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U.S. Chemical Production & Importation

= 74 billion lbs/day
= 80,000+ chemical substances, millions of products
= 3,000 High Produﬁc{tion Volume chemicals

_ = ~1,000'new chemicils/year




Biomonitoring of Chemicals

CDC measured 212 substances
in the 2003-04 NHANES cohort
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CDC, Fourth National Report on Human Exposure to Environmental Chemicals, 2009



Biomonitoring of Chemicals & Pollutants:
Umbilical Cord Blood and Breast Milk

PBDE Levels in Breast Milk, Sweden

BodyBurden

The Pollution in Newhorn

A benchmark investigation of ini
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The Toxic Substances Control Act (TSCA)
A Legacy of Three Policy Gaps

62,000 chemicals grandfathered;

90 day review for new chemicals;
Health data absent in 85% of new
chemical notices

5 chemicals/classes formally
regulated under TSCA since 1976

Minimal investment by industry,
government, academia in research,
development, and education.

Wilson and Schwarzman, Environmental Health Perspectives, 117:8, August, 2009.


http://www.epa.gov/

Context: New Chemicals Policy in the U.S.

Federal Toxic Substances Control Act reform
J House and Senate versions, 2010

. Will require chemical testing

California EPA Green Chemistry Initiative
. Ingredient Disclosure (SB 928 pending)

. Create an Online Toxics Clearinghouse (SB 509)
. Accelerate the Quest for Safer Products (AB 1879)

Other U.S. State Policies

. Regulation of specific product categories
. Identify and prioritize chemicals of concern
. Eliminate categories of hazards (e.g., known carcinogens)




European Union Affecting Global Change

Cosmetlcs Dlrectlve (2004) _

. WEEE: Waste |n Electrical and Efectronlc Equipment (2005)
RoHS: Restrlctlon on Hazardous Substances (2006)

REACH: Registration, Evaluation, Authorlzatlon and Restrlctlon
-« of Chemicals (2007)



Context: Information Needs

Methods for using existing data and current test methods in
chemical decision-making.

New tools for:
Understanding biological pathways
Toxicity testing methods
Application of science in decisions

Toxicity Testing for
Assessment of
Environmental Agents

SCIENCE

AND
DECISIONS

Advancing Risk Assessment

TOXICITY TESTING IN THE 2157
CENTURY
A VISION AND A STRATEGY

Interim
Report

NATIONAL RESEARCH COUNCIL
OF THE NATIONALACADEMIES
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High Throughput &

Molecular mechanisms

Source: National Research Council, Toxicity Testing in the 21t Century, 2007


http://www.epa.gov/
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= Most common invasive cancer and a leading cause of cancer death in
women.

= Affects one in eight U.S. women
= Most breast cancer is not caused by inherited genes

= |ncreasing recognition that environmental exposures contribute to the
development of disease

= Qver 200 chemicals have been associated with mammary cancer in
laboratory animals.

= Most standard toxicity testing methods do not regularly evaluate
potential chemical effects on the breast



Breast Cancer & Chemicals Policy
Project Structure

Science Policy
Identify decision-making tools
and data needs to inform
implementation of new
chemicals policy.

Breast Cancer Cancer Biology
& Chemicals |dentify known and

. . suspected events in
Policy Project biological pathways

that may raise the risk
of breast cancer.



Breast Cancer & Chemicals
Policy Project

Core Question

As new chemicals policies develop toxicity testing
requirements, what body of toxicity data—
obtained using existing methods— could best
identify chemicals that may increase the risk of
breast cancer?



Expert Panel

= Susan Braun, MA Commonweal

= Vincent James Cogliano, PhD WHO International Agency for Research on Cancer
= Shanaz Dairkee *, PhD California Pacific Medical Center Research Institute

= Suzanne Fenton, PhD National Institute of Environmental Health Sciences

=  William H. Goodson lll, MD California Pacific Medical Center Research Institute
= Joe Guth *, PhD, JD Science and Environmental Health Network

= Dale Johnson, PharmD, PhD University California Berkeley & Emiliem

= Jean Latimer, PhD School of Medicine University of Pittsburgh

= Ron Melnick, PhD National Institute of Environmental Health Sciences

= Rachel Morello-Frosch, PhD, MPH University of California Berkeley

= Ruthann A. Rudel, MS Silent Spring Institute

= Gina Solomon®*, MD, MPH University of California San Francisco & Natural
Resources Defense Council

= Carlos Sonnenschein, MD Tufts University School of Medicine

= Lauren Zeise*, PhD Cal/EPA Office of Environmental Health Hazard Assessment



Breast Cancer & Chemicals Policy
Project Goals

Develop an approach for identifying chemicals that may
contribute to the development or progression of breast cancer;

Identify research needs and recommend improvements to
existing test methods; and

Pilot a model process that can be applied to other disease
endpoints, enabling the ultimate aim of producing a
comprehensive approach for identifying hazardous chemicals.



