these aims, we will leverage the unique resource of a well- characterized prospective Faroese cohort of 1,022 individuals born in 1986/7 who has now reached adulthood, and utilize state-of-the-art HRM methodologies that offer a wide coverage of biological pathways, including those suspected to mediate PFAS metabolic effects. Five major PFASs have already been measured in whole cord blood and participants' serum at ages 7, 14, 22 and 28 years. Clinical assessments in adulthood included anthropometry, blood pressure and 2 hour-oral glucose tolerance tests, complimenting available obesity measures from childhood examinations. The proposed work will utilize archived fasting plasma from 500 cohort participants for HRM analyses at ages 22 and 28, thereby offering a unique opportunity to capture both long- term and late-onset effects of early-life PFAS exposures. Findings from this exploratory R21 research will provide new insights into systemic biological responses to PFAS exposures and potential critical periods, while also having the potential to identify novel mechanistic pathways for obesity, T2D and heart disease at an early adulthood age-window, when interventions are effective and can benefit the population.		-		R21		NIEHS - Direct

		Grant		2020		1 R01 ES031079-01		-		Investigating Mixtures of Pollutants and Endometriosis in Tissue (IMPLANT) Study		GEORGE MASON UNIVERSITY		VA		POLLACK, ANNA ZULEMA		BOYLES, ABEE		$339,796		8469965		ES		PA19-056		9864319		ABSTRACT Endometriosis affects 6-11% of premenopausal women, causing pain, infertility, and billions of dollars in U.S. health care related costs annually. With a poorly understood etiology, endometriosis is characterized by hormonally responsive endometrial implants outside the uterus. Evidence from experimental and human studies indicate that endocrine disrupting chemicals, to which humans are nearly ubiquitously exposed, may play a role in endometriosis etiology and severity. We propose to measure nine perfluoroalkyl substances (PFASs) and 53 persistent organic pollutants (POPs) to which the population is broadly exposed, in eutopic (healthy uterine tissue) and ectopic (endometriosis implants) endometrial tissue. The literature is limited in that there are no studies of endometriosis incidence and severity in relation to PFASs, POPs, and their mixtures measured in uterine tissue. This study leverages a unique biorepository collected from the operative cohort of the Endometriosis: Natural History, Diagnosis, and Outcomes (ENDO) Study, an NICHD study which enrolled 495 women aged 18-44 from 14 clinical centers in California and Utah prior to laparoscopic surgery. We will determine: 1) whether higher levels of PFASs, POPs, and their mixtures in eutopic endometrial tissue are associated with incident endometriosis and 2) how these exposures in ectopic endometrial tissue are associated with endometriosis severity; 3) whether mixtures of PFASs and POPs across serum, adipose tissue, and eutopic endometrial tissue, are associated with endometriosis incidence; and finally, 4) recognizing the infeasibility of most epidemiologic studies of gynecologic disease to obtain endometrial tissue, we will develop a model to predict eutopic endometrial dose from serum levels of PFAS and POP exposure. This study will provide critical data on PFASs and POPs, which will advance scientific understanding and inform policy makers.		Investigating Mixtures of Pollutants and Endometriosis in Tissue (IMPLANT) Study Endometriosis affects 6-11% of premenopausal women, causing severe pain and infertility 1–5, and costs billions annually in the US, comparable to diabetes 6. This disease is estrogen dependent and is characterized by endometrial tissue growth outside the uterus, called endometriosis implants. Endocrine disrupting chemicals (EDCs) may play a role in its etiology and severity by mimicking hormones, like estrogen 7. Our group showed that ubiquitous EDCs, including per- and polyfluoroalkyl substances (PFASs) 8,9 measured in serum, and persistent organic pollutants (POPs) 10 in serum and adipose, were associated with endometriosis. This leads us to ask the next critical question of their possible role in the development and severity of endometriosis. A recent quantitative review called for measuring target tissue dose for these EDCs 11. Chemical availability differs between serum, adipose, and the target for endometriosis, endometrial tissue. So, serum or adipose chemical levels may not reflect the true exposure-disease relationship, stressing the need for target tissue dose 11,12. No studies have measured PFASs and POPs in eutopic, (healthy uterine tissue), or ectopic endometrium (endometriosis implants), to understand their role in endometriosis. Our long term goal is to prevent endometriosis by identifying modifiable risk factors, including PFASs, chemicals with widespread ongoing exposure and POPs, including organochlorine pesticides, polybrominated diphenyl ethers, and polychlorinated biphenyls. Our overall hypothesis is that PFAS and POP concentrations in endometrial tissue are higher in women with than without endometriosis and will be higher for more severe disease. We will elucidate the role of PFAS and POPs in endometriosis through novel biospecimens, uterine tissue and endometriosis implants. Because PFASs and POPs have shared sources of exposure, such as diet, and potential shared biologic mechanism(s), we will estimate associations between PFASs and POPs mixtures with endometriosis within and across biologic media. This proposal addresses a critical barrier to understanding the role of PFASs and POPs in endometriosis. We will test our novel hypothesis in the Endometriosis: Natural History, Diagnosis, and Outcomes Study, comprising women with (n=190) and without (n=283) surgically visualized endometriosis 9,10,13,14. Measuring PFASs and POPs in eutopic (n=437) and ectopic (n=137) endometrium and their mixtures across tissue in relation to endometriosis will advance the understanding of modifiable risk factors for this disease. The following aims are proposed: Specific Aim 1: Characterize PFASs and POPs concentrations in eutopic endometrial tissue and their association with endometriosis. Specific Aim 2: Characterize PFASs and POPs concentrations in ectopic endometrial implants and their association with endometriosis severity. Specific Aim 3: Determine the consistency of associations between PFASs and POPs and endometriosis by biologic media: adipose (POPs only), endometrium and serum. Exploratory Aim 4: Develop a predictive model for endometrial tissue dose of PFASs and POPs based upon serum concentrations. This prediction will serve as a resource for researchers without endometrial tissue available for estimating target tissue concentrations. Our work will be the first to determine if target tissue concentrations of PFASs and POPs are associated with endometriosis, helping to corroborate evidence from proxy measures. This study will inform whether PFASs and POPs in serum are sufficient to determine associations with endometriosis. The prediction provides an alternative should proxy measures not characterize the target tissue relationship with endometriosis and will be widely applicable to women’s health. This study can contribute to policy for PFASs to which the population is broadly exposed. Our team are experts on the exposures, outcome and analytic tools to model mixtures. Our proposal has ample public health value given the significant burden of endometriosis. This study propels future work identifying biological mechanisms for endometriosis and modifiable environmental exposures.		R01		NIEHS - Direct

		Grant		2020		5 R01 ES025214-05		-		Early life perfluoroalkyl substance exposure & obesity: Mechanisms & phenotyping		BROWN UNIVERSITY		RI		BRAUN, JOSEPH M		JOUBERT, BONNIE		$569,204		8469965		ES		PA13-302		9875273		﻿    DESCRIPTION (provided by applicant):  Childhood obesity is a major public health problem in the United States where nearly 17% of children are obese and another 15% are overweight. Emerging evidence suggests that early life exposure to chemical obesogens may increase the risk of obesity by affecting hormonal systems involved in adipogenesis, weight homeostasis, or metabolism. Perfluoroalkyl substances (PFAS) are a class of man-made chemicals used in stain/water repellant textiles, nonstick coatings, and food packaging. Growing evidence from animal, human, and experimental studies shows that these chemicals may be obesogens and affect cardio-metabolic endpoints as well. Despite this, there are few prospective human studies characterizing the obesogenic effects of PFAS, and even fewer investigating the molecular mechanisms of PFAS action. We will use the HOME Study, a prospective birth cohort of 375 women and their children from Cincinnati, OH to address these gaps and determine if PFAS exposures during three distinct periods of development are associated with body composition, cardio-metabolic risk markers, and relevant biological intermediates. Women in our study have serum PFOA concentrations two-times higher than US pregnant women due to their proximity to a fluoropolymer manufacturing plant, thus allowing us to examine the impact of high exposure to this chemical. We have measured serum concentrations of four PFAS (PFOA, PFOS, PFNA, and PFHxS) in pregnant women during the 2nd trimester and their children at 3 years of age. Concentrations will also be measured at 12 years of age. We will determine if higher exposures to these PFAS at these times in development are associated with: 1) Growth from birth to 12 years of age and state-of-the-art measures of body composition at 12 years of age; 2) Cardiometabolic risk factors, including central adiposity, blood pressure, and fasting lipid, glucose, and insulin levels at 12 years of age; 3) Cortisol concentrations in infant meconium and adiponectin or leptin levels in serum collected from neonates and 12 year olds; and 4), Changes in leukocyte DNA methylation at >485,000 loci in child blood samples collected at delivery and 12 years. These aims scale from the child to molecular level, allowing us to test the hypothesis that prenatal PFAS exposures adversely affect clinical endpoints in children across the first 12 years of life and related molecular pathways. By identifying potentially modifiable obesity risk factors using these data, we will provide critical data to scientists and policy makers about the health effects of PFAS exposures at three distinct life stages. These data may serve as a model for other potential chemical obesogens that have similar structures or act via comparable mechanisms.		Specific Aims Childhood adiposity is one of the greatest public health threats to this generation of children, with obese youth facing increased risk of premature mortality and cardiometabolic disorders.13-15 Emerging research demonstrates that childhood obesity is related to the in utero and neonatal environment.16-20 This has led to immense interest in determining whether prenatal or postnatal exposures to chemical obesogens - toxicants that alter adipogenesis, growth, or metabolism – increase the risk of obesity and cardiometabolic disease.21,22 Perfluoroalkyl substances (PFAS) are a class of suspected obesogens used in food packaging, non-stick coatings, and stain/water-resistant textiles that bioaccumulate and resist environmental degradation. Human exposure is ubiquitous and these substances have long biological half-lives. Experimental and epidemiological studies suggest that PFAS exposure increases the risk of child/adult obesity, and adversely affect hormone action/synthesis, adipocyte function, and lipid/glucose homeostasis.23-30 PFAS may increase the risk of obesity and cardiometabolic disorders by altering hormonal systems that regulate DNA methylation of genes involved in metabolism or adipogenesis. However, prior epidemiological studies relied on less detailed anthropometric measures, did not comprehensively evaluate biological pathways, did not control for important childhood obesity predictors (e.g., diet), and have not evaluated windows of vulnerability in pre- and postnatal life. This proposal will determine if PFAS exposures during distinct development periods are associated with body composition, cardiometabolic risk markers, biologically relevant intermediates, and DNA methylation. We will use an established and ongoing prospective cohort of pregnant women and their children from Cincinnati, OH. These women have serum perfluorooctanoic acid (PFOA) levels ~2-times higher than pregnant women in the United States because Cincinnati is downstream from a West Virginia fluoropolymer plant that has contaminated the Ohio River. Our preliminary results show that higher prenatal PFOA exposure is associated with changes in child body composition between 2 and 8 years of age. Specifically, we will: Aim 1: Determine if prenatal, early childhood, or concurrent PFAS exposure is associated with adiposity at 12 years of age and altered growth trajectories from birth to 12 years of age.  We have measured PFAS levels in serum collected from mothers during pregnancy and children at 3 years  of age and collected up to 7 measures of weight, height, and abdominal circumference from 375 children  between birth and 8 years of age. We propose to bring a minimum of 200 children back to our study clinic at  age 12 to measure serum PFAS levels, assess body composition using dual X-ray absorptiometry, and  collect data on important predictors of child obesity (e.g., diet, physical activity). Aim 2: Determine if prenatal, early childhood, or concurrent PFAS exposure is associated with adverse cardiometabolic risk markers in 12 year old children.  We will measure abdominal circumference/adiposity, blood pressure, and fasting lipids, glucose, insulin, and  hemoglobin A1C levels in 200 children at 12 years of age. Aim 3: Determine if prenatal, early childhood, or concurrent PFAS exposure is associated with biological intermediates of childhood adiposity, specifically increased glucocorticoid and leptin levels, and decreased adiponectin levels.  We will measure cortisol in infant meconium samples and leptin and adiponectin in serum collected from  neonatal cord blood and 12 year old children. Aim 4: Determine if prenatal PFAS exposure is associated with variation in leukocyte CpG DNA methylation at delivery and 12 years of age.  In 200 children we will assess DNA methylation at >485,000 loci in blood leukocytes collected at delivery and  12 years. We will validate our top hits in another cohort with comparable PFAS and epigenetic measures. Dr. Joseph Braun and a team of co-Investigators will fulfill these aims and determine if PFAS exposure is associated with child adiposity, cardiometabolic risk factors, and molecular endpoints in a population with elevated prenatal PFOA exposure. In addition, our repeated assessment of PFAS exposure during three distinct life-stages, including the sensitive prenatal period, will allow us to discover potentially sensitive windows of development to PFAS exposures. Identifying obesity risk factors is a critical research need since few available interventions lead to lasting and meaningful reductions in child adiposity.31,32 If we determine that chemical obesogens like PFAS are novel obesity risk factors that also impact obesity related biological pathways, this could lead to interventions that reduce exposure to these and other structurally or biologically similar chemicals and ultimately, reduce childhood obesity risk.		R01		NIEHS - Direct

		Grant		2020		1 R01 ES030394-01A1		-		Vulnerability During Infancy to Immunotoxic Contaminant Exposures		HARVARD SCHOOL OF PUBLIC HEALTH		MA		GRANDJEAN, PHILIPPE ADAM		JOUBERT, BONNIE		$269,262		8469965		ES		PA19-056		9885685		Abstract Our studies have demonstrated that developmental exposure to perfluorinated alkylate substances (PFAS) are associated with attenuated antibody responses to routine childhood vaccines. Our most recent findings suggest that breastfeeding can transfer PFAS to the infant and lead to substantial elevations of serum-PFAS concentrations, with possible adverse implications for immune system development. As blood samples from infancy were not available to us in previous studies, we modeled the concentrations of early-life serum-PFAS and showed that levels of early postnatal serum-PFAS are inversely associated with antibody concentrations measured at age 5 years, more so than serum concentrations measured at age 18 months or later. The present proposal will obtain blood samples in infancy and maternal milk for analysis of PFAS to improve the modeling of profiles of serum-PFAS during infancy. This will allow testing of the hypothesis that early-life exposure to immunotoxic PFAS impair the development of the adaptive immune system and negatively affects the efficacy of routine childhood vaccines. The extended model of serum-PFAS will be used for estimation of exposures of PFAS in infancy among >1,000 children from previous cohorts, where serum samples from infancy were not collected. In addition to blood sampling at ages 3 and 12 months in the new cohort, we will use novel cell phone technology to allow mothers to record breastfeeding, occurrence of infectious disease, antibiotic treatment, and other relevant study parameters every two weeks. Our focus on vaccines will include toxoids (diphtheria and tetanus), as these de novo protein vaccines are known to be the most reliable clinical indicators of immune suppression. The duration of breastfeeding will be considered both as an exposure pathway and a moderator, as breastfeeding is considered to be advantageous for the child’s immune system development. The proposed study will be carried out at the Faroe Islands, where excellent conditions are available to recruit the birth cohort and to ensure a high participation rate and minimal socioeconomic confounding. Exposures of PFAS mainly originate from seafood and vary substantially, while average serum concentrations are similar to U.S. levels. A cohort size of 600 can be recruited within 16 months and will provide appropriate statistical power as one of the largest so far in the field. At 3 and 12 months of age, vaccine antibodies, thymus size, and advanced differential white cell counts will be assessed. Statistical data analysis will include multivariate analysis, assessment of mediation and/or modulation, structural equation modeling of combined exposure of exposure associations of PFAS with immune functions, and benchmark dose calculations. While research on immunotoxicology has traditionally focused on adverse effects in the mature organism, this proposal aims to characterize immunotoxic risks from developmental exposure to these priority pollutants at the most vulnerable developmental stages in early life.		Specific Aims Immunotoxicity is emerging as a major public health issue that requires elucidation. Dioxins and PCBs were first demonstrated to be environmental immunotoxicants [18, 29]. Following our discovery in 2012 that the perfluorinated alkylate substances (PFAS) can suppress some immune functions [1], we have replicated the findings in another birth cohort [26] and in adults [30], as have other human studies [2, 3, 23]. PFAS are present in blood samples from virtually all Americans [31, 32], and our examination of data on water contamination from the U.S. Environmental Protection Agency showed that millions are exposed to seriously polluted drinking water with PFAS [33]. Our findings suggest that current exposure levels of PFAS may attenuate vaccine efficacy [34], and other studies suggest decreased resistance against infections [3, 5, 34-36].  To assess the degree of immunotoxicity, we have applied antibody (Ab) responses to two routine childhood vaccines, diphtheria (Di) and tetanus (Te) [1]. Both vaccines are priming toxoids that elicit T-cell dependent Ab responses that reflect the degree of protection (which is not the case for live vaccines), and both are de novo antigens (which is often not the case for, e.g., Haemophilus or Pneumococcus vaccines) [37]. As vaccination constitutes a well-defined antigen stimulation of the adaptive immune system [37], the Ab response to a Di or Te antigen challenge is considered a valid approach to identifying deficits in immune functions [21]. Thus, a consensus statement on immunotoxicology [16] and guidelines from the World Health Organization [38] recommend the use of Ab concentrations for population studies. So far, such studies in children have focused on exposures encountered prenatally or during childhood, not in infancy [39].  Infancy is a highly vulnerable age, because the adaptive immune system must develop after birth and is known to be primarily shaped by environmental factors [40]. During this time, breastfeeding contributes maternal antibodies that provide partial protection while the child’s adaptive immune function is still immature [41, 42]. However, the advantages of breastfeeding now appear less clear [43], as reflected by the lack of immunologic benefit from breastfeeding, e.g., in our previous study of a Faroese birth cohort [44]. This paradox may well be due to human milk acting as an important vehicle for exposure to PFAS. Thus, we have observed that serum concentrations of PFAS in long-term breastfed children can exceed maternal serum levels by more than 10-fold [6]. Breastfeeding may therefore serve opposite roles in immune system development.  Because vulnerability to immunotoxicity in infancy has been ignored so far, as has the possible impact of human milk contamination, the present proposal aims at resolving this puzzle to provide better guidance for prevention of immunotoxicity of PFAS. In our previous cohort studies, we did not have access to blood samples from infancy, but our most recent study modeled concentrations of serum-PFAS from the duration of breastfeeding (months) [26]. We found that estimated levels of serum-PFAS in early infancy were much stronger predictors of low Ab concentrations at age 5 years than were the levels of PFAS measured at 18 months [26].  We will assess indicators of adaptive immune system functions during infancy in a new birth cohort. In addition to vaccine antibodies as main parameters, we will, as before, examine lymphocyte subpopulations in blood samples [45] and monitor the incidence of infectious disease through a cell-phone mediated reporting system [35] throughout infancy. We have now added thymic size in early infancy as a sensitive parameter [24, 25]. This integrated approach is highly relevant to public health, it is known to be feasible, and it will provide important new insight into developmental immunotoxicity and provide data for benchmark dose calculations.  Our hypothesis is that developmental exposure to PFAS affects early development and maturation of the adaptive immune system, as mediated or modified by breastfeeding. Our aims address immune system deficiencies following developmental exposure to PFAS as a group of high-priority environmental toxicants suspected of being immunotoxic [4, 32]. The proposed prospective birth cohort study at wide ranges of exposures of PFAS [6, 26, 44] aims for the first time to provide insight into exposure profiles of PFAS during infancy and to link them to changes in immune system parameters, through the following specific aims: Specific aim 1: to obtain serum samples during infancy for analysis of PFAS and characterize the developmental exposure profiles and how they are affected by concentrations of PFAS in milk and breastfeeding duration (days); Specific aim 2: to determine early adaptive immune system development through 12 months of age, with emphasis on T-cell dependent responses to routine childhood vaccinations, thymus size, and lymphocyte subpopulation counts, along with the incidence of infectious disease; and Specific aim 3: to assess the associations of exposures to PFAS prenatally and during infancy with the development and maturation of adaptive immune functions, while taking into account the potential for mediation or moderation by breastfeeding duration. In translating these findings – and to facilitate risk assessment – we will calculate benchmark dose results for individual PFAS with and without mutual adjustments, using our recently developed statistical approach [15].		R01		NIEHS - Direct

		Grant		2020		5 R21 ES030454-02		-		Scaling up access and usability of smartphone tools for reporting chemical biomonitoring results		SILENT SPRING INSTITUTE		MA		BRODY, JULIA GREEN		MARTIN, LINDSEY ANN		$187,574		8469965		ES		PA18-489		9917777		Biomonitoring measurements in blood, urine, and other tissues are crucial for studies to understand the effects of environmental chemicals on health. Participants almost always want to learn their own results, and modern ethics statements support their right-to-know. In response, more studies are returning personal results for growing numbers of chemicals, even if health effects are uncertain. Research to evaluate the outcomes in these studies shows that report-back encourages recruitment and retention, leads researchers to new translational insights about their data, and increases environmental health literacy for participants (EHL, the ability to understand and act on knowledge to protect health). Participants do not become overly worried. Thus, new tools to scale up production of personalized reports benefit both researchers and study participants. The Digital Exposure Report-Back Interface (DERBI) is a tested software framework for efficiently producing reports for print, computer/tablet, or smartphone. However, two barriers limit its scalability and usability. First, it currently requires researchers to have advanced programming skills, which most teams lack. Second, smartphone reports are needed for low-income communities where phone is the primary access to the internet, and the beta smartphone version requires additional development. This methods-development project addresses these gaps by expanding both the researcher- and study-participant functionality of DERBI. Aim 1 will increase access to report-back by building an easy-to-use dashboard (interface), so any researcher can use DERBI to visualize personal data and create reports without programming skills. Five NIEHS-supported teams – each composed of a researcher and a community partner -- will provide input to design the dashboard and then user-test it with their own data, which includes measurements of polycyclic aromatic hydrocarbons, environmental phenols, and highly fluorinated substances (PFAS), among others. Researchers will be able to visualize their data to gain insights and tailor reports to their study population. Aim 2 will develop, field, and evaluate smartphone reports as a tool for growing environmental health literacy among cohort participants. Smartphone DERBI has been deployed in beta version in just one study, PROTECT in Puerto Rico. This project will use feedback from PROTECT and user-test a new tutorial feature to engage curiosity and support lower-EHL users in reading their results. We will user-test and deploy the improved smartphone report in Chemicals in Our Bodies, a diverse pregnancy cohort in the San Francisco area. Using quantitative pre- and post-tests, we will assess participant learning, emotional response, and exposure-related behavior. This project will create and actively disseminate a free software package for any researcher to generate high-quality, biomonitoring reports on smartphone, using methods that support environmental health literacy in vulnerable communities. By developing communications about chemical exposures, it will immediately advance translation of exposure science to improve public health.		SPECIFIC AIMS In response to questions from study participants about their own chemical exposure results, we developed the Digital Exposure Report-Back Interface (DERBI) as a framework for efficiently creating personalized results reports. Participants in biomonitoring studies—where chemicals are measured in people's blood, urine, or other tissues—nearly always want to know, “What did you find in me? Was it safe? What should I do?” Federal ethics guidance supports their right-to-know, recommending “a presumption in favor of returning individual results.” Sharing results benefits both researchers and participants, because it supports study recruitment and retention, promotes community-engaged research, improves environmental health literacy (EHL), and often sparks insights about study data. DERBI has been used to report results in five studies to date, and participants appreciated receiving their results, learned from them, and were motivated to act—showing that report-back can promote environmental public health. However, in scaling up DERBI to reach more researchers and participants, we encountered two challenges: First, using DERBI in new studies requires software engineering expertise that most research teams lack. Second, as low-income and communities of color increasingly rely on smartphones for internet access, we must improve our smartphone interface to support these participants. This methods-development project addresses these gaps by building new tools to expand researcher and participant access to DERBI personal exposure reports. We will (1) develop an easy-to-use dashboard (software interface), so any researcher can use DERBI to visualize personal data and author reports without programming skills, and (2) develop and evaluate smartphone DERBI as a tool for growing environmental health literacy among study participants. Aim 1. Expand the Digital Exposure Report-Back Interface (DERBI) so that any environmental health researcher can use it. We will create a dashboard for researchers to use DERBI to create personal exposure reports without software engineering expertise. It will include high-quality visualization tools to analyze distributions and co-occurring exposures, and live-updating analytics to track how study participants interact with their reports. We will first seek input from five teams of researchers and community partners from NIEHS- funded studies to shape the interface. Study teams will then test it using their own data—which includes measurements of polycyclic aromatic hydrocarbons, environmental phenols, and highly fluorinated substances (PFASs), among others. We will make the final software package freely available and demonstrate it at NIEHS meetings and professional conferences. We hypothesize that the research teams participating in this Aim will commit to returning results if they have not already and improve report-back if they already do so. We expect that the completed software will be frequently downloaded, a measurable signal of broader interest in using it. Aim 2. Develop, field, and evaluate smartphone DERBI. DERBI expands access to environmental health information in communities that primarily access the internet by smartphone, which includes many environmental justice communities. We are currently fielding a beta-version of the first smartphone DERBI reports in the PROTECT Superfund Research Program (SRP) in Puerto Rico. We will improve the efficacy of the smartphone report by integrating feedback from PROTECT and adding an interactive tutorial that guides users through interpreting their results. The tutorial will use the validated Predict-Observe-Explain educational model to engage interest while developing graph-reading skills and confidence. We will user-test and deploy the improved smartphone report in Chemicals in Our Bodies, a diverse pregnancy cohort in the San Francisco area. Using quantitative pre- and post-tests, we will assess participant learning, emotional response, self- efficacy, and exposure-related behavior, and compare outcomes with and without the tutorial. We hypothesize that smartphone DERBI will build environmental health literacy among participants, with better outcomes for the tutorial group. Our team is exceptionally well-prepared for this project, because we have been the leading research group developing report-back, teaching it to others, and studying how participants respond to it. Our 20+ publications in environmental health, public health, and social science journals demonstrate our influence in this field. Impact: This project will create a complete, freely available software package for any researcher to generate high-quality, biomonitoring reports using methods that support environmental health literacy in vulnerable communities. The researcher dashboard will include data visualization tools that generate insights about chemical mixtures and sources of high exposures, both of which are critical to understanding chemical effects on health. By making it easy for researchers to communicate results, this project will improve research ethics and support study recruitment and retention. It will improve research translation to environmental public health by sharing actionable knowledge from biomonitoring studies. This project addresses the NIEHS strategic goal to translate data to knowledge to action for exposome science.		R21		NIEHS - Direct

