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Enwironmental Health Sciences

The National Institute of Environmental Health Sciences

* One of the National Institutes of Health, but located in Research Triangle Park, NC

* 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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Enwironmental Health Sciences

A New Vision and Mission for NIEHS and NTP

e Qur vision is to provide global leadership for innovative
research the improves public health by preventing disease and
disability

 OQur mission is to discover how the environment affects
people in order to promote healthier lives.
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Strategic Themes

Studying basic mechanisms and windows of susceptibility

Linking individual and population
exposure to risk

Creating better predictive models
and 215t Century tools

Mission

=

Enhancing communication and
diversity in all aspects of research

Iw""""""Jl‘ﬂll‘gnl Manageme®

Training a multidisciplinary group of scientists

Improving coordination between gov’'t agencies and
other groups
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Toxicology for the 215t Century Goals....

» |dentify patterns of compound-
induced biological response in
order to:

— characterize toxicity/disease
pathways

— facilitate cross-species
extrapolation

— model low-dose extrapolation

* Prioritize compounds for more
extensive toxicological evaluation

» Develop predictive models for
biological response in humans
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Environmental burden of disease: moving beyond
Infectious agents and high exposures

% Burden due to Environment
12 - 15
16 - 20
20-25

i 25 -jﬁ g Estimates based on WHO data for the Year 2002.
I 2040 Copyright WHO 2007,

http://www.who.int/quantifying_ehimpacts/en/
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Why Environmental Health Matters

* 13 million deaths could be prevented
per year by improving our environment

 Environmental factors influence 85 out
of the 102 non-communicable diseases
iIn WHO report

 Environmental factors account for
at least 2/3 of cancer cases in the
United States

* You can’t change your genes, but you
CAN change your environment

WHO Global Health Report (2010); Horton, R., Lancet (2013)
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“ENVIRONMENT” Includes:

* Industrial chemicals e Foods and nutrients

 Agricultural chemicals * Prescription drugs

* Physical agents * Lifestyle choices and
(heat, radiation) substance abuse

» By-products of combustion e Social and
and industrial processes economic factors
(dioxin)

* Infectious agents

* Microbiome (gut flora)
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Ubiquitous Human Exposure

* Chemicals are widely dispersed
In our environment

* Chemicals are often dispersed
at biologically effective levels,
exposure to humans is common

e Exposures do not occur singly

* One exposure can alter the body’s
response to other exposures

 Combinations must be studied

* The “Exposome” is the totality of
exposures for a person
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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) and
may lead to transgenerational effects



<A NIEHS

= Mational Institute of
& Environmental | Health Sciences

..and about disease causation

« Complex diseases “ m ' ha-w*
have complex causes. w‘-

« Cancer and birth defects i'ir

are not the only endpoints.”

=

- l

* The environment is a contributor to: obesity, diabetes,
cardiopulmonary disease, autoimmune disease,
reproductive dysfunction, neurodevelopmental
disorders, schizophrenia, addiction, Alzheimer’s
Disease, and depression, and cancer and birth
defects .
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Research Challenges in Environmental Health

e Investigating the timing of
exposure and windows of
susceptibility

e Measuring individual
biological responses
and accounting for
genetic susceptibility GGt Tuberculosis

:_' l.rr:|'| T T'\l' FJ_.:.'. I CBTIEEI
hbrosis Diabetes

. ] Obesity
e Tying mechanisms
such as altered gene

Peptic ulcer

. . . G Envi t
expression, epigenetic i nvironmen
modifications, to adverse - Heart disease
health outcomes — Accident

Haemophilia Type2 Scurvy

Diabetes
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Developmental Origins of Disease:
Developmental Exposures Lead to Disease
Throughout Life

Environmental
Exposures
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Examples of Developmental Origins of
Health and Disease (DOHAD)

8 Learning Differences/Behavior
5 Asthma _
N Increased Sensitivity to Atherosclerosis
o Infections Cardiovascular
% Testicular Dysgenesis Disease
LLI Syndrome
g nferily
C
= Obesity
5 Prostate
o : :
[ Altered Puberty Fibroids Cancer
) Premature Menopause Alzheimer's
= : .
Q Parkinson's
O

AGE




Enviranmental Health Sciences

@é Mational Institute of

Mechanisms of inheritable epigenetics

Mitotic chromosome

Histone maodification

MNucleosome

Mitotically
retained
TF Foci

Methylated DNA

Zaidi S K et al. Mol. Cell. Biol. 2010;30:4758-4766
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Timing of DNA methylation and de-methylation
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Cancer- DES and BPA

« Both Diethylstilbestrol (DES) and Bisphenol A (BPA) have
been shown to cause epigenetic changes associated with
cancer after in utero exposures
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Doherty LF, et al. Horm Canc. 2010;1:146-155
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In utero exposure to arsenic increases risk of
COPD and lung cancer (Smith et al., 2006)

