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The National Institute of Environmental Health Sciences

* One of the U.S. National Institutes of Health, but located in Research Triangle Park,
North Carolina

* Wide variety of programs supporting our mission of environmental health:
-- Intramural laboratories -- Clinical research program

-- Extramural funding programs -- National Toxicology Program

-- Disease Prevention -- Public Health Focus
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Presentation Notes
Introduction to the NIEHS Mission and Strategy for individuals who may not be familiar with the Institute.
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New ways of thinking about environmental health
sciences...

OLD... chemicals act by overwhelming
the body’ s defenses by brute force at
very high doses

NEW... chemicals can act like
hormones and drugs to disrupt the
control of development and function at
very low doses to which the average
person is exposed

NEW... susceptibility to disease persists
long after exposure (epigenetics)

National Institutes of Health
U.S. Department of Health and Human Senvices
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With the expanding number of chemicals, chemical mixtures and biological interactions that affect human health, previous ways of thinking about dose – response and the relationship between the time-to-response relationships no longer completely address the problems we’re now facing.  The notion that testing of a single chemical across a small range of doses provides a complete picture for assessing risks is under question.  We know that exposures at one life stage may have affects later in life and even have consequences for the health of future generations.

Many types of epigenetic processes have been identified—they include methylation, acetylation, phosphorylation, ubiquitylation, and sumolyation. Other epigenetic mechanisms and considerations are likely to surface as work proceeds. Epigenetic processes are natural and essential to many organism functions, but if they occur improperly, there can be major adverse health and behavioral effects.

NIEHS is on the cutting edge of characterizing and solving these complex problems.   


Stages of Prenatal and Postnatal Organ Development

S

Early Prenatal Mid-Late Prenatal ~ Postnatal

Central nervous system (wks -20 ears)

Ear (4-20 wks) '

Kidneys (4-40 wks)

Immune system (8-40 Wks competence & memory birth-10yrs)

Skeleton (1-12 wks) :

Lungs (3-40 wks alveoli b|rth 10yrs)

] ! i
Reproductive system (7-40wks maturatlon in puberty) :

Week 1-16 Week 17-40 Birth — 25 years'

Source: Altshuler, K; Berg, M et al. Critical Periods in Development, OCHP Paper Series on Children's Health and the Environment, February 2003.
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Presentation Notes
We have long been aware that the fetus and developing human has greater susceptibility to exposure and toxicity from some chemicals.  However, present techniques in toxicology and risk assessment make it difficult to address this problem.
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Windows of Susceptibility: Developmental
Exposures Lead to Disease Throughout Life

Environmental
Exposures

National Institutes of Health
U.S. Department of Health and Human Senices
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Exposures early in development (and even prior to development) may have lingering effects that have severe consequences for the individual and for society.  
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Examples of Developmental Origins of
Health and Disease (DOHAD)

Learning Differences/Behavior

” Asthma _

< Increased Sensitivity to Ather.oscler03|s

7 Infections Cardiovascular

= Testicular Dysgenesis Disease

0 Syndrome

:

& Obesity

o

2 — Prostate

o Altered Puberty Fibroids o -

3 Premature Menopause AR e
Parkinson's

AGE

2 12 25 40 60 Nationa?thitutes of Health

U.S. Department of Health and Human Senices
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Some of the diseases that have been associated with early life chemical exposures include: obesity, early menarche, infertility and prostate cancer.  Presently, our approach to risk assessment for such exposures and health effects is lacking.
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Endocrine Disruptors™

e There are more than 85,000 chemicals In
commerce;

* An unknown subset of these are toxic:

e A subset of those that are toxic are EDCs.