		Grant		2020		5 R01 ES025796-05		-		The impact of prenatal exposure to persistent organic pollutants on kinetics of immune response to vaccines and sero-protection in infants		FRED HUTCHINSON CANCER RESEARCH CENTER		WA		BHATTI, PARVEEN 		JOUBERT, BONNIE		$584,405		8469965		ES		PA13-302		9920719		﻿    DESCRIPTION (provided by applicant): Persistent organic pollutants (POPs) are a group of chemically stable compounds that bioaccumulate and persist in the environment, animals and humans. POP toxicities include carcinogenicity, endocrinopathy, neurotoxicity, and immunotoxicity. Although production of POPs was banned in many countries in the 1980s, high levels can be still be detected in the blood of young children worldwide. Significant exposure to POPs can begin in utero, during critical periods of fetal immune system development, and POPs appear to induce numerous immunotoxic effects. There is specific evidence of attenuated responses to immunizations that suggest reduced vaccine efficacy however a comprehensive assessment of the effects of POPs exposure across a panel of routine infant immunizations has not yet been performed. Significant portions of the Chinese population are exposed to a broad array of POPs across a range of exposure levels that are comparable to those in US populations. The public health impact of POP immunotoxicity has been identified as a research priority by the Chinese Centers for Disease Control and Prevention (China CDC), as well as the US National Institutes of Health. We will perform a prospective cohort study in Tianjin China to assess the dependence of vaccine-specific immune responses and risk for infections on prenatal POPs exposure. Specifically, a cohort of 580 healthy pregnant women 20-30 years of age living in the TangGu Districts of Tianjin China will be established in collaboration with the China CDC. Samples of cord blood will be obtained at the time of birth, and cord blood concentrations of a panel of 47 compounds belonging to all major classes of POPs will be assayed to measure prenatal exposure to POPs. Infants will then be followed from birth to 25 months of age, capturing data regarding vaccination history, diagnosis, treatment and outcomes for infections, general health status, growth and development, and non-infectious illness (especially those related to allergic, autoimmune, and cancer). Blood specimens will be taken at multiple time points throughout this period and analyzed for antibody titers/concentrations to a panel of 10 vaccine-specific antigens associated with 5 routine infant immunizations (oral poliovirus vaccine, hepatitis B, hepatitis A, diptheria/pertussus/tetanus, measles/mumps/rubella). Kinetic parameters of the immune response to each vaccine immunogen will be used to summarize longitudinal data. Multivariate regression methods will be used to model the dependence of the immunologic kinetic parameters on levels of exposure to the 47 POPs compounds alone and in combination. The statistical techniques of multiple imputation and group LASSO with cross-validation will be used to identity subsets of POPs compounds within and between classes that are most predictive of the immunologic outcomes. The establishment of clear links between POPs exposure and degraded immune responsiveness will have important implications for disease prevention efforts in China, as well as in the US and around the globe.		SPECIFIC AIMS Persistent organic pollutants (POPs) are a group of chemically stable compounds that bioaccumulate and persist in the environment, animals and humans. Major classes of POPs include dioxins and furans, polychlorinated biphenyls (PCBs), organochlorine (OC) pesticides, and perfluorinated compounds (PFCs). POP toxicities include carcinogenicity, endocrinopathy, neurotoxicity, and immunotoxicity. Although production of POPs was banned in many countries in the 1980s, high levels can be still be detected in the blood of young children worldwide. Significant exposure to POPs can begin in utero during critical periods of fetal immune system development. POPs appear to induce numerous immunotoxic effects. However, the relative impact of multiple specific compounds acting in combination as typically occurs in vivo is poorly understood. At least one important mechanism of immunotoxicity is binding of dioxins and dioxin-like POPs to the arylhydrocarbon receptor (AhR), resulting in aberrant AhR signaling in antigen presenting cells and immune effector cells. Studies have found a wide variety of immunotoxic outcomes associated with POP exposure in children, including limited evidence of attenuated responses to immunization that suggest reduced vaccine efficacy. Given their history of POP production and use, significant portions of the Chinese population are exposed to a broad array of POPs. As such, the public health impact of POP immunotoxicity has been identified as a research priority by the China Centers for Disease Control and Prevention (CDC). The establishment of clear links between POPs exposure and attenuated immune responsiveness would have important implications for infectious disease prevention efforts in China, as well as in the US and around the globe. In collaboration with the China CDC, we will study a large prospective cohort of children, from birth to 2 years of age, to examine the impact of prenatal exposure to complex mixtures of POPs on immune responses to standard immunizations given in China and on the risk of infection during early childhood. Subjects will be recruited from Tianjin China in the vicinity of an industrial area that produced large quantities of POPs, and where, based on our pilot data, residents have a wide range of blood levels of major classes of POPs. Specifically, we propose the following aims: 1. Characterize the prenatal exposure to POPs among children living in the TangGu region of Tianjin, China.  a. Recruit and enroll a cohort of 580 expectant mothers and their newborn infants, obtain cord blood  samples at delivery and measure concentrations of a panel of 47 analytes within the 4 major classes of  POPs (dioxins/ furans, PCBs, OC pesticides and PFCs).  b. Develop multivariate profiles of POPs measured in cord blood, including concentrations and patterns of  variation/co-variation within and between classes of POPs as well as profiles based on known  physical/chemical and functional (toxicologic) properties. 2. Determine whether prenatal exposures to POPs are associated with impaired immunologic  outcomes and characterize the nature of that dependence on complex mixtures of POPs.  a. Prospectively follow a cohort of 580 infants from birth to 25 months of age and measure antibody levels  to 10 vaccine antigens at 7 time points during follow up.  b. Estimate 4 individual-level immune parameters from longitudinal antibody measurements including  peak post-vaccination response, post-vaccination rate of decay, maternal antibody levels at birth, and  peak post-vaccination response as fold-change over predicted maternal antibody levels.  c. Assess the dependence of the 4 immune parameters for each of 10 vaccine-specific antibodies on  measured concentrations in cord blood of a panel of 47 POPs alone and in combination.  d. Assess the dependence of the frequency and severity of infections on measured concentrations in cord  blood of a panel of 47 POPs alone and in combination. 3. Develop predictive models of individual-level and population-level risk for vaccine-preventable  infectious diseases that is attributable to POP exposure.  We will use the models relating POP exposure to vaccine-specific peak antibody responses developed  in Aim 2 to predict the shift in antibody levels from above to below each vaccine's accepted thresholds  of protection that is attributable to prenatal exposure to mixtures of POPs that are relevant to exposed  populations in China and in the US.  The proposed study will be the most comprehensive evaluation of POP exposures and immune effects  conducted to date, and will provide the detailed data required to address the relatively unexplored question of  how complex mixtures of POPs may act in concert. Furthermore, it will specifically assess the effects of POP  exposures on the efficacy of multiple vaccines and on the risk of childhood infection, and will quantify the  potential public health implications attributable to these exposures.		R01		NIEHS - Direct

		Grant		2020		5 R21 ES029681-02		-		Developmental origins of child liver injury: Effects of prenatal environmental exposures		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		CHATZI, VAIA LIDA 		JOUBERT, BONNIE		$191,949		8469965		ES		PA18-489		9922274		ABSTRACT Emerging experimental evidence indicates that exposure to environmental pollutants causes liver injury and contributes to “toxicant-associated fatty liver disease”, specially if exposure occurs during critical stages of development. Animal studies show hetatotoxic effects even at low levels of exposure to many endocrine disrupting chemicals (EDCs), including persistent organic pollutants, plasticizers and certain metals. Moreover, chronic exposures to ambient fine particulate matter have been shown to induce liver steatosis, inflammation and fibrosis in mice, accompanied by elevated blood liver enzymes. Human studies have largely been cross- sectional, and no previous population study has examined associations of in utero exposure to air pollution and EDCs with subsequent pediatric liver injury. We propose a novel analytyical approach for investigating effects of in utero environmental exposures on child liver injury, leveraging the extraordinary existing resources of the “Human Early Life Exposome (HELIX)” project, which provides completely harmonized biomonitoring data on environmental exposures, geospatial data and omics biomarkers in 1200 pregnant mothers and their children followed longitudinally up to the age of 6-10 years in 6 European countries. We hypothesize that higher ambient air pollution and targeted EDC exposures during pregnancy are associated with subsequent child liver injury and associated dysregulation of metabolic and inflammatory pathways. We propose to measure in archived serum samples established clinical biomarkers of child liver injury. We will apply novel statistical methods to conduct integrated analyses of HELIX chemical exposures, endogenous metabolites, cytokines, adipokines, and established clinical liver injury biomarkers, with the goal of identifying latent variables representing distinct groups of children at risk for liver injury. Our specific aims are: 1: To evaluate the associations of pregnancy trimester-specific fine particle and other regulated air pollution exposures with biomarkers of child liver injury. 2: To evaluate the associations of prenatal exposure to targeted EDCs with biomarkers of child liver injury. 3: To assess associations of prenatal environmental exposures with biological distinct subgroups of children at risk for liver injury, using an innovative latent variable approach that integrates exposure profiles, clinical biomarkers, engogenous metabolites, cytokine and adipokine data. The proposal brings together international experts on environmental epidemiology, pediatric hepatology, omics, and biostatistics from different research institutes in the U.S. and Europe and will be the first study to link multiple prenatal environmental exposures with childhood liver injury outcomes. The study is cost efficient, leveraging a large European investment in HELIX, and has potential to advance our understanding of early life environmental contributions to child liver injury and to identify new targets for prevention and interventions starting early in life.		SPECIFIC AIMS In parallel with increasing rates of obesity,1, 2 non-alcoholic fatty liver disease (NAFLD) is increasingly diagnosed at younger ages,3, 4 suggesting an early-life etiologic origin.5 In large population studies, for example in the National Health and Nutrition Examination Study,3 noninvasive clinical biomarkers have been used to measure liver injury and prevalence of suspected NAFLD, as the current diagnostic gold standard, liver biopsy, has well- known limitations of high cost, risk, and ethical restrictions.6-8 Over the past 20 years, prevalence of suspected NAFLD, defined as elevated alanine aminotransferase (ALT) levels in blood, has almost tripled among US adolescents, with increases among all race/ethnic subgroups, males and females.3 In adults, NAFLD is the second leading indication for liver transplant in the US,9 and is associated with increased morbidity from extra- hepatic complications.10, 11 The `Developmental Origins of Health and Disease' paradigm posits that environmental exposures during early life may produce permanent changes in tissues' structure, physiology and function, leading to metabolic disease.12 Animal studies have shown hepatotoxic effects even at low levels of exposure to many endocrine disrupting chemicals (EDCs)13,14 we propose to study, including organochlorine (e.g., polychlorinated biphenyls [PCBs], such as PCB-153,15 and dichlorodiphenyldichloroethylene [DDE]16), perfluoroalkyl (e.g., perfluorooctanoic acid [PFOA] and perfluorooctane sulfonate [PFOS])17-20 and persistent brominated (e.g., polybrominated diphenyl ether [PBDE]21) pollutants, to plasticizers (e.g., bisphenol A [BPA]22-25 and di(2(ethylhexyl) phthalate [DEHP] 26), and to certain metals (e.g., cadmium (Cd)27). Chronic exposure to ambient particulate matter (PM) resulted in liver steatosis, inflammation and fibrosis in mice, and in increased blood liver enzymes.28,29 We propose a novel analytical approach for investigating effects of in utero environmental exposures on child liver injury, leveraging the extraordinary existing resources of the “Human Early Life Exposome (HELIX)” project, which provides completely harmonized biomonitoring data on environmental exposures, geospatial data and omics biomarkers in 1200 pregnant mothers and their children followed longitudinally up to the age of 6-10 years in 6 European countries. We hypothesize that higher ambient air pollution and targeted EDC exposures during pregnancy are associated with subsequent child liver injury and associated dysregulation of metabolic and inflammatory pathways. We propose to measure in archived plasma samples noninvasive established clinical biomarkers of child liver injury.30 For this revised application, we have compelling new preliminary results from analysis of a subset of HELIX mother-child pairs (n=200) showing that one standard deviation (SD) increase in prenatal PFOA and ambient PM less than 10 µm in aerodynamic diameter (PM10) exposure was associated with 43% [Odds Ratio (OR): 1.43; 95% Confidence Interval (CI): 1.06-1.92)] and 34% (OR: 1.34; 95% CI: 1.00-1.81) increased odds of elevated ALT levels in children aged 6-10 years, respectively. We will apply novel methods developed as part of our statistical methods program project at USC (P01 CA196569) to conduct integrated analyses of HELIX chemical exposures, endogenous metabolites, cytokines, adipokines, and established clinical liver injury biomarkers, with the goal of identifying latent variables representing distinct subgroups of children at risk for liver injury. Preliminary results of this analysis in the sample of 200 HELIX mother-child pairs show, as a proof-of-principle, that in utero exposure to PM10 and PFOA were associated with a high-risk subgroup of children characterized by elevated ALT and high levels of other clinical biomarkers for liver injury, including ALT, aspartate aminotransferase (AST),30 gamma-glutamyl transferase (GGT),30 and serum cytokeratin 18 (CK-18), a validated blood marker for hepatocyte apoptosis recommended by the NASH Clinical Research Network.31 This approach is complementary to our previous work characterizing disturbed metabolic pathways in children with NAFLD, including fatty acid synthesis and oxidation, glycerophospholipids metabolism, and branched chain amino acids degradation.32 The approach also has potential clinical relevance for identifying biomarker clusters that could be validated in future studies of NAFLD. Our specific aims are: Aim 1: To evaluate the associations of pregnancy trimester-specific air pollution exposures (PM10, PM2.5, nitrogen dioxide (NO2), and near-residence traffic volume) with biomarkers of child liver injury. Aim 2: To evaluate the associations of pregnancy exposure to targeted EDCs (DDE, PCB153, PFOA, PFOS, PBDE-47, BPA, MEHP, cadmium) with biomarkers of child liver injury. Aim 3: To assess associations of prenatal environmental exposures with biological distinct subgroups of children at risk for liver injury, using an innovative latent variable approach that integrates exposure profiles, clinical biomarkers, endogenous metabolites, cytokine and adipokine data. Impact: The study is cost efficient, leveraging a large European investment in HELIX, has potential to advance our understanding of early life environmental contributions to child liver injury and may open new avenues for liver disease prevention by reducing exposures starting early in life.		R21		NIEHS - Direct

		Grant		2020		5 R01 ES029133-03		-		Longitudinal study of endocrine disrupting chemical exposure and the early hormonal milieu of girls around the time of thelarche		UNIVERSITY OF CINCINNATI		OH		PINNEY, SUSAN MENGEL		BOYLES, ABEE		$207,721		8469965		ES		PA16-160		9934200		PROJECT SUMMARY: Longitudinal Study of Endocrine-Disrupting Chemical Exposure and the Early Hormonal Milieu of Girls Around the Time of Thelarche  Endocrine disrupting chemicals (EDCs) are exogenous substances which exhibit hormonal activity in the endocrine system, disrupting the physiologic function of endogenous hormones. The peri-pubertal period represents a developmental window of vulnerability to environmental exposures in which EDCs may act as agonists or antagonists to endogenous hormones. Evidence directly linking EDCs and alterations in pubertal development in human populations is far from conclusive. Evidence directly linking exposure to EDCs and changes in serum steroid hormone levels in girls around the time of breast development is almost non-existent.  Previous studies of pubertal girls (both in our cohort and others) have reported that exposure to certain EDCs is associated with either later or earlier thelarche and menarche suggesting that EDCs may have an effect on the hormonal milieu in pubertal girls. None of these studies has examined whether a mixture of environmental exposures is related to age at pubertal events. Knowledge about the structural relationship regarding the direct effect of EDCs on hormone levels in girls and then the timing and intensity of later pubertal events, such as age at thelarche, age at menarche, pubertal tempo, peak height velocity, and age at peak height, is lacking. With the measurement of multiple environmental biomarkers in our cohort of girls, we can develop metrics for mixtures of environmental exposures and use these metrics in our analyses. With our prospective study design including direct observation of pubertal maturation events and measurements of steroid hormones in serum around the time of thelarche, we can examine the effect of exposure to EDCs on these events using structural equation models. Our study proposes to fill the gap in knowledge regarding whether exposure to EDCs has a direct effect on the hormonal milieu in pubertal girls, and how these changes in are related to age at pubertal milestones.  This application is highly innovative because of its unique design: girls have been evaluated longitudinally from ages 6-7 years, with serum hormone measurements during time points around thelarche, and measurements of environmental biomarkers prior to puberty. Our hypotheses are novel. Using existing prospectively collected pubertal maturation and environmental biomarker data, and recently acquired measurements of serum hormones in banked serum samples timed to maturation events, in a group of girls followed since ages 6 and 7, we will directly addresses the gaps noted in the 2013 IBCERCC report “Breast Cancer and the Environment: Prioritizing Prevention”. The impact of this proposal is to provide information that will lead to the identification of mechanisms of EDCs and targetable pathways, resulting in strategies to minimize disruption in the timing of pubertal events in girls and future risk of adverse health outcomes in adult women.		SPECIFIC AIMS: Longitudinal Study of Endocrine-Disrupting Chemical Exposure and the Early Hormonal Milieu of Girls Around the Time of Thelarche  Endocrine disrupting chemicals (EDCs) are exogenous substances which exhibit hormonal activity in the endocrine system, disrupting the physiologic function of endogenous hormones. Animal studies have unequivocally demonstrated that EDCs disrupt sexual development, as measured by delayed vaginal opening, the effect depending upon the dose and timing of exposure. However, evidence directly linking EDCs and alterations in pubertal development in human populations is far from conclusive.  During puberty, the mammary gland undergoes rapid growth, through exponential cellular proliferation and differentiation, driven by sex hormones. The peri-pubertal period also represents a developmental window of vulnerability to environmental exposures in which EDCs may act as agonists or antagonists to endogenous hormones. Evidence directly linking exposure to EDCs and changes in serum steroid hormone levels in girls around the time of breast development is almost non-existent.  Previous studies of pubertal girls (both in our cohort and others) have reported that exposure to certain EDCs is associated with either later or earlier thelarche and menarche suggesting that EDCs may have an effect on the hormonal milieu in pubertal girls. None of these studies has examined whether a mixture of environmental exposures is related to age at pubertal events. There are several well-established epidemiologic associations between pubertal events, including age of menarche, growth parameters (final height and height velocity), and bone mineral density, and risk of later adverse health conditions such as cancer and cardiovascular disease. Knowledge about the structural relationship regarding the direct effect of EDCs, either alone or in a mixture, on hormone levels in girls and then the timing and intensity of later pubertal events, such as age at thelarche, age at menarche, pubertal tempo, peak height velocity, and age at peak height, is lacking. With the measurement of multiple environmental biomarkers in our cohort of girls, we can develop metrics for mixtures of environmental exposures and use these metrics in our analyses. With our prospective study design including direct observation of pubertal maturation events and measurements of steroid hormones during this critical window of susceptibility, we can examine the effect of exposure to EDCs using structural equation models.  Our study proposes to fill the gap in knowledge regarding whether exposure to EDCs has a direct effect on the hormonal milieu in pubertal girls, and how these changes in are related to age at pubertal milestones. Aim 1. Determine whether exposure to certain endocrine disrupting chemicals, prior to and around the time of thelarche, is related to serum steroid hormone concentrations, evaluated at time points relative to thelarche (-6 months, 0 months, +6 and +12 months).  Hypothesis 1a: Increased exposure to flavonol, enterolactone, benzophone-3, lead, mono-benzo phthalate,  ΣPBDEs, ∑PCBs and PFOA will be related to decreased estradiol.  Hypothesis 1b: Exposure to ΣDEHP and mono-benzo phthalate will be associated with lower levels of  DHEA and testosterone.  Hypothesis 1c: Exposure to cadmium, triclosan, 2,5-dichlorophenol will be related to increased estradiol.  Hypothesis 1d: Greater adiposity (BMIz and waist:height ratio) will limit the detection of an effect on the  relationship between EDC exposure and serum hormone concentrations. Aim 2. Use statistical methods to consider exposure to a mixture of environmental EDCs and determine whether exposure to the mixture is related to serum sex hormone concentrations, evaluated at specific time points relative to thelarche (– 6, 0, +6 and +12 months). Aim 3. Using path analysis in structural equation modeling, determine the relationships between the exposure mixture and the physiologic phenotype (serum hormone concentrations) and the observed phenotypes (age at thelarche, menarche, pubertal tempo, peak height velocity and age at peak height velocity).  This application is highly innovative because of its unique design: girls have been evaluated longitudinally from ages 6-7 years, with serum hormone measurements during time points around thelarche, and measurements of environmental biomarkers prior to puberty. Our hypotheses are novel. Using existing prospectively collected pubertal maturation and environmental biomarker data, and recently acquired measurements of serum hormones in banked serum samples timed to maturation events, in a group of girls followed since ages 6 and 7, we will directly addresses the gaps noted in the 2013 IBCERCC report “Breast Cancer and the Environment: Prioritizing Prevention”. The impact of this proposal is to provide information that will lead to the identification of mechanisms of EDCs and targetable pathways, resulting in strategies to minimize disruption in the timing of pubertal events in girls and future risk of adverse health outcomes in adult women.		R01		NIEHS - Direct

		Grant		2020		1 R01 ES031657-01		-		The Impact of Maternal and Paternal Preconception Perfluoroalkyl Substance (PFAS) Exposure on Reproductive and Perinatal Outcomes		HARVARD SCHOOL OF PUBLIC HEALTH		MA		MESSERLIAN, CARMEN 		SMARR, MELISSA M		$320,579		8469965		ES		PA19-056		9944227		Per- and polyfluoroalkyl substances (PFAS) are ubiquitous environmental toxicants that are associated with adverse health outcomes including cancer and thyroid disease. The potential for PFAS exposures to negatively influence human health has generated significant concerns in scientific, governmental and public realms. PFAS are used in numerous consumer products, including nonstick cookware, textiles, and food packaging. Importantly, these chemicals persist in the environment and have long elimination half-lives (~2 to 8 years) in the human body, leading to near-universal exposure (some PFAS have been detected in the serum of more than 99% of the U.S. population). While limited human studies and evidence from animal models implicate PFAS exposures in adverse reproductive and pregnancy outcomes including infertility, pregnancy loss, preterm birth, and low birthweight, knowledge remains scarce, particularly for newer PFAS and PFAS mixtures. Further, studies that examined perinatal outcomes such as preterm birth and low birthweight measured serum/plasma concentrations during pregnancy, which may result in confounding by pregnancy-related physiologic changes. Hence, there is a significant need for studies designed to measure PFAS exposure before conception. To better define the impact of PFAS exposure on reproductive and pregnancy outcomes, and because environmental exposures may also affect male reproductive success, we propose an innovative study to measure serum concentrations of relevant PFAS analytes in both men and women before conception. We will leverage the Environment and Reproductive Health (EARTH) Study (ES009718), a prospective preconception cohort of couples recruited from a fertility clinic and followed through delivery. The aims of this proposal are to determine the extent to which maternal and paternal preconception serum PFAS concentrations (individually and as PFAS mixtures) are associated with: AIM 1) reproductive outcomes of fertilization, implantation, and semen quality parameters; AIM 2) pregnancy outcomes of pregnancy loss and live birth; and AIM 3) birth outcomes of birthweight and gestational age. Innovations include the assessment preconception exposure to emerging and new PFAS and their mixtures in couples and the investigation of early reproductive and pregnancy outcomes that have not been previously studied. The proposed study is highly time- and cost-efficient, as we will have archived biospecimens and clinical data available for 834 nulliparous women and 435 men (435 couples). We will recruit an additional 225 nulliparous women and 180 male partners to increase statistical power to a total of 615 couples. Our team includes expertise in male and female reproductive and environmental epidemiology, PFAS exposure assessment, and advanced biostatistical and mixtures analysis methods. The proposed study will have important scientific and public health implications by examining both maternal and paternal PFAS exposure on reproductive, pregnancy, and birth outcomes, providing much needed data for evidence-based policy to reduce PFAS exposure and harm.		SPECIFIC AIMS Per- and polyfluoroalkyl substances (PFAS) are environmental toxicants of urgent scientific, governmental, and public concern over their near-universal human exposure and adverse health effects.1-7 Despite decades of research, the consequences of PFAS exposure for human health remain strikingly unclear.5 PFAS are a family of high-production volume synthetic water- and stain-resistant chemicals used in countless consumer products including nonstick cookware, textiles, and food packaging. PFAS can be found in the water we drink, the food we eat, the air we breathe, and in our homes, schools, and workplace.8-13,126 The chemical properties that make PFAS useful in so many applications also cause persistence in the environment and accumulation in the body (half-lives ~2 to 8 years).14,15 Indeed, PFAS have been labelled “forever chemicals.”16 General population exposure is ubiquitous; PFAS such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) are detectable in the serum of more than 99% of the United States population.17-19 PFAS have also been measured in human amniotic fluid and cord and neonatal blood.20-24 Although the two most widely studied PFAS (PFOA and PFOS) were voluntarily phased-out by manufacturers in the early 2000s, human exposure is still highly prevalent due to widespread environmental contamination.19,25-33 There is also concern regarding the dozens of newer PFAS used as substitutes for PFOA and PFOS, for which research is lacking.5-7,13,19 Importantly, among the health effects associated with PFAS exposures are adverse reproductive and perinatal health outcomes such as low birthweight.28,30,32-43 Yet, much of our knowledge on these adverse outcomes derives from animal models; there are limited studies on the adverse reproductive and pregnancy outcomes associated with human exposure to PFOS/PFOA, and a lack of studies on the newer PFAS and their mixtures. Moreover, studies of perinatal outcomes such as preterm birth and low birthweight measured serum/plasma PFOS/PFOA concentrations during pregnancy,27,29,30,44,45 which may be confounded by pregnancy-related physiologic changes.33,46-48 Hence, studies of reproductive and perinatal outcomes must be designed to measure PFAS before conception to determine whether maternal exposure is tied to impaired reproduction. Another important gap in our understanding of the reproductive health effects of PFAS is that few,49-51 if any, human studies have measured both male and female exposure concurrently in relation to couple-based fertility, pregnancy, and birth outcomes.52 While epidemiologic evidence documents the effects of male PFAS exposure on semen quality,53-55 there is a dearth of studies on paternal PFAS exposure and subsequent pregnancy or birth outcomes among their partner.52,56 Evidence in animal models shows that paternal environmental and lifestyle exposures induce epigenetic alterations in sperm, which increase the risk of adverse reproductive and offspring outcomes.56-59 It is possible that paternal PFAS exposure may also adversely impact pregnancy and birth outcomes through the male germ line; however, research is lacking.52 To better define the impact of exposure to PFOS/PFOA and newer PFAS and their mixtures on reproductive and pregnancy outcomes, we will measure serum concentrations of PFAS in men and women before conception. We will leverage the Environment and Reproductive Health (EARTH) Study (ES009718), a prospective preconception cohort of couples recruited from a fertility clinic and followed through delivery. The proposed study is time- and cost-efficient since we will have archived biological specimens and clinical data available for 834 nulliparous women and 435 male partners. We expect to recruit an additional 225 nulliparous women and 180 male partners, increasing the total sample size to 615 couples (1059 women, 615 men). Our study outcomes are: semen quality parameters, fertilization, implantation, pregnancy loss, live birth, birthweight, and gestational age. The aims of this proposal are to determine the extent to which maternal and paternal preconception serum PFAS (individually and as PFAS mixtures) are: Aim 1: Associated with reproductive outcomes: fertilization, implantation, and semen quality parameters Hypothesis 1: Increased maternal and paternal serum PFAS concentrations are associated with a reduced fertilization rate and increased implantation failure, along with poorer semen quality. Aim 2: Associated with pregnancy outcomes: pregnancy loss and live births Hypothesis 2: Increased maternal and paternal serum PFAS concentrations are associated with increased biochemical and clinical pregnancy loss and decreased live birth rate. Aim 3: Associated with birth outcomes: birthweight and gestational age Hypothesis 3: Increased maternal and paternal serum PFAS concentrations are associated with reduced birthweight and gestational age. Innovations include assessment of couples’ preconception exposure to legacy, new PFAS and their mixtures, and the investigation of their associations with reproductive, pregnancy, and birth outcomes. This study will provide empirical data needed to support evidence-based policy to reduce PFAS-related exposure and harm.		R01		NIEHS - Direct