50
= Born 19501957
B Born 1958-1970
40 1 Rest of Chile
30
(==
=
(7]
20
10

Bronchiectasis Other COPD  Lung cancer All other deaths
Disease type
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Odds ratios for respiratory symptoms which
exceeded 2.0 in the highest arsenic exposure
104 B Never Exposed M 10-499ug/l B 500+ ug/!

g -

8 -

g~

Odds ratios
(9]

4 -
2 B
1 - .
|
0 |
Wheezing ever Asthma Coughing when not Shortness of breath Shortness of breath Wheezing when not
havingacold {last 12 when walking fast or  when walking on level having a cold
months) climbing ground

Smith A H et al. Int. J. Epidemiol. 2013;42:1077-1086
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Epigenetic modifications linked to arsenic

Histone modifications Scheme of nucleosome
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Jensen at al. 2008

Zhau et al. 2008

Zhou et al. 2009

Arrigo 1983; Desrosiers
and Tanguay 1566, 1988

Li et al. 2002, 2003
Park et al. 2008; Yih et al. 2005;
Zykova et al. 2006

X Ren, et al. Environ Health Perspect. 2011 Jan;119(1):11-9.
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Persistence of Effects

» Health effects of exposure can be
observed long after the actual
exposure has stopped

* This Is especially true when exposures g
occur during growth and development,
processes that are very sensitive to endocrine regulation

* Animal researchers discovered that endocrine disruptors can
produce latent effects by subtly altering the structure of DNA
molecules (epigenetics)

 The NIEHS is conducting human studies on the latent effects
of EDC exposure, including studies of children with behavioral,
mental and physical abnormalities who were exposed to
phthalates, PAHs or flame retardants before birth
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Asthma

* Most cases of asthma are now thought to originate in early life

L Gestation J L Early Childhood J Asthma J
*ETS *Airborne environmental irritants
*Traffic-related (ETS, DEPs)
pollutants *Viral infection (lower respiratory)
*Viral infection *Dust mite allergens
*Bacterial exposures eNutritional deficiencies (vitamin D)
*Dust mites

Nutritional factors
*PAHS
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Asthma - PAHS

* In utero exposure to polycyclic aromatic hydrocarbons
(PAHSs) has been associated with altered methylation
patterns and with childhood asthma

Characteristics® PAH-<2.41 (N=30) PAH=2.41 (N =268] Subjects (N = 58] Odds Ratios [95% Cl's)
Ethnicity (SaAA) 15 (509 15 (58%) 30 (54%) 1.4 (0.5 3.9
Gandar (% Males) 12 (08 12 {45%] 24 [43%| 1.3 104, 3,70
ACSL3 5'CGl Status (9% Methylated) 7 [23%) FAR TR 28 [50%) 1348 (3.8, 50.2)°
AC5LY §'CGI Methylation Status Methylated Unmethylated All Odds Ratios [%5% CI's]
Asthma (3% Yes with asthma)® 11/28 (39%) 4/28 (14%) 15/56 (27%) 19 (1.1, 14.3)
Median PAH exposure with in cach group®™ iMin, M) 1,3% ng/m’ 1.7 ngim’ .26 ng'm?
{111, 34451 DA% 3.331 {049, 34.46]

Perera F, et al. PLoS ONE 2009; 4(2): e4488.
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Children’s Research on Air Pollution and the
Immune System

 Living within 75m of a major roadway
associated with increased risk of asthma

« Genetic variations in immune response
to air pollutants may increase susceptibility

 Children in a high-pollution environment
showed impaired function of regulatory T
cells compared to children in low-pollution
setting

« Ambient air pollution may worsen asthma
via an immune mechanism

* The pollution may mediate epigenetic
changes in regulatory T cells (Nadeau,
Journal of Allergy and Clinical Immunology,
2010)
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Risk Estimate

Windows of Susceptibility: Tobacco —

Maternal Smoking & Children’s Obesity s

4 plasma leptin

positive association with BWI

— NTP Review of 23 Studies ——

— Studies range from 2001 — 2010 =

— Pooled data show: ————
* OR=1.5 for obesity (95%CI=1.35-1.65) (e
* OR=1.6 for overweight (95%CI=1.42-1.90) '“*i

—=— obese —=— overweight or overweight + obese —=— diabetes or risk for metabolic syndrome

10


http:95%CI=1.42-1.90
http:95%CI=1.35-1.65
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Chemical Obesogens

» Exposure to tobacco smoke in utero has been associated
with obesity, hypertension, and gestational diabetes
mellitus

Table 4. aORs? for obesity, hypertension, T2DM, and GDM by in utero exposure to tobacco smoke among
women, stratified by adult smoking.?

