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It is difficult for evolving INSTITUTIONAL PRACTICES to keep
pace with revolutionary advances in science and technology
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A Strategic Roadmap for Establishing
New Apprcachiests Evamate e >aisy “Federal agencies and stakeholders

of Chemicals and Medical Products

in the United States will work together to build a new
framework to develop, establish
confidence in, and encourage use of
new approaches to toxicity testing
that improve human health relevance
and reduce or eliminate the need for

testing in animals.“

e Published Jan 30, 2018

* https://ntp.niehs.nih.gov/go/natl-strategy

GO gle ICCVAM roadmap & ©,

INTERAGENCY COORDINATING COMMITTEE ON THE VALIDATION OF ALTERNATIVE METHODS
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Encourage the adoption and use of new
methods and approaches by federal
agencies and regulated industries
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Help end-users guide the
development of the new tools
needed to support their needs
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Foster the use of efficient, flexible,
and robust practices to establish
confidence in new methods
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Federal ICCVAM DART WG: Scope and Charge

Identify agency needs for assessment of adverse developmental effects

Work with international partners to identify global regulatory requirements for
developmental toxicity testing

Identify endpoints needed by each federal agency, and commonalities and
differences between agenciés

Examine the importance of specific endpoints and study types to research
product development and regulatory decision-making

Create a catalog of existing and emerging technologies, m%!o the endpoints
measured by those technologies to known mechanisms of developmental toxicity,
and assess their potential to fulfill regulatory testing requirements

Establish a stakeholder group of both government and non- government
scientists to coordinate efforts towards developing and implementing integrated
strategies for developmental toxicity testing
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Tox21/ToxCast Endocrine Pathway Models
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Animal Model
OVX Adult Rat: OVX 6-8 weeks, 14
day post-surgery recovery

OVX Adult Mouse: OVX 6-8 weeks,
7 day post-surgery recovery
Immature Rat: Begin dosing

postnatal day 18-21, complete

dosing by postnatal day 25

Group Size
Control groups: minimum three
/ animals
| Treatment groups: minimum
[ five animals

“Guideline-
Like Study”

Number of Dose

Groups
Minimum of two dose groups, Between 18-36 hours after
must have positive and last dose

negative control groups

Dosing Interval
Dosing for minimum of three
consecutive days; must be \
completed by PND 25 in \\
immature animals \\

Systematic literature search of

publically available data (e.g.
PubMed)

ldentify chemical activities measured
in “guideline-like” uterotrophic studies

|dentify a subset of in vivo reference
chemicals

» Active chemicals verified in >2
independent studies

» Inactive chemicals verified in >2
independent studies (with no positive
results in any study)

Kleinstreuer et al. EHP (2015)
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ER/AR Pathway Model Performance

» Reference chemicals identified from validation studies, regulatory guideline

submissions, and literature reviews (Kleinstreuer et al. 2015, Kleinstreuer et al. 2017,
Browne et al. 2018, Kleinstreuer et al. 2018)
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Integrated Chemical Environment: ICE

Method Developers o High-Quality Data

au
Chemical Producers | ' Reference Chemicals
- Ll L

= ‘LJ:'

Risk Assessors Computational Tools

 Data integrator: Bell et al. 2017 EHP
https://ice.ntp.niehs.nih.qov/

— Structured format designed for ease of use
— Allows access to data for multiple regulatory endpoints (DART in progress)
— Query by CASRN or established reference chemical lists

— Flexible, exportable results

* Workflows:

— IVIVE, Chemical space characterization, Machine learning, AOP mapping


https://ice.ntp.niehs.nih.gov/
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Download Query Formulations @ | Number of chemicals = 1856. Showing 8 Endpoints.

Run Search Clear

CASRN DSSTOXID ER Pathway Mode.. ER Pathwa

Propofol 2078 54-8 DTXSID6023523 Inactive
Select Assays [ Diisopropyl phthalate 605-45-8 DTXSID2040731 33.053 Inconclusive
Triamcinolone 124-94-7 DTXSID1040742 30.386 Inconclusive
O ™ e Pyridoxine 65-23-6 DTXSID4023541 Inactive
17alpha-Hydroxyp... 68-96-2 DTXSID6040747 0.365 Active

Select Assay Target Fandosentan pota... 221246-12-4 DTXSID5047249 Inactive

» [ | Acute Oral Toxicit __ Retinol oenone S S A P

» || Skin Sensitization Endocrine Call Breakdown .
4 Skin Irritation 2000 @
» [ | Eye Irritation 1812 1o b 1999
v |¥| Endocrine e
v ¢/ Androgen 1500
4 in vitro 2
» (¥ in silico é 1000 1409
v |¥| Estrogen 3
» in v?vo 500
4 in vitro
» (¥ in silico o 1253
> [ invitro (all) - Pathway ER Pathway AR Pathway AR Pathway
» ¢ in silico Model, Agonist  Model, Antagonist ~ Model, Agonist  Model, Antagonist