		Grant		2020		5 R01 ES028311-03		-		Assessment of pediatric immunotoxicity, public education, and capacity-building in communities impacted by PFAS-contaminated drinking water		SILENT SPRING INSTITUTE		MA		SCHAIDER, LAUREL A		O'FALLON, LIAM		$531,005		8469965		ES		PA16-083		9957092		A growing number of U.S. communities have discovered per- and polyfluoroalkyl substances (PFASs, often called PFCs) in drinking water. Epidemiological studies have reported negative associations between pediatric PFAS exposure and immune function, and suggest that current drinking water guidelines may not adequately protect children from immunotoxicity. In 2016, the National Toxicology Program concluded that two PFASs, PFOA and PFOS, are presumed immune hazards based on human and animal studies. A key knowledge gap is whether exposure to drinking water contaminated by AFFF firefighting foams with complex PFAS mixtures causes clinically relevant immunotoxicity. Communities seek guidance for interpreting blood and water test results and information on health effects, water treatment, remediation, and strategies to engage local officials.  This project will leverage existing researcher-community partnerships to address concerns about health effects from PFASs in drinking water and develop tools and materials to support impacted communities. We will engage with two communities with AFFF-contaminated drinking water, the Pease International Tradeport in Portsmouth, NH, and Hyannis, MA, and evaluate potential immune responses and explore metabolomics profiles among young children. We will develop an online resource center to serve PFAS-affected communities nationwide with educational materials, data tools, and opportunities to connect with other communities. We will explore the exposure experience of affected communities by conducting in-depth interviews and ethnographic research. Project partners include environmental health and social science researchers and community activists with a well-established collaboration. This community-engaged research project has three aims: Aim 1. Quantify associations of child serum PFOA, PFOS, PFHxS, and total PFASs with a) serum antibody  levels following diphtheria and tetanus (DTaP) vaccinations and b) metabolomic profiles. Aim 2. Develop the PFAS Exchange, an online resource center with educational materials, data interpretation  tools, tap water testing, and resources to connect communities, provide report-back materials for participants,  and engage with residents of affected communities, medical professionals, and other stakeholders. Aim 3. Assess individual, family, and community-level experience of residents in areas impacted by PFAS-  contaminated drinking water. The proposed study is innovative in developing novel web-based tools to visualize and interpret personal exposure data, and will be the first to evaluate immunotoxicity and apply novel metabolomics methods in U.S. children exposed to AFFF-contaminated drinking water in early life. It will improve public health by supporting efforts to reduce exposures and health impacts of PFAS contamination through engagement, education, and research. This project fulfills the Research to Action mission by addressing community concerns about health effects of contaminated drinking water and involving community members throughout.		SPECIFIC AIMS  Across the U.S., a growing number of communities are discovering drinking water supplies contaminated with per- and polyfluoroalkyl substances (PFASs, often called PFCs). As we recently reported, over six million Americans in 22 states receive drinking water from sources that exceeded EPA’s 2016 guideline for PFOS and PFOA, and drinking water for an additional 100 million Americans has not yet been tested. Proximity to a military fire training area was a strong predictor of drinking water contamination due to the use of PFASs in aqueous film-forming foam (AFFF) used for fighting fuel fires. Health concerns related to PFOA and PFOS include high cholesterol, testicular and kidney cancer, and reproductive and developmental effects such as decreased birth weight. A 2016 National Toxicology Program systematic review of human and animal studies concluded that both PFOS and PFOA are presumed immune hazards to humans.  While there is a growing body of research on PFOS and PFOA toxicity, AFFF-contaminated drinking water contains complex mixtures of PFASs that include PFHxS, which has a half-life in the body of eight years. Therefore, we need a better understanding of the composition and health impacts of these exposures, particularly in children, who are at greatest risk of clinically impaired vaccine response and other effects on the immune system. Impacted communities in Portsmouth, NH, and Hyannis, MA, have brought to our attention the need for coordinated community resources on water treatment, remediation, and health effects, as well as strategies for effectively engaging governmental agencies and interpreting blood and water test results.  Therefore, the objectives of this proposal are to work with the Portsmouth (Pease Tradeport) and Hyannis communities to: quantify associations of PFAS serum concentrations in children with immune response and metabolomics profiles, develop an online network with resources for community education and engagement, and interview community members to analyze the experiences of residents in impacted communities. In addition, the research tools and community resources developed by this project will support and connect other communities that face similar challenges in responding to PFAS-contaminated drinking water. Project partners include environmental health and social science researchers at Silent Spring Institute, Northeastern University, and Harvard University, and environmental health activists at Testing for Pease, Toxics Action Center, Massachusetts Breast Cancer Coalition, and GreenCAPE.  Aim 1. Quantify associations of child serum PFOA, PFOS, PFHxS, and total PFASs with a) serum antibody levels following diphtheria and tetanus (DTaP) vaccinations and b) metabolomic profiles. We will collect blood samples from 120 children (ages 4 to 6) 21 days after receiving booster DTaP vaccinations. Innovative components include metabolomics profiling that builds on preliminary data showing associations between serum PFOS concentrations and markers of inflammatory response in adult women.  Aim 2. Develop an innovative online resource center, the PFAS Exchange, provide report-back materials for study participants, and engage with residents of affected communities, medical professionals, and other stakeholders. The PFAS Exchange will be a resource center for residents of impacted communities including a wide range of educational outreach materials, innovative data exploration tools, a tap water testing program to evaluate the presence of new PFASs in drinking water treated with activated carbon treatment, and online resources to connect impacted communities. In addition, we will create personalized report-back for immunotoxicity study and tap water testing participants using Silent Spring Institute’s Digital Exposure Report-Back Interface and engage with community members, doctors and nurses, local government officials, policymakers, and journalists.  Aim 3. Assess individual, family, and community-level experiences of residents in areas impacted by PFAS-contaminated drinking water. We will conduct social scientific analysis of the Pease and Hyannis communities using interviews, media analysis, and ethnographic observation. Our interviews and observations will explore the exposure experiences of impacted community members and ways that parents navigate exposure concerns for their children and will compare experiences among communities.  Innovative aspects of our proposed project include evaluating pediatric immunotoxicity and markers of inflammatory responses among exposed children and developing novel online multi-faceted resources for U.S. communities responding to PFAS-contaminated drinking water. The project will have a positive impact on public health through an enhanced understanding of PFAS toxicity in children and by providing tools and information to promote source identification, water testing and treatment, and blood testing. Our researcher- community partnership fulfills Research to Action’s mission by addressing health concerns initially raised by our community partners, who have been integral to this project since its inception.		R01		NIEHS - Direct

		Grant		2020		1 R01 ES030691-01A1		-		Hepatotoxic effects of perfluoroalkyl substances: a new epidemiological approach for studying environmental fatty liver disease		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		CHATZI, VAIA LIDA 		SMARR, MELISSA M		$637,351		8469965		ES		PA19-056		9971288		ABSTRACT The prevalence of non-alcoholic fatty liver disease (NAFLD) in children has almost tripled over the past 20 years. NAFLD currently affects 8-12% of the general pediatric population in the U.S. and more that 30% of obese children. It is associated with an increased risk of developing advance stages of liver disease as well as cardiovascular and metabolic diseases. Mounting evidence suggests that early life environmental exposures contribute to the etiology of NAFLD. PFAS are persistent compounds widely used in water repellant textiles, nonstick coatings, and food packaging products, and have long half-lives (up to a decade) in humans. Almost all U.S. children and adolescents have detectable PFAS blood levels. Even low dose exposure to PFAS induces hepatotoxic effects in animal models. Despite abundant evidence from experimental studies, epidemiologic study is limited to a few cross-sectional studies in adults. We therefore propose a novel study design for investigating PFAS hepatotoxic effects in humans. We will leverage clinical and liver histopathological data from the Teen- Longitudinal Assessment of Bariatric Surgery (Teen-LABS) study, which is the largest national multi-center longitudinal, prospective study on teenagers undergoing bariatric surgery, and offers a unique archive of liver tissue and blood samples. We hypothesize that higher PFAS concentrations will be associated with NAFLD and non-alcoholic steatohepatitis (NASH, more severe NAFLD) at the time of surgery; furthermore, the large metabolic changes occurring after the bariatric surgery “natural experiment” will magnify effects of PFAS exposures, resulting in attenuated improvement in liver injury after surgery. To test this hypothesis, we will use archived samples collected at the time of surgery to measure PFAS concentrations in plasma and liver and assess associations with liver histopathology at the time of surgery and with improvement in liver injury during follow up (Aims1&2). We will then identify pathways altered by PFAS exposure based on high resolution metabolomics profiles in liver tissue and plasma samples, using a hierarchical modeling approach (Aim 3). Finally, we will integrate results from the PFAS-omics analyses, using a novel latent variable modeling framework, to identify subgroups of adolescents who have less improvement in liver injury after bariatric surgery, based on their PFAS exposure and metabolomics profiles (Aim 4). The proposed research will be the first human study to examine the effects of PFAS exposure on NAFLD using the gold standard of liver biopsies for disease diagnosis and liver-specific and plasma metabolomic measures for examining biological mechanisms linking exposure to disease. A strong interdisciplinary team of investigators brings expertise in environmental epidemiology, pediatric hepatology, bariatric surgery, metabolomics, and biostatistics. The study, utilizing existing data and biosamples from a well-phenotyped clinical adolescent bariatric surgery cohort, is an innovative, cost-effective approach to advance our understanding of environmental contributions to pediatric liver disease that may identify new targets for prevention and intervention starting early in life.		SPECIFIC AIMS In parallel with increasing rates of obesity,1,2 non-alcoholic fatty liver disease (NAFLD) is increasingly diagnosed at younger ages with potential long-term impact on liver, cardiovascular and metabolic health.3-5 The prevalence of elevated serum levels of alanine aminotransferase (ALT), a biomarker of liver injury and established clinical screening tool for NAFLD risk, has almost tripled among US adolescents over the last two decades.3 NAFLD in children is more likely than in adults to be characterized by hepatocyte injury in the periportal regions6 that reflect a more rapidly progressive and aggressive form of the disease.7 Experimental evidence indicates that exposure to environmental pollutants disrupts lipid homeostasis in liver and causes hepatic steatosis8,9 and “toxicant-associated fatty liver disease”.10 Poly- and perfluoroalkyl substances (PFAS) are chemically and thermally stable, persistent compounds widely used in water repellant textiles, nonstick coatings, and food packaging products. PFAS have long half lives in humans11 and are detected in blood of almost everyone in the US.12,13 Rodents exposed to PFAS developed hepatomegaly and hepatocellular hypertrophy, had elevated ALT in serum, and accumulated lipid droplets in hepatocytes (steatosis).14-21 Despite compelling evidence from experimental research, investigation of hepatotoxic effects in population studies is limited to a few adult cross-sectional studies.22,23 Our preliminary data from a clinical cohort of adolescents diagnosed with NAFLD show that higher plasma PFAS concentrations were associated with increased risk for more severe fibrosis and nonalcoholic steatohepatitis (NASH).24 The inference that exposure to PFAS causes NAFLD in humans needs to be strengthened by innovative epidemiological approaches. We propose the first human study to examine the effects of PFAS exposure on NAFLD using the gold standard of liver biopsies for disease diagnosis and liver-specific and plasma metabolomic measures for examining biological mechanisms linking exposure to disease. We will leverage the bariatric surgery clinical and liver histopathological data, and archived liver and blood samples from the Teen-Longitudinal Assessment of Bariatric Surgery (Teen-LABS) study, the largest multi-center prospective study of adolescents undergoing bariatric surgery across the US (n=120 with liver biopsy, mean age (SD): 17 (1.6) years).25 Bariatric surgery is an increasingly common intervention for severe obesity that results in rapid improvement in metabolic health,26- 30 and specifically in NAFLD.31,32 However, the determinants of the large variability between individuals’ metabolic responses to bariatric surgery are unknown.27,33 We and others have shown that environmental exposures are associated with decreased benefit in outcomes of bariatric surgery.34-36 We hypothesize that the large metabolic changes occurring after bariatric surgery will magnify the hepatotoxic effects of PFAS exposures observed more subtly in previous population studies, and that these effects are explained by impaired regulation of lipid metabolism and inflammation. Our preliminary data from obese adolescents undergoing bariatric surgery show that PFAS exposure was associated with systemic metabolome perturbations in numerous lipid and inflammation pathways that were also shown to be dysregulated in NAFLD patients.37-40 Our hypotheses and specific aims are: Aim 1. To examine in the Teen-LABS cohort the effects of liver-tissue and plasma PFAS concentrations on histologically-diagnosed NAFLD and on the severity of hepatic steatosis at the time of surgery. Hypothesis 1: We hypothesize that higher PFAS exposure are associated with NAFLD and severity of the disease. Aim 2: To examine the association of PFAS concentrations in liver tissue and plasma samples collected at the time of surgery with longitudinal changes in ALT plasma levels during the 3-year follow-up after surgery. Hypothesis 2: We hypothesize that higher PFAS exposures are associated with attenuated improvement in liver injury after surgery. Aim 3. To evaluate the effects of PFAS concentrations on liver and plasma metabolome profiles measured in archived liver samples from Teen-LABS participants. Hypothesis 3: We hypothesize that higher PFAS exposure impair regulation of lipid metabolism and upregulate inflammatory pathways. Aim 4: To integrate PFAS concentrations and metabolomics measures to identify subgroups of Teen-LABS participants who have less improvement in ALT after bariatric surgery, using an innovative latent variable analysis. Hypothesis 4: PFAS exposure measures and alterations in key metabolites associated with lipid metabolism and inflammation can predict subgroups of adolescents with increased susceptibility to NAFLD. The Teen-LABS plasma archive also provides an opportunity to determine whether results using target liver tissue are similar to those identified in plasma that is widely available in population studies. A recently funded proposal (ES0293281) will allow us to assess the generalizability of our findings on effects of PFAS on pathways of liver injury from this high-risk bariatric surgery cohort to a general pediatric population sample. These complementary studies have potential to advance our understanding of hepatotoxic effects of PFAS and may open new avenues for fatty liver disease prevention and treatment in youth.		R01		NIEHS - Direct

		Grant		2020		5 R21 ES030792-02		-		Endocrine disruption by perfluoroalkyl substances and mercury		UNIVERSITY OF ILLINOIS AT CHICAGO		IL		TURYK, MARY ELLEN		JOUBERT, BONNIE		$191,595		8469965		ES		PA18-489		9980906		7. Project Summary/Abstract Consumption of fish is a major source of exposure to environmental contaminants for the general population, including persistent organic pollutants such as polychlorinated biphenyls (PCBs), p,p’-diphenyldichloroethene (DDE), polybrominated diphenyl ethers (PBDEs) and perfluoroalkyl substances (PFAS), as well as metals such as methyl mercury (meHg). Exposure to these pollutants may cause dysregulation of endocrine function, affecting steroid and thyroid hormones as well as glucose and lipid metabolism. To date, few studies have evaluated the impact of multiple contaminants found in fish on endocrine function, and even fewer have considered that the harmful effects of contaminants in fish may be counterbalanced by beneficial nutrients such as selenium and iodide. The Great Lakes Fish Consumer Study (GLFCS) is an ongoing longitudinal study of both frequent and infrequent consumers of sport fish. In this population, we have previously demonstrated associations of PCBs, PBDEs, DDE and/or fish consumption with various endocrine endpoints, including increased diabetes incidence and changes in hemoglobin A1c, thyroid hormones, thyroid autoantibodies, steroid hormones and hormone binding proteins. We propose to leverage this unique, well characterized cohort to measure additional contaminant exposures and nutrients, namely PFAS, Hg, and selenium, in banked biosamples from 490 study participants. Specifically, we will (1) determine if key measures of endocrine function in the GLFCS cohort are associated with exposure to PFAS and mercury individually and in mixed exposures with PCBs, DDE and PBDEs; and (2) investigate if levels of serum selenium and urinary iodide impact associations of endocrine function with PFAS, mercury, PCBs, DDE and PBDEs. We will also explore associations of mercury and PFAS on self-reported incident and prevalent endocrine disease, including diabetes, hypothyroidism and hyperlipidemia.Currently available exposure and nutrient measurements include serum PCBs, DDE, and PBDEs, urinary iodide, and estimated mercury intake from reported fish consumption. Currently available outcome measurements include self-reported diabetes, prediabetes, hypothyroidism; thyroid hormones, sex steroid hormones, gonadotropins, hormone binding proteins, autoantibodies and markers of glucose and lipid homeostasis. We will use both standard (linear, logistic and Cox proportional hazards regression models) and alternative (elastic net; propensity score adjustment; weighted quantile sum regression) analytic approaches to evaluate associations of individual chemicals and mixtures of contaminants with markers of endocrine dysregulation. This investigation is expected to lead to a better understanding of the effects of pollutants on endocrine function and disease in adults, which will guide advice to consumers on the risks and benefits of fish consumption.		Specific Aims Frequent habitual consumption of fish constitutes an important source of general population exposure to multiple endocrine disrupting chemicals, including persistent organic pollutants (POPs) such as polychlorinated biphenyls (PCBs), p,p'-diphenyldichloroethene (DDE), polybrominated diphenyl ethers (PBDEs) and perfluoroalkyl substances (PFAS), as well as metals, particularly methyl mercury (meHg). There is substantial toxicologic and epidemiologic evidence that exposure to these pollutants is related to dysregulation of endocrine systems.1-5 Yet most studies have focused on a single chemical or class of chemicals, so the effects of chemical mixtures are not well delineated.6 Furthermore, chemicals in fish may be correlated with nutrients found in seafood, such as selenium and iodide.7 It is critical to account for these factors, since nutrients may oppose or modify the actions of chemical exposures on the outcomes of interest. However, few investigations have studied effects of fish-based pollutant and nutrient intake simultaneously, despite the fact that they are, in large part, derived from the same source. Our past work in the Great Lakes Fish Consumer Study (GLFCS) has investigated the impacts of PCB, PBDE and DDE exposure and fish consumption on endocrine function, including increased diabetes incidence and associations with hemoglobin A1c (HA1c), thyroid hormones and autoantibodies, steroid hormones and gonadotropins, and hormone binding proteins. However, the impacts of chemicals on endocrine outcomes varied by exposure and in some cases the actions of individual chemicals were in opposing directions.8-10 Thus, further research is needed to understand effects of chemical mixtures on endocrine function and to evaluate additional chemical exposures that may contribute to dysregulation of endocrine systems. The objectives of this proposal are to evaluate the impact of individual chemicals and mixtures on endocrine function and to understand how pollutants and nutrients that often share the same exposure sources interplay to affect endocrine outcomes. We propose to leverage the rich longitudinal data from the GLFSC to accomplish two specific aims and an exploratory aim.  Specific Aims 1. Determine if key measures of endocrine function in the GLFCS cohort are associated with exposure to  PFAS and mercury individually and in mixed exposures with PCBs, DDE and PBDEs. 2. Investigate if levels of serum selenium and urinary iodide impact associations of endocrine function with  PFAS, mercury, PCBs, DDE and PBDEs. Exploratory Aim  1. Examine associations of mercury and PFAS on self-reported incident and prevalent endocrine disease,  including diabetes, hypothyroidism and hyperlipidemia, and explore potential mediation by measures of  endocrine function. The proposed study will build on a unique cohort of older adults that includes infrequent and frequent Great Lakes fish consumers. Since 1994, the cohort has undergone longitudinal characterization for PCB, DDE, and PBDE biomarkers, fish consumption, health status and extensive measures of endocrine and metabolic function. New data that will be collected for the first time in this project are measurements of PFAS and a panel of elements that includes Hg and selenium from 490 banked serum samples collected in 2004. We will use both standard (linear, logistic and Cox proportional hazards regression models) and alternative (elastic net; propensity score adjustment; weighted quantile sum regression) analytic approaches to evaluate associations of individual chemicals and mixtures of contaminants with endocrine diseases and markers of endocrine regulation. Modification will be examined for selenium and iodide, as well as sex, pharmaceutical use, smoking, adiposity, and population subgroups that may have increased susceptibility to endocrine disruption chemicals. Primary analyses will focus on key indicators of thyroid hormones (thyroxine (T4) and triiodothyronine (T3)), sex steroid hormones (testosterone and estradiol), glucose metabolism (HA1c), and lipids (serum cholesterol and triglycerides). Where primary analyses indicate an impact of exposures on key endocrine indicators, secondary analyses using additional existing endocrine measurements will be conducted to offer insights into potential biological pathways, i.e., impacts on pituitary hormones, displacement of hormones from serum transport proteins, or disruption of deiodinase activity. This investigation is expected to lead to a better understanding of the impacts of pollutants on endocrine function and disease in adults. This knowledge will increase our ability to evaluate overall health risks and benefits of fish consumption and generate appropriate public health recommendations and fish consumption advisories. Given the ubiquitous exposure of human populations to metals, PFAS and other POPs and the high prevalence of diabetes, lipid and thyroid disorders, investigations that further delineate the role of these potentially modifiable environmental agents are critical for preserving endocrine health.		R21		NIEHS - Direct

		Grant		2020		5 R01 ES029944-02		-		Environmental Chemical Exposures and Longitudinal Changes of Glucose Metabolism, Insulin Sensitivity and B Cell Function in Youth		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		CHATZI, VAIA LIDA 		SMARR, MELISSA M		$635,014		8469965		ES		PA18-484		9991852		ABSTRACT Young-onset type 2 diabetes (T2D) is a priority public health issue, since it is often unrecognized, responds poorly to treatment, and results in rapid progression of microvascular and macrovascular complications. Thus, an improved understanding of the factors that trigger young-onset T2D development and pathological progression is needed. This is especially important among Hispanic youth, a minority group with high rates of T2D. Animal studies show that even at low levels of exposure, persistent organic pollutants (POPs), including organochlorine compounds, perfluoroalkyl substances, and brominated flame retardants, contribute to T2D pathogenesis. Human exposure to POPs is widespread and individuals are exposed not only to a single chemical but also to a mixture of environmental chemicals that may have synergistic actions. However, evidence from human studies is inconclusive and largerly based on cross-sectional adult studies examining single exposures. Importantly, no previous study has examined the effects of multiple chemical exposures on longitudinal alterations of glucose metabolism and insulin secretion prior to disease development, a critical period in which interventions have the potential to stop or delay T2D development. Our overarching hypothesis is that the burden of exposure to multiple environmental chemicals may increase susceptibility to T2D in youth. This hypothesis is based on our strong preliminary data and compelling prior evidence from experimental models. Our multidisciplinary team of investigators proposes to test this hypothesis in a discovery longitudinal cohort of Hispanic adolescents at risk for T2D with existing gold standard clinical assessments of glucose homeostasis, insulin secretion, and β-cell function (the Study of Latino Adolescents at Diabetes Risk, SOLAR), and to replicate findings and examine generalizability in a longitudinal cohort of similar design with a representative sample of Hispanic and non-Hispanic youth (Children Health Study, CHS). In addition, high resolution metabolomics profiles will advance our understanding of the mechanisms underlying the diabetogenic effects of POPs. In both cohorts, we will use novel statistical and bioinformatics methods to predict subgroups of youth at increased risk for T2D based on their exposure to environmental chemicals and metabolomics profiles. Our specific aims are to determine the extent to which POPs exposures are individually and/or jointly associated with: 1) longitudinal alterations of glucose metabolism, insulin sensitivity, and β-cell function in youth (Aim 1), and 2) impairment in the regulation of lipid and amino acid metabolism pathways associated with increased susceptibility to T2D (Aim 2). Ultimately, we aim to predict subgroups of youth with increased susceptibility to T2D based on their POPs exposure and metabolomics profiles using novel statistical approaches (Aim 3). The study is innovative and offers a unique opportunity to advance our understanding on environmental contributions to T2D and open new avenues for diabetes prevention in youth.		SPECIFIC AIMS Young-onset type 2 diabetes (T2D) is a silent epidemic, especially among high-risk minority populations.1,2 T2D prevalence in youth is projected to increase by 4-fold in 2050,3,4 while Hispanics have a five times higher annual increase in T2D incidence compared to non-Hispanic Caucasians.2,5 Our previous work with the SOLAR (Study of Latino Adolescents at Diabetes Risk) Project, has shown that disparities in T2D development are already present early in life,6,7 yet are not fully explained by obesity or by a high-fat/sugar diet.8-9 Young-onset T2D displays a more aggressive disease phenotype that results in rapid progression of disease complications.1,10 Thus, there is an urgent need for identifying modifiable risk factors that may help inform public health interventions to reduce the burden of young-onset T2D and specifically target health-disparate populations. Our overarching hypothesis is that the burden of exposure to multiple environmental chemicals may increase susceptibility to T2D in youth. Animal studies show that exposure to endocrine disrupting chemicals (EDCs), including persistent organic pollutants (POPs), may cause insulin resistance and functional changes to pancreatic cells (e.g., islets of Langerhans).11-13 These include perfluoroalkyl substances (perfluorooctanoic acid [PFOA],14 perfluorooctane sulfonate [PFOS]15,16 and perfluorohexane sulfonic acid [PFHxS]17), organochlorine compounds (polychlorinated biphenyls [PCBs],18 dichlorodiphenyldichloroethylene [DDE]19,20 and hexachlorobenzene [HCB]),21 dioxins (2,3,7,8-tetrachlorodibenzo-p-dioxin [TCDD],18,22-24), and brominated flame retardants (e.g., polybrominated diphenyl ethers [PBDEs]25-27). Human exposure to POPs is widespread and individuals are exposed not only to a single chemical but to a mixture of environmental chemicals.11,28 However, human evidence is inconclusive and mostly based on cross-sectional adult studies of single exposures.29-31 We propose the first longitudinal study to examine the effects of exposure to multiple POPs on susceptibility to T2D in youth. To test our hypothesis, we will leverage two existing cohorts with robust clinical assessments of glucose homeostasis. Metabolomics measures will be used to examine the biochemical mechanisms linking POPs exposures to the pathogenesis of T2D. The SOLAR Project (discovery cohort) is a prospective cohort of 312 overweight Hispanic adolescents aged 8-15 years with an average follow-up period of 3.6 years (SD: 3.4 years).32-34 SOLAR participants completed annual measures of glucose metabolism, insulin secretion and β-cell function, including a frequently sampled intravenous glucose tolerance test with minimal modeling (FSIVGTT) and an oral glucose tolerance test (OGTT).35-37 We propose to leverage existing SOLAR data and archived plasma samples to measure: 1) 10 a priori-selected, potentially diabetogenic POPs (p,p’-DDE HCB, TCDD, PCB-118, PCB-153, PFOS, PFOA, PFHxS, PBDE-47, and PBDE-85) and 2) endogenous metabolites with a high-resolution metabolomics platform. To replicate our findings, we will examine a diverse subset of overweight Hispanic and non-Hispanic young adults aged 18-21 years (n=140) from the Children’s Health Study (CHS)38,39 with existing baseline measures of plasma POPs levels, high-resolution metabolomics plasma profiling and OGTT measures. We propose to follow this cohort for 3 years to examine longitudinal changes in glucose metabolism. For this revised application, we present new preliminary results from a subset of SOLAR and CHS cohorts which clearly show that exposure to perfluoroalkyl substances (as an example of POPs exposure) was associated with impairment in glucose homeostasis, particularly among Hispanics. In both cohorts, we will use novel statistical and bioinformatics methods to identify individuals with higher T2D susceptibility based on their POPs exposure and metabolomics profiles. As a proof of principle, preliminary results from this approach in a subset of the SOLAR study show that higher exposure to perfluoroalkyl substances was associated with increased risk of membership in a high-risk subgroup for T2D characterized by increased levels of tyrosine, glutamate, serine, L-arginine, and palmitic acid, which is consistent with alterations of amino-acid and lipid metabolism observed in T2D patients.40 The specific aims are: · Hypothesis 1: Higher POPs exposures are individually and/or jointly associated with higher susceptibility to  T2D. Aim 1a. To examine the effects of targeted single POPs exposure and exposure mixtures on  longitudinal alterations of glucose metabolism, insulin sensitivity, and β-cell function in Hispanic adolescents  (SOLAR cohort). Aim 1b: To examine replication and generalizability of results in the CHS study. · Hypothesis 2: Higher POPs exposures individually and/or jointly impair regulation of lipid and amino acid metabolism pathways that have been associated with increased susceptibility to T2D. Aim 2a. To examine  effects of POPs exposure on alterations in metabolic pathways of interest in the SOLAR cohort. Aim 2b. To  assess replication of findings and examine generalizability of results in the CHS study. · Hypothesis 3: Exposure to POPs and associated metabolic changes can predict subgroups of youth with  increased susceptibility to T2D. Aim 3a. To identify subgroups of Hispanic adolescents with the greater  alterations in glucose metabolism, by integrating POPs exposure and metabolomics measures in an  innovative latent variable analysis (SOLAR cohort). Aim 3b. To use the same model to predict subgroups  with increased T2D susceptibility in the CHS study. Impact: This study has potential to advance our understanding of diabetogenic effects of environmental chemicals and may open new avenues for diabetes prevention and treatment in youth.		R01		NIEHS - Direct