Nonsmokers (n=51,852) Smokers (n=22,171)
Outcomes Cases a0R (95% Cl) Cases aOR (95% Cl) p-Interaction®
Before pregnancy
Obesity 4,565 1.75(1.64, 1.87) 2,387 1.29(1.18, 1.40) <0.01
Hypertension 105 1.48(0.98, 2.23) 31 2.56(1.23,5.33) 0.24
120M 91 1.02 (0.64, 1.62) Y 1.38(0.74, 2.56) 0.38
GDM 385 1.25(1.00, 1.55) 162 1.48(1.08, 2.02) 0.33

aAdjusted for woman's age and education. All models except for obesity were also adjusted for prepregnancy BMI (kg/m?).
bAIl models except for GDM were stratified by adult smoking before pregnancy; GDM model was stratified by adult
smoking during pregnancy (n = 55,402 for nonsmokers and n = 18,250 for smokers). ¢Interaction term between in utero

tobacco smoke (yes/no) and adult smoking (yes/no). _ _
Cupul-Uicab LA, et al. Environ Health Perspect.

2012:120(3):355-360.
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Bisphenol A and Obesity in Children
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Table 2. Association of Urinary Bisphenol A Concentration and Odds and Prevalence of Obesity in Strata Defined by Sample Characteristics®

Lrinary Bisphenol A Concentration Guartile?

1 2 3 4
{n = B85) (n =700} (n=737) [h=718)
| [ 1
Unweighted  Obesein
Mo, Stratum, %o Prevalence OR Prevalence OR Pravalence OR Prevalence
Obese/Total (SE)- (95% ClI), % ([45% Cl) {95% CI), % {95% CI) {95% CI), % {95% CI) {as% CI), %
Entira sample SO0MZE1 6 178013 10.0 22 199 209 1855 2483 221
FE-125 1533239 (50247 (as2esd (48230 (172aF4d (70279
Sex
Farrale TH5/1355 165(1.5 10.8 1.86 18,4 185 185 2.00 185
B.7-14.8 (140-317% (1241243  (093-202) (168218 (1153498  {13.5-255)
[iale 3021450 190{1.9) 9.4 283 216 2456 21.1 2.14 247
6.5-12.4) i1,56-4 .-“13]"J [15.2-27.8) (1.66-3.558" 15.2-27.0) 1785 ,15]'-'1 17.2-32.1)
Al group, v
ol ZETA0RA 18001 .5 12.2 178 19.% 181 205 2.34 243
BE-17.8)  (1.05-287¢  [(11.7-268) (114221 (151266  (1.31-418%  [18.1-30.5)
=17 3631751 17.601.5 Q8 209 216 214 168.8 2,07 21.5
i6.1-13.1) fag-a48f (s7e7s poesasda’ (133938 (1554230 (153276
Racesathnicihy
Hisparie: 2ETHI004 23205 224 124 26850 0494 213 1.02 228
(17.2-27 B) (0.80-1.32) [&0.2-32.7) (0.58-7.45) (14.9-27.7) (0.55-1.94) 18.0-25.7)
Mon-Hizpanic white 124/ 7HT 15.501.7) 4.7 4.32 175 4.21 17 5,03 22.A
{1.8-7 B os-899Y (106244) 201-277F (17224 (2es-izazd  (15.8-208)
Mon-Hizpanic black 216/853 2450159 208 DE9 207 1.38 26.8 1.34 261
1282790 (D5B-1.86) (1522620  (D78-247)  (192-343 (075238  {18.2-338)
Ciher 23132 10325 7 2.84 7.7 211 133 1.22 8.6
-2 410187 (D.E4-12.4) 3431.7) (0.30-14.8) {0.5-27 3 i0.25-5 46 (2.5-14.6)

Tresande et al. JAMA. 2012;308(11):1113-1121.
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Prenatal Pesticide Exposure Lowers Child 1Q

Prenatal Exposure to Organophosphate Pesticides

and 1Q in 7-Year Old Children ENVIRONMENTAL
M F.B hard, J than Chevrier, Kim G. Harl H
arySE . BoUucChard, Jonathan evrier, Kim . Aar Ey,
Katherine Kogut, Michelle Vedar, Norma Calderon, — PERSPECTIVES
Celina Trujillo, Caroline Johnson, Asa Bradman, s chinaama. : .
Dana Boyd Barr, Brenda Eskenazi Online 21 Aprll 2011

7-Year Neurodevelopmental Scores and Prenatal WORLDNEW NGHTINE

Exposure to Chlorpyrifos, a Common Agricultural Pesticide abe NEWS

Virginia Rauh, Srikesh Arunajadai, Megan Horton, Heme
Frederica Perera, Lori Hoepner, Dana B. Barr, Robin Whyatt

