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Global research trends on the human exposome research
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What are PFAS? Exposure Sources

ﬁ Water Contamination
o > 10,000 chemicals ¢

Nonstick Cookware
o PFAS have been widely used

in industrial applications

Food Packaging &

o Resistant to degradation Containers

Cosmetics & Personal Care

o Detected in the blood of Products

almost everyone in the U.S

Textiles (Outdoor Gear &
Waterproof Clothing)



| PFAS WATER CONTAMINATION IN THE UNITED STATES, 6/10/2025
Dr/nk/ng water ~200 million Americans may be contam/nated with PFAS (Andrews & Naidenko, 2020)
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pras Exposure  Health Effects
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38% of adults around
the world have liver

steatosis (MASLD) MASLD is the LEADING
- cause of LIVER CANCER
ﬁ/ Global MASLD incidence is .
expected to rise to 99.4 e LT

by 2040

Younossi, 2024, Clinical and Molecular Hepatology; Rodriguez,
2024, JAMA Open Network



Global Prevalence of MASLD: Similarities between USA and Kuwait

France Belgium Austria Denmark Sweden Greece Turkey Iran China Korea
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EMERGING EVIDENCE PFAS and Liver Injury

m Environmental Health Perspectives

Exposure to per- and Polyfluoroalkyl Substances and Markers of Liver Injury:
A Systematic Review and Meta-Analysis

Elizabeth Costello,’* Sarah Rock,* Nikos Stratakis,’ Sandrah P. Eckel,’ Douglas 1. Walker,2(: Damaskini Valvi, S S
Dora Cserbik,? Todd Jenkins, Stavra A. Xanthakos,s Rohit Kohli,s(> Stephanie Sisley,” Vasilis Vasiliou,s RE U LT
Michele A. La Merrill,*(> Hugo Rosen,’® David V. Conti,! Rob McConnell,’ and Leda Chatzi!

Indirect Direct « Human Studies N=25

exposure exposure * Animal Studies N=86
OBSERVATIONAL EXPERIMENTAL « Long chain PFAS associated with
increased risk for liver injury in both
human (increased liver enzymes)
and animal studies (histopathological
changes)

Comprehensive Evidence

Costello et al., 2022. Environmental Health Perspectives



EXAMPLE First prospective case-control study to link PFOS with HCC

JHEP|Reports &

o
')
Innovation in Hepatology oO EASL

RESEARCH ARTICLE | ARTICLES IN PRESS, 100550

Exposure to perfluoroalkyl substances and risk of
hepatocellular carcinoma in a multiethnic cohort

Jesse A. Goodrich 2 1 = Douglas Walker * Xiangping Lin « ... David V. Conti « Lida Chatzi * *

Veronica Wendy Setiawan ¥ « Show all authors * Show footnotes
Jesse Goodrich, PhD

Assistant Professor
USC Keck School of Medicine

)pen Access = Published: August 08, 2022 « DOI: hitps://doi.org/10.1016/j.jhepr.2022.100550

RESULTS

High PFOS Risk of HCC
Levels '

T 7a-Hydroxy-3-oxo0-4-
cholestenoate (a bile acid)

T Glucose
T Butyric acid
T a-Ketoisovaleric acid

NIEHS Paper of the Year for 2022
J Goodrich et al. JHEP Reports 2022



Gaps and Limitations in Current Knowledge

Challenges in PFAS exposure assessment
» PFAS measurements collected during a single time-point
 Variability in PFAS biomonitoring

Models available for PFAS study

« Animal models do not recapitulate human disease
« Human studies require years of follow-up
 In vitro studies only use single cell types

Data integration
» Current studies do not integrate in vitro or in vivo datasets with human data