		Grant		2020		5 R00 ES026729-05		-		Neurodevelopmental Effects of Perfluorinated Chemicals		YALE UNIVERSITY		CT		LIEW, ZE YAN 		GRAY, KIMBERLY A		$245,888		8469965		ES		PA16-077		9997918		ABSTRACT This proposal builds on the candidate’s dissertation research that examined the associations between prenatal exposure to perfluorinated chemicals (PFCs) and three specific neurodevelopmental outcomes, including autism, attention-deficit/hyperactivity disorder, and cerebral palsy in the Danish National Birth Cohort (DNBC) that consists of ~100,000 mothers and children. PFCs are widespread persistent organic pollutants, and pregnant women and fetuses are often involuntarily and nearly ubiquitously exposed to these synthetic compounds since the 1950s. Animal studies suggest that PFCs are developmental toxicants but evidence from human studies is sparse. Decade long collaborations between UCLA and Aarhus University enabled the candidate to gain access to the unique, large-scale, nationwide Danish cohorts and registries for research. The proposed study will greatly expand the use of DNBC and various Danish registers and allow for the very first time examination of the link between prenatal PFC exposures and an array of neurodevelopmental outcomes never investigated before, including (1) extensive neuropsychological assessments of intelligence, cognition, attention, memory and motor skills in children at age 5; (2) hospital diagnosis of epilepsy; (3) the child’s social competence and mental health at age 11; and (4) intellectual capacity and school performance up to age 16. The proposed studies will capitalize upon the valuable resource of stored maternal pregnancy blood samples from DNBC, allowing a reliable and valid assessment of PFC exposure levels during fetal development. The proposal will be pursued within the context of a strong ongoing collaboration between the UCLA Department of Epidemiology and Aarhus University, adding new partners from the UCLA Medical Psychology Assessment Center (MPAC) and Department of Human Genetics. This application builds on Dr. Liew’s expertise in environmental sciences and advanced epidemiologic methods. It will allow him to newly gain the necessary training in clinical psychology, environmental statistics, and neurobehavioral epi/genetics and to build a skillset compatible with conducting future cutting-edge epi-gene/environment interactions research that optimally uses existing large bio-sample repositories in the Nordic countries. Drs. Beate Ritz and JØrn Olsen have agreed to mentor the candidate through the K99 process. Dr. Robert Asarnow will provide training in administrating/scoring complex neuropsychological instruments and clinical knowledge of neuropsychiatric disorders. Dr. Michael Jerrett will provide training opportunities in environmental statistics and exposure assessment referred to as the ‘external exposome’. Dr. Steve Horvath will provide training in advanced gene-environment and epigenetic network analysis. The contents of this application provide a strategy to position the candidate to successfully launch into a tenured professor track position and equip him with the necessary skills to move towards independence and pursue R01 proposals.		Specific Aims Worldwide the diagnoses of neurodevelopmental disorders are on the rise.1-3 A growing body of research suggests that many neurodevelopmental disorders originate in fetal life or in early childhood.4-6 Various chemical contaminants have also been found in humans at increasing levels and are suspected to contribute to these disorders.7-9 Perfluorinated chemicals (PFCs) are widespread man-made persistent organic pollutants that have endocrine-disrupting and neurotoxic properties. PFCs have been used broadly in commercial products since the 1950s. Research indicated PFCs can cross the placental barrier and expose the developing fetus.11 Both animal and human studies suggest PFCs interfere with maternal sex and thyroid hormone function, an essential mechanism that facilitates fetal brain development.12-14 Recently, we reported a strong association between prenatal PFC exposure and cerebral palsy in children.15 Linking specific chemical exposures to mental disorders is challenging and requires data collection efforts that span decades and start in-utero. Pregnant women, fetuses, and children are involuntarily and nearly ubiquitously exposed to these synthetic compounds, justifying the need for more studies that evaluate neurodevelopmental trajectories of the exposed offspring. Here, we propose to utilize longitudinal data from the Danish National Birth Cohort (DNBC),10 consists of ~100,000 pregnant women and their offspring, to study prenatal exposure to PFCs and a broad range of critical neurodevelopmental endpoints. Prenatal PFC levels will be measured from maternal blood samples collected early in gestation, and linked to diagnosis of epilepsy, specific neuropsychological function at age 5, symptoms of mental disorders at age 11, and academic performance up to age 16. Aim 1: Investigate the impact of prenatal PFC exposures on a wide range of critical functional domains of the developing brain in early life. 1,782 five-year-old children and their mothers in the DNBC participated in extensive neuropsychological assessments of general intelligence, global and specific cognitive function, attention and executive function, social and behavioral problems, memory, and gross/fine motor function. We will investigate the influence of PFC exposures in pregnancy on offspring’s neuropsychological function, as well as vision and hearing in the offspring.  Subaim (1A) Mediation analyses of PFCs, maternal thyroid hormone function in early pregnancy, and brain function in children at age 5. We will examine whether maternal PFC levels correlate with  thyroid hormone levels including free thyroxine (fT4), total thyroxine (TT4) and thyroid stimulating hormone  (TSH) from plasma collected in the first pregnancy trimester, and conduct causal mediation analysis to  assess PFCs’ impact on neurodevelopment via the alteration of maternal thyroid hormone function. Aim 2: Investigate associations between prenatal PFC exposures and epilepsy. We will ascertain epilepsy diagnoses (ICD10 G40-G41) in DNBC children via linkage to the Danish National Hospital registry (15 years of follow-up). With a nested case-control approach, we will randomly select 225 epilepsy cases and 225 age-sex matched controls and also examine sub-clinical phenotypes of epilepsy i.e. co-occurrence with neonatal convulsion, febrile seizures, congenital malformations or cerebral palsy. Aim 3: Investigate the impact of PFCs on social competence and mental health at age 11. We will utilize data collected from a web-based survey conducted among mothers and children in the DNBC at age 11, which assessed detailed information on child growth and development. There are ~2,000 11-year-olds who responded to the survey and have existing prenatal PFCs measures available for analysis. Endpoints of interest include: (i) Strength and Difficulty Questionnaire (SDQ) screening for child’s social and behavioral problems, (ii) Stress in Children (SiC) questionnaire screening for level of stress, depression, anxiety, disruptive behavior, and negative self-perception, (iii) screening question ascertaining eating disorders, psychosis and obsessive compulsive disorders. Aim 4: Investigate PFCs’ effects on intellectual capacity and school performance. We will link ~3600 children in the DNBC that have existing prenatal PFCs values to the Danish National Education Registry and examine the association between prenatal PFC levels and subject-specific test scores as well as final grades for Danish compulsory and upper secondary education (up to age 16). In summary, the proposed research is novel and builds upon the candidate’s strong research background on fetal exposures and adverse outcomes in the DNBC, and strong collaborations with Danish colleagues. The application includes three important training components, the first in Clinical Psychology to administer and interpret complex neuropsychological tests provided by Dr. Asarnow, second in environmental statistics and exposure assessment referred to as the ‘external exposome’ provided by Dr. Jerrett, and third in Human Genetics provided by Dr. Steve Horvath to build a skillset compatible with conducting future cutting edge epi- gene/environment interaction research using Nordic population-based biosample repositories. The research proposed in this application will substantially advance the field and contribute new scientific knowledge about the effects of prenatal PFC exposure and diseases of developmental origin.		R00		NIEHS - Direct

		Grant		2020		5 R01 ES026904-05		-		Autism and Prenatal Endocrine Disruptors (A-PED)		ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI		NY		REICHENBERG, ABRAHAM 		LAWLER, CINDY P.		$579,927		8469965		ES		PAR14-203		10006730		PROJECT SUMMARY Autism and spectrum disorders (ASD) are serious and debilitating neurodevelopmental disorders that incur substantial suffering for patients and major challenges to our health care system. It is now estimated that ASD affects about 1 in 68 children, with a male:female ratio of 4:1. Both genetic and environmental factors contribute to ASD, but environmental factors have been understudied. Because environmental factors are potentially modifiable they should be a research priority. This effort has been hampered by the challenges of acquiring accurate and relevant exposure measures in large, unbiased, epidemiologic cohorts. Among the many environmental exposures to which humans are exposed, endocrine disrupting chemicals (EDs) have perhaps the best-known effects on neurodevelopment in pediatric populations. Several of these chemicals, particularly when exposure is prenatal, have been linked to autism-related phenotypes, and sex- differences in these associations have been documented. EDs have been shown to affect GABA and glutamate neurotransmission, which have prominent roles in ASD. Therefore, EDs are promising candidates as environmental triggers for ASD. To our knowledge, no prior study has been able to robustly link prenatal ED exposure to ASD. The goal of this application is to determine whether prenatal exposure to five classes of EDs impacts ASD risk. To achieve this, we will use stored samples from a serum biobank in southern Sweden and link these to population-based registries that include individual-level perinatal, diagnostic, medical, and demographic information (117,318 births in the years 1998-2007). We will randomly select and validate 600 ASD cases (oversampling females to include 200 females, 400 males) and 600 controls with similar sex and birth year distributions. By measuring concentrations of 38 EDs in five chemical classes in maternal serum samples we will address the following three integrated specific aims: First, determine the associations between ASD risk and prenatal serum concentration of our target EDs and their mixtures; Second, determine whether gender modifies sensitivity to prenatal ED exposure resulting in sex-dimorphic ED-ASD associations; Third, determine whether concentrations of EDs, singly and in combination, contribute to differences in ASD phenotype and their severity.		Autism and Prenatal Endocrine Disruptors (A-PED) SPECIFIC AIMS According to the Interagency Autism Coordinating Committee's 2013 Update of the Strategic Plan for Autism Spectrum Disorder (ASD) Research, there remains a critical need to identify the role of environmental exposures in ASD risk. Between 2000 and 2010, the number of children with autism more than doubled, and it is now estimated that autism affects about 1 in 68 children1,2, with a male: female ratio of 4:1. Genetic factors account for only 50-60% of autism risk, with the remainder attributable to environmental factors alone or in combination with genetic factors. Thus, there is an urgent need to understand the role of environmental factors in ASD risk. This effort has been hampered by the challenges of acquiring accurate and relevant exposure measures in large, unbiased, epidemiologic cohorts. To address this need, we will conduct the first population- based investigation with appropriate sample size to adequately examine the role of prenatal exposure to environmental chemicals in ASD etiology. We will examine multiple classes of environmental chemicals that have been classified as endocrine disruptors (EDs). Because the prenatal period is highly sensitive for neurodevelopment, we will examine maternal prenatal EDs exposure in stored maternal blood samples. The proposed study represents a uniquely collaborative effort between clinical, epidemiological, and biostatistical investigators from the Icahn School of Medicine at Mount Sinai and Lund University in Sweden. It draws upon our joint expertise in environmental and psychiatric epidemiology and biostatistics and the extensive data and biobanked resources maintained by the Swedish government. The overarching goal of this application is to determine the impact of prenatal exposure to multiple classes of EDs on ASD risk. By oversampling female cases, we will also examine whether the impact of EDs on ASD risk differs between boys and girls, and explore the relationship between exposure level and disease severity, which might help explain the clinical heterogeneity of ASD. To achieve these goals, we will use existing samples from a serum biobank in Southern Sweden and corresponding population-based registries that include linkable, individual-level perinatal, diagnostic, medical, and demographic information. We will study ASD cases from among 117,318 births (1998-2007) in Southern Sweden for which maternal serum samples were archived during early pregnancy (gestational age 9-16 weeks). Individual-level linked data, including important potential confounders, are available for all births. More than 1,700 cases of ASD have been identified among these births. After randomly selecting and validating 600 ASD cases (200 females, 400 males) and 600 controls with similar sex and birth year distributions, we propose to investigate the following three integrated specific aims: Aim 1: Determine associations between ASD risk and prenatal serum concentration of our target EDs and their mixtures. We hypothesize that the risk for ASD is increased by prenatal exposure to one or more chemicals in five classes of EDs, including: 1) polychlorinated biphenyls (PCBs), 3) perfluorinated chemicals (PFCs), 3) organochlorine pesticides (OCPs), 4) polybrominated diphenyl ethers (PBDEs), and 5) phthalates. In each stored sample, we will measure the maternal serum concentration of multiple chemicals in these chemical classes. We will then estimate ASD risk associated with a mixture across our five classes of exposure by using a novel statistical approach (weighted quantile sums). Aim 2: Determine whether gender modifies associations between ASD and our target EDs and their mixtures. We hypothesize that associations between ASD risk and prenatal exposure to one or more classes of chemicals examined in Aim 1 will differ between males and females. To this end we will oversample female cases in order to have sufficient power to examine sex of the child as a potential confounder as well as a modifier of the associations between EDs exposure and ASD risk. Aim 3: Determine whether prenatal serum concentration of EDs and their mixtures contribute to individual differences in severity of ASD phenotypes. In this exploratory aim we will determine whether prenatal concentration of EDs and their mixtures correlate with clinical severity; level of intellectual disability; or across social, communication, and repetitive-behavior domains of ASD. We will also explore the role of sex of the child as a modifier of these associations. Outcome: This study will be the first to provide accurate and precise sex-specific estimates of the contribution of prenatal EDs exposure to ASD risk. The study will also characterize high-risk groups, identify potentially modifiable risk factors, provide environmental candidates for genome-wide interaction studies, and elucidate etiologic pathways that could contribute to preventive or therapeutic measures. The epidemiologic foundation provided by this study will pave the way for future mechanistic studies and epigenetic/genomic studies.  		R01		NIEHS - Direct

		Grant		2020		5 R01 ES027224-05		-		Internalizing Behaviors and Neuroimaging Outcomes:  Impact of PBDE and PFC Exposures		CINCINNATI CHILDRENS HOSP MED CTR		OH		YOLTON, KIMBERLY 		GRAY, KIMBERLY A		$545,969		8469965		ES		PA13-302		10015279		Project Summary/Abstract Human exposure to environmental contaminants is ubiquitous, and there is growing concern that exposure to some may be linked with the rise in neurobehavioral problems in children. Given the lack of conclusive evidence for many environmental toxicants, there is a critical need for well-designed longitudinal studies of prenatal and postnatal exposure with long-term follow-up to address focused questions about the impact of these chemicals, especially on neurobehavioral endpoints. We will study two chemical classes to which nearly all of the US population are exposed, polybrominated diphenyl ethers (PBDEs) and perfluorinated chemicals (PFCs), that have been used as flame retardants and surfactants, respectively. Among an established cohort of typically developing pre-adolescent children within the Health Outcomes and Measures of the Environment (HOME) Study, we will determine associations between prenatal and childhood exposure to these persistent pollutants and internalizing behaviors including anxiety, depression and social impairment. We will also obtain neuroimaging outcomes to examine associations with exposure. The HOME Study enrolled women during pregnancy and has thus far followed offspring until age 8y. We will extend follow-up to include a study visit at 11-12y to study associations in the pre-adolescent period. Prenatal exposures were measured using maternal pregnancy and newborn specimens with multiple childhood samples currently being analyzed. Over 97% of participating women had detectable levels of PBDEs and PFCs during pregnancy; comparable with nationally reported levels. We hypothesize that exposures to these chemicals subtly alter the brain to produce neurobehavioral deficits that will be evident in increased internalizing symptoms and adverse changes in anatomical structure, neurochemistry, organization of white matter tracts, and connectivity of neural networks. Aim 1: To determine the impact of prenatal and childhood exposures to PBDEs and PFCs on internalizing symptoms in a longitudinal birth cohort of 11-12 year old children. Aim 2: To determine the impact of prenatal and childhood exposures to PBDEs on brain structure, organization, and function in a longitudinal birth cohort of 11-12 year old children. Exploratory aim (EA): To determine the impact of prenatal and childhood exposures to PFCs on brain structure, organization, and function in a longitudinal birth cohort of 11-12 year old children. Aim 3: To determine the potential mediational impact of brain structure, organization and function in the relationship between prenatal and childhood exposures to PBDEs and internalizing symptoms in a longitudinal birth cohort of 11-12 year old children. Aim 4: To identify appropriate statistical methodologies to determine the association of single and multiple PBDE and PFC exposures with neurodevelopment across multiple developmental stages.		A. SPECIFIC AIMS Human exposure to environmental contaminants is ubiquitous. Many of these contaminants are innocuous, but there is growing concern that exposure to some may be linked with the rise in neurobehavioral problems in children.1-3 Some environmental toxicants (e.g., lead, tobacco) are clearly linked with injury during fetal and child development, but there are others for which the scientific evidence indicating they cause harm to the developing fetus or child is weak. Despite the lack of conclusive evidence for many of these environmental toxicants, public and scientific community concern surrounding their use and consequences of exposure to human health and development has increased.4,5 There is a critical need for well-designed longitudinal studies of prenatal and early postnatal exposure with long-term follow-up to address focused questions about the impact of these chemicals, especially on neurobehavioral endpoints. In this proposed study, we focus on two classes of chemicals to which nearly all of the US population is exposed, polybrominated diphenyl ethers (PBDEs) and perfluorinated chemicals (PFCs), that have been used as flame retardants and surfactants, respectively. In an established cohort of typically developing children, we will determine associations between prenatal and childhood exposure to these persistent pollutants and internalizing behaviors including anxiety, depression, and social impairment. We will examine associations between these exposures and neuroimaging outcomes. This study will be conducted within the Health Outcomes and Measures of the Environment (HOME) Study that enrolled women during pregnancy and has followed offspring until age 8y. In this proposed study, we will extend follow-up within the cohort to include a study visit at 11-12y. For clarity of discussion, we refer to this application as Phase 4 HOME Study. For many substances such as lead, tobacco, and plasticizers, prenatal exposures were measured within the cohort using maternal pregnancy and newborn specimens, with postnatal exposures measured several times during childhood. Within this cohort, >97% of participating women had detectable levels of PBDEs and PFCs during pregnancy, and concentrations of both chemical classes are comparable with nationally-reported levels.6 We propose to examine the associations between exposures to the most commonly detected PBDEs and PFCs during critical periods of development and neurobehavioral outcomes specifically salient to the pre- adolescent period. Our overarching hypothesis is that exposures to these chemicals subtly alter the brain to produce neurobehavioral effects. Hypothesis 1: Developmental PBDE and PFC exposures are associated with internalizing symptoms. Hypothesis 2: Developmental PBDE and PFC exposures are associated with adverse changes in anatomical structure, neurochemistry, organization of white matter tracts, and connectivity of neural networks. Our application proposes to address these hypotheses with the following specific aims: Aim 1: To determine the impact of prenatal and childhood exposures to PBDEs and PFCs on  internalizing symptoms in a longitudinal birth cohort of 11-12 year old children. We will determine  associations between prenatal, preschool (3-5y), school age (8y), and current (11-12y) concentrations of  serum PBDEs and PFCs and child symptoms of anxiety, depression, and social impairment. Aim 2: To determine the impact of prenatal and childhood exposures to PBDEs on brain structure,  organization, and function in a longitudinal birth cohort of 11-12 year old children. We will determine  associations between prenatal, preschool, school age, and current concentrations of serum PBDEs and  alterations in neuroimaging outcomes representing brain anatomy, neurochemistry, and network connectivity. Exploratory aim (EA): To determine the impact of prenatal and childhood exposures to PFCs on brain  structure, organization, and function in a longitudinal birth cohort of 11-12 year old children. Given  the limited knowledge about the effects of PFCs in humans, this aim is exploratory. We will determine  associations between prenatal, preschool, school age, and current concentrations of serum PFCs and  alterations in neuroimaging outcomes representing brain anatomy, neurochemistry and network connectivity. Aim 3: To determine the potential mediational impact of brain structure, organization, and function in  the relationship between prenatal exposures to PBDEs and internalizing symptoms in a longitudinal  birth cohort of 11-12 year old children. We will examine the associations between exposure to PBDEs  and internalizing symptoms as they may be mediated through changes in the brain. Aim 4: To identify appropriate statistical methodologies to determine the association of single and  multiple PBDE and PFC exposures with neurodevelopment across multiple developmental stages.  We will determine associations between prenatal, preschool, school age, and current concentrations of  serum PBDEs and PFCs with internalizing symptoms and neuroimaging outcomes at 11-12y, by constructing  statistical models that reflect exposure to mixtures and the longitudinal nature of these exposures. As no prospective studies have yet investigated the roles of PBDEs and PFCs on internalizing symptoms, our proposed work represents a highly novel direction, especially when coupled with innovative quantitative neuroimaging in the HOME Study cohort, and it is likely to have a significant impact on the field.		R01		NIEHS - Direct

		Grant		2020		5 R01 ES019222-10		-		Manganese Exposure Windows and Neurologic Function in Adolescence		ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI		NY		HORTON, MEGAN K		GRAY, KIMBERLY A		$582,771		8469965		ES		PA13-302		10016299		﻿    DESCRIPTION (provided by applicant): The primary objectives of this study are to characterize the effects of environmental manganese (Mn) exposure on adolescent neurodevelopment. Although long known to be a critical neurodevelopmental period in pediatrics/psychology, little is known about the impact of toxic chemical exposures on neurophenotypes in adolescence. Mn is a compelling neurotoxicant to study in adolescence because: i) Mn is an essential trace metal, but it is also neurotoxic at elevated exposures; ii) th catecholaminergic system is a well-known target of Mn, and adolescence neurodevelopment involves substantial changes to the dopaminergic system, iii) Mn exposure is more ubiquitous than previously recognized, but its role in altering brain development is not well known, and iv) there are significant knowledge gaps regarding the impacts of Mn in adolescence. Preliminary results from our initial grant period show that elevated Mn exposure during pre/early adolescence is associated with deficits in attention, neuromotor, cognitive, and olfactory function in children. We will build upon these findings in a cohort of 240 adolescents to determine: 1) the role of Mn exposure timing on adolescent executive function, behavior, and self-regulation by applying novel exposure biomarkers and statistical methods to identify and define critical developmental windows of susceptibility, and 2) functional and anatomical neurophenotypes that are impacted by Mn, focusing on brain areas that subserve executive function, behavior, and self-regulation in adolescence (e.g., Pre-Frontal Cortex, ventral striatum, amygdala) using functional and anatomical MRI. Our established PHIME (Public Health Impact of Manganese Exposure) cohort presents a unique opportunity to achieve these important goals. PHIME was designed to investigate long-term Mn exposure timing; it consists of subjects (now adolescents) living in three well-characterized communities in Northern Italy that differ in the timing and intensity of environmental Mn exposure from current or historic ferromanganese alloy plant operations. Moreover, recent innovations in exposure science now allow us to retrospectively reconstruct Mn exposure across fetal life/early childhood using a novel tooth biomarker of exposure. These studies will be among the first to longitudinally assess the role of environmental Mn on adolescent neurodevelopment and behavior and to objectively determine critical exposure windows that can inform the timing of future public health interventions.		Program Director/Principal Investigator (Last, First, Middle): Lucchini, Smith, Wright Introduction: The primary objectives of this renewal application are to characterize the effects of environmental manganese (Mn) exposure on adolescent neurodevelopment. During adolescence there is significant brain re-organization in the functional domains of planning, concept formation, working memory, inhibitory control, and regulation of emotion/aggression, all of which are important subdomains of executive function. These neurobehavioral functions rely largely on the catecholaminergic system (e.g., dopamine and norepinephrine) and reflect function in the cortical regions (prefrontal cortex, PFC; anterior cingulate cortex, ACC) as well as the ventral striatum, amygdala, and related/connected structures. Although adolescence is long known to be a critical neurodevelopmental period in pediatrics/psychology, little is known about the impact of toxic chemical exposures on neurophenotypes in adolescence. Mn is a compelling neurotoxicant to study in adolescence because: i) Mn is an essential trace metal, but it is also neurotoxic at elevated exposures; ii) the catecholaminergic system is a well-known target of Mn, iii) Mn exposure is more ubiquitous than previously recognized, but its role in altering brain development is not well understood, and iv) there are significant knowledge gaps regarding the impacts of Mn in adolescence.  Preliminary results from our initial grant period show that elevated Mn exposure during pre/early adolescence is associated with deficits in attention, cognition, neuromotor, and olfactory function. We will now build upon these findings to determine: 1) the role of Mn exposure timing on adolescent executive function, behavior, and self-regulation by applying novel exposure biomarkers and statistical methods to identify and define critical developmental windows of susceptibility, and 2) functional and anatomical neurophenotypes that are impacted by Mn, focusing on brain areas that subserve executive function, behavior, and self-regulation in adolescence (e.g., PFC, ventral striatum, amygdala) using functional and anatomical MRI. Our established PHIME (Public Health Impact of Manganese Exposure) cohort presents a unique opportunity to achieve these important goals. PHIME was designed to investigate long-term Mn exposure timing; it consists of subjects (now adolescents) living in three well-characterized communities in Northern Italy that differ in the timing and intensity of environmental Mn exposure from current or historic ferromanganese alloy plant operations. Recent innovations in exposure science now allow us to retrospectively reconstruct Mn exposure across fetal life/early childhood using a novel tooth biomarker of exposure (Fig. 2, section A.4.1). Our plan is innovative and cost- efficient, as we will be able to follow up our cohort to link the timing and intensity of Mn exposure with neurological function at an important developmental age (adolescence) that has been understudied to date. Specific Aim 1: Determine critical developmental exposure windows for Mn by regressing executive function, behavior, and self-regulation measures assessed in adolescence with Mn exposure assessed prenatally, in childhood, and in adolescence, then comparing results from each life stage.  Subaim 1.1: We will determine the association between early life Mn exposure and executive function, behavior and self-regulation in adolescents age ≥17 yrs by using an innovative tooth biomarker of early life Mn exposure, giving us exposure data from fetal life to age 6-12 yrs. We will then use data-driven statistical techniques to identify critical early-life exposure window(s) that predict our neurophenotypes.  Subaim 1.2: We will next use contemporary Mn exposure biomarkers (hair, saliva, blood) to determine the association between Mn exposure during older life stages, pre-adolescence (11–14 yrs, from prior grant cycle) and adolescence (≥17 yrs, this cycle), on the same domains as Subaim 1.1. We will compare these later-life relationships with the early-life tooth based exposure-outcome relationships to further refine the developmental exposure window(s) most predictive of neurobehavioral outcomes in adolescence (see Fig. 1). Specific Aim 2: Determine the relationship of Mn exposure with quantitative, anatomical and functional MRI phenotypes. We will conduct anatomical, resting state, diffusion tensor imaging (DTI), and functional MRI coupled with sensory/emotional, working memory and attentional stimulation, focusing on PFC/ACC and limbic regions, to assess the impact of Mn-exposure on adolescent brain development. The results of aim 1 will guide our analysis by identifying the Mn exposure timing window most likely to predict these phenotypes.  Subaim 2.1: Using a statistical approach similarly to Aim 1, we will test the effects of Mn exposure over different life stages (prenatal, childhood, preadolescence, and adolescence) on neurological function with MRI.  Subaim 2: We will test whether MRI phenotypes are associated with the functional neurobehavioral phenotypes determined in Aim 1. Impact: These studies will be among the first to longitudinally assess the role of environmental Mn on adolescent neurodevelopment and behavior and to objectively determine critical exposure windows that can inform the timing of future public health interventions. Many of the methods we propose are highly innovative and will lay the groundwork for future studies of early life predictors of adolescent health.		R01		NIEHS - Direct

		Grant		2020		1 R01 ES031074-01A1		-		Urban air pollution and neurobehavioral trajectories in the ABCD study		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		HERTING, MEGAN MARIE		GRAY, KIMBERLY A		$688,892		8469965		ES		PA19-056		10045490		Project Summary Fine particulate matter (aerodynamic diameter< 2.5 μm; PM2.5) is a novel and ubiquitous environmental neurotoxin affecting neurobehavioral development of millions of American children living in urban areas. However, our review points to several major methodological limitations and critical knowledge gaps in the extant literature, including: 1) the lack of studies with longitudinal brain and behavior assessments; 2) relatively small samples from localized geographical areas; 3) little to no information on long-term cumulative and/or differential timing of exposure across development; and 4) remaining questions regarding the neurotoxicity of PM2.5 exposure on critical neurobehavioral processes that continue to mature across adolescence. Although animal neurotoxicology studies have highlighted the importance of sex, there is only limited epidemiologic evidence for sex difference in PM2.5 neurotoxicity in children. Moreover, brain development is also shaped by family- and community-level social factors, but whether and how air pollution neurotoxicity interacts with the social context remains unclear. This application will leverage the nationwide longitudinal Development (ABCD) study of 9- and 10-year-olds (N=11,873) Adolescent Brain Cognitive to examine prenatal and childhood air pollution exposure effects on neurobehavioral development in boys and girls across 21 U.S. cities. ABCD outcome measures are anchored on the transition to early adolescence because neuromaturation continues from childhood through early adulthood, making such developmental transition periods potentially more vulnerable to environmental insults. Our primary exposure of interest is PM2.5, but advances in well-validated spatiotemporal modeling tools will also allow us to explore neurotoxicity of PM composition and other gaseous pollutants (i.e. NO2, O3). Given the reconstructed exposure histories from gestation to childhood to early-adolescence, we will: (a) determine long-term cumulative exposure effects; and (b) examine differential exposure effects across sensitive time windows to better define PM2.5 neurotoxicity on executive functioning (EF) and emotional behaviors from ages 9 to 12 years-old (Aim 1); and also understand how the resulting neurotoxicity influences structural and functional brain development, including brain morphology, white matter microstructure, brain activity at rest and during EF and emotion-focused tasks, and functional connectivity of large-scale networks (Aim 2). In Aim 3, we will evaluate if children are more susceptible to PM2.5 effects based on: a) sex and SES; and b) family- and neighborhood-level contextual risk and protective factors. This application will advance our understanding of air pollution neurotoxicity on adolescent brains, as well as how exposure effects may vary across sensitive time windows of development and/or differ by individual susceptibility. The resulting new knowledge will contribute to sciences-based air pollution regulations to protect public health, but also inform the development of preventions and interventions targeting sensitive time-windows and vulnerable populations.		Specific Aims: Compelling evidence exists for neurotoxicity of ambient fine particulate matter (diameter < 2.5 μm; PM2.5) on developing brains in both animals and humans1-3, including neurodevelopmental delay4-9 and emotional difficulties10- 15. While emerging data also show elevated PM2.5 exposure during prenatal 16-18 and childhood development16, 19-23 is associated with altered white matter surface area and microstructure, cortical and subcortical gray matter, and brain function in children; these neuroimaging studies were limited by one-time, cross-sectional assessments conducted in only four cohorts of children recruited from localized populations24. Moreover, none of these brain MRI studies, and only a single neurobehavioral study25, has probed cumulative and/or differential timing of exposure effects across childhood. It remains elusive as to how air pollution exposure across different developmental stages, from gestation to early childhood period and into pre-adolescence, impacts specific neurobehavioral processes that continue to mature across childhood and adolescence. Moreover, little is known about whether sexual dimorphisms, socioeconomic status (SES)5, 6, 12, 26-28, or other social adversities/protective factors increase susceptibility/resilience to Fig. 1 (A) Longitudinal ABCD developmental neurotoxicity of PM2.5; although such heterogeneity in exposure study collects brain and effects exist for other adverse health outcomes29-32. behavioral testing every two-years  and questionnaire data every  We designed this application to address these critical knowledge gaps and year. (B) Leveraging these data, above-mentioned methodological limitations. The proposed project will leverage we will examine long-term reconstructed lifetime address histories and comprehensive neurobehavioral and cumulative exposure (gray line)  and identify differential effects multimodal neuroimaging from a multi-ethnic and geographically diverse cohort of across sensitive time windows 9- and 10-year-old children (N=11,873)33-35 enrolled in the ongoing longitudinal (example: red dots) to understand Adolescent Brain Cognitive Development (ABCD) study conducted in 21 cities PM2.5 neurotoxicity during the  transition into early adolescence across the U.S. Specifically, this application focuses on 2 waves of ABCD brain (ages 9-12 yrs), including brain- and behavioral testing data collected at baseline ages 9-10 years-old and at the behavior at 9-10 years (a) and 2nd follow-up visit, approximately ~2 years later (Fig. 1A). The ABCD study was changes ~2 years later (b), as designed to capture sociodemographic diversity33, providing the optimal population well as identify potential  susceptibility factors. We will also context to examine susceptibility to PM2.5 neurotoxicity as related to sex, or varying perform exploratory analyses to by family- and neighborhood- level risk and protective factors. These population examine adverse effects of PM characteristics and unique data will allow us to better identify youth most composition and other ambient  pollutants, including NO2 and O3. susceptible to the harmful effects of ambient air pollutants. The ABCD study focuses on the transition into early adolescence because this developmental period is characterized by dynamic changes in brain development and subsequent executive functioning (EF) and emotional behaviors – making this a sensitive period in which the brain may be especially susceptible to environmental factors36-38. Retrospective- and prospectively-collected residential addresses spanning the prenatal through ages 9-10, and each subsequent follow-up period, will be spatiotemporally-mapped to well-validated, state-of-the-art hybrid exposure models of air pollution with 1-km2 resolution39. Based on extant literature, our primary exposure of interest is PM2.5; however, new advances in nationwide spatiotemporal models will also allow us to explore neurotoxic effects of different PM components (e.g., elemental and organic carbon (EC/OC), nitrate, and sulfate) and other gaseous pollutants (i.e. nitrogen dioxide (NO2) and ozone (O3)). This will be the first longitudinal study in the U.S. with high-quality PM2.5 exposure data estimated across the entire developmental course; allowing us to better understand a) long-term cumulative exposure, and b) exposure during sensitive time periods of air pollution neurotoxicity on brain and behavioral development in early adolescence (Fig. 1B). Hypotheses: Higher prenatal and recent childhood exposures will be associated with altered brain and behavior at age 9-10, whereas higher exposure during the transition to early adolescence will impact neuromaturation over the 2-year follow-up. Based on neuroepidemiology26, 40, neurotoxicology41, 42, and social adversities43-45 literature, we also expect adverse effects will be larger in boys and in children with disadvantaged backgrounds or exposed to neighborhood adversities (e.g., crime, violence); negative factors (e.g. conflict) at the family levels will amplify, while other positive factors (e.g., parental involvement and warmth) will mitigate, PM2.5 effects. Aim 1: To characterize cumulative and differential timing effects of PM2.5 exposure on executive functioning (EF) and emotional changes during the transition from childhood to early adolescence. Aim 2: To elucidate cumulative and differential timing of PM2.5 effects on changes in brain structure and function across late childhood and early adolescence, including a) Prefrontal cortex (PFC), limbic, and white matter morphology; b) White matter connectivity between the PFC and regions involved in EFs (dorsal striatum)46-48 and emotion (limbic)49, 50; c) PFC brain activity during tasks of EFs and emotion; d) Functional connectivity of cognitive control, saliency, and default mode network development. Aim 3: Explore whether sex and SES moderate susceptibility to PM2.5 exposure, as well as elucidate the role of other family- and neighborhood-level risk and protective factors.		R01		NIEHS - Direct