Prenatal Exposure to Organophosphates, Paraoxonase 1,

and Cognitive Development in Childhood

Stephanie M. Engel, James Wetmur, Jia Chen, Chenbo Zhu,
Dana Boyd Barr, Richard L. Canfield, and Mary 5. Wolff
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Pesticide Exposure Linked to Risk of ADHD

ORs for Any ADHD Subtype for 10-Fold Increases
in Urinary DAP Metabolite Levels (N = 1139)

* % m DEAP = DMAPs = Total DAPs

Adjusted OR

Hyperactive Inattentive Combined
ADHD subtype

* p<0.05

Adjusted for gender, age, race/ethnicity, PIR, fasting duration,
and logarithmically transformed urinary creatinine concentration.
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Chemicals with Substantial Evidence of
Developmental Neurotoxicity (n=100)

2-Ethoxyethyl Acetate
Azibenzolar-Z -methyl
Acrylamide
Aldicarb
Allethrin
Aluminum [cl or lactate)
Amino-nicotinamide({6-)
Aminopterin

Amphetamine{d-)
Aspartame
Azacytidine|E&-)
Benomyl
Banzena
Bloallathrin
Bis(tri-n-butyltin)ox ce
Bisphenol A
Bromodeoxyuridine|5-)
Butylated Hydroxy Anisol
Butylated hydroxytoluene
Cadmium
Caffeine
Carbamazepine
Carbaryl
carpon monoxide
Chilordecone
Chlordiazepoxide
Chlorine dioxide
Chlerpremazine
Chlorpyrifos
Cocaine
Colecamid
Colchicing
Cypermeathrin

Dexamethasone
Diamorphine hydrochloride

Diazepam
Cytosine Arabinoside
DEET
Dealtamathrin
Diazinon
Dialdrin
Diethyistiibestrol
Diphenylhydantoin
Epidermal Growth Factor
Ethanol
Ethylene thisursa
Flaurcuracil(g-)
Fluazinam
Fluaoride
Grisaotulvin
Halopenodol
Halothane
Heptachlor
Hexachlorobenzane
Hezxachlorophene
Hydroxyurea

Imminodiproprionitrile {IDPM)

Cleac ]

Lindane
L5D
Manzsb
Medroxyprogesterone
Mepivacaine
Methadone

Methanol

Mathimazola
Methylparathion
Monosodium Glutamate

MPTF
Maloxons

Haltrexone
Nicotine
Methoxyethanol, 2-
aroxymethanol

Ozane
Faraguat
Parathion (ethyl)
FPBLCEs=s
renizillamine
Permethrin
Phenylacatats
Phenylalanine {d.l
Phthalata, di-(2-ethyihexyl)
Fropylthiouraci
Retinoids/vit Afisctretinoin
Salicylate
Tebhuconazole
Tellurium (salts)
Terbutaline
Thalidomidea
THC
Toluena
Triamcinalone
Tributyltin chloride
Trichlorfon
Trichlicroethylene
Triethyllead
Triethyltin
Trimethyltin
Trypan blua
Urathana

Valproate
Yincristine

Mundy et al. US EPA/NHEERL
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Thank you!

% National Institute of =LY 2 Nafional Toxicology Program rp
& E““im"maml Hna!ﬂ] SEin nces — = U5 Deparbment of Health and Human Services ::‘upr'l"“nd.

= 3 ean-h Frogram

NIEHS Strategic Plan Website
http://www.niehs.nih.gov/strategicplan



Presenter
Presentation Notes



http://www.niehs.nih.gov/strategicplan

	Epigenetics: Exposures, Genes & Generations
	The National Institute of Environmental Health Sciences
	A New Vision and Mission for NIEHS and NTP
	Strategic Themes
	Slide Number 5
	Environmental burden of disease:  moving beyond infectious agents and high exposures
	Why Environmental Health Matters
	“ENVIRONMENT” Includes:
	Ubiquitous Human Exposure
	New ways of thinking about environmental health sciences…
	Slide Number 11
	Research Challenges in Environmental Health
	Developmental Origins of Disease: Developmental Exposures Lead to Disease Throughout Life
	Slide Number 14
	Slide Number 15
	Timing of DNA methylation and de-methylation
	Cancer- DES and BPA
	In utero exposure to arsenic increases risk of COPD and lung cancer (Smith et al., 2006)
	Slide Number 19
	Epigenetic modifications linked to arsenic
	Persistence of Effects
	Asthma
	Asthma - PAHs
	Children’s Research on Air Pollution and the Immune System
	Slide Number 25
	Chemical Obesogens
	Bisphenol A and Obesity in Children
	Prenatal Pesticide Exposure Lowers Child IQ
	Pesticide Exposure Linked to Risk of ADHD
	Slide Number 30
	Slide Number 31



