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Problem Statement

Cardiovascular Health Effects Innovation Program

* Chronic progressive cardiovascular (CV) disease is a primary cause of

morbidity and mortality in the United States and globally.

» Current approaches to environmental hazard assessment do not include
specific assessments of CV bioactivity and hazards

contemporary and common CV diseases.

* There is no defined approach to identify agents that might be contributing to



Why this?
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To improve our understanding about how environmental exposures could affect
the CV system in humans

Top 10 US causes of deaths, 2016 and 2017
Heart disease
155.8
Cancer 152 5
Unintentional injuries
Chronic lower respiratory
diseases
Stroke
Alzheimer disease
Diabetes
Influenza and pneumonia 12::'453
: Hl 2016
Kidney disease 131 2017
13.0
Suicide 13.5
214.0
1 1 1 | 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
Deaths per 100,000 U.S. standard population
Statistically significant decrease in age-adjusted death rate from 2016 to 2017 (p < 0.05).
[ Statistically significant increase in age-adjusted death rate from 2016 to 2017 (p < 0.05).
NOTES: A total of 2,813,503 resident deaths were registered in the United States in 2017. The 10 leading causes accounted for 74.0% of all deaths in the

number of deaths for leading causes. Access data table for Figure 4 at: hitps:/iwww.cdc.govinchs/data/databriefs/db328_tables-508.pdt#4
SOURCE: NCHS, National Vital Statistics System, Mortality. 4

IUnited States in 2017. Causes of death are ranked according to number of deaths. Rankings for 2016 data are not shown. Data table for Figure 4 includes the

NCHS, National Vital Statistics System, Mortality



Why this?

To improve our understanding about how environmental exposures could affect
the CV system in humans

Top 10 US causes of deaths, 2016 and 2017
Top 10 global causes of deaths, 2016

Heart disease

Cancer Deaths (millions)
Unintentional injuries o 2 4 & 8 10
1 1 1 1 1 1 1]
Chronic lower respiratory X .
diseases Ischaemic heart disease
Stroke Stroke
Alzheimer disease Chronic chstructive pulmonary disease
Diabetes Lower respiratory infections
; 13.5 . i "
Influenza and pneumonia 214.3 Alzheimer disease and other dementias
. ! 13.1 Cause Group
Kidney disease 13.0 Trachea, bronchus, lung cancers
Suicide 135 - Communicable, matemal, neonatal
2'|I4-U | | Diabetes mellitus and nutritional conditions
0 20 40 60 Road injury - Noncommunicable diseases
Deaths per 1(
Diarrhoeal diseases Injuries
Statistically significant decrease in age-adjusted death rate from 2016 to 2017 (p < 0. :
[ Statistically significant increase in age-adjusted death rate from 2016 to 2017 (p < 0.0 Tu hen:u | osls
NOTES: A total of 2,813,503 resident deaths were registered in the United States in 2
United States in 2017. Causes of death are ranked according to number of deaths. R I e 5 i S T
number of deaths for leading causes. Access data table for Figure 4 at: https:/fwww.cd Source: Global Health Estimates 2016: Deaths by Cause, fz=, Sex, by Country and by Region, 2000-2016. Geneva, World Heslth Drganization; 2018, 5
SOURCE: NCHS, National Vital Statistics System, Mortality.
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To improve our understanding about how environmental exposures could affect
the CV system in humans
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Objectives

Cardiovascular Health Effects Innovation Program

» Leverage existing knowledge to define key 'failures modes’ as a biological
framework for modeling, link those modes to mediators of mechanistic

bioactivity and screen existing databases to identify putative CV hazards.

environmental substances.

» Develop a suite of assay/testing/modeling/knowledge management
Program (DNTP) Translational Toxicology Pipeline and apply it, in an integrated

capabilities that aligns to the current Division of the National Toxicology

fashion, to provide an evidence-based approach to assessing CV bioactivity of

* Develop and implement an innovative capability for identifying potential
environmental contributors to specific and contemporary clinical CV diseases.



Objective 1: Leveraging existing knowledge
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Using CV Failure Modes as a framework

CV failure modes- Mechanisms to phenotypes

[ Drug actions on human receptors, ion channels, cellular processes |
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CV ‘failure modes’: discrete ways
in which the CV system responds
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Objective 1: Leveraging existing knowledge
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Linking Failure Modes to mediators of mechanistic bioactivity

Pearson correlation-based gene : §Ag— Celiar movement -
expreSS|on network Cell-to-cell Signaling — #‘ I

Immune/inflammatory response Cellular development & differentiation Lipid metabolism/statin pathway

signaling

Apoptosis

\- ﬁ / Cardiac B-adrenergic

Circadian rhythm

Transcription & protein
synthesis

Cell proliferation/MAPK signaling

Smooth muscle contraction/cardiomyopathy
Molecular transport/RNA trafficking

PPAR signaling pathway/
lipid metabolism

Heme biosynthesis Extracellular matrix/focal ]
adhesion Cardiac muscle
movement

Arif Rahman, Scott Auerbach



Objective 1: Leveraging existing knowledge

Using CV Failure Modes as a framework to screen existing databases

Slice Tragat name EFfect Sk Coalor
ADORA Audeniosi ng Recepior Wasodialation, aleratans in BF