		Grant		2020		1 R01 ES031065-01A1		-		Per- and Polyfluoroalkyl substances mixtures and maternal cardiovascular disease risk across the reproductive life course		HARVARD SCHOOL OF PUBLIC HEALTH		MA		JAMES-TODD, TAMARRA M		BOYLES, ABEE		$655,524		8469965		ES		PA19-056		10052084		ABSTRACT Cardiovascular disease (CVD) is the leading cause of death among women living in the United States. Progress in identifying modifiable risk factors of CVD has been slow. Growing evidence supports the idea that pregnancy may be a stress test for future CVD risk and also a sensitive window of exposure for endocrine disrupting chemicals (EDCs) and women’s CVD risk. Our study will address the critical need to evaluate EDC exposures in pregnancy and midlife to determine whether these chemicals increase CVD risk across the reproductive life course—a key time period of CVD risk factor development. We will focus on exposure to per- and polyfluoroalkyl substances (PFAS), a class of ubiquitous, persistent chemicals. Our scientific premise is strong as prior studies and our preliminary data suggest that exposure to certain PFAS are associated with adverse cardiometabolic outcomes in both pregnant and non-pregnant women. However, previous studies have not prospectively evaluated CVD risk factor development between pregnancy and mid- life or examined replacement PFAS chemicals. The objective of this study is to determine whether exposures to legacy and replacement PFAS alter CVD risk in women across their reproductive lives. Our central hypothesis is that higher exposure to PFAS during pregnancy and through midlife alters the trajectory of CVD risk, first emerging in pregnancy as hypertension disorders of pregnancy (HDP), with subsequent emergence of CVD risk factors (i.e. obesity, hypertension, hyperglycemia, dyslipidemia) in midlife. This hypothesis will be tested through 3 aims using data from Project Viva, a longitudinal cohort study of 1,563 pregnant women with existing pregnancy PFAS data, of which 1198 are currently participating in a 20 year follow up study. In Aim 1, we will evaluate the association between legacy PFAS concentrations measured at 1st trimester of pregnancy with trajectories of systolic and diastolic blood pressure across pregnancy, and HDP (i.e. gestational hypertension and preeclampsia). In Aim 2, we will examine associations of legacy PFAS concentrations in pregnancy and the change in PFAS concentrations from pregnancy to midlife with CVD risk factors (e.g., body mass index, weight change since index pregnancy, central obesity, fasting glucose, insulin, hemoglobin A1c, hyperglycemia, blood pressure, hypertension, lipid levels, and dyslipidemia) during midlife (i.e.,20 years following pregnancy). In Aim 3, we will assess the association of legacy and replacement PFAS in mid-life with CVD risk factors in midlife. Across all aims, we will examine exposure to individual PFAS and their mixtures using advanced statistical techniques. The innovative aspects of our proposal include: evaluation of pregnancy as a susceptible window for EDCs and women’s CVD risk, examination of next-generation PFAS, and use of a large, well-characterized cohort that is undergoing 20 year follow up. Our findings will fill an important gap about the impact of environmental chemicals on an understudied time period—between pregnancy and midlife—with implications for CVD prevention and risk reduction.		A. SPECIFIC AIMS Cardiovascular disease (CVD) is the leading cause of death among women in the U.S. and has one of the costliest economic burdens, with an annual health expenditure of $318 billion.1 Growing evidence supports the idea that pregnancy may be a stress test as complications during pregnancy (e.g. hypertensive disorders of pregnancy (HDP)—gestational hypertension and preeclampsia), may signal future CVD risk.2-7 In fact, HDP complicates 10-15% of pregnancies each year8 9 and confers a 2-fold increased risk of CVD that emerges even within the first 10 years following pregnancy.5 While lifestyle and genetic factors are assuredly involved in adverse reproductive outcomes and later-life CVD risk,10 11 emerging evidence suggests that exposure to endocrine disrupting chemicals (EDCs) could also be an important and modifiable risk factor.12-16  One class of EDCs that warrants examination is per- and polyfluoroalkyl substances (PFAS).17 These ubiquitous, persistent synthetic EDCs18-20 have been associated with some CVD risk factors,12-14 18 including type 2 diabetes16 19 20 and dyslipidemia in non-pregnant populations.21 The few studies that have evaluated PFAS and HDP show conflicting evidence, likely due to differing exposure levels and CVD risk factors.22-25 However, these studies are limited to single- or short-term time periods. Little is known about changes in PFAS over time or how they may relate to CVD risk across the reproductive life course—a key time period of CVD risk factor development.5 26 PFAS concentrations are associated with age,27-29 breastfeeding,30-32 and menstrual regularity,33-36 including menopause status28 29 33-37 — all factors that may change in the decades between pregnancy and midlife. Furthermore, long-chain PFAS (e.g., PFOA and PFOS), also known as “legacy PFAS”, have been phased out of production and substituted with “replacement PFAS”, including short- chain PFAS and fluorinated alternatives (e.g., ADONA, GenX). Replacement PFAS are now ubiquitous in the environment; however, few studies have evaluated replacement PFAS and/or mixtures of legacy and replacement PFAS with CVD risk factors. Existing studies may underestimate risks associated with PFAS due to their limited exposure assessment and focus on individual chemicals.38  The objective of this study is to determine whether exposures to legacy and replacement PFAS alter CVD risk in women across their reproductive lives. Our central hypothesis is that higher exposure to PFAS during pregnancy and through midlife alters the trajectory of CVD risk, first emerging in pregnancy as HDP, with subsequent emergence of CVD risk factors in midlife (i.e. obesity, hypertension, hyperglycemia, dyslipidemia).  To accomplish our objective, we will leverage data from Project Viva on 1,563 pregnant women including plasma PFAS concentrations from pregnancy, clinical, and anthropometric data. We will also access data being collected from 1,198 women, who are currently participating in a 17-20-year follow-up after pregnancy. Our scientific premise is supported by prior research and our preliminary results, which suggest certain PFAS are associated with HDP and post-pregnancy CVD risk factors in Project Viva participants. Using a prospective cohort study design, we aim to examine: Aim 1: The associations of legacy PFAS concentrations in 1st trimester of pregnancy (individual chemicals and their mixtures) with trajectories and trimester-specific averages of systolic and diastolic blood pressure across pregnancy, as well as HDP (i.e. gestational hypertension and preeclampsia) Hypothesis 1: Higher pregnancy levels of PFAS and their mixtures are associated with higher blood pressure trajectories, trimester-specific average blood pressure, and HDP risk. Aim 2: The associations of legacy PFAS concentrations in pregnancy and the change in legacy PFAS concentrations from pregnancy to midlife (individual chemicals and their mixtures) with CVD risk factors during midlife (i.e., 17-20 years after pregnancy) Hypothesis 2: Higher pregnancy and higher sustained levels of PFAS and their mixtures from pregnancy to midlife will be associated with higher body mass index, weight gain since index pregnancy, central obesity, fasting and 2-hour glucose from a 75-gram OGTT, insulin, hemoglobin A1c, blood pressure, and lipid levels. Aim 3: The associations of legacy and replacement PFAS concentrations in mid-life (individual chemicals and their mixtures) with CVD risk factors in women during midlife Hypothesis 3: Higher levels of legacy and replacement PFAS measured at midlife and their mixtures will be associated with the higher levels of the same outcomes listed in Aim 2 at midlife. Impact: This is one of the first studies to evaluate exposure to PFASs at multiple time points, assessing concentrations across the reproductive life course, and development of CVD risk factors in mothers. This study will also provide critical information about replacement PFAS and CVD risk, with implications on a new set of environmental risk factors. Our findings will fill an important gap about the impact of environmental pollutants on an understudied time period—the decades covering pregnancy to midlife—with implications for CVD risk and risk factor modification for the leading cause of death in women.		R01		NIEHS - Direct

		Grant		2020		1 R01 ES032213-01		-		Environmental chemical exposures during pregnancy and womens cardio-metabolic health		UNIVERSITY OF COLORADO DENVER		CO		STARLING, ANNE 		SMARR, MELISSA M		$442,225		8469965		ES		ES20-003		10066188		Project Summary While much research has been devoted to exploring the impact of environmental chemical exposures during pregnancy on infant and child health, relatively little attention has focused on the potential influence of these exposures on maternal health. Recent evidence suggests that pregnancy may be a sensitive period in the life course, during which chemical exposures may have long-lasting effects on cardio-metabolic disease risk among women. Using a well-characterized existing cohort study that enrolled 1,410 pregnant women in 2009- 2014, we propose the following aims: (1) quantify the relationship between environmental exposures during pregnancy and short-term maternal health outcomes including: postpartum weight retention, reduced breastfeeding initiation and duration, and incident diabetes; (2) quantify the relationship between environmental exposures during pregnancy and long-term maternal health outcomes: body composition, weight trajectories from pregnancy through ~10 years after parturition, hepatic fat, dysglycemia and incident diabetes, and cardiovascular disease; and (3) evaluate the potential role of maternal characteristics and behaviors during pregnancy, specifically obesity and diet quality, in modifying associations between environmental chemical exposures and outcomes. Exposures during pregnancy will include serum per- and polyfluoroalkyl substances (PFAS), urinary phthalate metabolites, phenols and parabens, metals, organophosphate flame retardants, and modeled air pollutants at the maternal residential address during pregnancy. We propose to recruit 700 of the original study participants to return for a follow-up visit at ~10 years postpartum. At this visit, participants will undergo a comprehensive metabolic health evaluation including body composition via air displacement plethysmography (BOD POD), dysglycemia via oral glucose tolerance test, and hepatic fat fraction via MRI. Medical records will be abstracted to document incident diabetes and cardiovascular disease, and to reconstruct body weight trajectories. We will estimate associations between exposures during pregnancy and maternal outcomes using covariate-adjusted multivariable regression models for continuous, binary, or time-to- event data, as appropriate. Exposures will be evaluated as single pollutants and as mixtures using advanced statistical methods including Bayesian Kernel Machine Regression and Bayesian hierarchical Cox survival models. We hypothesize that maternal body mass index prior to pregnancy and diet quality during pregnancy will modify the effects of environmental chemical exposures on cardio-metabolic outcomes, such that associations will be stronger among women with obesity entering pregnancy or with poor diet quality during pregnancy. The results of this study will inform public health interventions to identify women who may be especially susceptible to the effects of environmental chemical exposures during pregnancy, and to improve the environment of pregnancy to promote the long-term health of both the offspring and the mother.		Environmental chemical exposures that occur during pregnancy may have long-lasting detrimental effects on women's health (1). Certain chemical exposures have been associated with gestational hypertension, preeclampsia, weight gain, and gestational diabetes (2-14), and such conditions during pregnancy are also related to women's risk of chronic disease throughout the lifespan. Gestational weight gain and postpartum weight retention may influence subsequent weight trajectory, with lifelong consequences for obesity and diabetes risk. Preeclampsia and gestational diabetes are associated with elevated risks of cardiovascular disease and diabetes, respectively, in the years following the pregnancy (15-18). However, few pregnancy cohort studies have been conducted with a specific focus on long-term maternal health outcomes, and a gap remains in our understanding of pregnancy as a vulnerable period for women's health during which environmental chemical exposures may increase chronic disease risk later in life.  The Healthy Start cohort study of pregnant women and their children (R01DK076648) provides a unique opportunity to examine women's health following well-characterized pregnancy exposures. Detailed behavioral and phenotypic data were collected on 1,410 women during pregnancy (2009-2014) with an emphasis on adiposity, glucose/lipid metabolism, and behavioral risk factors for obesity and diabetes. With additional funding (R01ES022934, R00ES025817, UH3OD023248), numerous environmental chemical exposures were assessed during pregnancy in this cohort, including serum concentrations of per- and polyfluoroalkyl substances (PFAS), urinary concentrations of phthalate metabolites, parabens and phenols, and modeled ambient air pollution near the maternal residence during pregnancy. Our research team consists of senior and junior investigators (Starling, Dabelea, Glueck) with records of highly productive collaborative research on this cohort (19-42), and a new collaboration with NIEHS-supported researchers (Brown, James) with expertise in  characterizing exposures to metals and  interrogating the relationship of metals  exposure with chronic disease (43-47).  We propose a longitudinal study of environmental chemical exposures during pregnancy and short-term and long-term adverse health outcomes  among approximately 700 women  enrolled in the Healthy Start cohort  (Figure). Over 60% of the 1,410 original  participants have returned with their  children for an in-person follow-up visit at  approximately 5 years post-partum, and the ongoing data collection on the children at ~10 years postpartum presents an ideal opportunity for recruitment of the mothers. We propose a strategic combination of record abstraction and new data collection, with an in-person study visit at ~10 years after the enrolled pregnancy for in-depth assessment of cardio- metabolic health. We will focus on chronic disease states that are common among women in the US, cause substantial morbidity and mortality, and have a plausible causal link with environmental chemical exposures: obesity, diabetes, fatty liver, and cardiovascular disease. Aim 1: In an ethnically-diverse group of women from an existing pregnancy cohort study, quantify the relationship between environmental exposures during pregnancy and short-term maternal health outcomes including: postpartum weight retention, reduced breastfeeding initiation and duration, and incident diabetes. Aim 2: In the same cohort of women, quantify the relationship between environmental exposures during pregnancy and long-term maternal health outcomes: body composition, weight trajectories from pregnancy through ~10 years after parturition, hepatic fat, dysglycemia and incident diabetes, and cardiovascular disease. Aim 3: Evaluate the potential role of maternal characteristics and behaviors during pregnancy, specifically obesity and diet quality, in modifying associations between environmental chemical exposures and outcomes.  Leveraging data from an existing pregnancy cohort with extensive maternal phenotypic data collected during and after pregnancy, as well as stored biospecimens from pregnancy, we will identify the independent and joint effects of simultaneous exposure to multiple environmental chemicals during the vulnerable period of pregnancy on women's chronic disease risk, using cutting-edge and novel measurements and statistical approaches. We will also explore factors that potentially exacerbate or mitigate these risks. The completion of these aims will further our understanding of how public health interventions to improve the environment of pregnancy may also help prevent chronic disease among women.		R01		NIEHS - Direct

		Grant		2020		1 R01 ES032247-01		-		The Long-term Influence of Persistent Organic Pollutants Exposure During and After Pregnancy on Metabolic Decline in Women After Pregnancies Complicated by Gestational Diabetes		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		CHEN, ZHANGHUA 		BOYLES, ABEE		$490,160		8469965		ES		ES20-003		10067310		ABSTRACT Preventing diabetes has become a national priority for public health. Women with gestational diabetes mellitus (GDM) history carry a significantly higher risk of developing type 2 diabetes (T2D) over their lifetime. Therefore, GDM has been used as a unique model to identify early metabolic defects such as insulin resistance and β-cell dysfunction that precede the development of diabetes in young women. Beyond well-known risk factors including unhealthy lifestyle and genetic susceptibility, there is a growing concern over exposures to endocrine disrupting chemicals, such as persistent organic pollutants (POPs), as novel risk factors for T2D. The goal of this study is to investigate long-term effects of exposure to POPs during a woman’s vulnerable time windows of pregnancy and the postpartum period on the metabolic trajectory that leads to T2D in women after GDM pregnancies. Mounting evidence from animal models and human studies suggests that POPs exposure can adversely affect insulin sensitivity and β-cell function thereby increasing T2D risk. However, previous epidemiological studies of POPs and diabetes were mostly cross-sectional and have limitations of only examining the effect of a single chemical compound or chemical class. Little is known about the joint effects of exposure to POPs mixture on the metabolic decline and T2D. Importantly, no studies have assessed the long-term effects of POPs exposure during pregnancy and postpartum period on metabolic decline and development of T2D in women’s later life, beyond the effects of other risk factors such as aging and weight gain. To fill these knowledge gaps, we propose to measure plasma concentrations of 60 priori-selected potentially diabetogenic POPs as the internal POPs exposure level in women during pregnancy and postpartum period. The broad objectives of this project are to investigate long-term effects of POPs exposure during and after pregnancy on the longitudinal decline of insulin sensitivity and β-cell function as well as diabetes incidence in women after delivery. The study will be built upon a unique prospective cohort of 102 women who had GDM during pregnancy and were followed from pregnancy to 12 years after delivery. Insulin sensitivity and β-cell function were assessed in the original cohort using the gold-standard method of intravenous glucose tolerance test at the 3rd trimester of pregnancy and every 15 months up to 12 years after delivery. To further investigate the biological mechanism linking POPs exposure and long-term metabolic decline, we will further investigate the longitudinal metabolomic profiles from fasting plasma samples collected at the 3rd trimester of pregnancy, postpartum and every 15-month visit up to 12 years. We propose to use these metabolomic profiles as signatures of the biological response to the POPs exposure during pregnancy and identify those that predict metabolic decline and T2D incidence. This project will advance our knowledge in the role of POPs exposure during critical exposure windows of pregnancy and the postpartum period in perturbing metabolic pathways and inducing diabetes pathophysiology and T2D incidence in women.		SPECIFIC AIMS  The intensifying type 2 diabetes (T2D) epidemic among minority women is a substantial threat to public health.1,2 Women with gestational diabetes mellitus (GDM) history carry a lifetime risk of progression to T2D of up to 70%.3 Therefore, GDM is a unique model for investigating T2D pathogenesis. Beyond well-known risk factors such as unhealthy lifestyle and genetic susceptibility, there is growing evidence that exposures to endocrine disrupting chemicals (EDCs), may be important and unrecognized contributors to the pathogenesis of T2D. The broad objective of this study is to investigate the effects of exposure to persistent organic pollutants (POPs) during the vulnerable time windows of pregnancy and the postpartum period on negative metabolic trajectories involved in the pathogenesis of T2D in women after pregnancies.  Animal studies showed that exposures to EDCs, including POPs, cause insulin resistance and functional changes to pancreatic β-cells,4-6 the two fundamental mechanisms of T2D. The main compound classes of POPs of concern include per- and polyfluoroalkyl substances (PFASs),7-10 polychlorinated biphenyls (PCBs),11-13 organochlorine (OC) pesticides,14-16 and brominated flame retardants (BFRs).17-19 POPs are ubiquitous, persisting for long periods in the environment, and have long biological half-lives in humans.4,20-25 Many POPs, besides PFASs, are lipophilic and are accumulated in adipose tissue. Therefore, the toxicodynamics of lipophilic POPs relate directly to the dynamics of adiposity.26,27 During and after pregnancy, changes in body composition and breast feeding could significantly influence the body burden of POPs in mothers.28  Studies in the general population have shown that POPs exposure is associated with insulin resistance and lower β-cell function.29-35 Several studies in women have also found that POPs exposure during pregnancy is associated with higher risk of GDM.36-39 However, most previous studies were cross-sectional and no studies have assessed the long-term effects of POPs exposure during pregnancy and the postpartum period on the metabolic decline and development of T2D in women’s later life. Findings from previous studies were also limited by the investigation on a single chemical compound or specific compound class.29-35,40,41 Little is known about the joint effects of exposure to POPs mixture on the glucose metabolic decline and T2D risk.31,40,41 To fill knowledge gaps needed to develop personalized preventive interventions, we propose to measure 60 potentially diabetogenic POPs42,43 from pregnancy to postpartum period and assess their prospective effects on the longitudinal decline of insulin sensitivity and β-cell function in women after delivery, adjusting for key confounders including breast feeding, changes in adiposity and diet (Aim 1). The study will be built upon a unique prospective cohort of 102 Hispanic women who had GDM during pregnancy and were followed from pregnancy to 12 years after delivery. In the parent study, insulin sensitivity and β-cell function were assessed using the gold-standard method of intravenous glucose tolerance test (IVGTT) at the 3rd trimester of pregnancy and every 15-months up to 12 years after delivery. Oral glucose tolerance tests were also assessed at all visits. Important covariates including body fat, diet and physical activity were assessed at all visits. In this study, archived plasma samples collected during the 3rd trimester of pregnancy and 15-30 months postpartum will be used to assay absolute concentrations of 60 circulating POPs exposure.  To further investigate the mechanism linking POPs exposure and long-term metabolic decline, we will use archived fasting plasma samples to measure metabolomic profiles including 3rd trimester of pregnancy, postpartum and follow-up visits up to 12-years after pregnancy. We will investigate longitudinal changes in metabolomic profiles as long-term biological response to POPs exposure during the pregnancy window and identify metabolomic signatures that predict metabolic decline and T2D incidence (Aim 2). Animal models and human studies suggest that POPs exposure may alter key metabolic pathways (amino acid and lipid metabolism) related to T2D.44-46 To our knowledge, only one study has examined the dysregulated metabolic pathways in pregnant women induced by OC pesticides during pregnancy.47 No prospective study has been published to investigate the long-term, prospective effect of POPs exposure during pregnancy on dysregulated metabolic pathways in women. With data we propose to examine following hypotheses: Hypothesis 1: Higher exposures to POPs mixture during critical time windows of pregnancy and postpartum periods are individually and/or jointly associated with higher susceptibility of developing T2D among GDM women. To examine associations between POPs exposure and Aim 1a: longitudinal decreases in insulin sensitivity and β-cell function; and Aim 1b: development of T2D during 12 years after GDM in pregnancy adjusting for key confounders and examining effect modifiers (adiposity changes, breast feeding and diet). Hypothesis 2: Higher exposures to POPs mixture during pregnancy and postpartum period are individually and/or jointly associated with dysregulated metabolic pathways (amino acid and lipid metabolism) that contribute to negative metabolic trajectories and development of T2D. Aim 2a: To examine the long-term associations of POPs exposure with altering metabolic pathways of interest, manifested by longitudinal changes in metabolomic profiles from pregnancy to 12 years postpartum adjusting for key confounders. Aim 2b: To determine whether POPs-related changes in metabolomic profiles after pregnancy are also associated with longitudinal changes in insulin sensitivity and β-cell function and development of T2D in women after GDM in pregnancy. Impact: This project will build longitudinal evidence for the long-term metabolic effects of POPs exposure in women, focusing on critical exposure windows during pregnancy and the postpartum period. Findings of this project will contribute important reference for future regulations of toxic chemicals to protect human health and reduce health disparities among minority women.		R01		NIEHS - Direct