M active M inactive inconclusive
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vancing natives
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Global QSAR Modeling Collaboration

CERAPP CoMPARA

Collaborative Estrogen Receptor Collaborative Modeling Project

Activity Prediction Project for Androgen Receptor Activity

Mansouri et al. EHP (2017) Mansouri et al. in prep (2018)



ICCVAM Interagency Coordinating Committee on the Validation of Alternative Methods

Global QSAR Modeling Collaboration

Home  Advanced Search  Batch Search  Lists

Predictions  Downloads

Chemistry Dashboard nv [ | Aas
P E RA 0‘\\1“’374% 761 Thousand Chemicals

P En (q)sa R App St sutiriog ot
https://github.com/kmansouri/OPERA
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See what people are saying, read the dashboard comments!
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Home  Advanced Search  Batch Search  Lists

Predictions  Downloads alysis
Chemistry Dashboard 22~ | aa | A2
rometry Is avasable. This short video summanzes »
Step One Step Two step step step Five step six Vie on Youtube
P & - a & &
Step Five: Choose Data Fields to Download

Select Output Format
Exce v
Customize Results

Selest All
Select All In Lists

Ir;tri'n;iérAnd Predicted Properties o e
) Molecular Formula €
) Average Mass €

LITN ANTIBIOTIC L Ask.

[l LEhAL Lint af Cuabgt i:‘““
OPERA is a suite of property predictions from the National Center for

Ir
Computational Toxicoloegy at the US Environmental Protection Agency. I
OPERA was derived from curated data (An automated curation procedure he
for addressing chemical errors and inconsistencies in public datasets used b
in QSAR modelling).
Metadata
OPERA Model Predictions €

TEST Model Predictons €@

Masssank.EU Collection: Special Cases

e https://comptox.epa.gov/dashboard



https://github.com/kmansouri/OPERA
https://comptox.epa.gov/dashboard/
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Project with Oak Ridge
National Labs (ORNL) to
apply text-mining (NLP)
approaches & ML to identify
high-quality data

Semi-automated retrieval
and evaluation of published
literature (trained on
uterotrophic database)

Apply to developmental
toxicity studies



Interagency Coordinating Committee on the Validation of Alternative Methods

Mechanistic Mapping of HTS Assays

Human Teratogenic Mechanisms
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Vascular Development & Disruption

 Blood vessel development is essential to the embryo
(cardiovascular first functioning organ system in vertebrate species).

 Vascular insufficiency is tied to many disease processes (teratogenesis,
stroke, diabetes, pre-eclampsia, neonatal respiratory distress,
osteoporosis, Alzheimer’s, ...).

« AOP43: one of 28 AOPs included in the OECD work plan with status
‘open for citation & comment’

Welcome to the Collaborative Adverse Outcome Pathway Wiki (AOP-Wiki) [

<76 v Adverse Aop: 43

“an M Olcome @ run 2 ine Leadi

/x 7 5 \ Disruption of VEGFR Signaling Leading to
;;; ° & @? Pathway /’ “ Developmental Defects
D)) maom WIKI OECD =

2t S

Short name:

Developmental Vascular Toxicity



https://aopwiki.org/wiki/index.php/Aop:43
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Vasculogenesis

Primary tubular network

Angiogenesis

[ 2,
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s =P (402, FROS) — Angioblasts Placenta Newborn > Population
: : HIF1la, AhR Jvasculogenesis Nutrient exchange Low birth weight Developmental
He Y bloodislands . . . health
i Altered physiology Functional deficit
s * Impaired blood flow Malformation consequences
H Angiogenic Lethality
tH switch *
H T VEGF, FGF )
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: \ 4
E Notch-DIl4 J:La;y;:)sg:er:ie:z:)zﬂ:s Altered hemodynamics
: signals Impaired growth
H Dysmorphogenesis
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remodeling

Mural cells
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NS

F W GPCR system (chemokines)
B RTK system (growth factors)
Ml uPAR/ITG system (ECM)

Knudsen and Kleinstreuer (2011) Birth Defects Res
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angiogenesis across different endothelial platforms?
S ==
« Virtual vascular plexus simulation [Kleinstreuer et al. (2013)
ey PLoS Comp Biol]
. « 3D angiogenic sprouting [Belair et al. (2016) Acta Biomat]
— * engineered matrices [Nguyen et al. (2017) Nature Bioeng]
e %, * EC-reporter zebrafish embryos [Tal et al. (2017) RTX]

« nuCTNB and endothelial migration [manuscript in prep]
resuire o oo — N * tubulogenesis (FICAM, VALA) [manuscript in prep]
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tubulogenesis

