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The purpose of this talk is to:
— Review the NexGen Program

— Discuss and get feedback on potential
Implications for risk assessment
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What i1s NexGen??
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Program Goal:

To advance risk
assessment science via

Incorporation of recent
progress in molecular
systems biology
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SEPA
NexGen Partners

e US Environmental Protection Agency, Office of Research and Development

* National Institutes of Environmental Health Sciences & National Toxicology
Program

* Centers for Disease Control & Agency for Toxic Substances and Disease Registry
* NIH Chemical Genomics Center

* California’s Environmental Protection Agency, Office of Environmental Health
Hazard Assessment

* FDA National Center for Toxicological Research
* Department of Defense

* European Chemical Agency & Joint European Commission Joint Research Center
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-2 Drivers for Change

e Scientific revolution in biology — most is not used in risk
assessment
* In the European Union —
= REACH ~ 120,000 chemicals

= Emphasis on “non-standard” data for risk
assessment

= 40,000 dossiers in near future

* In the United States —
= Several NRC reports and workshops

= Tox21 — 10,000 chemicals tested in biotech assays
the next few years
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Objectives of NexGen

* Pjlot a NexGen Framework that considers at how new
types of data fits in with other types of data used in
risk assessment

* Refine bioinformatics systems for knowledge mining
and creation to serve risk assessment.
* Develop prototype health assessments

v’ Elucidate proof of concept, value of information, & decision
rules

v’ Refine through discussions with scientists, risk managers, and
stakeholders



Risk Assessment Questions

o |dentify potential
adverse health
effects?

*Inform dose-
response?

Link dose to
exposures?

e Address issues:
—Low-dose response?
—Sensitive subpops?
—Relevance of non-

human species?

—Mixtures/stressors
exposures?

« Better characterize
human risks?
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General Prototype Approach

Reverse Engineer

Well-Studied

Environmental Public Animal
Health Risks Bioassay
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Molecular
Systems B|ology
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Overview of Projects

Data-Rich Chemical Prototypes
Data-Limited
I Chemicals

Impaired

Development ~ Cancer
via A via Genotoxicity

Cell Signaling and?
\ \ Dlsrutors \ l \

Lung Injury
via Inflammation

Methods and Models
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Hazard Id: Can We ldentify
Specific Adverse Effects
Using Omics?
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amwee Hazard Id: Can We ldentify

Specific Adverse Effects

e | think yes.

- It seems like we are beginning to identify causal mechanism
or molecular patterns that make one chemical more likely to
produce a specific effect than another.

« The “answer” will, for the foreseeable future, be a probability
vS. yes/no answer about cause and effect.

« Knowledge of single events or linear MOASs, in general, is not
insufficient — Think Networks

« Some illustrations follow....



From Chris Portier

Cancer Pathways

Types of
Cancer

DMNA Damage €—
Colarectal Cancer

Bladder Cancer
Esophageal Cancer
Gastric Cancer

Head and Meck Cancer
Cancer (not otherwise specified)
Lung Cancer

Breast Cancer

Prostate Cancer

Cwarian Cancer

Leukemia

Lymphoma

Brain Cancer

Chronic Obstructive Pulmonary Disease
Cervical Cancer

Melanoma

Ulcerative Colitis =€
Pancreatic Cancer
Hepatitus C

Multiple Sclerosis
Rheumatic Arthritis
Endometrial Cancer
Thyroid Cancer

Phosphatidylinosital Signaling System

Limonene and Finene Degradation
Biosyrthesis of Steroids

Sulphur Metabaolism

Folate Biosynthesis

Erb-B Signaling Pathway

Cell Cycle
B cell Receptor Signaling Pathway

Metabolism of Xenohiotics by CYPs
Arachidonic Acid Metabolism
Tight Junction

Linoleic Acid Metabolism
Inostol Phosphate Metabolism

Glutathions Metabolism
DorsalVentral Axis Fommation
Axon Guidance

GnRH Signaling Pathway

Melanogenesis
Insulin Signaling Pathway

P53 Signaling Pathway
Wt Signaling Pathway
Long-Term Potentiation
mTOR Signaling Pathway
Adherens Junction




Chemicals linked to breast cancer
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K oo Hazard Id: Issues

So we are beginning to identify hazards with omics,
BUT its complicated....

« Omic patterns change with dose and time.
« Metabolism still matters.

- High throughput cell line assays can only tell us
about molecular/cellular mechanisms.