		Grant		2020		1 R01 ES032295-01		-		The role of air pollution in emotional neurodevelopment and risk for psychiatric disorders		UNIVERSITY OF SOUTHERN CALIFORNIA		CA		HERTING, MEGAN MARIE		GRAY, KIMBERLY A		$554,658		8469965		ES		PAR19-386		10069846		Project Abstract Outdoor air pollution, including fine particulate matter (PM2.5; and its constituents) and nitrogen dioxide (NO2), is ubiquitous in urban areas and is a neurotoxicant. Emerging toxicological and epidemiological evidence suggests that air pollution may contribute to increases in emotional behavioral problems and is linked to various mental health disorders in children, adolescents, and adults. These recent findings have elucidated the need to: 1) examine long-term effects of prenatal and childhood exposure; 2) identify pre-clinical neuroimaging biomarkers of neurotoxicological effects in neural circuitry implicated in mental health risk; and 3) investigate these effects in late-childhood and adolescence, as it is an opportune time to identify and intervene for those at risk for psychiatric disorders. We propose the first longitudinal study to examine how prenatal and childhood air pollution exposure impacts corticolimbic circuitry involved in emotion processing and regulation, and the onset of internalizing and externalizing psychopathology during the transition from late-childhood to early adolescence. Our hypothesis is that prenatal and childhood air pollution exposure contribute to increased risk for mental health disorders during adolescence through alterations in corticolimbic neural circuitry and emotional development. To test our hypothesis, the proposed project will create lifetime residential air pollution exposure estimates and leverage comprehensive neuroimaging of corticolimbic neural circuitry, emotion, and mental health data, from a multi-ethnic and geographically diverse cohort of 9- to 10-year-old children (N=11,873) enrolled in the nationwide longitudinal Adolescent Brain Cognitive Development (ABCD) study. Using multi-modal neuroimaging, we will elucidate the effects of prenatal and childhood air pollution exposure on changes in the structure (Aim 1) and function (Aim 2) of corticolimbic circuitry underlying emotional processing and regulation from late-childhood to early adolescence. In Aim 3, we will examine how prenatal and childhood air pollution exposure influences the development of emotional problems and subsequent risk for mental health disorders by using both: a) dimensional scales and b) mental health diagnostic criteria (based on Diagnostic and Statistical Manual of Mental Disorders). As an exploratory sub-aim, we will also examine a potential mediation of corticolimbic alterations at 9-10 yrs in the link between air pollution exposure during development and subsequent risk for internalizing and externalizing psychopathology at ages 11-12 yrs. This study is primarily focused on long-term prenatal and childhoodPM2.5 and NO2 exposure; however, we also plan to explore differential timing effects of these exposures as well as the potential neurotoxic effects of other ambient pollutants (i.e. ozone, PM components). The large, sociodemographic and geographic diverse sample of children from ABCD are at an opportune age to evaluate pre-clinical markers of psychopathology. This provides great promise for more robust and generalizable findings that have the potential to impact policy as well as identify early neuroimaging biomarkers as targets for early intervention.		Specific Aims: One in five adolescents are affected by mental health problems1, with half of all lifetime mental health diagnoses occurring by age fourteen2. In order to reduce societal costs and improve quality of life for affected individuals, research on modifiable risk factors holds the promise to open new avenues for early prevention and intervention. Outdoor air pollution is a novel environmental neurotoxin3, 4, with several studies linking long-term exposures to fine particulate matter (PM2.5) and nitrogen dioxide (NO2) with mental illness in children, adolescents, and adults5-11, including internalizing and externalizing disorders, which typically emerge during adolescence12. Prenatal and childhood air pollution exposure has also been linked to subclinical symptoms of anxiety, depression, and aggression in children, as well as increased risk for attention deficit and hyperactivity disorder [ADHD] and delinquency problems8, 13-18. Inhalation toxicological studies also demonstrate depressive-like, anxiety-related, and increased aggression resulting from prenatal and postnatal PM exposure19- 28. However, experimental and epidemiologic findings have elucidated the strong need to also consider the timing of exposure29 and the biological mechanisms that may drive these mental health effects3, 30 in order to strengthen the causal evidence between the association of air pollution and psychopathology. Moreover, characterization of mental health in previous human studies has mainly focused on symptomology, and has yet to examine common brain or behavioral impairments in emotional processing and regulation underlying many mental health disorders31, 32. This study was designed to address these critical knowledge gaps as well as address other methodological weaknesses in the extant literature, including: cross-sectional design, lack of comprehensive exposure data throughout development, and inconsistency of findings across heterogenous populations33, 34. Specifically, we propose the first longitudinal study to examine how prenatal and childhood air pollution exposure impacts corticolimbic circuitry, emotional development, and subsequent risk for psychopathology during the transition to early adolescence – a pivotal period of development just prior to typical age of onset for multiple mental health disorders12.  In this application, we focus on: (a) structural changes in corticolimbic neural circuitry, such as aberrant amygdala and anterior cingulate (ACC) volumes35-39, (b) reduced prefrontal (PFC) to amygdala white matter connectivity40-44, (c) compromised amygdala responsivity to affective stimuli45-47; and (d) intrinsic corticolimbic functional connectivity48-53, because these neural abnormalities are shared among children and adolescents diagnosed with internalizing and externalizing disorders54-58. We provide compelling preliminary data (section A4) that air pollution exposure in late-childhood is associated with corticolimbic gray matter morphology and differences in psychopathology-related emotional tendencies. Our hypothesis is that air pollution exposure contributes to emotional problems and increased risk for internalizing and externalizing psychopathology during adolescence through disruption of corticolimbic neurodevelopment. To test our hypothesis, we propose to create lifetime residential air pollution exposure estimates and leverage comprehensive multi-modal neuroimaging, behavioral self-reports, and diagnostic mental health data from a multi-ethnic and geographically diverse cohort of 9- and 10-year-old children (N=11,873)59-61 enrolled in the longitudinal Adolescent Brain Cognitive Development (ABCD) study conducted in 21 U.S. cities. Baseline (ages 9-10 yrs), 1st yr. (ages 10-11 yrs), and 2nd yr. (ages 11-12 yrs) follow-up visit data will be used, including 2 waves of neuroimaging (i.e. baseline/2nd yr. follow-up) and 3 waves of emotional data. Based on extant literature, we have focused on chronic prenatal and postnatal PM2.5 and NO2 exposure; however, we also plan to explore differential timing effects of these exposures as well as the potential neurotoxic effects of other ambient pollutants (i.e. ozone (O3) and PM components). Aim 1: Elucidate the effects of chronic air pollution exposure (PM2.5 and NO2) on changes in corticolimbic gray and white matter development from late-childhood to early-adolescence (2 waves of data), including: 1a) Morphology and neurite (axon and dendrite) density of gray matter and 1b) Structural connectivity and axon density of white matter tracts for corticolimbic regions of interest (PFC, ACC, amygdala). Aim 2: Investigate the effects of chronic air pollution exposure (PM2.5 and NO2) on changes in corticolimbic functional development from late-childhood to early-adolescence (2 waves of data), including: 2a) Neurophysiological reactivity to emotional stimuli (as measured by the Blood-Oxygenated-Level- Dependent Signal (BOLD) during an emotional fMRI task) and 2b) Functional connectivity (i.e. BOLD correlations) between corticolimbic brain regions of interest. Aim 3: Determine the effects of chronic air pollution exposure (PM2.5 and NO2) on emotional development and internalizing and externalizing psychopathology, by using both 3a) dimensional scales of emotional- related behaviors and 3b) Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria. 3c) Explore potential mediation of identified alterations in corticolimbic neural circuitry in the link between chronic air pollution exposure prior to baseline (9-10 yrs) and psychopathology at the 2nd year follow-up visit (ages 11-12 yrs). Impact: Because air pollution is modifiable, findings from this study is likely to have widespread impacts on environmental health policy as well as open new avenues in identifying potential targets for early intervention.		R01		NIEHS - Direct

		Grant		2020		1 R21 ES032680-01		-		Per- and Polyfluoroalkyl substances (PFAS) Exposures and COVID-19 in Firefighters		UNIVERSITY OF ARIZONA		AZ		BURGESS, JEFFEREY L		JOUBERT, BONNIE		$254,748		8469965		ES		ES19-011		10151777		PROJECT SUMMARY/ABSTRACT The spread of SARS-CoV-2 infection and its associated disease state, COVID-19, has led to a global pandemic. Exposure to per- or polyfluoroalkyl substances (PFAS) is associated with reduced immune response, but its effect on COVID-19 is not known. We have a time-sensitive opportunity to determine the effect of serum PFAS on COVID-19, building on a unique statewide firefighter testing program for SARS-CoV-2 antibodies. Our long- term goal is to identify health risks of PFAS mixtures. Our objective in this application is to evaluate the effects of PFAS exposure levels in firefighters in regards to the severity of and immune response to COVID-19 infection. Our hypotheses are that increased PFAS serum concentrations will increase the severity of COVID-19 infection and reduce post-recovery serologic titers, which could thereby increase risk of later re-infection. We will test these hypotheses through two specific aims: 1) Determine the association of serum PFAS concentrations with infection severity; and 2) Determine the association of serum PFAS with SARS-CoV-2 antibody titers. For aim 1, recruiting from our state registry, we will enroll 100 Tucson and Phoenix firefighters with positive SARS-CoV- 2 IgM and/or IgG antibodies, and collect and analyze their serum for PFAS. Using an online survey instrument completed at the time of biological sample collection, we will obtain information on whether the subjects had COVID-19 infection(s) confirmed by diagnostic testing, extent of symptoms (if any) consistent with COVID-19 infection, and whether they were hospitalized. We will evaluate the association between serum PFAS and: 1) severity of symptoms; 2) symptomatic vs. asymptomatic COVID-19 infection; and 3) hospitalization. For aim 2, we will repeat SARS-CoV-2 IgG testing after five months and ten months in all firefighters enrolled in the study to measure changes in immune response and to test the association of PFAS levels and longitudinal changes in IgG using generalized linear regression models that account for repeated measures. At study completion, we will have documented the effects of PFAS exposure on the likelihood of a symptomatic COVID-19 infection and symptom severity in a highly exposed population, as well as effects of PFAS exposure on the subsequent immune response persistence. The proposed research is significant given the potential for PFAS exposure to increase the risk of already severe health consequences of COVID-19 and to reduce long-term immune response. The proposed research is innovative as it is the first to our knowledge to determine the association between serum PFAS levels and COVID-19.		Specific Aims The spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and its associated disease state, COVID-19 has led to a global pandemic. Exposure to per- or polyfluoroalkyl substances (PFAS) is associated with reduced immune response (Goudarzi et al., 2017; Grandjean et al., 2012), but its effect on COVID-19 is not known. We have a time-sensitive opportunity to determine the effect of serum PFAS on COVID- 19, building on a unique statewide firefighter testing program for SARS-CoV-2 antibodies. Approximately 80% of patients with COVID-19 have mild or asymptomatic disease (Onder et al., 2020). While advanced age and underlying health conditions are known risk factors for more severe illness (Garg et al., 2020), deaths have also been reported in younger healthy individuals (Yousefzadegan and Rezaei, 2020). While duration of COVID-19 immune response is not yet known, immunoglobulin G (IgG) antibodies were maintained for an average of 2 years following infection with a similar virus, severe acute respiratory syndrome (SARS) (Wu et al., 2007). However, for other coronaviruses, IgG may only be elevated for up to a year (Callow et al., 1990). PFAS are ubiquitous due to their extensive use and persistent nature. Additionally, Class B fire-suppression foams may contain PFAS (Lewandowski et al., 2006). Our recent pilot study demonstrated increased serum perfluorohexane sulfonate (PFHxS) in all Tucson firefighters and increased levels of perfluoromethylheptane sulfonate isomers (Sm-PFOS) in male firefighters as compared with the general population, and elevations of PFHxS in our prior pilot study of Phoenix and Tucson firefighters. PFHxS and PFOS are also increased in the blood of populations exposed to groundwater contaminated by fire suppression foams (Li et al., 2020). There is a substantial body of research associating PFAS exposure with reduced immune response, with most published studies on maternal exposures and/or in children. PFHxS exposures in the first four years of life is associated with a higher risk of total respiratory infectious diseases (Goudarzi et al., 2017). Increased PFOS in children is associated with an increased number of episodes of fever and coughing and fever and nasal discharge (Dalsager et al., 2016). In addition, PFAS levels (including PFHxS and PFOS) are negatively associated with diphtheria and tetanus antibody levels in children (Grandjean et al., 2012; Mogensen et al., 2015). Increased PFOS levels in 12-19 year olds is associated with decreased rubella and mumps antibody concentrations (Stein et al., 2016). In adults, serum PFAS concentrations are negatively associated with the rate of increase in the antibody responses after a booster vaccination with diphtheria and tetanus (Kielsen et al., 2015). Firefighters are at high risk for COVID-19 infection as over 80% of their responses are medical. Starting in May, 2020, all firefighters in the state of Arizona will be offered free SARS-CoV-2 serum antibody testing, providing an exceptional opportunity to recruit a prospective cohort of individuals with known COVID-19 infection, which is also time sensitive as we anticipate widespread availability of COVID-19 vaccines within 18 months. As mentioned, Tucson and Phoenix firefighters have increased serum concentrations of PFHxS and/or PFOS. We propose to collect symptom and outcome information on firefighters with measurable SARS-CoV-2 IgM or IgG antibodies, and to measure longitudinal changes in SARS-CoV-2IgG over 10 months. Our long-term goal is to identify health risks of PFAS mixtures. Our objective in this application is to evaluate the effects of PFAS exposure levels in firefighters in regards to severity of, and immune response to, COVID-19 infection. Our central hypotheses are that increased PFAS serum concentrations will increase the severity of COVID-19 infection and reduce post-recovery serologic titers, which could thereby increase risk of later re-infection. Specific Aim #1. Determine the association of serum PFAS concentrations with infection severity. Recruiting from our state registry, we will enroll 100 Tucson and Phoenix firefighters with positive SARS-CoV-2 IgM and/or IgG antibodies, and collect and analyze their serum for PFAS. Using an online survey instrument completed at the time of biological sample collection, we will obtain information on whether the subjects had COVID-19 infection(s) confirmed by diagnostic testing, extent of symptoms (if any) consistent with COVID-19 infection, and whether they were hospitalized. We will evaluate the association between serum PFAS and: 1) severity of symptoms; 2) symptomatic vs. asymptomatic COVID-19 infection; and 3) hospitalization. Specific Aim #2. Determine the association of serum PFAS with SARS-CoV-2 antibody titers. For all firefighters in Aim 1, we will repeat SARS-CoV-2 IgG testing after five months and ten months to measure changes in immune response and to test the association of PFAS levels and longitudinal changes in IgG using generalized linear regression models that account for repeated measures. At study completion, we will have documented the effects of PFAS exposure on the likelihood of a symptomatic COVID-19 infection and symptom severity in a highly exposed population, as well as effects of PFAS exposure on the subsequent immune response persistence.		R21		NIEHS - Direct

		Grant		2020		2 T32 ES007271-26		-		Training in Environmental Health Biostatistics		UNIVERSITY OF ROCHESTER		NY		THURSTON, SALLY W		SHREFFLER, CAROL A.		$214,275		8469976		ES		PA18-403		9934729		ABSTRACT The program objective is to train predoctoral and postdoctoral biostatisticians in statistical theory and methods and collaboration as applied to environmental health sciences (EHS). The grant is administered through the Department of Biostatistics and Computational Biology (DBCB), in collaboration with the Departments of Environmental Medicine and Public Health Sciences. The eleven trainers are faculty in these departments, seven of whom are from DBCB. Training: The DBCB offers a PhD degree in Statistics, with a Bioinformatics and Computational Biology option, providing rigorous and state-of-the art statistical training. All pre- and postdoctoral trainees work on applied EHS projects under joint mentorship of a DBCB and an EHS trainer. These projects include the Seychelles Child Development Study, which examines neurodevelopmental effects of prenatal exposure to mercury and nutrients from fish consumption, and studies of the reproductive effects of phthalates, perfluoroalkyl substances, bisphenol A, and maternal stress. Involvement in these studies provides trainees with both statistical and EHS training, gives experience in reproducible research and communication, and often motivates trainees' methodologic research. Further EHS training is obtained through courses in epidemiology and toxicology, as well as lab tours and seminars customized to the trainees. Postdoctoral trainees enroll in DBCB and EHS courses appropriate to their experience and interest, work on EHS projects, and participate in all T32-related activities. All trainees present their work at local and national conferences. Program oversight is provided via monthly meetings of the T32 Executive Committee and annual evaluations by the External Advisory Board, and makes use of trainee evaluations to improve the program. Trainee selection: Emphasis is placed on recruiting trainees from diverse backgrounds and increasing representation of under-represented groups in the biostatistics profession. Successful applicants to the Statistics PhD program in DBCB will have completed a baccalaureate degree with a major in mathematics or statistics, or in science with a strong minor in mathematics or statistics. Predoctoral trainees for this training program are selected from among the Statistics PhD students, generally begin T32 support after two years of in the PhD program, and are appointed for up to four years. Postdoctoral trainees must have completed a PhD in statistics, mathematics, epidemiology or a related discipline, or have basic science training with strong quantitative skills, and are supported for up to three years. The program supports three predoctoral and one postdoctoral trainee.		-		T32		NIEHS - Direct

		Grant		2020		1 K99 ES030401-01A1		-		Perfluroalkylated Substances Exposures and Cytotrophoblast Differentiation		UNIVERSITY OF CALIFORNIA, SAN FRANCISCO		CA		CHEN, HAO 		SCHUG, THADDEUS		$91,867		8469978		ES		PA19-130		9892276		Project Summary/Abstract.  The goal of this project is to test the hypothesis that perfluoroalkylated substances (PFAS) negatively impact formation of the placenta, and consequently, pregnancy outcomes. This work gains added significance in light of the increasing public health concerns towards these persistent compounds. The proposed experiments will also fill gaps in our understanding regarding the effects of these chemicals during human placental development, about which little is known. Pregnant mothers are exposed to a variety of chemicals, including PFAS. The latter exposures are widespread and high levels are linked with adverse effects on thyroid function, cholesterol metabolism, and birth outcomes. The placenta, a temporary embryonic/fetal organ that forms during pregnancy, facilitates gas, nutrients, and waste exchange with the mother. Deficiencies in placental development and function underlie numerous pregnancy complications, such as preeclampsia and intrauterine growth restriction. Despite its importance much remains unknown about the placenta, especially its role as a toxicological target. Here I propose studying PFAS effects on the organ's population of progenitor cells, termed cytotrophoblasts (CTBs), which establish the architecture of the maternal-fetal interface during pregnancy. To do so I will use an in vitro model of this process. Primary CTBs will be isolated and exposed to PFOA, PFNA, or GenX. The toxicological effects of these PFAS will be elucidated in two ways. First, using the CTB model, relevant effective concentrations of PFOA, PFNA, or GenX will be determined and a mass spectrometry-based approach will be used to determine their global effects at the level of the proteome (Aim 1). Second, honing in on levels relevant to public health exposures, the functional relevance of PFAS protein targets that could play hierarchical roles in placental development will be investigated by mimicking the observed chemical effects, e.g., up or down regulation (Aim 2). Thus, the results of these experiments will advance our knowledge about the human health effects of the compounds during a critical developmental window. Completing this study will advance the applicant's training in important new directions that are enabled by the expertise of his primary mentor, Dr. Susan Fisher: human placental biology and mass spectrometry- based proteomics analyses. Dr. Hao Chen will receive valuable input from his mentorship team, composed of experts in prenatal environmental exposures, bioinformatics, and reproductive biology. In collaboration with his mentors, Dr. Chen will develop critical skills that are required for a successful transition to an independent academic career in environmental health. This will be accomplished through a focused development plan consisting of didactic courses and close collaboration with his mentors. At the conclusion of this proposal, Dr. Chen will have led the first investigation of PFAS effects on CTBs and their function, providing insight into the impact of these chemicals towards developmental and reproductive health.		SPECIFIC AIMS.  I propose to test the hypothesis that per-/polyfluoroalkylated substances (PFAS) alter human cytotrophoblast (CTB) differentiation and function. The placenta, which establishes the feto-maternal interface, governs pregnancy outcomes. The organ's specialized progenitor cells, termed cytotrophoblasts (CTBs), differentiate into: 1) syncytiotrophoblasts that form the surface of the placenta; and 2) an invasive mononuclear subpopulation that invades the uterine wall and associated blood vessels. Both processes are required for oxygen and nutrient delivery to the developing fetus. Disruptions are associated with common pregnancy complications (e.g., preeclampsia [PE], intrauterine growth restriction [IUGR]) that have potentially long-lasting adverse postnatal consequences.  Endocrine disrupting compounds (EDCs) are implicated in altered reproductive health and adverse developmental outcomes. Despite evidence that environmental exposures to chemical contaminants are associated with adverse pregnancy outcomes, there is a paucity of studies investigating biomarkers and underlying developmental mechanisms that EDCs perturb. PFAS, persistent manmade chemicals, are ubiquitously detected in the environment and in maternal serum. Epidemiological and experimental studies implicate these compounds as potential EDCs, with high maternal exposures linked to alterations in thyroid, steroid, and fatty acid levels. Given the weight of evidence suggesting in utero PFAS exposures are associated with detrimental developmental outcomes and the biological persistence of these chemicals, there is increasing concern about their public health impact. While PFAS can reach the fetus, these chemicals can also accumulate in the placenta, where little is known about their potential toxicity.  The placenta must develop rapidly in advance of the fetus, which it supports. This steep trajectory could make its CTBs uniquely susceptible to environmental chemical exposures. However, the majority of toxicological studies have focused on metabolic roles of the placenta and much remains unknown about the impact of these chemicals on CTB fate and function. Recently, I used a mass spectrometry (MS) approach to analyze proteomic changes, at a global level, in unexposed 2nd trimester human CTBs. MS analyses revealed significantly altered expression of molecules implicated in pathways important for cellular migration, extracellular matrix disassembly, and artery development, reinforcing the applicability of these cells as a model for placentation. In a parallel study of CTBs exposed to polybrominated diphenyl ethers, a class of flame retardants with ED activity, I have observed proteomic alterations accompanied by functional changes in invasion suggesting that EDC exposures could disrupt proper CTB differentiation, with potential implications in pregnancy outcomes.  Having shown the utility of combining the CTB model with MS analysis to understand EDC effects on the human placenta, I now propose testing the hypothesis that PFAS exposure alters the proteome of 2nd trimester human placental cells, which in turn, impacts CTB differentiation along the invasive pathway. EDCs have multiple modes of action and elucidating PFAS' mechanisms will increase understanding of their specific toxicological consequences. In my preliminary studies, PFOA (perfluorooctanoic acid) significantly alters CTB invasion in a concentration-dependent manner. To further expand on these observations, I propose two Specific Aims. First, I will use a MS-based approach to investigate proteomic changes downstream of PFAS exposures in our lab's in vitro model of CTB invasion using both legacy (PFOA, PFNA) and emerging (GenX) PFAS. The results of the proposed proteomic analyses will identify exposure-related, differentially expressed proteins and determine the extent to which different forms of PFAS overlap or have distinct actions. Second, I will test the functional significance of the alterations by using genetic and/or pharmacologic approaches to modify, in the relevant direction, the expression of candidate molecules identified in Aim 1. The endpoints to be analyzed will be based on the affected pathways that are most closely linked to alterations in CTB phenotypes associated with pregnancy complications, such as invasion and metabolism. These experiments will produce new insights into the consequences of PFAS exposures in CTBs, revealing specific molecules and pathways, as well as functional targets.  The intended research project builds on my recent discovery that EDCs have significant effects on the CTB proteome. I propose extending these investigations to PFAS, another class of EDCs that are widely used in a range of consumer and industrial applications. Though these compounds are ubiquitously detected in human samples and widely in placenta, the health effects remain controversial and knowledge of their actions is incomplete, particularly during prenatal development. This study will be the first to examine global CTB responses to PFAS exposures at a proteomic level, producing novel insights into how these compounds may alter the course of placental development. As impaired CTB differentiation underlies many common pregnancy complications, the proposed experiments will provide a broader understanding of key molecular pathways that could be susceptible to EDCs, tipping the balance toward pathological alterations. This high-content, protein- level approach is designed as a powerful means of understanding human CTB responses to PFAS with the potential to develop placental biomarkers that could be used as screening tools to report these exposures during pregnancy. At the conclusion of my studies I will have defined the toxicological effects of PFAS in a human model of placentation and established modes of action in a proteomic framework, which can guide risk assessment efforts of related and emerging chemical alternatives.		K99		NIEHS - Direct

		Grant		2020		1 K01 ES031640-01		-		Elucidating the role of PPAR signaling in pancreatic organogenesis and juvenile metabolic syndrome		SAN DIEGO STATE UNIVERSITY		CA		SANT, KARILYN ELIZABETH		SCHUG, THADDEUS		$167,381		8469978		ES		PAR18-291		9951966		PROJECT SUMMARY/ ABSTRACT  1 Dr. Kari Sant is a tenure-track Assistant Professor of Environmental Health at San Diego State University.  2 Dr. Sant received her PhD in toxicology from the University of Michigan in 2014, and was a Postdoctoral Fellow  3 at the University of Massachusetts from 2015-18. As a developmental toxicologist, Dr. Sant’s public health goal  4 is to elucidate environmental, dietary, and genetic factors that may predispose children and adolescents to  5 metabolic dysfunction, and to identify mechanisms by which these aberrant pathologies can be mitigated or  6 prevented. This Transition to Independent Environmental Health Research (TIEHR) Career Award will provide  7 Dr. Sant the opportunity to increase training and experience to meet: 1) research development goals, including  8 improving grantsmanship and developing new spatiotemporal analyses to assess comprehensive metabolic 9 dysfunction in the zebrafish model, and 2) professional development goals, including honing science 10 communication, mentoring, and project management skills while expanding my professional network for future 11 collaborative research. Dr. Sant will be advised by Dr. Patrick Allard (primary mentor, UCLA), Dr. David Volz 12 (advisor, UC Riverside), and Dr. Eunha Hoh (advisor, SDSU) throughout this career development award. 13 The proposed research plan entitled “Elucidating the role of PPAR signaling in pancreatic organogenesis 14 and juvenile metabolic syndrome” explores how embryonic exposures to environmental modulators of the 15 peroxisome proliferator-activated receptor (PPAR) signaling pathway impact the structure and function of the 16 pancreas throughout embryonic, larval, and juvenile development in the zebrafish model. PPAR signaling is a 17 nutrient-sensing mechanism which regulates processes such as nutritient uptake and utilization, and more 18 specifically carbohydrate and lipid metabolism and storage. Environmental modulators of PPAR signaling, 19 including perfluorooctanesulfonic acid (PFOS) have been widely associated with metablic dysfunction, including 20 increased risk for diabetes, obesity, hypertension, and chronic kidney disease. Preliminary studies have shown 21 that embryonic PFOS exposures decrease pancreas size, and reduce the area of the Islet of Langerhaans, the 22 primary glucoregulatory cell cluster of the body. Here, we will examine the persistence of these morphologies 23 into the juvenile period, create a model for toxicant-induced disruption of nutrient uptake, and spatiotemporally 24 characterize pathophysiological measures of obesity and metabolic syndrome. Preliminary data suggests that 25 modulation of PPAR signaling during pancreatic organogenesis alters the structure of the developing pancreas, 26 and that juvenile zebrafish exposed to PFOS developmentally are more likely to exhibit hepatic steatosis and 27 increased adipogenesis. This project addresses NIEHS goals by: 1) providing a mechanism by which 28 developmental exposures to PPAR- activating compounds directly affects early nutrition, metabolism, and 29 organogenesis, and 2) identify the lasting pathologic and biochemical consequences of these exposures.		SPECIFIC AIMS  Metabolic syndrome is a growing global epidemic, characterized by phenotypes such as hypertension, obesity, dyslipidemia, and hyperglycemia [1]. Though the incidence of diabetes has stabilized in U.S. adults, hyperglycemia, overt diabetes, and obesity in children continues to rise [2, 3]. Despite increasing trends of weight and adiposity in childhood, there is a decreasing trend in birth weight and nearly 10% of all births in the United States are preterm [4, 5]. Scientists examining the developmental origins of metabolic syndrome have repeatedly found inverse associations between birth weight and obesity, diabetes, or heart disease later in life—yet the mechanisms by which these relationships manifest remain unclear. Thus, there is a clear need for mechanistic studies to elucidate the underlying mechanisms connecting these divergent responses with temporal disruptions in chemosensory function throughout the lifecourse. Peroxisome proliferator-activated receptor (PPAR) signaling is a nuclear receptor signaling mechanism that regulates metabolic processes such as lipid metabolism, adipogenesis, and gluconeogenesis. Disruption of PPAR signaling is therefore a likely mechanism by which metabolic syndrome may arise. Environmental PPAR activators, such as endocrine disrupting compounds, pose a potential risk for metabolic dysfunction, since exposures are often associated with decreased prenatal growth yet increased risk for obesity and diabetes later in life. The long term objective of this research is to understand how aberrant PPAR signaling differs between prenatal and postnatal environments, and how environmental factors could disrupt such signaling and lead to pediatric metabolic syndrome.  The pancreas is comprised of two tissues, which are both important regulators of metabolic processes. Exocrine pancreas tissue secretes digestive enzymes regulating the bioavailability of protein and lipids, while endocrine Islets of Langerhans, largely comprised of β-cells, control glucose homeostasis. Hyperglycemia, a hallmark of both Type I and Type II diabetes is propagated largely by aberrant pancreatic function, due to pathologies including insufficient endocrine cell populations and defective or excessive insulin production. However, this can be attenuated by pharmaceuticals that stimulate the PPAR signaling pathway. Both the endocrine and exocrine tissues form during early organogenesis, but endocrine function is initiated early due to the need for glycolysis to sustain rapid embryonic growth. Though PPAR signaling plays a large role in these processes, its contributions during embryonic, fetal, and early childhood development are poorly understood.  I recently identified several toxicants, including the environmentally ubiquitous PPAR activator perfluorooctanesulfonic acid (PFOS), that can disrupt pancreatic organogenesis and the expression of pancreas hormones and enzymes in the embryo [6-11]. However, the metabolic consequences of this deviant pancreas development as well as the biochemical and molecular mechanisms require further investigation. The zebrafish (Danio rerio) is an ideal model in which to conduct this study due to rapid development and conserved homology with human embryology, including pancreatic structure, embryonic nutrition, and adverse metabolic phenotypes. Here, I propose to use the zebrafish model to elucidate how PPAR signaling mediates pancreatic dysmorphogenesis, and how environmental PPAR activators such as PFOS can produce paradoxical metabolic responses during different life stages. Two specific aims will test the central hypothesis that exogenous PPAR activation during embryonic development alters pancreas organogenesis and increases susceptibility to juvenile metabolic dysfunction. Aim 1: Elucidate the roles of PPAR isoforms in PFOS-induced pancreas morphologies. The goal of Aim 1 is to understand 1) how PPAR isoforms (α,γ,δ) contribute to deviant pancreas phenotypes during development, and 2) whether these phenotypes can be rescued by the attenuation of aberrant PPAR signaling. I will recapitulate and rescue deviant pancreas morphologies in Tg(insulin-GFP) zebrafish embryos using isoform-specific PPAR agonists and antagonists. Deliverables: I will determine the contribution of PPAR isoforms to PFOS-induced islet anomalies, characterize the persistence of these anomalies, and identify how restoration of PPAR homeostasis can protect against these deviant morphologies. Aim 2: Characterize the relationships between PFOS-induced PPAR activation, embryonic nutrition,  and metabolic syndrome in juveniles. The goal of Aim 2 is to examine how PFOS activation of PPAR affects: 1) the kinetics of embryonic yolk utilization and growth, and 2) the onset of metabolic syndrome. I will biochemically quantify the concentrations and flux of macronutrients throughout the embryonic and juvenile periods. These endpoints will be assessed at key transitions of embryonic and larval development to probe specific events which may drive metabolic change. Exposures will be discretely challenged with PPAR agonists and antagonists used in Aim 1. I will then measure these endpoints throughout the embryonic, larval, and juvenile periods in order to diagnose onset of pediatric metabolic syndrome. Deliverables: I will quantify changes and temporally elucidate mechanisms of disruption in embryonic and juvenile metabolic function due to exogenous PPAR activation, and identify sensitive windows of development which may be predictive of metabolic syndrome later in life.		K01		NIEHS - Direct