Others
« Potential harmful effects of PFAS mixtures are unknown



Translational Exposomics Research Framework

A COMPLEX PROBLEM
Per- and Polyfluoroalkyl Substances

* > 7,000 chemicals

« Strong carbon fluorine bonds
* Bioaccumulation

* Detection in 99% of US adults

SOURCES OF
EXPOSURE

Waste,
Wastewater

Drinking Water,
Food, Air

Experimental  Epidemiological
Studies & Omics
Studies

Treatment Remediation

RESEARCH &
SOLUTIONS




Translational Exposomics Research Framework

Understanding
A COMPLEX PROBLEM the causal effects

Per- and Polyfluoroalkyl Substances of PFAS in

human liver

+ > 7,000 chemicals disease
« Strong carbon fluorine bonds

* Bioaccumulation

* Detection in 99% of US adults

SOURCES OF
EXPOSURE

Discovering
mechanisms of
PFAS
hepatotoxicity

Waste, 3 . -
Wastewater aaE - uSE ‘

Developing

. methods for

Drinking Water, 231 Hilll E comprehensive
Food, Air HH B HE I PFAS environmental

: assessment

‘ , SUPERFUND PFAS ASSESSMENT,
'I' REMEDIATION & PREVENTION
()

Treatment Remediation Codesig ning
Studies sustainable PFAS

interventions P42ES36506

Experimental Epidemiological
Studies & Omics

RESEARCH &
SOLUTIONS




Discover Associations:



PFAS, Lipid Metabolism, and Carcinogenesis in Liver Speroids

Aim 1: Identify pathways impacted by short- and long-term 3D liver spheroids model
exposure to PFAS and PFAS mixtures Common|y found in (co-culture of hepatocytes and other NPCs from multi-donors)
human plasma and drinking water.

PFOS, PFOA, PFNA,

Aim 2: Test if PFAS removal can reverse or attenuate the
harmful effects of PFAS exposure.

Spheroid cells
dissociation

Cell partitioning
(Chromium Controlfer)
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10x Genomics Single-Cell RNA-sequencing (kit 3' v3.1)

Lucy Golden, PhD Ana Maretti-Garcia, PhD Matthew Salomon, PhD
Professor Assistant Professor Assistant Professor
uUscC uUSC uUSsC

P42ES036506, P30ES007048



Steatogenic Effects

RESULTS:
Steatogenic Effect Cell Clusters

Hepatocytes

Kupffer cells
- B cells

LXR/RXR Activation -
DHCR24 signaling pathway
Fatty acid metabolism -
Fatty Acid B-oxidation |
Efflux of lipid
Cholesterol transport
Efflux of cholesterol
Regulation of lipid metabolism by PPAR-a
Accumulation of lipid
Incorporation of long chain fatty acid
Concentration of acyl-coenzyme A -
Conversion of fatty acid
Ketolysis
Synthesis of sterol -
Stearate Biosynthesis
Incorporation of lipid
y-linolenate Biosynthesis
Fatty acyl-CoA biosynthesis -

PFHxS PFOA PFOS PFNA

CTCF (x108)

Z-score -log10(pval)

3 e 130
0 @ 550
3

25.90
6

P42ES036506, P30ES007048
Golden-Mason & Salomon et al. Environment International 2025



PFAS Mixtures and Removal

RESULTS:
Gene Expression and Protein Translation

Gene Expression and Protein Translation

Up

-

Down

WK2 Removal

P42ES036506, P30ES007048
Golden-Mason et al. Environment International 2025



PFAS Mixtures and Removal

RESULTS:
Gene Expression and Protein Translation

Gene Expression and Protein Translation

Up

-

Down

WK2 Removal

1 Week of Exposure

I Cancer

Il Cell Cycle
Bl Cell Death
1 Cell Survival

Il Cellular Proliferation
B Cellular stress and injury

TotalF239

1 Fibrosis 1 Necrosis

P42ES036506, P30ES007048
Golden-Mason et al. Environment International 2025



PFAS Mixtures and Removal

RESULTS: 2 Weeks of Exposure
Gene Expression and Protein Translation

Gene Expression and Protein Translation

Bl Cancer
Bl Cell Death

U B Cellular stress and injury
o]