ADRE Adramergic Receplon Arhythinla, Altarations in BP

CHRAA Mustarinic Acetylcholing Receptor  Alterations in BF and HE, tachycardia

DD Dopaming Recepior Alterations in BF and HR, Vascular relasation
EDMR Endothelin Reoeptor Alterations in BP, Can exert adverse effects during
HTR Serotonine Receptor Alterations In BP, Potential cardlac wabrulopathy
AVFR Vasoprassin Receplos Alterations in BF and HR, Cardiac bypertrophy
CHRMA Cholinergic reoeptor Alterations in 8P and HR

CACMA Waoltage-Gated Cabolum Channel Aterations In BP, OT prolangation, Arrhythmia
e Potaasium Voltage Gated Channal  Prolongation of QT mterval of ECG

VEGF Wascular Endothelial Growith Facor Alberations in BP , Cardiac Ischemia
VaicularThsse  Vasiular Thsue Iy atardial isehemis, cardlac Ay thmias
midative Semas Onidative Strew Callular Mypertraphy: Cardiac Call Death

Mt ochondrial Dysfunciion Cardiac dyslunction: Cardiomyspatiyg

Tissue Factor Alterations in BP and ventricular
Phosphodiesterase Alterations in cardiec contractllity, MR and BP
Moncamine Owidate Alterations in 8P

c=jun Neterminal kinase Wascular injury, @rdiac hypertrophy

Tyrosing Kinase Alterations in BP, LV dyilundtion, conduwction
Aromatate Protoin Irchoamic heart ditcawe

Estrogen receptor Alpha Abnormal cardiad contraitility, cardiad Bypertrophy
Glucocorticold receptor Ahwrations in BP; Arrhythmia

Porgeincens Prolifersior

A tivabed Receptor ¥ Cardiat hypertrophy , Ahendsclenogis
Activabing Protsin At horoseleroiis

Hyposia Indus ks Facior 1 lachasmia diseass

NF Kapga B It By G lier i

Tuimor Protsin ps3 Alrsration in cardiae function

Intercelliul ar adbesion molecule 1 Markers of endot helis) dysbunction
Intarkauking Markars of inflammation and oxidative stress
Tissue Type plasminogen activator  Markers of endothelial dysfunction
Plasminogen sctivator inhibitor type Markers of endothelisl dysfunction

CV-relevant bioactivities

Matrluretic paptide & Release in response to elevation in LV filling pressure
it gromation of wid ol dyilunetan
Serum amyloid Al Ahy gt SR et i e sl U 8 s 10

Shagun Krishna, Nicole Kleinstreuer
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Objective 1: Leveraging existing knowledge

Using CV Failure Modes as a framework to screen existing databases

ToxPi =
visualization tool
that represents
relative potency of
bioactivities

CardioToxPi images for 10 most active chemicals

Gentian Vialet PharmaGSID_48505 SSR150106 Didecyldimethylammonium chioride Tributyitin chioride
Score = 0.3099 Score = 0.2340 Score = 0.2313 Score = 02212 Score = 0.2180
Rank = 882 {out of 882) Rank = 881 {out of 882) Rank = 880 (out of 882} Ranik = 879 (out of 882) Rank = 878 (out of 852)

I-Methyl-4 G-di-tert-butylphenol SR146131 triflucroacetate (1:1) Kepone Tributyltin methacrylate PharmaGSID_48519
Score = 0.2079 Score = 0.2045 Score = 0.2035 Score = 0.1904 Score = 0.1820
Rank = 87T {out of 882) Fank = 876 {out of B2} Rank = 874 (out of 882} Rari = 874 (out of B82) Rani = 873 (out of 852)

Shagun Krishna, Nicole Kleinstreuer
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Objective 2: Developing capabilities

Assay, testing, modeling, knowledge management
CV failure modes- Mechanisms to phenotypes

Environmental chemicals and/or drugs

Focus of bioactivity oSS mmms o omommommmmoe s S
. Molecular BAR PDE DNA Na* K* Ca2* ATP 5HT2B ROS O, metabolism, etcl!
1 2 ’
screening mechanisms/targets ‘=== = ccc e R e ————— !
‘ chemicals: route, dose, “tissue specificity”
'I ''''''''''''''''''''''''''''''''''''''''''''''''' N
1 A Inotropy | injury/de-differentiation/proliferation ‘ :
. . I Ri . 1
FOCUS of in vitro :Blologlcal phenotypes !
mOdeling |‘ | A action potential || hypertrophy H barrier function ‘ | coagulation | | inflammation ‘ :
S S S S N R R N S S S S —’
ABP ‘ AEF | ‘ Cardiac fibrosis | ‘ Hemorrhage, thrombosis |