Steps of the Breast Cancer and
Chemicals Policy Project

An interdisciplinary panel with expertise in breast cancer biology,
toxicology, epidemiology, risk assessment, chemicals policy,
community advocacy met to:

dentify toxicity L Propose a “Hazard Conduct a “virtual” pilot
" s Identify toxicity a1,
endpoints”: Identification Approach, test to validate the

alterations to testing methndf_; consisting of prioritization proposed Hazard
capable of screening

biological temicals for thei and testing for altered |dentification Approach
Processes , .l_."IEn"IICEIb ,” f‘”r , mammary gland ‘ by investigating how
impact on biological

development, endocrine several well-studied
disruption, and chemicals would
carcinogenesis in general, “perform” if tested.

resulting in an
increased risk of
breast cancer.

processes relevant
to breast cancer.




Step 1. Identify Events in Biological
Processes Associated with Breast Cancer

Premises:

In identifying chemicals likely to increase the risk of breast
cancer, we should investigate chemicals that:
Are associated with general carcinogenic mechanisms
Increase estrogenic or other proliferative effects on breast tissue
by any mechanism (e.g. altered hormone metabolism, early
puberty)
Interfere with development of the mammary gland

The impact of such substances is determined by two kinds of
vulnerabilities:
Population susceptibility factors (e.g. genetic polymorphisms,
obesity, other exposures, occupation)
Timing of exposure (developmental stage)



Step 1. Events in Biological Processes
Associated with Breast Cancer

Cellular & Molecular Events

Alterations in hormone levels, Genotoxicity
metabolism or receptors Oxidative stress

Changes in gene transcription Immune modulation

& translation Limitless replication potential

Evasion of apoptosis
F’eptlde hormones {grﬂ"u'l.l'th hDrmGnESJ Se|f_5ufﬁciencyr in gr’(}wth

Cell cycle changes

Tissue Changes

Breast density TEB proliferation

Tissue invasion Altered mammary gland
development

Ductal hyperplasia

Sustained angiogenesis

Atypical hyperplasia

Susceptibility Factors

Obesity Genetic polymorphisms in
Early onset of breast development metabolizing enzymes

Alterations in cyclicity Duration of lifetime
estrogen exposure




Step 2: Identify test methods (sampte 1)

Detectable Events Affecting Breast Cancer Risk

Molecular Mechanisms

Gene Steroid Pathological TEB

: Genotoxicit : . Carcinoma
Expression Y Hormones Markers Proliferation

Model System

In Silico

In Vitro

In Vivo

Epidemiological

http://coeh.berkeley.edu/greenchemistry/cbcrpdocs/matrix.pdf



http://coeh.berkeley.edu/greenchemistry/cbcrpdocs/matrix.pdf

Step 2: Identify Test Methods (sample 2)

Detectable Events Affecting Breast Cancer Risk

Susceptibility Factors

Altered Metabolic Estrogen Immune Oxidative Apoptosis
Cyclicity Factors Exposure Modulation Stress Evasion

Model System

In Silico

In Vitro

In Vivo

Epidemiological

http://coeh.berkeley.edu/greenchemistry/cbcrpdocs/matrix.pdf



http://coeh.berkeley.edu/greenchemistry/cbcrpdocs/matrix.pdf

Step 3. Hazard Identification Approach:
Chemical Prioritization

Chemical Prioritization

Chemicals, their metabolites and degradation products, should be prioritized for testing based
on the following parameters:

Hazard indicators Exposure potential

including structural similarities to ather predicted by physical-chemical properties that indicate
mammary gland carcinogens, or potential for bioaccumulation, persistence in the
indicators that a chemical or its environment, or result in exposure to breast tissue. Also
possible metabolite have endocrine those identified by biomonitoring, environmental moni-

activity, alter breast development or toring, or other proxy measures such as high produc-

gene expression, or create genetic tion volume or dispersive use in consumer products or

mutations. workplaces. Exposure potential should be assessed
across the entire human life-cycle, and the product
lifecycle from manufacturing through disposal.




