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The domestic dog as a sentinel species for
environmental influence associated with
cancer — ongoing studies.
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One Medicine
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oral melanoma

leukemia

lymphoma Compared to people, dogs have
cutaneous >3x more cancer cases diagnosed/year
melanoma
breast >10x overall cancer incidence
bladder
prostate
bone
~1.8 million diagnoses each year ~6 million diagnoses each year
(~442 cases/100,000 population)* (~6,600 dogs/100,000 population)

One Pathogenesis

*
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cancer.go Updated from: Schiffman and Breen, 2015 Phil Trans B Vol 370: 19 July 2015
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LABORATORY INVESTIGATION - HUMAN/ANIMAL TISSUE Canine urothelial carcinoma: gem}mically aberrant 1
and comparatively relevant
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Environmental influences on cancer
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we live Sex

Pedigree (purebred)
Diet, Health records
Exposures

77-78 years 10-12 years*

* breed/size dependent. <20lbs ~ 11 yrs . Over 90lbs ~8 yrs
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A nationwide collaboration of stakeholders of
animal health

Integrating the skills and resources of scientists, veterinary professionals, and dog owners

isDEE v



Collaboration with dog owners, breeders, veterinarians

Academic-community based collaborations

GOALS:

Work with our nationwide network, providing opportunities for them
and their dogs to participate in studies designed to :

1. monitor changes in incidence of cancer in pet dogs to highlight
geographical regions of potential health concerns in the human
population — considering differences in latency of exposure

2. participate in clinical studies that include exposure assessment —
humans and dogs in the same household with either or both diagnosed with a project focused
cancer

BREEN LAB @ NCSI l . ' 86 -
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Scottish Terrier

Beagle
t g Russell Terrier
J # 4 ’ b < ‘&} "
Shetland Sheepdog . | | Parson ?
_ g i Laad Russell -
T | ~64,000 dogs, seven breeds, age 6-12 yrs Terrier
g ™ engaged owners of ~900 dogs within 72 hrs s
West Highland (now over 2,000)
White Terrier b

identify relatives for controls ~_ American Eskimo Dog
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Use of silicone bands with dogs
to investigate health impacts on
humans from shared exposures

Environ Sci Technod. 2020 June 16; 54(12): 7409-7419.

Comparative Exposure Assessment Using Silicone g ’ NATIONAL

Passive Samplers Indicates That Domestic Dogs Are GEOG RAPHIC
Sentinels To Support Human Health Research '
Domestic dogs have similar physical characteristics and diseases as humans, particularly cancers.

PHOTOGRAPH BY ROBIN SIEGEL, NAT GEOQ IMAGE COLLECTION

Catherine F Wise 1 2, Stephanie C Hammel 3, Nicholas Herkert 3, Jun Ma * 5,

Alison Motsinger-Reif &, Heather M Stapleton 2 7, Matthew Breen 1 2 7 8 9 Dogs can be 'ea rIY'Wa rning
' . - A BRe s systems' for toxic chemical
exposure at home

BY CARRIE ARNOLD

PUBLISHED JUME 10, 2020

Dogs and people carry remarkably similar amounts of common household
chemicals in their bodies, a possible boon for human health.

H National Institute of
Environmental Factor NIH) St
Your Online Source for NIEHS News _
JULY 2020 4 Alllssues [ Subscribe R RSS  +A -A
Home  Science Highlights ~ Community Impact Awards & Recognition  Beyond the Bench

Canine companions shed light on | prevus e | | neauer |

chemicals and disease

NIEHS grantees study pet dogs to better understand how human exposure
to everyday chemicals may lead fo cancer and other conditions.

Silicone monitoring devices. (a) Wristband for human (b) Dog

tag affixed to dog collar. Dr. Heather Stapleton will review tomorrow

Q NC STATE «aweo Duke ,'.!,5 '/ & please view posters from Dr. Catherine Wise
[/

UNIVERSITY



Canaries in the Coal Mine,

ABSTRACT

INTRODUCTION

ABSTRACT

Do dogs accumulate
PEDESs in placental tissues
with the same trends
observed in humans?

INTRODUCTION

ines on the Couch - A Medel for Investigating Contaminant Expesures to Support Human Health Research NC STATE

UNIVER:
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CONCLUSIONS

Sikoone dog tags used 2
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Canines on the Couch: Using Silicone Passive Samplers to Evaluate Pesticide Concurrent Exposures in People and Their Pet Dogs

ABSTRACT

1. Are pesticide exposures
correlated in people and their

CONCLUSIONS
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FUTURE DIRECTIONS

A Canina Modal for Human High-isk Hon-
muscle invasive Human Bladder Cancer -
Molecular and Environmental Considerations

2. Do pesticide exp
captured by wristbands reflect
internal dose?

INTRODUCTION
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Estimated new cases, 2021
By cancer type, both sexes combined

ast

Lung and bronchus

Colorectum

149,500

Melanoma of the skin
106,110

Urinary bladder
83,730

Non-Hodgkin lymphoma
81,560

Kidney and renal pelvis
76,080

Uterine corpus
66,570

Leukemia
61,090

Pancreas

60,430
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54,010

44,280

42,230

Myeloma
34,920

Stomach

48,220
44130
34,130
Liver and intrahepatic bile duct

30,230

23,660

%20 |
Leukemia

[ 2;0 |
Non-Hodgkin lymphoma

R .