-

Down

Bl Inflammatory Response

Total=30

WK2 Removal 1 Inflammation 1t Necrosis 1 Steatosis t HCC

1 Week of Exposure

I Cancer

Il Cell Cycle

Il Cell Death

1 Cell Survival

Il Cellular Proliferation

B Cellular stress and injury

TotalF239

1 Fibrosis 1 Necrosis P42ES036506, P30ES007048
Golden-Mason et al. Environment International 2025



PFAS Mixtures and Removal

RESULTS:

Gene Expression and Protein Translation

Gene Expression and Protein Translation

1 Week of Exposure

TotalF239

Down

WK2 Removal

I Cancer

Il Cell Cycle
Bl Cell Death
1 Cell Survival

Il Cellular Proliferation
B Cellular stress and injury

1 Fibrosis 1 Necrosis

2 Weeks of Exposure

Total=30

1 Inflammation 1 Necrosis 1 Steatosis t HCC

1 Week of Exposure

Bl Cancer
Bl Cell Death
B Cellular stress and injury

Bl Inflammatory Response

ONERCHRON

Cancer

Carbohydrale Metabolism
Cell Cycle

Cell Death

Cell Survival

Cellular Proliferation
Cellular stress and injury
Inflammatory Response
Lipid Metabolism

1 Cell Proliferation 1 Hepatotoxicity
P42ES036506, P30ES007048

Golden-Mason et al. Environment International 2025

Normalization of
Liver Functions



IHUMAN sTuby: Estimating PFAS health risks in impacted communities

STUDY DESIGN

Human Study

RISK PROFILES
of increased

HFF
i
Biomarkers of
PFAS-associated

Integrated Analysis metabolic and
inflammatory

> pathways
—t

Multi-omics

PFAS
Exposure

Social Factors

Codesigned
sustainable
PFAS
interventions

’ & Lida Chatzi, MD, PhD
' | Project 2 Project 2
hg Primary Investigator Co-Investigator

PUBLISHED RESULTS & PRESS

Contents lists available at ScienceDirect

Environment International

journal homepage: www.elsevier.com/locate/envint

Perfluoroalkyl substances and severity of nonalcoholic fatty liver in
Children: An untargeted metabolomics approach
Ran Jin", Rob McConnell”, Cioffi Catherine”, Shujing Xu", Douglas I. Walker“®-', Nikos Stratakis",

Dean P. Jones‘, Gary W. Miller”, Cheng Peng", David V. Conti®, Miriam B. Vos™*,
Leda Chatzi™*""

Vol 130, Mo. 4 | Review

Exposure to per- and Polyfluoroalkyl Substances and Markers of
Liver Injury: A Systematic Review and Meta-Analysis

Invited Perspective: PFAS and Liver Disease: Bringing All the Evidence Together

Elizabeth Costello =) Sarah Rock, Nikos Stratakis, Sandrah P. Eckel, Douglas |. Walker, Damaskini Valvi, Dora Cserbik, Todd Jenkins,

Stavra A. Xanthakos, Rohit Kohli, Stephanie Sisley, Vasilis Vasiliou, Michele A, La Merrill, Hugo Rosen, David V. Conti, Rob McConnell, and Leda Chatzi

JHEP|Reports &8,

Max Aung, PhD

RESEARCH ARTICLE | ARTICLES IN PRESS, 100550

Exposure to perfluoroalkyl substances and risk of
hepatocellular carcinoma in a multiethnic cohort

Jesse A, Goodrich * Douglas Walker » Xiangping Lin » Hongxu Wang = Tiffany Lim « Rob McConnell «
David V. Conti = Lida Chatzi * = Veronica Wendy Setiawan * 55 * Show footnot

« Published: August 08, 2022 - DOI: hittps://doi.org/10.1016/]. jhepr.2022.100550



Discover

I N N S S S .
{
f

Understand Biology

— ]