In vivo endpoints

| TS ———

‘ Arrhythmia | ‘ Myocardial necrosis | | Regurgitant flow |

Clinical outcomes A BP, AHR, AEF, HF, Arrhythmia , TMACE



Objective 2: Developing capabilities

Assay, testing, modeling, knowledge management
Lewvel of biological organization
> e
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Objective 2: Developing capabilities

Human iPSC-derived cardiomyocytes

DMSO Isoproterenol

Nifedipine

g . T

Tima In Seconds

Non-selective  adrenoreceptor

» Calcium channel blocker-
agonist specific to the L-type calcium
» Used for the treatment of bradycardia channels

» Enhances Ca2+ release » Used to treat high blood
Sreenivasa Ramaiahgari
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Objective 3: Developing approaches to understand CV diseases

Shifting from agent-based to disease-focused health effect assessments

X lbs./yr. commercial production

Mortality Incidence of common diseases
Selected Causes of Death
Figure 2. Age-adjusted death rates for selected causes of death for all ages,
by sex: United States, 2004-2014
10,000
Male Female
T
= All causes
§ B R — All causes Agent A
=
]
§ Heart disease Ag e nt B
e T s o — Heart disease
= Cancer ' TP T ——— s
2 Unintentional injuries Cancer .
3 100 . o Agent C
I T Lanant Stroke  plzheimer's disease
& T T LA— AgentY
Alzheimer's disea Unintentional Diabetes’
e o o o e — Agentz
2004 204 2004 204

https://ncats.nih.gov/tissuechip/chip
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fesh Objective 3: Developing approaches to understand CV diseases

Environmental contributors to hypertensive disorders of pregnancy

Causes of maternal deaths each year

Embolism PREGNANCY-RELATED DEATHS
PER 100,000 LIVE BIRTHS

NTP Monograph

‘o.ﬂ
0

/ White Women American Indian/ Black Women
Infection Alaska Native Women
0.4 Million Maternal Deaths Each Year Worldwide MMWR ;g Full report: bitly/maternaldeath_
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Objective 3: Developing approaches to understand CV diseases

Environmental contributors to hypertensive disorders of pregnancy (HDP)

Biomarker
identification

~

Knowledge
Mining

Human
Health

Hypothesis-
driven Research

" Communicate

Effects

Computational
Toxicology

Bioactivity
Screening
/”’

In vitro
\ Studie

Environmental
e exposure
Modeling HDP / effects on HDP
phenotypes model 17
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Stakeholder engagement
Working together to understand environmental exposures and CV toxicity
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18



3

Why DNTP, now?

Need meets evidence + capabilities + expertise

o EXPERT|SE """"""""

« Develop capabilities 5 o
@
' o nN 050
* Investigate complex o 09 Q-l\
di ° P e o4 I 0‘ AN
CV ISeases Experts  Collaboration Knowledge Team Capabilities Innovation Research

19
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Progress to date

Manuscript: CardioToxPi
analysis (in review)

Manuscript: CV-relevant drug
matrix data and WCGNA

Evaluation of in vitro CV
capabilities

Evidence mapping of CV
modules (in preparation)

outcomes and environmental
exposures
CV HEI concept presentation

Literature-based analysis of
HDP biomarkers

Literature-based analysis of
CVD in U3 populations

Milestones

Manuscript: CV testing
framework

20



_ Milestones

YEAR 1 YEAR 2 YEAR 3+
—

Define testing framework (CV failure modes)

In vivo CV assessment (capability/paradigm dev't) _ CV In vivo integration into testing paradigm

21




Thank You!
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Cardiovascular Health Effects Innovation Program

Question 1

What are you most excited about?



Cardiovascular Health Effects Innovation Program
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Question 2

Please share your insights about the Program regarding:
a. how the objectives address the problem/opportunity
b. the boldness of the approach to achieve the objectives
c. the alignment of the metrics to the desired impact
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Question 3

Cardiovascular Health Effects Innovation Program

Considering DNTP’s capabilities and expertise, what mechanisms do

you suggest that we consider to be able to effectively execute against
the objectives? With whom might we partner to ensure success?
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Question 4

Cardiovascular Health Effects Innovation Program

The disease-focused approach of the Health Effects Innovation
Programs is novel in toxicology and hazard assessment. What unique
challenges are we likely to encounter in taking that approach for CV
disease? What near and mid-term deliverables might reinforce our
decision to take that approach?
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Cardiovascular Health Effects Innovation Program

Question 5

A key theme of the NIEHS Strategic Plan is ‘Data to Knowledge to
Action’. At what level of detail do we need to characterize CV hazards to
enable public health-protective decisions by individuals, regulatory
scientists and policy makers? For example, at the level of bioactivity in

the CV system, induction of adverse changes in morphology or function
or at the mechanistic level?
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