20,720
Brain and other nervous system
18,600
17,200
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13,770

12,940

Myeloma
12,410

Assessment of households
with human bladder cancer

Age-Adjusted
Annual Incidence Rate
(Cases per 100,000)
Quantile Interval

[ 60 to 169
O >169 to 198
+0 >1958 to 222
B -222t0 249
B >239 t0 971

B suppressed * ¥
Data Not Available ©

US (SEER + NPCR)
Rate (95% C.1)
20.0 (19.9 - 20.0)

v -

Puerto Rico




Percent (%)

Assessment of households with bladder cancer patients

250 —
. o
SMOKING - No 1 risk factor for bladder cancer —
Trends in Current Cigarette Smoking by High School Students* | Prostate
and Adults™— United States, 1965-2014 s
- 4
= 175
R —
457 — Students ""g
=) g 1s0-
35 Y S
] g . § 125 -
25 ] : = HF 2020 >
o Goal
- T — . L%, Yol ® 100+ Lung & bronchus
.-.—--__'-_ = 16% 2 -
15 4 - a2 754
| Bz 2 Adults Colorectum
10 1 12% Il
3 1 =i Urinary bladder
| -___-’__________'..__...--"-——
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1365 1968 1571 1574 1577 1360 1383 1368 1589 1952 1535 1936 2001 2004 3007 2010 2011 2012 3013 2014 2028 251 Sibiireri ottt ek —’_”_’/—Li:r:'—_’
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*Percentage of high school students who smoked cigansttes on 1 ormaons of the 30 days preceding the survey (Youth Risk Behavior Sursey, 1991-2013). 0O T = T T = T T T T 1
**Perceninge of adults who are current dgarette smokers National Health Interdew Sareey, 1965-2014) 1975 1980 1985 1990 1995 2000 2005 2010 2014

Year of diagnosis
Incidence of lung cancer has been decreasing over the last 30 years, likely due to decreased smoking rates.

BUT - bladder cancer incidence rates have remained steady over the same period at ~40/100,000.

QUESTION: Is this due to an increase in non-smoking causes of bladder cancer?

*E.g. workplace exposures (e.g. aromatic amines), arsenic, aristolochic acid



2018 OH Bladder Cancer 3 cleveland Clinic
Incidence

Bladder Cancer Hotspots in Ohio

T 1 Cleveland Clinic

Lerner Research Institute

Byron Lee, M.D., Ph.D. Daniel Rotroff, PhD, MSPH

Assistant Professor of Surgery Department of Quantitative Health Sciences
Section of Urologic Oncology Lerner College of Medicine
Department of Urology Cleveland Clinic

Cleveland Clinic

2019 EPA Toxic Release
Inventory Data

e GOAL: Evaluating exposures of bladder cancer
patients in OH hotspots

e APPROACH: Assessment of dogs and humans for
associated exposures (water, urine, wristband)




Personalized Environment and Genes Study (PEGS)

Formerly the Environmental Polymorphisms Registry

 North Carolina Based Cohort  Environmental Exposures
e Est. 2002 « Health and exposure questionnaires (n~9,000)
 n~20,000 enrolled * Internal and external exposome questionnaires (n~3,000)
« N~11,000 active participants « Geospatial exposure from residential address histories

 Phenotypes
* Questionnaires (n~9,000)
e Soon: health records from UNC and Duke
& Health records for the household dogs (est >5,000)

Dr. Janet Hall Dr. Alison Motsinger-Reif ° Gen Otypes

* Whole genome sequencing (n~4,700)
National Institute of Environmental Health Sciences .
Your Environment. Your Health. ¢ Candldate genes (n~11’000)

% Omics of household dogs

https://www.niehs.nih.gov/research/clinical/studies/pegs/index.cfm



Personalized Environment and Genes Study

Formerly the Environmental Polymorphisms Registry

PEGS ' &38;

GIS Data

Metal Mining
Air pollution

Muclear Power Plants

Concentrated Animal

w&m (CAFO)

Chemical/Hazardous
Substance Disposal Sites

https://www.niehs.nih.gov/research/clinical/studies/pegs/index.cfm

Growing Number of Geospatial Data Layers

 Airports

 Conc Animal Feeding OP
e Cellular towers

e Drinking water

* Dry cleaners
 Hazardous waste

e Highways

* Nuclear sites
 Wastewater

Population info
Power lines

PR landfills
Railroads
Spills
Sanitary landfills
Superfund sites
Toxic release sites
Air pollution

others

e Overlay canine health data onto these exposure maps

Do these exposures impact the health of the canine
population BEFORE they impact the human population?
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Photographs courtesy of Dr. N. Kleiman




Dogs of Chernobyl.

A model for human health effects arising from chronic exposure to
radiation, heavy metals, and other environmental toxins

. NC STATE
South Carolina UNIVERSITY
&

Timothy Mousseau PhD
Professor, Biological Sciences
University of South Carolina

i Elaine Ostrander PhD

~ ymew Chief & NIH Distinguished Investigator
' BY Cancer Genetics and Comparative
Genomics Branch

University of South Carolina Chernobyl Research Initiative

Megan Dillon
PhD student
Molecular Biomedical Sciences

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

PhD student Norman Kleiman PhD

Assistant Professor
Environmental Health Sciences
Columbia University Medical Center

genomic analyses, population structure,
mutational profiling, epigenetics, pathogens,
microbiome, heavy metals

Assistant Professor
Dept. Biological Sciences



EXxposure research
related to cancer Is
now bidirectional
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Sharing exposures to
environmental influences

the keys to unlocking some
of the puzzles may be
walking right beside us
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Thank you for your attention

Matthew Breen

North Carolina State University, Raleigh NC
919-513-1467
Matthew Breen@ncsu.edu
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