* “An endocrine disruptor (ED) is an exogenous substance or
mixture that alters function(s) of the endocrine system and
consequently causes adverse health effects in an intact
organism, or its progeny, or (sub) populations (WHO/I 2002)”

National Institutes of Health
U.S. Department of Health and Human Senvices
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Characteristics of EDC Toxicity
 Low dose effects
— High dose effects are different from low dose effects
— Non-monotonic dose-responses
 Wide range of effects
— Endocrine signaling govern all tissues/organs
— Nuclear and membrane receptors, neurotransmitters, metabolism
e Persistent and latent effects
— Developmental exposure most sensitive window
— Trans-generational effects (vinclozolin, dioxin, BPA, phthalates)
« Ubiquitous exposure
— Consumer products
— Pharmaceuticals
— Industrial products 5. Departmentof e h e of el
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Developmental Exposure to DES and Weight Gain
Proof of Principle

0 | Control

45! 4 DES
40

35,
30
25

20 7
15
10

° |
OL

1 Month 4 Month

Exposure of CD-1 mice to DES for 5 days at birth results in increased weight gain
starting at puberty in female mice. No change in food intake or exercise. Newbold et
al. (2006) National Institutes of Health

U.S. Department of Health and Human Senvices
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Diethylstilbestrol (DES) is a synthetic form of the hormone estrogen that was prescribed to pregnant women between 1940 and 1971 to prevent miscarriage, premature labor, and related complications of pregnancy.

Women who took DES during pregnancy have an increased risk of breast cancer.

Increased risks of clear cell adenocarcinoma of the vagina and cervix and of breast cancer have been found for daughters of women who took DES during pregnancy; fertility problems are also more common among these daughters.

Other health problems have been found for both daughters and sons of women who took DES during pregnancy; studies of the grandchildren of these women are just beginning.

People who were exposed to DES should be aware of the possible health effects and tell their doctor about their exposure.
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Examples of Endocrine Disruptors

HERBICIDES
2,4,-D

Alachlor
Amitrole
Atrazine
Linuron
Metribuzin
Nitrofen
Trifluralin

FUNGICIDES
Benomyl

Ethylene thiourea
Fenarimol
Hexachlorobenzene
Mancozeb

Maneb

Metiram - complex
Tri-butyl-tin
Vinclozolin

INSECTICIDES
Aldicarb

beta-HCH

Carbaryl

Chlordane
Chlordecone

DBCP

Dicofol

Dieldrin

DDT and metabolites
Endosulfan
Heptachlor / H-epoxide
Lindane (gamma-HCH)
Malathion

Methomyl
Methoxychlor
Oxychlordane
Parathion

Synthetic pyrethroids
Transnonachlor

INDUSTRIAL CHEMICALS

Bisphenol - A
Polycarbonates

Butylhydroxyanisole (BHA)

Cadmium

Chloro- & Bromo-diphenyl ether

Dioxin (2,3,7,8-TCDD)

Furans

Lead

Manganese

Methyl mercury

Nonylphenol

Octylphenol

PBDEs

PCBs *

Pentachlorophenol

Penta- to Nonylphenols

p-tert-Pentylphenol

Phthalates

Styrene

RED= Found in water

National Institutes of Health
U.S. Department of Health and Human Senvices
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One mechanism for epigenetic changes

Focus | Epigenetics : The Science o f Change

 HistoneAcetylation by transferases
causes expansion of chromatin
architectureallowing = ,}w -
transcription to occur; - ™ g
e Transcriptioncan be blocked by
addition of methylgroups by
methyltransferases.

 Epigenetic changesthat occur
during sensitive life stages
can cause heritable disease.

B. Weinhold, Environ Health Perspect. 2006 March; 114(3): Ate2 oL 116 nuveen 3| March 2006+ Environmental Health Perspectives

Al160-A167. National Institutes of Health
U.S. Department of Health and Human Senvices
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Histones and other proteins are often modified by acetylation. For example, on the DNA level, histone acetylation by acetyltransferases (HATs) causes an expansion of chromatin architecture, allowing for genetic transcription to occur. However, removal of the acetyl group by histone deacetylases (HDACs) condenses DNA structure, thereby preventing transcription.[3] In addition to HDACs, Methyl group additions are able to bind DNA resulting in DNA methylation, and this is another common way to block DNA acetylation and inhibit gene transcription.