Integrate Multiomics =



I SOLUTION: PFAS Remediation and Treatment

STUDY DESIGN PRELIMINARY RESULTS

Sustainable Remediation

- ¥

Bioremediation of UV/Chemical
PFAS in Defluorination of
Wastewater PFAS

Daniel McCurry, PhD
3 Project 4

%, Primary Investigator

(S

Amy Childress, PhD
Project 4
Co-Investigator

SI7I P77 IS IIT IS II P55 0004000080 040800

SLLT IR IS LTILLIIT AT AL I IHT O
SLLLLITSIIIIISIIIIIIII IS0 00T0000

Adam Smith, PhD
Project 4

Cornvestigator Bioreactors: a controlled environment where microorganisms
can interact with PFAS and break them down




Impact and Vision

Understand and respond to
the health risks of PFAS

New scientific insights for
decision makers on safer
water systems, stronger
health protections, and clean-
up strategies

TECHNOLOGY

Sustainable
technologies for
PFAS destruction
and clean water




International Impact

Policy Recommendations

Australia NSW Policy Recommendation & CA SB- 682

Australian New South Wales's parliament published their final
report for PFAS policy recommendations, citing project 2 co-
Lead Max Aung's and Sherlock Li's testimony in May and
used it as evidence to inform their health recommendations.

PFAS contamination in waterways
and drinking water supplies
throughout New South Wales

Report 1

September 2025

www.parliament.nsw.gov.au

CA SB-682

Max Aung, project 2 co-lead previously testified at CA Senate
Health Committee for CA SB-682 in April. The Bill has passed
legislative vote and will be going to the Governor's Office.

SB 682: Environmental health: product safety:
perfluoroalkyl and polyfluoroalkyl substances.

Session Year: 2025-2026  House: Senate

Current Status: IN PROGRESS (2025-09-23: Enrolled and presented to the Governor at 2 p.m.)

Second Committee Second Chamber Enacted
Review

Introduced First Committee Review  First Chamber

%

Max Aung, PhD
Project 2 Co-Lead

Sherlock Li, PhD
Project 2 Co-Lead



Relevance To Kuwait and the U.S. - NASEM Precision Medicine Symposium

Environmental and Public Health Parallels

PFAS exposure in Kuwait has been AT S0 I DL Shared climatic challenges,
documented in soil, indoor dust, and mirrors U.S. rates, highlighting may enhance PFAS transport
human biosamples; similar to the intersection of environmental ;
.y : o : : ) and exposure risk.
findings in U.S. urban and industrial exposures, lifestyle, and genetic
areas. risk.
ar 3 ke F (
VI A &
|
Knowledge Exchange: Apply Capacity Building: Support Joint Research & Policy
translational exposomics and multi- laboratory infrastructure for Impact: Inform Kuwait’s Plan on
omics frameworks to Kuwait's PFAS biomonitoring and environmental health with lessons
population health datasets. exposome analytics. from U.S. remediation and policy.

and policy—transforming Kuwait—U.S. scientific collaboration into actionable public

Integrating environmental health into precision medicine can strengthen both prevention
'l§
health progress. O



Follow Us For Our Research Updates!

LinkedIn

Instagram

@uscsharp linkedin.com/company/
sharpcenter

N\
’ SUPERFUND PFAS ASSESSMENT,
‘ \ REMEDIATION & PREVENTION
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Questions?

Lida Chatzi, MD, PhD

Professor of Population and Public Health Sciences

Director, Center for Translational Exposomics Research

Director, Southern California Superfund Research and Training Program for PFAS
Assessment, Remediation, and Prevention

Director, Southern California Environmental Health Sciences Center

Keck School of Medicine of USC

Department of Population and
Public Health Sciences

SUPERFUND PFAS ASSESSMENT,
REMEDIATION & PREVENTI ON

SCEHSC
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ENVIRONMENTAL HEALTH SCIENCES CENTER
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