EC Migration
ANY

VALA

Decane
1,2,3-Trichloropropane
Pymetrozine

Methimazole

Imazamox

D-Mannitol

Methylparaben

Valproic acid
Tris(2-ethylhexyl) phosphate -
pros [N

o o oo oo o o

1,2,4-Trichlorobenzene [ -

np-a70 [
Reserpine [
Sodium dodecylbenzenesulfonate --
4-Nonylphenol, branched --
Tris(2-chloroethyl) phosphate 0 -
2,4-Diaminotoluene 0 -
Tris(1,3-dichloro-2-propyl)phosphate --
Oxytetracycline dihydrate -
Celecoxib NN I
Quercetin [N I
C.l. Solvent Yellow 14 [ I
Trictosan [N I I
Bisphenol AF --
Docusate sodium
tert- Butylhydroqumone-
Haloperido! [EERNNN I
Cladribine --
Triclocarban [N I I
Pyridaben [N N I
1-Hydroxypyrene [N I I
Disulfiram --
Fluazinam [N I N
Bisphenol A --

[ | ]
Phenolphthalein N N I
| | N [ [

..........

AT IOTMOO >

38 chemical test set: qualification of
pVDC ToxPi across 9 endothelial behaviors

pVDC score from ToxCast dataset (ToxPi)
HUVEC tubulogenesis (FICAM)
tubulogenesis in synthetic matrices
tubulogenesis in Matrigel

NUCTNB biomarker (EndMT)

endothelial cell migration

sprouting assay (iPSC-derived endothelial cells)
reporter zebrafish (ISV outgrowth)

reporter zebrafish (hyaloid vascular network)
HUVEC tubulogenesis (VALA)

ANY (B to J)

Tom Knudsen, EPA/NCCT
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CEI | I\/I etab O | i S m Blastocyst ICM

Dlsr[jption of Stem O)—¢
~©

Biomarker-based human __, __~~ Pluripotent
Self - renewal

pluripotent stem cell assay for
developmental toxicity screening

Reprogram  Somatic Cell

Assay performed with human e ‘&H ﬁt ,
pluripotent stem cells ' ”V
Measured changes in secreted
and consumed metabolites
following chemical exposure
using LC-MS
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sting with Reference Compounds

INTERNATIONAL COUNCIL FOR HARMONISATION OF TECHNICAL
REQUIREMENTS FOR PHARMACEUTICALS FOR HUMAN USE

DRAFT ICH HARMO!

ED GUIDELINE

DETECTION OF TOXICITY TO REPRODUCTION FOR HUMAN
PHARMACEUTICALS

S5(R3)

Current Srep 2 draft version
dated 5 July 2017

» |[CH S5 list used as a starting point to
select reference compounds

 Also considered NTP compounds wit
extensive animal data

» Testing 80 compounds in the stem ce
platform (and others to come)

|chemical

|category

[Positive/Negative |
/o)

Sotalol
Hydrochiorothiazide
Almokalant

Chlorthalidone

Diltiazem

Topiramate

Trimethadione

Phenytoin (Diphenylhydantoin)
Carbamazepine
Cyclophosphamide

Busulfan

Vildagliptin
Methimazole (Thiamazole)

Fluticasone

Fingolimod
Plerixafor

Sumatriptan

Cetirizine

Cyproheptadine

Doxylamine

Maraviroc

Metoclopramide

Nizatidine

Theophylline

Acitretin

Isotretinoin (13-cis-retinoic acid)
Vismodegib

3930209

123955102
77361

52204

62571862
361442048
75847-73:3
274501165
0560
50022

Channel Modulator
Channel Modulator
Channel Modulator
Channel Modulator
Channel Modulator
Channel Modulator

Enzyme Modulator
Hormone/Steroid
Hormone/Steroid

Nucleoside Modulator/Central metabolite inhibitor
Nucleoside Modulator/Central metabolite inhibitor
Nucleoside Modulator/Central metabolite infibitor
Nucleoside Modulator/Central metabolite inhibitor
Nucleoside Modulator/Central metabolite inhibitor
Nucleoside Modulator/Central metabolite inhibitor
Nucleoside Modulator/Central metabolite inhibitor

Other
Receptor Modulator
Receptor Modulator
Receptor Modulator
Receptor Modulator
Receptor Modulator
Receptor Modulator
Receptor Modulator
Receptor Modulator
Receptor Modulator
Receptor Modulator

Transcription Modulator
Transcription Modulator
Transcription Modulator




in vitro
DevTox
assay(s)

(e.g. AC50s,
IC50s)

Internal
Dose

(LM)

(e.g. Plasma or
Target-Site
Concentrations)

Forward Dosimetry

|

I <

I >
|

|

Reverse Dosimetry

HTTK_PBTK/
Pregnancy
Model

L

in vitro or in silico input
parameters (e.g., fup, Clint)

MOE Real-Life
External Dose, €——>

. Exposure
(mg/kg) Risk (mg/kg)
Prioritization
for
DevTox
O
2
@)
4
c
o
v

Annie Lumen, FDA
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