Epigenetics may be conceptualized as control over how genomic DNA is expressed. This control is initiated by DNA Methyl transferases (DNMTs) that methylate C-G Dinucleotides (CpGs), which are then tagged by Methyl Binding Proteins (MBD) attached to potent repression complexes. Repression complexes, in turn, control modifications to histones H3 and H4 tails, which perpetuate constriction and make stable modifications to the histone cores H2A and H2B to prevent histone unit ejection/nucleosomal displacement. These collective events are associated with stabilized tension of the histone H1 linker. HP1α and HP1β proteins tether silencing elements—from methylated CpGs to ATPase remodeling machinery—together, in order to tightly crowd methylated DNA close to the nucleosomes, thereby blocking transcription elements.
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Epigenetics: Maternal chemical exposures can
cause heritable changes in offspring.

Maternal ingestion of
Genstein causes coat
color changes in
offspring that are traced
to heritable changes in
methylation patters on
DNA.

Genstein

. . National Institutes of Health
J |rt|e, EH P, Aprll 2006 U.S. Department of Health and Human Senices
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Genistein was first isolated in 1899 from the dyer's broom, Genista tinctoria; hence, the chemical name derived from the generic name. The compound nucleus was established in 1926, when it was found to be identical with prunetol. It was chemically synthesized in 1928.[1]

Figure | Genetically identical week 15 Avy/a mouse littermates are shown, representing five coat-colour phenotypes. Mice that are predominately yellow are also clearly more obese than the brown mice. Part b reproduced with permission from REF. 20 © (2006) National Institute of Environmental Health Sciences. 250mg/Kg (approximately equivalent to high soy human diet)

Adding or removing methyl groups can switch genes involved in cell growth off or on. If such changes occur at the wrong time or in the wrong cell, they can wreak havoc, converting normal cells into cancer cells that grow wildly out of control.

For example, in a type of brain tumor called glioblastoma, doctors have had some success in treating patients with a drug, called temozolomide, that kills cancer cells by adding methyl groups to DNA. But that's only part of a very complex picture. Cells also contain a gene, called MGMT, that produces a protein that subtracts methyl groups — an action that counteracts the effects of temozolomide. In some glioblastomas, however, the switch for the MGMT gene has itself been turned off by methylation, which blocks production of the protein that counteracts temozolomide. Consequently, glioblastoma patients whose tumors have methylated MGMT genes are far more likely to respond to temozolomide than those with unmethylated MGMT genes.
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Toxicology for the 215t Century Goals....

Identify patterns of compound-
induced biologicalresponsein order
to:

— characterize toxicity/disease
pathways

— facilitate cross-species extrapolation
— model low-dose extrapolation

Prioritize compounds for more
extensivetoxicological evaluation

Develop predictive models for
biologicalresponsein humans

U.S. Department of Healthre an Senices
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High throughput
screening can be used to
Identify chemicals that
activate pathways
associated with disease.
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National Institutes of Health
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http://pubchem.ncbi.nlm.nih.gov/
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The NCGC

e conducts quantitative high-
throughput screening (QHTS)

— >300,000 profiles/week 1
o gHTS profile E
£
- 1536-well plate format 2
— 14-point concentration-response
curve ke
— DMSO soluble
- 5 nM to 92 MM typical o 30 B.5 8.0 T8 '-":'c '55. &0 3.5 5.0 |5 d
- ~5b MI— assay volume Differential cytotoxicity (measured as levels of ATP)
in 7 chicken DT40
- ~1OOO Ce”S/We” National Institutes of th
U.S. Department of Health and Human Seq;@es
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The NTP Vision for the 21st Century is to move toxicology from a predominantly observational science at the level of disease-specific models to a predominantly predictive science focused upon a broad inclusion of target-specific, mechanism-based, biological observations.