Step 3. Hazard Identification Approach:
Rapid Screening Methods

Hazard Identification Approach

Rapid (in vitro) screening

Genotoxicity Endocrine disruption

Mutagenicity (e.g., Ames or equivalent) Activation or inhibition of;

Chromosome aberrations (e.g., OECD TG 473) Estrogen-mediated transcription (e.g., E-screen)

Micronuclei formation (e.g., OECD TG 487)
DNA strand breaks (e.g., COMET assay) Enzymes specific to synthesis or metabolism of

Cell cycle changes estrogen, androgen or progesterone (e.g., aroma-
tase activity assay)

Androgen-mediated transcription (e.g., A-screen)

Cell division (e.g., *H thymidine proliferation assay)
Altered apoptosis (e.g., TUNNEL assay)




Step 3. Hazard Identification Approach:

in vivo studies

Hazard |dentification Approach

Animal studies (in vivo): development and maturation

Genotoxicity in breast epithelial cells
Mutagenicity
Chromasome aberrations

Micronuclei formation
DNA strand breaks

Precursor changes, biomarkers and
induction of mammary gland tumors

Maodification of existing long-term cancer
bicassays® redesigned to evaluate mammary
gland endpoints, and:

include whole mounts of mammary tissue
include in utero exposures
assess effects over the whole lifespan

use an animal strain appropriate to the expo-
sure and the endpaint

Cell cycle changes in breast epithelial cells
Cell proliferation
Decreased apoptosis

Endocrine disruption
Estrogenic activity (e.g., Uterotrophic assay)
Androgenic activity (e.g., Hershberger assay)

Developmental changes in female and male
mammary gland tissue (e.g. TEB formation,
ductal branching, ER and AR levels)

Reproductive changes in males and females
(e.g., AGD, nipple retention, altered cyclicity,
pubertal timing)

Altered circulating hormone levels (e.g. steroid
or peptide hormones)




Breast Cancer & Chemicals Policy
Recommendations

Chemical toxicity testing—and the public policies that require it—can
serve as a critical tool in breast cancer prevention, providing a
practical basis for reducing potentially harmful exposures

1. Chemicals should be tested now for possible
impact on breast cancer risk and include the
following endpoints:

e Genotoxicity
e Cell cycle changes
e Endocrine disruption (e.g., estrogenicity)

e Altered mammary gland development



Breast Cancer & Chemicals Policy
Recommendations

Chemical toxicity testing—and the public policies that require it—can
serve as a critical tool in breast cancer prevention, providing a
practical basis for reducing potentially harmful exposures

2. To accurately evaluate the potential of a
chemical to raise the risk of breast cancer,
toxicity tests must be designed and conducted
to include considerations of

— timing of exposure and

— underlying susceptibility factors.



Breast Cancer & Chemicals Policy
Recommendations

Chemical toxicity testing—and the public policies that require it—can
serve as a critical tool in breast cancer prevention, providing a
practical basis for reducing potentially harmful exposures

3. Research needs:
e Further elucidation of biological pathways

e Adaptation of current testing methods to be more
relevant to breast cancer

e Development and validation of new toxicity tests —
HTS screening



Tests on the Horizon

Panel recommended an approach, not specific tests
e The field of toxicity testing is rapidly evolving
e Best practices can evolve with emerging tests

High throughput screens are under development
e Promise of testing thousands of chemicals

e Potential to address metabolic differences by testing many
possible metabolites

Medium throughput screens using human breast tissue

e Methods currently applied in research could be adapted for
toxicity testing to replace some animal studies (e.g., for
mammary gland development effects)



Breast Cancer & Chemicals Policy
Recommendations

Chemical toxicity testing—and the public policies that require it—can
serve as a critical tool in breast cancer prevention, providing a
practical basis for reducing potentially harmful exposures

4. Process used by Panel could be applied to
other disease endpoints to develop a
comprehensive approach to identify
chemicals that pose a risk to human health.
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Next steps

e Scientific publications
— “Virtual” pilot screen of chemical compounds

— Utility of in silico (QSAR) methods in evaluating
mammary carcinogens (SOT abstract, 2010)

— Science policy commentary

— Need for improved toxicity testing to encorporate
mammary gland endpoints
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