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A shift in perspective leads to new questions

Slide #4 www.silentspring.org



Two Questions

 What chemicals might cause breast cancer?

 What biological processes are important to
include in chemical screening programs?
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Three Approaches

e Pathways to breast cancer based on epidemiology
e Expert Panel - BC-related mechanisms for hazard screening

* Biological activities of mammary carcinogens in ToxCast
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Pathways from epidemiology

Breast cancer risk factors

* Family history Carcinogens / HQrmR

Klonizing radiation
* Reproductive history — menarche, menopause,
births

* Overweight after menopause

 Pharmaceutical hormones: HRT, DES

* Alcohol

* Lack of physical exercise

* Tobacco smoke

\Shift work /
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Pathways from epidemiology

How might chemicals increase breast cancer risk?

e Damaging DNA
lonizing radiation

* Promoting tumor
growth

HRT
* Disrupting

Estrogen stimulation
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Rudel et al. 2014, 20312607

’/\ /\ ipto cTnDNA

www.silentspring.org



Pathways from epidemiology

lonizing radiation and breast cancer

Excess relative risk at 1 Sv

L

Age at the time of the bombings

FIG. 3. Estimated excess relative risk per Sv with 90% confidence
limits. by 5-year infervals of age ATB. e. The panels show a fitted ex-
ponential function on the left. ERR,,, = a X s *°. and an isotonic re-
gression on the right consfrained only to be monotone non-decreasing
n e.

Land et al. 2003 Slide #9
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Pathways from epidemiology
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Roth et al. 2014

Age-adjusted annual incidence rates for invasive breast

cancer at Kaiser Permanente Northwest

Glass, A. G. et al. J. i}llgg.#q@ncer Inst. 2007 99:1152-1161
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Pathways from epidemiology

Diethylstilbestrol (DES)

ORIGINAL ARTICLE

Adverse Health Outcomes in Women
Exposed In Utero to Diethylstilbestrol

Hoover et al, 2011
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Pathways from epidemiology

In utero exposure to TCDD alters MG |
47 TCDD - DMBA
development and susceptibility to ]
carcinogens N
Fenton et al. 2002 Tox Sci; ' 4 Sesame o1 - ous
Brown et al. 1998, Carcinogenesis; % B 100 200
La Merrill et al. 2010, EHP . Days Post DMBA
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Expert panel — mechanisms for hazard screening

Environmental Health Perspectives « vowwme 123 | numesr 12 | December 2015 Review

Screening for Chemical Contributions to Breast Cancer Risk: A Case Study

for Chemical Safety Evaluation

Megan R. Schwarzman,” Janet M. Ackerman,? Shanaz H. Dairkee,® Suzanne E. Fenton,® Dale Johnson,5
Kathleen M. Navarro,® Gwendolyn Osborne,! Ruthann A. Rudel,?2 Gina M. Solomon,” Lauren Zeise,® and

Sarah Janssen® 0

PATHWAYS
TO BREAST
CANCER:

A CASE STUDY FOR INNOVATION IN
CHEMICAL SAFETY EVALUATION
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Expert panel — mechanisms for hazard screening

Events in biological processes potentially associated with breast cancer

Cellular & Molecular Events

Sustaining Evading
proliferative growth

Alterations in hormone levels, Genotoxicity =
metabolism or receptors Oxidative stress

Changes in gene transcription Immune modulation

& translation

Limitless replication potential

Cell cycle changes Evasion of apoptosis

Peptide hormones {growth hormones) Self-sufficiency in growth

Tissue Changes

Breast density TEB proliferation

Tissue invasion Altered mammary gland
development

Sustained angiogenesis
Ductal hyperplasia

Atypical hyperplasia

Susceptibility Factors

®
Obesity Genetic polymorphisms in
Early onset of breast development metabolizing enzymes
Alterations in cyclicity Duration of lifetime

EStIOgEﬂ exposure

Schwarzman et al. 2015. Environmental Health Perspectives
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EPA

[ Assay Source \

ACEA

Appredica
Attagene

BioSeek
CellzDirect
NCGC/Tox21
NHEERL MESC
NHEERL NeuroTox
NHEERL Zebrafish
Novascreen

@yssey Thera

(" Readout Type
Single
Multiplexed
Q/Iultlparametnc )

J

~

é Cell Format )
Cell line (6)
Primary Cell (3)
Cell-Free

GeII-Based )
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ToxCast HTS Assay Overview
(>1100 Assay Endpoints/Readouts)

( Organism \
Human

Rat
Mouse
Zebrafish
Sheep
wild boar
Rabbit
Cattle

@inea pig )

[ Tissue )

Lung Breast
Liver Vascular
Skin Kidney
Cervix Testis
Uterus Brain
Intestinal Spleen
Bladder Ovary
Pancreas Prostate

@ne

Biological Process Targen
cell Proliferation

cell death

mitochondrial depolarization
protein stabilization
oxidative phosphorylation
regulation of TF activity
regulation of gene expression

/ Detection Technologv\
RT-CES

receptor binding

receptor activity /

(Target Family\
Response Element

Transporter
Cytokines

Kinase

Nuclear Receptor
CYP
Cholinesterase
Phosphatase
Protease
Metabolism
GPCR

Qn Channel )

15

Protein-fragment
\(Qmplementation

( Assay Design Type \

Fluorescence

ELISA

Alamar Blue Reduction
Microscopy

Reporter gene
Spectrophotometry
Radioactivity

HPLC

TR-FRET

Fluorescence Polarization
Luminescence

/

viability reporter
morphology reporter
conformation reporter
enzyme reporter

membrane potential reporter

binding reporter

inducible reporter
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[ Expert panel — mechanisms for hazard screening ]

Breast cancer-related endpoints in ToxCast

Steroid hormones

Some coverage
ERa; AR; estrogen
metabolism; steroid
intermediates

Other endocrine (molecular)

Some Coverage

Thyroid receptor, AhR,
ROR; glucocorticoid

Carcinogenesis

Some coverage
Inflammation, xenobiotic
metabolizing enzymes,
cellular stress; other cancer
hallmarks

Schwarzman et al. 2015, EHP
Gaps
ERPB
Progesterone receptor
Aromatase

Gaps No assays

ERR, PPAR Other thyroid endpoints;
Her2; prolactin

Gaps

Genotoxicity

Mammary gland development & other organism-level endocrine effects

We don’t know how to study these in vitro!
MG morphology; hormone receptors in developing MG; reproductive

development; circulating hormone levels; altered susceptibility to carcinogen



Mammary carcinogens in ToxCast

Which ToxCast pathways “light up” for
mammary gland carcinogens?

MG dev
disruptor
26

“Non-

carcinogens”
99

25% Ames +
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Mammary carcinogens in ToxCast

Estrogen activity is enriched for non-genotoxic MCs
and mammary gland developmental toxicants
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Mammary gland targets  NTP non-carcinogens

Tumors + + NA

Genotoxicity + - NA +

Ackerman et al., in prep
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.S. We , hlrlng post docs!

» Endocrinology and Reproductive Bio
» Computational Toxicology
» Data Science/Informatics
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