To implement the Vision, the NTP developed a Roadmap that places an increased emphasis on the use of alternative assays for targeting the key pathways, molecular events, or processes linked to disease or injury, and attempts to incorporate them into a research and testing framework. The Roadmap positions the NTP program to provide scientific data and the interpretation of those data for public health decision making. As a logical outgrowth of the Roadmap, NTP established a High Throughput Screening (HTS) program, representing a new paradigm in toxicological testing.

In 2007, the National Academy of Sciences published its report "Toxicity Testing in the 21st Century: A Vision and Strategy" that envisioned a not-so-distant future in which virtually all routine toxicity testing would be conducted in vitro in human cells or cell lines by evaluating perturbations of cellular responses in a suite of toxicity pathway assays using high throughput robotic assisted methodologies. In response to this report and in recognition that a coordinated program among multiple government organizations would be needed to achieve this vision, by building on existing expertise and overcoming the resource limitations of a single agency, the NTP entered into a partnership with two other government agencies.

Together with the NTP, the National Human Genome Research Institute's NIH Chemical Genomics Center (NCGC) and the U.S. Environmental Protection Agency's National Center for Computational Toxicology, located within the Office of Research and Development, agreed to test a large number of compounds broadly characterizing and defining the chemical-biological space occupied by chemicals of toxicological concern.

This partnership was formally announced in a five-year memorandum of understanding (MOU) released on February 14, 2008 (see February 2008 News Release), along with a publication authored by Drs. Francis Collins (NHGRI), George Gray (EPA) and John Bucher (NIEHS/NTP) describing how this partnership would transform environmental health protection.

On July 19, 2010, a new five-year MOU was announced that was signed by the original three partners plus the U.S. Food and Drug Administration (FDA). The FDA brings to the partnership their experience in human diseases and in animal models of human disease, as well as toxicity pathway analysis and computational toxicology, and their active participation is in recognition of the their commitment to developing new methods to evaluate the toxicity of the substances they regulate.
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New ways of addressing environmental health
problems...

Toxicology for the 21st Century Goals....

 |ldentify patterns of compound-
Induced biological responsein order
to:

- characterize toxicity/disease  Toyy
pathways

— facilitate cross-species extrapolation

— model low-dose extrapolation

e Prioritizecompoundsfor more
extensivetoxicological evaluation

 Develop predictive models for
biological responsein humans

16

National Institutes of Health
U.S. Department of Health and Human Senices
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NIEHS participates with our partners at EPA, FDA on the Tox 21 Program.  This effort was initiated in 2008 and has three primary goals.  When fully successful,  the program will allow rapid hazard assessment for many chemicals and substances using rapid in vitro and in vivo techniques.  

Traditional toxicological testing is based largely on the use of laboratory animals.  However, this approach suffers from low throughput, high cost, and difficulties inherent to interspecies extrapolation making it of limited use in evaluating the very large number of chemicals with inadequate toxicological data.  

The NTP recognized that the dramatic technological advances in molecular biology and computer science offered an opportunity to use in vitro biochemical and cell based assays and non-rodent animal models for toxicological testing.  These assays allow for much higher throughput at a much reduced cost.  In some assays, many thousand of chemicals can be tested simultaneously in days. 




http://pubchem.ncbi.nlm.nih.gov/
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Tox21 Phase ll

« EPA’s ToxCast™ Phase Il: ~1000 compounds in ~650 assays.

— NCGC gHTS Phase II: >10K compounds 3x at 15 conc for:

— nuclear receptor activation or inhibition (AR, AhR, ER, FXR, GR, LXR, PPAR,
PXR, RXR, TR, VDR, ROR)

— Induction of stress response pathways (e.g., DNA damage, heat shock,
hypoxia, inflammation, mitochondria membrane potential)

— Assay selection based on
- Information from in vivo toxicological investigations
- Phase | experience, advice of basic researchers, and nominated assays
— Maps of disease-associated cellular pathways

— Future focus on disease-associated pathways (e.g., obesity/diabetes, autism)
using stem cells/differentiated cells and high throughput gene array assays

National Institutes Ofeiﬁlth
U.S. Department of Health and Human SefviCes
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Questions?
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