		Grant		2020		1 R24 ES030894-01		-		Maintain and Enrich Resource Infrastructure for Project Viva: a pre-birth cohort with follow up into adolescence		HARVARD PILGRIM HEALTH CARE, INC.		MA		OKEN, EMILY 		GRAY, KIMBERLY A		$414,402		8469980		ES		ES18-009		9818791		Project Summary/Abstract This application is responsive to RFA-ES-18-009: Maintain and Enrich Resource Infrastructure for Existing Environmental Epidemiology Cohorts Project Viva is a Boston-area cohort of 2,128 mother-child pairs from whom we have collected information on numerous environmental exposures and health outcomes beginning in early pregnancy in 1999-2002. Our almost two decades of data thus traverse numerous sensitive periods of the lifecourse: from gestation though adolescence for index participants, and from pregnancy into the perimenopausal period for their mothers. Our rich database comprises detailed information on a wealth of environmental exposures including daily air pollution exposure estimates from satellites, local monitors, and geographic information systems; measures of built and natural environments; biomarkers of toxicants including per- and polyfluoroalkyl substances (PFAS) and metals; and maternal and child diet. Existing research-quality outcomes include measures of cardiometabolic health for both mothers and children (anthropometry, body composition, blood pressure, and biomarkers of glycemia, lipids, and adipokines); child cognition and behavior; child lung function and atopy; as well as genetic variants and epigenetic markers. The overall goals of the current proposal are to 1) bolster retention of Project Viva index participants through adolescence into the young adult transition, 2) build infrastructure for future science through development and implementation of remote data collection methods using modern technology, with a focus on environmental exposures, and 3) enhance our data management infrastructure to facilitate data sharing with the broader scientific community. These activities will complement our existing active grants supporting data collection and analysis, including participation in the NIH’s Environmental Influences on Child Health Outcomes (ECHO) Program. The wealth of data and biosamples already available in Project Viva provide a unique opportunity to continue to advance the research priorities of NIEHS, including examining the influence of early-life environmental exposures, alone and in combination with other exposures and genetics, on development of chronic disease. The proposed infrastructure activities will improve the availability of Project Viva data to the wider research community, while simultaneously supporting our efforts to maintain this valuable resource and position our cohort to examine novel scientific questions in the future. The enhanced infrastructure will also provide a scalable foundation to support ongoing enrichment of the Project Viva protocols and datasets.		SPECIFIC AIMS 1. This application is responsive to RFA-ES-16-004: Maintain and Enrich Resource Infrastructure for Existing Environmental Epidemiology Cohorts. Our proposal is based in Project Viva a Boston-area cohort of 2,128 mother-child pairs from whom we have collected information on numerous environmental exposures and health outcomes beginning in early pregnancy in 1999-2002. Our almost two decades of data thus traverse numerous sensitive periods of the lifecourse: from gestation though adolescence for index participants, and from pregnancy into the perimenopausal period for their mothers. Our rich database comprises detailed information on a wealth of environmental exposures including daily air pollution exposure estimates from satellites, local monitors, and geographic information systems; measures of built and natural environments; biomarkers of toxicants including per- and polyfluoroalkyl substances (PFAS) and metals; and maternal and child diet. Existing research-quality outcomes include measures of cardiometabolic health for both mothers and children (anthropometry, body composition, blood pressure, and biomarkers of glycemia, lipids, and adipokines); child cognition and behavior; child lung function and atopy; as well as genetic variants and epigenetic markers. The overall goals of the current proposal are to 1) bolster retention of Project Viva index participants through adolescence into the young adult transition, 2) build infrastructure for future science through development and implementation of remote data collection methods using modern technology, with a focus on environmental exposures, and 3) enhance our data management infrastructure to facilitate data sharing with the broader scientific community. These activities will complement our existing active (UG3 OD023286 R01 AI102960 and R01 HD034568) and recently completed (EPA RD83479801, R01 ES21447, R01 ES016314) grants. We propose the following three Specific Aims and related activities: Specific Aim 1: Retain our existing cohort by adapting our communication methods and obtaining reliable long-term contact information. Heretofore, we have primarily focused our retention efforts on mothers. As index participants transition to young adulthood and gain agency and independence, it becomes urgent to engage them directly to encourage their ongoing involvement in the cohort. Specifically, we plan to: 1.1 Complete our records of permanent e-mail addresses and cell phone numbers for all index participants. 1.2 Develop new methods of communicating with our participants based on feedback from recently conducted participant focus groups. Specific Aim 2: Build infrastructure for future science through implementation of remote data collection methods using modern technology, with a focus on environmental exposures. As part of this aim we will: 2.1 Develop, test, and implement a smartphone application to enable remote data collection on high resolution  participant location (GPS for future analysis of air pollution and other geographically-linked exposures and  time activity patterns), physical activity (accelerometry), and ecological momentary assessment (EMA) of  dietary behaviors, substance use, sleep patterns and mood, with the capability to introduce additional  assessments that align with future research questions. 2.2 Obtain contact information for index participants’ biological fathers, whom we have never previously  contacted, and collect environmental exposure and other data and a saliva sample for future DNA analysis. Specific Aim 3: Enhance our data management infrastructure to facilitate sharing of Project Viva data with the broader scientific community. To accomplish this aim we will: 3.1 Use search engine optimization techniques to increase discoverability of the Project Viva cohort and data  in internet searches. 3.2 Create and streamline data documentation, to be made available through a web-based research portal. 3.3 Design and build a web-based portal that will allow members of the scientific community to discover, query,  and obtain information about the Project Viva dataset. 3.4 Design and build a secure data warehouse to store all Project Viva data. The wealth of data and biosamples already available in Project Viva provide a unique opportunity to continue to advance the research priorities of NIEHS, including examining the influence of early-life environmental exposures, alone and in combination with other exposures and genetics, on development of chronic disease. The proposed infrastructure activities will improve the availability of Project Viva data to the wider research community, while simultaneously supporting our efforts to maintain this valuable resource and position our cohort to examine novel scientific questions in the future. The enhanced infrastructure will also provide a scalable foundation to support ongoing enrichment of the Project Viva protocols and datasets.		R24		NIEHS - Direct

		Grant		2020		1 R25 ES031498-01		-		Near-Peer Mentoring in Environmental Health:  Chemical Exposures and Disease Risk		UNIVERSITY OF MASSACHUSETTS AMHERST		MA		VANDENBERG, LAURA N		HUMBLE, MICHAEL C.		$107,907		8469980		ES		PAR19-197		9920522		Project Summary The overarching goal of this R25 application is to provide training to diverse high school and undergraduate students who will work with supportive faculty mentors to understand how environmental chemical exposures contribute to non-communicable diseases, and how hazard and/or exposure mitigation can improve health. Program faculty come from a diverse range of disciplines: toxicology, endocrinology, cell and molecular biology, veterinary and animal sciences, chemistry, epidemiology, chemical engineering, civil and environmental engineering, and science communication. We will focus on recruiting women and individuals from underrepresented groups to participate in this summer program, which includes three aims: 1) To involve high school age young women in introductory summer research experiences and recruit those with an interest in participating in research projects or science communication projects. By partnering with the local Girls Inc. organization, we will offer week-long introductory training programs for 9th grade girls from diverse but underserved communities in Western MA. With 24-26 girls participating every year, we will use this program to recruit 10th and 11th grade girls to participate in Aims 2 and 3. 2) To create a learning community focused on understanding how environmental chemical exposures contribute to non-communicable diseases and develop scientific strategies to create solutions to these challenging problems. High school and undergraduate students will work with UMass faculty to understand how environmental chemical exposures contribute to non-communicable diseases, and how hazards and/or exposures can be mitigated. Research will focus on one of these areas:  • molecular and cellular models of diseases relevant to environmental chemical exposures;  • characterizing chemical exposures and their association with human diseases;  • understanding the effects of environmental chemicals on conditions such as cancer and metabolic diseases;  • creating solutions for exposures to hazardous environmental chemicals including use of green chemistry  principles to avoid hazards entirely and pollution remediation when exposures cannot be avoided. 3) To train diverse participants in methods to communicate complex environmental health concepts in the context of our learning community and in broader communities. High school and undergraduate students will work to create science communication tools, aimed at educating a lay audience about one or more topic addressed in the laboratories in Aim 2. Communication tools could include static or animated infographics, informational videos, podcasts, or other social media tools.		Specific Aims Exposures to environmental chemicals can cause adverse effects in wildlife and humans1-3. Establishing the risks these chemicals pose to health, as well as potential strategies to mitigate or avoid exposures, requires interdisciplinary research, dialogue and collaboration involving epidemiologists, toxicologists, biologists, conservation scientists, exposure scientists, ecologists, and engineers4,5. Furthermore, such collaborative efforts should extend across generations and prepare to train – and learn from – young people invested in improving environmental and public health. There is a large body of research suggesting that groups perform better at problem-solving when they are comprised of diverse participants6,7. Yet, STEM fields including environmental health sciences continue to struggle to recruit diverse trainees. Efforts are needed to encourage women, underrepresented minorities, first generation and economically disadvantaged, LGBTQ, disabled, and veterans to work on scientific efforts that impact all aspects of society – from individuals to communities to the global scale. Continued input from these populations will help to ensure that solutions to the issue of chemical exposures that contribute to disease risk can be implemented in those communities that are most impacted. The overarching goal of this R25 application is to provide training to diverse high school and undergraduate students interested in understanding how environmental chemical exposures contribute to non-communicable diseases, and how hazard and/or exposure mitigation can improve health. We hypothesize that near-peer mentoring programs (matching high school students with undergraduates with similar interests), and traditional mentoring programs (matching each student with supportive program faculty), will encourage individuals from diverse backgrounds to pursue science education opportunities and research careers. Our prior experiences, working with high schoolers and undergraduates, provide strong evidence that these individuals can participate in research endeavors, and make significant, important contributions to hypothesis-driven studies. We propose to develop a summer research program to recruit individuals from underrepresented groups to pursue studies and training in research projects in environmental health sciences. Our proposal includes the following specific aims:  1) To involve high school age young women in introductory summer research experiences and  recruit those with an interest in participating in research projects or science communication  projects. We have developed week-long intensive research experiences through the UMass Eureka  program to provide hands-on exploratory opportunities to 9th grade girls from Holyoke, Chicopee and  Springfield, communities in Western MA where the majority of residents are racial and ethnic minorities.  We will use this research experience to recruit high school students from underrepresented groups to  work in laboratories (Aim 2) or participate in science communication projects (Aim 3).  2) To create a learning community focused on understanding how environmental chemical  exposures contribute to non-communicable diseases and develop scientific strategies to create  solutions to these challenging problems. High school and undergraduate students will work in  laboratories focused on one of five scientific topics relevant to environmental chemical exposures,  disease outcomes, the molecular basis of these diseases, and exposure/pollution avoidance and  remediation. In addition to hands-on research experience, participants will be provided with training in  responsible conduct of research, rigor and reproducibility, networking and professional development,  laboratory safety, scientific writing, and presentation skills.  3) To train diverse participants in methods to communicate complex environmental health  concepts in the context of our learning community and in broader communities. High school and  undergraduate students will work with professional communicators to develop scientific communication  skills and create infographics, informational videos, and other social media tools. The proposed work fits within the mission of NIEHS, advancing research on a range of environmental chemical exposures currently being studied at UMass (PFAS, phthalates, UV-filters, parabens, triclosan, DDT, imidacloprid, bisphenols) and the molecular basis of diseases including cancer, type 2 diabetes, cardiovascular disease, and autoimmune diseases, among others. Completion of this summer research program will allow us to (1) complement and enhance the training of a workforce to meet the nation's research needs in the study of environmental health sciences; (2) encourage individuals from diverse backgrounds, including those from groups underrepresented in the biomedical sciences, to pursue further studies or careers in research; and (3) foster a better understanding of biomedical research and the implications of this work in high school and undergraduate participants.		R25		NIEHS - Direct

		Grant		2020		1 R13 ES031830-01		-		Annual Retreat of the International Society for Childrens Health and the Environment		BROWN UNIVERSITY		RI		BRAUN, JOSEPH M		GRAY, KIMBERLY A		$8,000		8469980		ES		PA18-648		9992613		PROJECT SUMMARY/ABSTRACT: The International Society for Children’s Health and the Environment (ISCHE) is a non-profit, scientific society that aims to reduce the impact of adverse chemical, physical, biological and social influences on children’s health. We have previously held four successful meetings, two in the United States and two in Mexico, with participation from diverse stakeholders from around the world, including Brazil, Canada, China, Costa Rica, Japan, Mexico, Norway, South Korea, Spain, and Zimbabwe. The purpose of this conference is to continue to foster collaborations with researchers and advocates from diverse backgrounds that combine research and policy to protect children’s health, expand international participation by holding our first meeting in Europe, and support the next generation of children’s environmental health leaders by providing mentorship and training to young investigators. The fifth ISCHE meeting titled “Translation and Communication to Protect Children from Toxic Chemicals” will bring together researchers and advocates from around the world to present the latest research on topics with the most profound impacts on children’s health, including exposure to Per- and Polyfluoroalkyl Substances (PFAS), fluoride, translating results from intervention studies into real-world solutions, the exposome, and climate change. The small size and collaborative trans-disciplinary environment of the meeting will promote active discussion and provide organic opportunities to network and develop collaborations. In addition, the meeting will provide an occasion to build capacity and partnerships to effectively tackle the most pressing issues in children’s environmental health.		SPECIFIC AIMS Over the past three decades evidence has mounted that implicates toxic chemicals and pollutants as causal risk factors of disease and disability in children. However, the lack of coordinated activities among scientists, clinicians, advocates, policy makers, and the public at the international level hinders efforts to reduce the impact of these exposures. The International Society for Children’s Health and the Environment (ISCHE) serves as a hub and resource to protect children from environmental threats to their health, enabling them to reach their full potential and become healthy adults. Since 2014, ISCHE has sponsored innovative workshops and meetings to bring together diverse stakeholders in an effort to protect children from environmental health threats. To continue towards accomplishing this overarching goal, ISCHE proposes to build upon our record of holding innovative workshops and host the “Translation and Communication to Protect Children from Toxic Chemicals” retreat at Hardingasete Hotel in Tangavegen, Norway from June 2-5, 2020. The goal of this meeting is to draw together a broad community of researchers, clinicians, regulatory and advocacy professionals, and students who are committed to translating environmental health science to protect children’s health and expand international participation in ISCHE. The ISCHE meeting format fosters interdisciplinary relationships among children’s environmental health professionals from diverse backgrounds by holding short presentations followed by active group discussions. The small size of the meeting promotes development of one of ISCHE’s primary goals, to support mentorship and career development for students and young investigators. Specifically, this workshop will: Specific Aim 1: Foster the development of a network of scientists, clinicians, students, and regulatory and advocacy professionals to translate environmental health science to protect children from toxic chemicals. Specific Aim 2: Expand international participation in ISCHE and enhance collaborations with environmental health researchers and advocates from Europe. Specific Aim 3: Improve training and mentorship for early-career investigators in children’s environmental health. Specific Aim 4: Enhance retreat participant’s knowledge and efficacy of research translation. This retreat will positively impact health by translating scientific knowledge related to the effects of environmental pollutants on children’s health to a broad array of stakeholders who are committed to promoting and protecting children’s health. Moreover, this meeting will foster new interdisciplinary collaborations between international stakeholders and forge new or stronger ties between academics, policy makers, clinicians, and advocates. Finally, young investigators will benefit by immersing themselves in research and policy translation.		R13		NIEHS - Direct

		Grant		2020		1 R43 ES031443-01		-		Fiber adsorbent for remediation of multisolute contamination in drinking water.		CHEMICA TECHNOLOGIES, INC.		OR		TSUKAMOTO, TAKUJI 		HENRY, HEATHER F.		$159,012		8470016		ES		PA18-574		9910154		Project Summary The water treatment product developed in this SBIR program will give more people the opportunity to live healthier lives and will strengthen communities by increasing available potable water resources. The contamination of drinking water is an age-old problem which has been made worse in recent decades by man-made toxins (pharmaceuticals, plasticizers, pesticides, disinfectant by-products, etc.) entering drinking water reservoirs via wastewater, agricultural runoff, storm water, and polluted air and soil. Exposure to these toxins through drinking water is leading to chronic, complex diseases; the burden of which falls primarily on socioeconomically disadvantaged communities. Removal of these toxic compounds is imperative to protect health. Traditional adsorption technologies which are relatively straightforward and cost-effective do not have the structural sophistication to allow for the simultaneous removal of a broad spectrum of toxic organic chemicals. Other purification technologies (i.e. reverse osmosis membranes and hydroxyl radicals) have failed to provide a simple and cost-effective means for residential areas to remove the many different organic chemicals now found in drinking water supplies. What is missing from the $3B US residential treatment market is a simple and cost effective POU product for the simultaneous removal of toxic organic and inorganic contaminants. Through this SBIR project, Chemica aims to bring a timely new tool to the field of water treatment/purification that specifically targets difficult to remove contaminants in an easy-to-use and affordable manner. This will be achieved through applying Chemica’s proprietary surface modification techniques to a robust carbon fiber substrate. Chemica’s novel fiber is easily scalable and can be tailored to meet users’ specific needs. Through previous efforts Chemica has developed adsorbents to target either organic toxins or inorganic toxins. The goal for this SBIR program is to develop an adsorbent capable of simultaneous adsorption of BOTH organic and inorganic toxins in a highly efficient mechanism, which will be achieved through the following Specific Aims: 1. Ionic Liquid Assisted Preparation of Functionalized Fiber; 2. Characterization of Toxic Organic and Inorganic Chemical Removal by ACFs. Key words: drinking water, emerging contaminants, toxicity, adsorbent, carbon fiber, pharmaceuticals, plasticizers, pesticides, disinfectant by-products, heavy metals, lead, coordination chemistry, organic chemistry, VOC, arsenic, remediation, ionic liquids		SPECIFIC AIMS Introduction. Chemica Technologies is a technology development company specializing in material science solutions that protect human health and help sustain our environment. Through innovative surface and material chemistry we are creating better solutions to the problem of difficult-to-remove contaminants in drinking water. Through this SBIR project, we attempt to produce a water purification material that simultaneously removes both organic and inorganic toxins from drinking water, which will dramatically expand the range and efficiency of contaminant removal compared to alternative solutions. Significance. “Providing clean water to the world’s ever increasing population becomes ever more challenging as clean water sources become depleted and threatened by human wastes, pesticides and industrial pollution. While earth is a water rich planet, what is in short supply is clean water that people can afford to buy” (Techconnectworld.com, 2014). The UN predicts that by 2025, 2/3 of the world’s population will face moderate or severe water shortages. Thus, effective remediation technologies are urgently needed. Although several water remediation methods are available for a large-scale target, adsorption is known to be one of the most effective methods with simplicity for removing chemicals, especially, organic chemicals. Traditional adsorbents such as granular carbon is useful for as the first stage of the remediation, but, it seems to lack the structural sophistication to simultaneously remove the broad spectrum of organic chemicals which now have been increasingly found in drinking water supplies. Preliminary work by Chemica shows 5-30 times faster removal of 20 complex organic chemicals with varying physico-chemical properties from test water using a prototype material (Tsukamoto and Gatlin, 2018). The Product. Our novel adsorbent is developed through the combination of a specialized, high surface area substrate and proprietary surface chemistry. By improving the efficiency of contaminant removal and regeneration our product will be cost competitive, and eventually decrease the cost as production increases with improving the quality of drinking water., Our target customers are existing providers of water filtration technology with a strong presence in the global drinking water treatment market. Two of which have expressed their keen interest in licensing our IP once our specific aims have been demonstrated, as detailed in the attached letters of support. These companies have the resources necessary to bring this product to market. Long Term Goal. Based on the successful preliminary studies, we aim to produce a prototype modular cartridge containing a robust adsorbent with 5x faster adsorption rates over existing adsorbents for BOTH organic and inorganic solutes and lower lifecycle costs compared to alternative water purification technologies. Phase I Hypothesis. Utilizing ionic liquids in the synthesis of functionalized carbon fiber adsorbents will:  a) result in increased density of inorganic ligand incorporation, b) reduce the time required to prepare the functionalized adsorbent and c) improve the simultaneous adsorption of organic and inorganic contaminants. We will target contaminants of stated concern to NIEHS, including arsenic, PFAS, pesticides, and EDCs. Specific Aim 1. Ionic Liquid Assisted Preparation of Functionalized Fiber. We will apply ionic liquid chemistry to effectively functionalize ACFs and perform physico-chemical characterization of the ACFs. Specific Aim 2: Characterization of Toxic Organic and Inorganic Chemical Removal by ACFs. We will compare the adsorption kinetics and isothermal adsorption of prepared ACFs with selected organic and inorganic chemicals. We will also calculate the cost comparison to prepare the ACFs in large-scale by the differing methods. Phase I will result in an adsorbent which will exceed existing adsorbents in efficiency of simultaneous adsorption of both organic and inorganic toxins. The data produced in Phase I will be used to develop a structure/activity matrix that relates classes of compounds to different functional groups. In Phase II, modular products containing the adsorbent developed in Phase I will be designed to maximize cost and efficacy. Expected Outcomes. These aims are designed to provide customers with evidence that our material will meet or exceed their requirements for manufacturability. Commercial Application Our commercialization strategy for this product is to license to a company with a strong presence in the global water market, which has been estimated to be greater than $500 billion. Companies in this market with whom we have initiated licensing discussions include Teijin Limited, Asahi Kasei, and Nomura Micro.		R43		NIEHS - Direct

		Grant		2020		5 R44 ES029401-03		-		Remediation of Perfluorinated Chemicals in Water Using Novel High-Affinity Polymer Adsorbents		CYCLOPURE, INC.		CA		VITAKU, EDON 		HENRY, HEATHER F.		$574,714		8470016		ES		PA18-574		10005431		Abstract The pervasive contamination of drinking water resources by toxic per- and polyfluorinated alkyl substances (PFASs), such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), has emerged as a major health crisis affecting millions of people across the U.S. Given the environmental persistence of these contaminants and their established linkage to serious health risks, it is imperative that safe, efficient, and cost- effective PFAS remediation technologies be developed that can eliminate these contaminants from the U.S. water supplies. While PFOA and PFOS have been the two of the most widely studied PFASs, twelve other PFASs have also been measured in the blood serum of Americans over the age of twelve. Currently, the U.S. Environmental Protection Agency has a non-enforceable Lifetime Health Advisory guideline of 70 parts per trillion (ppt), which applies only to the combination of PFOA and PFOS. However, faced with growing pressure to address PFAS contamination, numerous States have acted to address the PFAS crisis, proposing limits as low as 10 ppt of individual PFASs and for a broader class of PFASs. Although different technologies have been explored for remediation of PFAS-contaminated water, adsorption-based methods using activated carbon or ion- exchange resins remain the most widely used approach. These adsorbents also have well-demonstrated shortcomings such as significant fouling by natural organic matter and/or other water matrix constituents and energy-intensive or difficult regeneration process that limits their reusability and lifetime. CycloPure is developing a novel class of cyclodextrin-based polymer adsorbents with high affinity for PFASs in order to address the urgent need for a highly-scalable, cost-effective method to eliminate PFASs from drinking water supplies. During the Phase I period, a promising approach was identified for the development of cyclodextrin polymers (branded as DEXSORB+) effective against a broad range of PFASs, that combines both electrostatic and hydrophobic interactions in a uniquely designed structure. In this Phase II application, we will continue our efforts to develop and optimize DEXSORB+ polymers with fast uptake kinetics and high adsorption capacities for PFASs and investigate and understand groundwater matrix effects systematically on PFAS adsorption performance and the ability to regenerate the adsorbent. We will also dedicate efforts to develop strategies for particle size control and then perform small-scale column testing in order to simulate a full-scale treatment process. These activities will provide us guidance on the operational conditions prior to moving onto pilot-scale studies.		Specific Aims The overall objective of this SBIR project is to develop a highly effective and commercially viable adsorbent for the removal of per- and polyfluorinated alkyl substances (PFASs) from drinking water resources. In addition to perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), we will focus on the remediation of other emerging PFASs including but not limited to GenX and short-chain compounds that are more difficult to remove. During Phase I, we have established the technical feasibility of a β-cyclodextrin (β-CD) based polymer adsorbent that can effectively remove a broad range of PFASs. We successfully demonstrated highly effective removal of 12 PFASs simultaneously (>90% of each PFAS in 30 min) through the introduction of positive charges onto the backbone of β-CD polymer crosslinked by tetrafluoroterephthalonitrile (TFN) monomer, referred to as TFN- CDP+. This new polymer has a significantly improved affinity towards PFASs compared to its unmodified analogue (TFN-CDP). Furthermore, we showed that β-CD polymers crosslinked by diisocyanates are effective in the removal of PFASs, albeit requiring longer contact times. Given the simplicity of this polymerization chemistry and cost benefits of commercially available diisocyanates such as toluene-2,4-diisocyanate (TDI) and 4,4’-methylene diphenyl diisocyanate (MDI), we envision that the removal performance and affinity improvement can be achieved through the introduction of positive charges into these polymers.  In this Phase II project, we will continue our R&D efforts to fully (1) identify the critical parameters in the preparation of positively charged β-CD polymers for optimal performance and commercially viability and (2) understand their adsorption properties for the removal of PFASs from groundwater. We will evaluate the removal performance of these polymers in the presence of environmentally relevant co-contaminants such as natural organic matter (NOM) and inorganic salts and benchmark against commercially available adsorbents including granular activated carbon (GAC) and ion-exchange (IX) resins. Finally, small-scale column experiments will be performed to simulate a large-scale treatment prior to moving to pilot-scale studies in the next phase. Specific Aim 1: Develop and optimize a positively charged β-CD polymer Based on the promising PFAS removal performance of TFN-CDP+ studied in Phase I, we will continue exploring the positively charged β-CD polymers for optimal PFAS adsorption characteristics and scale-up parameters. Our focus will be placed on three particular crosslinkers: TFN, TDI, and MDI. β-CD polymers crosslinked by each these monomers in the presence of choline chloride (CC, a quaternary ammonium salt) will be prepared. Reaction conditions that enable the efficient incorporation of CC in high yields will be explored. The resulting polymers will be characterized structurally and subjected to PFAS adsorption experiments to determine uptake kinetics and capacity. Milestones: (1) Develop and optimize a procedure for a positively charged β-CD polymer. (2) Optimize the formulation for fast removal kinetics and high uptake capacity. (3) Perform preliminary PFAS adsorption experiments using a mixture of 16 PFASs in nanopure water. Specific Aim 2: Study matrix effects on PFAS adsorption and determine regeneration conditions We will next look into potential groundwater matrix effects on PFAS adsorption and selectivity by systematically adding matrix components into nanopure water. Specific components will include NOM, pH, and inorganic cations and anions. The uptake kinetics and capacities under relevant PFAS concentrations will be studied and compared in the presence and absence of matrix constituents using a batch adsorption setup. This systematic investigation will allow us to identify the effects of individual matrix components on PFAS adsorption. Side-by- side comparisons with GAC and IX resins will be performed. We will also determine an efficient and practical method for the regeneration of adsorbent and recovery of PFASs. Milestones: (1) Determine the effects of potential groundwater matrix constituents on the adsorption performance of positively charged β-CD polymer(s) and benchmark against commercially used media such as GAC and IX resin. (2) Develop a regeneration method for the desorption of PFASs with high recovery rates and assess adsorbent reusability. Specific Aim 3: Identify particle size control strategies and perform small-scale column experiments Our efforts during this final aim will focus on developing strategies for the granulation of the selected β-CD polymer in order to obtain appropriate particle sizes (0.2-1 mm) for column testing. We will design and perform rapid small-scale column tests that can be used to predict performance in a full-scale application. These column experiments will be performed using a PFAS-impacted groundwater samples and will provide breakthrough curves for all PFASs present in the sample. Milestones: (1) Identify a particle size control strategy to obtain granules in the range of 0.2-1 mm. (2) Perform rapid small-scale column tests that simulate a full-scale treatment process, determine PFAS removal performance and treatment capacity, and benchmark against GAC and IX resins.  Upon successful completion of these objectives, we will seek to evaluate the performance of our adsorbent media in a pilot-scale testing and will aim to commercialize it during Phase III.		R44		NIEHS - Direct