« Specific phenotypic outcome depend on both
tissues/organism level integration, and lifestage,;
examples follow
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Hazard Identify: Issues
Common Pathway/Different Disease

Table 1 Examples of inflammatory disorders

;ﬂ.ILhmmer S
“|Anaphylaxis

Ankylosing spondylitis

-l Asthma
1 Atherosclerosis

Atopic dermatitis
Chronic obstructive pulmonary disease
Crohn's disease (regional enteritis)
Gout
Hashimoto's thyroiditis
|schaemia-reperfusion injury {occlusive
and embolic stroke and
myocardial infarction)
Multiple sclerosis

4 Dlanrdera in whlc h an |mportant pathogenetlc rolv is a55|gned to |r|ﬂarnmat|0n

D JtEr_ﬁr:J rthritis
Hmplnun
) dic fever syndromes

Psoriasis

= heumatnui arthritis

JJ

"'u"arf':[:l_l|itidEE' ( -."PI']PI'EF"E; syndrome,
Goodpasture’s syndrome, giant cell
arteritis, polyarteritis nodosa)

Aenograft rejection




Hazard Identify: Issues

Common Mechanism/Different Diseases
Lifestage Dependency

Environmental Stressor > A DNA Methylation > A Increased Disease

First Trimester Second Trimester Third Trimester

EEEEEE) B )

v' CV Disease v Pulmonary Disease v Diabetes

v Hypertension v" Renal Disease v Depression

v Dyslipidemia v Schizophrenia

v Obesity v Anti-Social Personality
Disorder

From Robert Lane,
UT Dept Neonatology




Dose — Response: At
what concentrations do
effects occur?



v EPA :
- Dose — Response Tier 1

Agency

« Lots of nice dose-response
data, collected over a wide
range

- Must integrate various

pathway data
— Use LOEL or slope estimate
of molecular data
— Number of pathways
Impacted

ontrols

Fold Induction | 48hr C

« Must incorporate variability
as feasible
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* Yields relative potencies of
chemicals to induce
molecular/cellular
mechanisms

M1

TKE + MGMT

« Use experimental data, don’t
extrapolate
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Fistogiere s
- Similar to Tier 1 but using zoasse:
high & medium test systems s as

that yield more direct insights
Into risks by including tissue/
organism level integration
and metabolism.

« Examples include: virtual
tissue modeling, tissue,
culture, alternative species of
Tier 2 include.
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Vit DOSE — Response: Tier 3

Agency

« Human biomarkers of effect
and exposures

FOSLZ_E384_R

« Estimation of risks vs.

ey relative potencies

RUNX3_P247 F 0. . Interactior_] of ba_u:kground
LTA_P214 F . and chemically induced
events leading to disease

LTA_E28_R ) . . .

- Think in terms of biasing the
population toward or away
from disease.

- Risk assessments will focus
on shifts in population

Heat map of DNA methylation patterns distribution
in in vivo benzene exposed and control
humans. Red is methylated. Green is

unmethylated. Zhang et al. 2010
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 Proof of concept, value of information and decision
rules are being developed.

* New types of data (e.g. omics) can be used to identify
the likelihood of adverse effect outcomes and estimate
relative potencies and human risks.

« Weight of evidence varies depending on the type of
data
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 Think in terms of networks and pattern recognition:

—Phenotypically similar diseases can be induce by
perturbation in different parts of the network.

—A specific pattern of disruption can result in several
different diseases depending on species, tissue and
life stage.

 Risk will best be characterized as distributions
that incorporate variabllity.



wEPA NexGen Health

United States

Assessment Timeline
NexGen Report
Risk e Initial Prototypes
Managers’ *Risk Managers &
First Workshop S_takeholders’
NexGen Views
Public I?c(larr;?tr)t -Science
Dialogue Community Views
Conference
Science
Experts’
Workshop
Nov. ‘10 Feb. ‘11 Oct ‘11 Late ‘11 Mid ‘12
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Please visit EPA’'s NexGen Web site for more
Information:

www.epa.gov/risk/nexgen

Nexé)Gen
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Tier 1
10,000s of chemicals

High
Throughput
Molecular Mechanisms
of Action

Assays & Assessments

Tier 2
1000s of chemicals

+High Content/Med
Throughput
Adds Tissue/Organism
Level Integration

Tier 3
100s of chemicals

+High Content, Med/Low
Throughput
Adds Most Realistic
Scenarios

* In vitro only bioassay
batteries (~73-500
assays)

vNetwork/disease
pattern recognition
vMetabolism or
surrogates
vQSAR

- Anchored to in vivo data

* Bioinformatic data
integration

* Short-term in vivo
exposures with in vitro
assays

vMammalian species
v Alternative species

- Primary tissue culture

- In silico virtual tissues

- In vivo or anchored to in
vivo data

- Bioinformatic data &
knowledge integration

Screening/Ranking

'« Molecular epidemiology

& clinical Studies

» Molecular biology +
traditional animal
bioassay

« Environmental exposures

» Upstream & phenotypic
outcomes

* Mechanism of action for
multiple stressors

I« Knowledge integration

Limited decision-making

Increasing Weight of Evidence
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