		Grant		2020		1 R41 ES031483-01A1		-		Detection of perfuorooctanoic acid (PFOA) and perfluorooctane sulfonate(PFOS) in liquid samples.		SEACOAST SCIENCE, INC.		CA		PATEL, SANJAY V		HENRY, HEATHER F.		$150,000		8470018		ES		PA19-272		10010066		Perfluoroalkyl substances (PFAS) such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate) are toxic and persistent compounds resulting from the production and use of fluoropolymers such as Gortex® and Teflon ®. The structure of PFAS preclude environmental degradation and can lead to bioaccumulation in animals and humans. Reported adverse effects of these compounds in humans include: increase in serum cholesterol; elevated risk of prostate cancer; decreased sperm count; and increased risk of preeclampsia. This proposal describes the synthesis of fluorinated molecularly imprinted polymers (FMIPs) as materials that not only specifically bind the target analytes but also by the design of the material surface limit non-specific binding. The FMIPs will be composed of a novel fluorinated crosslinking monomer with 2 different functionalized co-monomers. The proposed device will use these materials deposited on a proprietary sensor platform developed at Seacoast Science. During the Phase I work, the concept will be validated against a representative PFOA and PFOS in in water. To accomplish the Phase I proof of concept work, the following tasks are proposed: synthesis and characterization of novel fluorinated crosslinking monomer, synthesis and and characterization of FMIP nanoparticles; initial screening/down selection of MIP nanoparticles using a gravimetric sensor platform; and coating and testing optimum MIP nanoparticles on the proprietary sensor platform. This tool will allow the real-time monitoring of PFOA/PFOS in fluids. Early adopters of the technology will be government agencies tasked with environmental monitoring. After this initial use, field testing, and production optimization, other more risk averse agencies such as water districts may be convinced to purchase the technology for point detection. The final market is the industrial sources of other perfluoroalkyl substances (PFAS). The modular nature of the FMIP synthesis allows for a facile change in the imprinting analyte: the use of systems and methods developed during this project will allow for rapid optimization of the sensor to a novel PFAS (i. e. F53-B, ADONA, FOSA, E1, 5:3 FTSA). Finally, once the sensor has been on the market for a sufficient time, it may be adapted for the detection of PFAS in more complex matrices like biological fluids. This tool will allow wide spread epidemiological studies looking at PFA exposure levels for large populations.		Objective: Develop a sensitive, selective, robust, real-time sensor for the detection perfluorinated acids and sulfonates in aqueous environments Scientific rationale: Seacoast Science, Inc. and Professor Stephen T. Hobson (Liberty University) propose a sensor for the detection of perfluoroalkyl substances (PFAS) based on molecularly imprinted polymers (MIPs) derived from novel fluorinated functional monomers (FMIPs). These novel materials will impart inherent selectivity towards the target compounds and will reduce the likelihood of biofouling during extended deployment. The proposed detection system will combine the proposed selectivity of the molecular imprinted polymer with a proprietary wide-area resistive sensor platform developed at Seacoast Science. Technical rationale: The proposed selectivity and surface properties of the FMIP nanoparticles synthesized by Hobson combined with the low-cost, low-power, high sensitivity platform developed by Seacoast should result in device performance uniquely suited for extended deployment in aquatic environments. By combining the perfluorinated MIPs with conductive particles, nanocomposites will be prepared. The conductive pathways in these materials will be perturbed by the specific binding of the target PFAs will result in a change in the measured resistance. Specific Aim 1: Design, Synthesize, characterize, and coat new perfluorinated monomers and MIP composites Milestone 1 (end month 3): Novel perfluoro MIP monomer and crosslinker synthesized and characterized.  Metric: Delivery of analytical data from Liberty University to Seacoast Science Milestone 2 (end month 5): Polymers synthesized: 3 MIPs for PFOA; 3 MIPs for PFOS; 3 non-imprinted polymers (NIPs). All MIPs and NIPs characterized for binding capacity  Metrics: 1. Delivery of at least 50 mg of 3-MIPs (PFOA), 3 MIPs (PFOS), and 3 NIPs to Seacoast.  2. Analysis of binding data and delivery of all analytical data to Seacoast Milestone 3 (end month 7): 9 new MIP-composites formulated and coated on Seacoast Science sensor  Metrics: 1. Formulation of 6 new MIP-composite blends, 3 NIP-composite blends  2. Coating of blends onto sensors: quartz crystal microbalance (QCM) and chemresistor. Specific Aim 2: Characterize MIP-based PFOA and PFOS sensor Milestone 4 (end month 8): Initial characterization/ranking of PFOA/PFOS MIP sensor properties (QCM)  Metric: 1. Report sensor response to targeted PFAs  2. Report sensor response to changes in ionic strength, pH, and interfering compounds  3. Report sensor response to increasing concentrations of target PFA (binding isotherm)  4. Develop/validate PFOA/PFOS GC-MS method Milestone 5 (end month 11): Measure the response of MIP sensors in deionized water  Metric: 1. Repeat experiments performed with QCM sensor  2. Develop structure property relationship in the sensor response  3. Determine correlation between QCM and sensor response Milestone 6 (end month 12): Submit Final Report/draft peer-reviewed publication  Metric: 1. Complete data analysis throughout the project  2. Prepare and submit final report on preliminary results  3. Draft peer-reviewed publication Expected outcomes: a. Laboratory prototype for a new product: A small, low-power sensor prototype for the detection of PFOA and PFOS. b. Proof of principle: Sufficient data to allow the future advanced prototyping, field testing, initial user testing, and sales of a commercially sensor. Potential impact of the research: This low-power, high sensitivity device will allow the pervasive environmental monitoring of PFAS: possible application include sites proximate to manufacturing facilities and water treatment facilities. Upon optimization, the omniphobic nature of surface may allow the detection of PFOA and PFOS in biological fluids (blood, urine) allowing minimally invasive epidemiological studies.		R41		NIEHS - Direct

		Grant		2020		5 R44 ES028649-03		-		Combined In-Situ / Ex-Situ Remediation of PFAS at Hazardous Waste Sites		ENCHEM ENGINEERING, INC.		MA		BALL, RAYMOND G		HENRY, HEATHER F.		$508,155		8471295		ES		PA18-574		10019363		Poly- and perfluoroalkyl substances (PFAS) in soil and groundwater are currently remediated by extracting the contaminated groundwater for ex-situ treatment via adsorption onto granular activated carbon (GAC) or other sorbents which only transfers contaminants to another media that still needs to be treated. This is a very long- term and expensive process because 1) it takes decades for the sorbed PFAS on soil to be extracted via groundwater pump and treat (P&T), and 2) the carbon must be changed frequently and 3) treatment (by high temperature regeneration or incineration) is costly. Recently, Higgins (Higgins, Chris, 2016 “Treatment and Mitigation Strategies for Poly and Perfluoroalkyl Substances”, Report #4322, Water Research Foundation, Denver, CO) showed that low molecular weight PFAS breakthrough GAC faster than other compounds. In addition, P&T technology may never achieve EPA Health Advisory concentrations in the aquifer. PFAS are fluorinated anthropogenic pollutants that the USEPA and global health organizations have identified as toxic, persistent, bioaccumulative and highly recalcitrant, being resistant to hydrolysis, photolysis, and biodegradation. PFAS were used in many products, including aqueous film-forming foams to combat chemical fires at military and civilian fire training areas where they are a common source of PFAS to the environment. They have been identified in surface waters and they persist in groundwater years after use, contaminating and threatening drinking water supplies. As of 2014, the U.S. Department of Defense alone has identified 664 fire/crash/training sites alone that potentially have PFAS contamination. Thus, there is a critical need for a more cost-effective and in-situ remediation approach for remediating PFAS contaminated sites that will only increase in the coming years. Our team will further develop and demonstrate an innovative combined in-situ/ex-situ technology to cost-effectively expedite treatment of PFAS at Superfund sites. The proposed proprietary treatment train combines 1) a non-toxic cyclic sugar (CS) to flush sorbed PFAS from the in-situ soil, 2) extraction of the CS- PFAS complex with groundwater and treatment in a high efficiency 99+% removal to 70 ppt (parts-per-trillion) ex-situ reactor that removes the PFAS from the extracted groundwater using a process to enhance foam formation that separates and concentrates the PFAS into a separate reactor where it is destroyed in the concentrate to 70 ppt total PFAS. The treated water with a low concentration of CS amendment is re-injected into the subsurface for continued aquifer flushing. In Phase I, it was shown that: 1) PFAS can be effectively flushed from highly PFAS contaminated soils with a relatively small flushing volume, and 2) the PFAS can be effectively separated from the extracted groundwater and destroyed in the concentrate. Bench scale tests will be used to evaluate those parameters needed to optimize site-specific PFAS desorption from soil, separation of the extracted CS-PFAS complex, and ultimate destruction of the PFAS concentrate in the ex-situ reactor. A site-specific field pilot test to demonstrate PFAS treatment by the process will be performed in Phase II. 1		Aims/Objectives 1: Site Selection and Characterization 2: Site –Specific Soil and Groundwater Bench Scale Testing 3: Construction of a Pilot Scale Treatment System for Mobilization to the Test Site 4: Field Pilot Scale Demonstration of Combined XCT® Process and Design Confirmation SPECIFIC AIMS The specific aims for this Phase II pilot-scale field demonstration include: Specific Aim #1: Site Selection and Characterization  • Perform any necessary Site characterization of hydrogeology, PFAS and co-  contaminants concentrations in soil and groundwater for the demonstration test area to  supplement any existing characterization,  • Select a test Site having the desired subsurface conditions of hydraulic conductivity,  depth to groundwater, geology, and PFAS contaminant distribution Specific Aim #2: Site –Specific Soil and Groundwater Bench Scale Testing  • Perform bench-scale testing on the site-specific PFAS contaminated soil and  groundwater to evaluate required CD concentration for PFAS desorption and flushing  from soil, airflow rate and CD concentration for foam production and removal of the  CD-PFAS complex from the water to be treated, oxidant doses for CD and PFAS  destruction in the separated foam to be used in the pilot test. Specific Aim #3 Construction of a Pilot Scale Treatment System for Mobilization to the Test Site  • A pilot-scale treatment system will be constructed in a cargo container with capability to  inject the CD and extract it in a push-pull mode, treat the water using a two stage foam  fractionation process to produce a PFAS concentrate from the foam, and destruction  step using oxidation of the PFAS concentrate. Specific Aim #4: Field Pilot Scale Demonstration of Combined XCT® Process and Design Confirmation  • Perform pilot field demonstration test of the combined in-situ/ex-situ XCT/OxyZone®  process for PFAS recovery from subsurface soils and groundwater with ex-situ PFAS  destruction at one or two test locations on the Site and quantify the performance and  scale-up costs. At the completion of this Phase II project, we anticipate that PFAS removal will meet current USEPA UCMR contaminant levels in water of 70 ppt. If successful, this will be the first combined in-situ/ex-situ treatment system of its kind capable of removing a broad range of PFAS to a low concentration in the aquifer. The Scope of Work below includes all work necessary to complete the demonstration of this PFAS remediation project. Major milestones include final site selection (proposed: Barnstable County Fire Training Area, Hyannis, Massachusetts), submittal of the project work plan, completion of bench scale testing, field characterization, completion of pilot test field event, post-treatment data collection and analysis, and final report submittal.		R44		Superfund

		Contract		2020		 N01 ES000000-		-		Poly- and perfluorinated substances (PFAS)		RESEARCH TRIANGLE INSTITUTE		-		FERNANDO, RESHAN 		GODFREY, VERONICA		$429,744		-		-		-		10116217		The goal of this project is to provide support of National Toxicology Program (NTP) hazard identification activities targeted toward the prevention of diseases or adverse effects caused by environmental exposure to chemical or physical agents. Toxicity testing is an important aspect of public health research in that it serves to identify chemicals that are hazardous to human health. Proper chemical analyses are required to ensure that, in toxicity studies, the test species are exposed to the prescribed chemicals at the specified dose concentrations. This contract contributes to the ability of toxicity studies to provide evidence of heightened cancer risk along with other toxicological outcomes, by providing characterization of the chemicals studied, confirmation of the dose levels administered, and internal dose determinations. This information is critical to evaluation of toxicity tests and development of sound, scientific conclusions about the potential toxicity of the study chemical in the test species and ultimately supports the risk assessment efforts of National Toxicology Program and other federal agencies. With internal dose information provided by this contract, extrapolations to humans can be made so that the public can be adequately informed about risk factors arising from exposure to studied chemicals.		This contract provides chemistry services in support of NTP studies and research objectives tailored to the individual needs of specific NTP projects. Chemistry services are provided by the contract on a per-chemical basis to provide key pieces of information at each step of the NTP toxicological evaluation process across multiple studies that make up different NTP programs. During FY19, several tasks were begun, performed, and/or completed to support of NTP programs and initiatives.  Per- and polyfluorinated substances (PFAS) are common environmental contaminants which have received significant attention in the recent years. The contractor provided chemical procurement, characterization, and formulation of 2 compounds (10:2 fluorotelomer alcohol and  perfluorohexane sulfonamide) in support of toxicology studies. In addition, methods to quantitate the concentration of these compounds in plasma collected from animals following exposure was developed.  Another project relevant to these class of compounds was the work on aqueous film foaming foams (AFFFs). The contractor procured up to 5 formulations, characterized the PFAS compounds in AFFF formulations (e.g., 6:2-fluorotelomer sulfonate, 6:2-FTS). In addition, the contractor formulated the material to be administered in animals in support of a 14-d toxicology study.		N01

		Contract		2020		 N01 ES000000-		-		Chemistry Services Supporting Per- and Polyfluoroalkyl Substances (PFAS)		MIDWEST RESEARCH INSTITUTE		-		AILLON, KRISTIN 		COLLINS, BRAD		$312,428		-		-		-		10129858		The goal of this project is to provide support of National Toxicology Program (NTP) hazard identification activities targeted toward the prevention of diseases or adverse effects caused by environmental exposure to chemical or physical agents. Toxicity testing is an important aspect of public health research in that it serves to identify chemicals that are hazardous to human health. Proper chemical analyses are required to ensure that, in toxicity studies, the test species are exposed to the prescribed chemicals at the specified dose concentrations. This contract contributes to the ability of toxicity studies to provide evidence of heightened cancer risk along with other toxicological outcomes, by providing characterization of the chemicals studied, confirmation of the dose levels administered, and internal dose determinations. This information is critical to evaluation of toxicity tests and development of sound, scientific conclusions about the potential toxicity of the study chemical in the test species and ultimately supports the risk assessment efforts of National Toxicology Program and other federal agencies. With internal dose information provided by this contract, extrapolations to humans can be made so that the public can be adequately informed about risk factors arising from exposure to studied chemicals.		This contract provides chemistry services in support of NTP studies and research objectives tailored to the individual needs of specific NTP projects. Chemistry services are provided by the contract on a per-chemical basis to provide key pieces of information at each step of the NTP toxicological evaluation process across multiple studies that make up different NTP programs. During FY20, several tasks were begun, performed, and/or completed to support planned NTP studies and collaborations involving per- and polyfluoroalkyl substances (PFAS). In support of 5-day studies of two PFAS compounds, 2,3-benzofluorene and 6:1 fluorotelomer alcohol (6:1 FTOH), formulations were prepared in corn oil; methods were developed and qualified to analyze the formulations, and they were then shipped to Battelle Memorial Institute to conduct the studies. Prior to the study, both compounds were analyzed for identity and purity and the amounts of PFOA and PFOS present in the 6:1 fluorotelomer alcohol were determined. Liquid chromatography tandem mass spectrometry (LC/MS/MS) methods were developed and qualified to analyze plasma samples received from the 5-day studies of 6:1 FTOH and 2,3-benzofluorene; analyses are complete, and results are being reported. As part of an interagency agreement with the US EPA, ~35 PFAS compounds were sourced and procured. A fluorine-19 quantitative nuclear magnetic resonance (F-19 qNMR) method, adapted from a proton qNMR method developed for analysis of chemicals from the NTP SEAZIT initiative, is being qualified for the analysis of these PFAS compounds and will be used to complete the analysis of  ~150 PFAS compounds that was begun during FY19.		N01

		Intramural		2020		1 ZIC ES102485-13		-		Fluorescence Microscopy		-		-		TUCKER, CHARLES 		-		$1,921,892		-		-		-		10248913		In meeting the goals and objectives of FMIC, the center continues to:     -Service and maintain state-of-the-art equipment for unlimited access by intramural scientists.    -Provide investigator training in the use and analysis of fluorescence and optical-based techniques.    -Develop and optimize experimental protocols in collaboration with intramural scientists.    -Maintain and develop state-of-the-art analysis tools and protocols in collaboration with investigators    -Monitor and incorporate emerging fluorescence and optical technologies that will support the mission of NIEHS into FMIC.  During this fiscal year, FMIC has collaborated and supported 46 Principle Investigators from 8 branches/laboratories within the NIEHS DIR.  Some publications from this FY resulting from work in the center is listed in the bibliography below:  Bibliography  Snyder RJ, Verhein KC, Vellers HL, Burkholder AB, Garantziotis S, Kleeberger SR.  Multi-walled carbon nanotubes upregulate mitochondrial gene expression and trigger mitochondrial dysfunction in primary human bronchial epithelial cells. Nanotoxicology. 2019 Dec;13(10):1344-1361.   Lin WC, Gowdy KM, Madenspacher JH, Zemans RL, Yamamoto K, Lyons-Cohen M, Nakano H, Janardhan K, Williams CJ, Cook DN, Mizgerd JP, Fessler MB. Epithelial membrane protein 2 governs transepithelial migration of neutrophils into the airspace. J Clin Invest. 2020 Jan 2;130(1):157-170.  Sinha BK, Perera L, Cannon RE. Reversal of drug resistance by JS-K and nitric oxide in ABCB1- and ABCG2-expressing multi-drug resistant human tumor cells. Biomed Pharmacother. 2019 Dec.  Shizu R, Yokobori K, Perera L, Pedersen L, Negishi M. Ligand induced dissociation of the AR homodimer precedes AR monomer translocation to the nucleus. Sci Rep. 2019 Nov 13.  Janoshazi AK, Horton JK, Zhao ML, Prasad R, Scappini EL, Tucker CJ, Wilson SH. Shining light on the response to repair intermediates in DNA of living cells. DNA Repair (Amst). 2020 Jan.  Tu D, Gao Y, Yang R, Guan T, Hong JS, Gao HM. The pentose phosphate pathway regulates chronic neuroinflammation and dopaminergic neurodegeneration. J Neuroinflammation. 2019 Dec 5.  Sil P, Suwanpradid J, Muse G, Gruzdev A, Liu L, Corcoran DL, Willson CJ, Janardhan K, Grimm S, Myers P, Degraff LM, MacLeod AS, Martinez J. Noncanonical autophagy in dermal dendritic cells mediates immunosuppressive effects of UV exposure. J Allergy Clin Immunol. 2020 May.  Gao Y, Tu D, Yang R, Chu CH, Hong JS, Gao HM. Through Reducing ROS Production, IL-10 Suppresses Caspase-1-Dependent IL-1 Maturation, thereby Preventing Chronic Neuroinflammation and Neurodegeneration. Int J Mol Sci. 2020 Jan.  Jiang Z, Lai Y, Beaver JM, Tsegay PS, Zhao ML, Horton JK, Zamora M, Rein HL, Miralles F, Shaver M, Hutcheson JD, Agoulnik I, Wilson SH, Liu Y. Oxidative DNA Damage Modulates DNA Methylation Pattern in Human Breast Cancer 1 (BRCA1) Gene via the Crosstalk between DNA Polymerase  and a de novo DNA Methyltransferase. Cells. 2020 Jan.  Diaz-Jimenez D, Petrillo MG, Busada JT, Hermoso MA, Cidlowski JA. Glucocorticoids mobilize macrophages by transcriptionally up-regulating the exopeptidase DPP4. J  Biol Chem. 2020 Mar 6;295(10):3213-3227.  Tillage RP, Sciolino NR, Plummer NW, Lustberg D, Liles LC, Hsiang M, Powell JM, Smith KG, Jensen P, Weinshenker D. Elimination of galanin synthesis in noradrenergic neurons reduces galanin in select brain areas and promotes active coping behaviors. Brain Struct Funct. 2020 Mar;225(2):785-803.  Zhao Z, Wang Y, Zhou R, Li Y, Gao Y, Tu D, Wilson B, Song S, Feng J, Hong JS, Yakel JL. A novel role of NLRP3-generated IL-1 in the acute-chronic transition of peripheral lipopolysaccharide-elicited neuroinflammation: implications for sepsis-associated neurodegeneration. J Neuroinflammation. 2020 Feb.  Brown LY, Alexander GM, Cushman J, Dudek SM. Hippocampal CA2 Organizes CA1 Slow and Fast  Oscillations during Novel Social and Object Interaction. eNeuro. 2020  Apr 14.  Romeo C, Chen SH, Goulding E, Van Gorder L, Schwartz M, Walker M, Scott G, Scappini E, Ray M, Martin NP. AAV diffuses across zona pellucida for effortless gene delivery to fertilized eggs. Biochem Biophys Res Commun. 2020 May 21.  Nadalutti CA, Stefanick DF, Zhao ML, Horton JK, Prasad R, Brooks AM, Griffith JD, Wilson SH. Mitochondrial dysfunction and DNA damage accompany enhanced levels of formaldehyde in cultured primary human fibroblasts. Scientific Reports. 2020 Mar 27.  Cannon RE, Richards AC, Trexler AW, Juberg CT, Sinha B, Knudsen GA, Birnbaum LS.  Effect of GenX on P-Glycoprotein, Breast Cancer Resistance Protein, and Multidrug Resistance-Associated Protein 2 at the Blood-Brain Barrier. Environ Health Perspect. 2020 Mar.  Plummer NW, Chandler DJ, Powell JM, Scappini EL, Waterhouse BD, Jensen P. An Intersectional Viral-Genetic Method for Fluorescent Tracing of Axon Collaterals Reveals Details of Noradrenergic Locus Coeruleus Structure. eNeuro. 2020 May 15.  Chen SH, Papaneri A, Walker M, Scappini E, Keys RD, Martin NP. A Simple, Two-Step, Small-Scale Purification of Recombinant Adeno-Associated Viruses. J Virol Methods. 2020 Jul.  Gu Z, Smith KG, Alexander GM, Guerreiro I, Dudek SM, Gutkin B, Jensen P, Yakel JL. Hippocampal Interneuronal 7 nAChRs Modulate Theta Oscillations in Freely Moving Mice. Cell Rep. 2020 Jun 9. Howard MJ, Horton JK, Zhao ML, Wilson SH. Lysines in the lyase active site of DNA polymerase  destabilize nonspecific DNA binding, facilitating searching and DNA  gap recognition. J Biol Chem. 2020 Aug 21.  Scoville DW, Gruzdev A, Jetten AM. Identification of a novel lncRNA (G3R1) regulated by GLIS3 in pancreatic -cells. J Mol Endocrinol. 2020 Oct.  Sahu S, Wang Z, Jiao X, Gu C, Jork N, Wittwer C, Li X, Hostachy S, Fiedler D, Wang H, Jessen HJ, Kiledjian M, Shears SB. InsP(7) is a small-molecule regulator  of NUDT3-mediated mRNA decapping and processing-body dynamics. Proc Natl Acad Sci U S A. 2020 Aug 11.  Shindo S, Chen SH, Gotoh S, Yokobori K, Hu H, Ray M, Moore R, Nagata K, Martinez  J, Hong JS, Negishi M. Estrogen receptor  phosphorylated at Ser216 confers inflammatory function to mouse microglia. Cell Commun Signal. 2020 Jul 29.  Mazzone CM, Liang-Guallpa J, Li C, Wolcott NS, Boone MH, Southern M, Kobzar NP, Salgado IA, Reddy DM, Sun F, Zhang Y, Li Y, Cui G, Krashes MJ. High-fat food biases hypothalamic and mesolimbic expression of consummatory drives. Nat Neurosci. 2020 Aug 3.		The goal of the Fluorescence Microscopy and Imaging center (FMIC) is to support the mission of the National Institute of Environmental Health Sciences (NIEHS) by providing state-of-the-art fluorescence and optical-based capabilities to NIEHS intramural scientists. In doing so, the objectives of FMIC are to; (i) ensure intramural scientists have access to state-of-the-art equipment, protocols and analysis tools to execute their scientific mission, and (ii) train, develop and support a user base that has the knowledge and skill set to maximally exploit fluorescence and optical-based techniques in the execution of their research.		ZIC

		Contract		2020		 N01 ES000000-		-		Conduct of Studies to Evaluate the Transcriptomic Changes and Toxicologic Potential of Per/Polyfluorinated Alkyl Substances (PFAS) in Laboratory Animals via Gavage		BATTELLE MEMORIAL INSTITU		-		SPARROW, BARNEY 		ROBERTS, GEORGIA		$908,597		-		-		-		10281193		Selected PFAS with no in vivo toxicology data are being evaluated. The primary endpoints in these studies are hepatic and renal high throughput transcriptomics, in male and female rats exposed for 5 days. Traditional toxicological endpoints (eg organ weights and clinical chemistry) have been added to the studies to provide additional contextualizaing information (i.e., phenotypic anchoring).These data will be used for determining provisional pathway-based transcriptomic BMDs for use in human health risk estimations.		Conduct 5-day studies of 4 PFAS with transcriptomic and classical toxicological endpoints.		N01

		Grant		2020		 Y01 ES200040-		-		Occupational Exposure and Health Indicator Assessment of Emerging Per- and Polyfluoroalkyl Substances (PFAS)		-		-		WHELAN, ELIZABETH 		GERMOLEC, DORI		$221,436		-		-		-		10282096		Per- and polyfluoroalkyl substances (PFAS) are a group of synthetic chemicals that have been used in industry and consumer products, worldwide, since the early 1950’s. Sought-after for their physical and chemical properties, PFAS have been integrated extensively into consumer products and industrial applications, such as stain resistant textiles and carpeting, food-handling materials, medical devices, fire-fighting foam, and construction materials. Over the past few decades, growing concern over health effects associated with PFAS has led to industry and government actions designed to halt production of long-chain PFAS, most notably perfluorooctanoic acid (PFOA) and perfluorooctane sulfate (PFOS), and precursors known to transform into long-chain PFAS. Fluorinated replacements for these legacy compounds, consisting of shorter-chain formulas, rapidly emerged and have been promoted as safer alternatives due in large part to shorter elimination half-lives (T1/2) observed in animal models. However, in vivo evidence and pharmacokinetic models suggest exposure to these emerging compounds may result in similar adverse health outcomes.  With the rapid, ongoing global transition from long- to short- chain compounds and numerous options entering the market, the specific PFAS in production and the extent of potential human exposure are largely unknown. Research is needed to identify current chemicals in use, particularly in occupational settings where the potential for repeat exposure to concentrated chemicals is considerable; characterize the range of exposure in humans; and to evaluate indicators of health effects associated with short-chain compounds in human populations. Studies of occupationally exposed populations are anticipated to provide critical human exposure information and information on the potential upper range of human exposure as well as insight into chemicals currently in production. This information can then be used to inform toxicological assessments and further research into the human health effects of PFAS.  In the first year of this project, FY20, NIOSH completed a review of literature pertaining to occupational exposure, health effects in occupational and relevant community populations (including epidemiologic and toxicologic studies), and methodology. The literature review included 1384 documents primarily pulled from peer reviewed literature and government sources.  A manuscript summarizing the occupational exposure literature is in progress.  NIOSH has selected their approach for the collection and analysis of air samples and methods development is ongoing.  NIOSH is exploring additional methods, including semi- and non-targeted analyses and wipe sample collection.  NIOSH has acquired 3 samples of aqueous film forming foam (AFFF) to assist with methods development. These products are known to contain PFAS and have been analyzed by other labs.  As there are a number of ongoing PFAS projects, NIOSH has initiated coordinated discussions within NIOSH as well as other government and academic researchers investigating PFAS exposure. Communications are ongoing with many of these organizations, most notably ATSDR. A draft of the study protocol will be submitted for internal review and will undergo in peer and tripartite review in the first quarter of FY21.		The specific aims of these studies are to 1) Characterize the presence of PFAS compounds across US industries through review of literature and regulatory documents as well as direct communications with industry and worker representatives; 2) Develop and validate air monitoring methods for long and short-chain PFAS in preparation for an occupational exposure assessment; 3) Assess exposure to PFAS in a sample of occupational environments and worker populations from high- and moderate-volume PFAS industries; and 4) Evaluate the association between PFAS exposure and health indicators, including thyroid function and cholesterol.		Y01
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Title Description Link 
Per- and 
Polyfluoroalkyl 
Substances (PFASs) 
detected in Source 
Waters and Treated 
Public Water 
Supplies 


This is an overview of Boone et al. 
2019, a study on 17 PFASs in U.S. 
drinking water. 


https://www.usgs.gov/mission-
areas/environmental-health/science/and-
polyfluoroalkyl-substances-pfass-detected-
source?qt-science_center_objects=0#qt-
science_center_objects 


Pilot Study Provides 
Information on 
Contaminant 
Exposure from Tap 
Water at Residential 
and Workplace Sites 
in the United States 


This is an overview of Bradley et al. 
2018, a pilot study on PFAS monitoring 
in U.S. drinking water. 


https://www.usgs.gov/mission-
areas/environmental-health/science/pilot-
study-provides-information-contaminant-
exposure-tap?qt-
science_center_objects=0#qt-
science_center_objects 


Mixed organic and 
inorganic tapwater 
exposures and 
potential effects in 
greater Chicago 
area, USA 


This is the abstract for Bradley et al. 
2020, which evaluated potential 
human exposure to regulated and 
unregulated drinking water 
contaminants in Chicago-area 
tapwater. 


https://pubs.er.usgs.gov/publication/70208
515 
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