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Vascular Developmental
Processes
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Virtual Tissues-Knowledge Base (VT-KB):
~100 distinct ToxCastDB assay targets map
to key systems in vascular development
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ToxCastDB: 700+ HTS Assays

f Assay Provider\

ACEA
Apredica
Attagene

BioSeek
CellzDirect
NCGC/Tox21
NHEERL MESC
NHEERL NeuroTox
NHEERL Zebrafish

NovaScreen

\ Odyssey Thera /

( Readout Type
Single

Multiplexed

\_Multiparametric

(" Cell Format )

Cell free
Cell lines
Primary cells
Complex cultures
Qree—living embryos)

(‘Target Family \
ﬁ?:iological ResponsA Response Element
cell proliferation and death Transporter

cell differentiation Cytokines
mitochondrial depolarization Kinases
protein stabilization Nuclear Receptor
oxidative phosphorylation CYP450 / ADME
reporter gene activation Cholinesterase
gene expression (QNPA) Phosphatases
receptor activity Proteases
\ receptor binding / XME metabolism
GPCRs
lon Channels
(" Species ) {Tissue Source\
Human Lung Breast
Rat Liver Vascular
Mouse Skin Kidney
Zebrafish Cervix Testis
Sheep Uterus Brain
Boar Intestinal  Spleen
Rabbit Bladder Ovary
Cattle Pancreas  Prostate
Guinea pig

Q\flammatory Bony

/ Assay Design \

viability reporter
morphology reporter
conformation reporter
enzyme reporter
membrane potential reporter
binding reporter

\ inducible reporter /

gNPA and ELISA
Fluorescence & Luminescence
Alamar Blue Reduction
Arrasyscan / Microscopy
Reporter gene activation
Spectrophotometry
Radioactivity
HPLC and HPEC
TR-FRET

(http://actor.epa.qov/actor/faces/ToxCastDB)




% Inhibition

TOXC ast D B http://actor.epa.gov/actor/faces/ToxCastDB/DataCollection.jsp

§ | | ACS0:41R2 096 | Top: 100 | Emax: 834 Sope: 1 Acso Concentration prOdUC|ng d 50% Change
LEC lowest effect concentration
ToxCastDB
J.iuss;:lf:lIN;;a;c:e;r.th.l.;;ﬁa R
T 3555:"'"“"” “
0.02 005 020 050 200 500  20.00 e e e e T i

Number of Substances 1o
Number of Compenenis

Conc (uM) Gjmcies Hams wapins
Faramaters
;o P i lae Vialuw
SEPA CATALOG MUMBER 200-0758
1148 0 RS | MM L TIEMMLDRY | 1A 4 RIEILATENE | AeE1 PR iy EATROGRY i —
ToataniOB . ASSAY CATEGORY In swire (Binchamical|
mm——— : . 2 i ASEAY TARGET VEGFRZ
ol [ e [ ASERAY TARGET FAMILY M
3 g ASSAY TARGET SOURCE Har prbinan)
Data Collection: Novascreen ASEAY TARGET SOURCE TYPE aming aced 005 fo 1158
ABSAY GENE D ]|
[
- P P — ASEAY GENE NANE WOR
[ - . "
il i . ASSAY REFERENCE COMPOUND  Staurnsparing
[y - ASEAY NOTE KINASE
ASSAY SLUESTRATE NAME reCaphiy Tyensing Kinso
T aniay Eohpa B —-— ASEAY AT COMCENTRATION (M) MOCT 2
1ot 1 1 ASEAY ENTYME AFFINTY ATP WM (M) Flugiescer-labeled paptide
= 1 ASSAY LIGAKD NAME 1 S0E 0%
$:> - . ABSAY LAND CONCENTRATION (M} 1 20E.08
T o . ASEAY BMAT Flunimscaim gaplis s ATP —» fuprescen phosphopaptida « A0
PN Ye—— = i
. B Data
free “ ! e me—— Mamn CASRN HVE ENE_RVEGFRZ julMy
Wancorab B0 5B
Wanab 1MaT-M2 e
a Wstiam -z DOGAZZ A5

Dmgsttacychne dildrale 61638086 100




MG

bt . Mouse Genome Informatics

Search v Download v More Resources v Submit Data Find Mice (IMSR) 24 Analysis Tools Contact Us

Gene Ontology (GO) and Mammalian Phenotype (MP) browsers of MGl
database (http://www.informatics.jax.org/) for neovascularization:

— abnormal vasculogenesis [MP:0001622; 72 genotypes, 73 annotations]
— abnormal angiogenesis [MP:0000260; 610 genotypes, 894 annotations]

65 genes with roles in vasculogenesis or angiogenesis linked to ToxCast

— — L —
T Overlap between ToxCast assay targets and abnormal vascular phenotypes from genetic mouse models.
ToxCast Gene
" MP Annotated Term ToxCast Assays
Target RS,
AHR patent ductus venosus, abnormal vascular regression ATG_ Ahr CIS, NCGC AhR,
BMPR2 decreased angiogenesis ATG_BRE_CIS
CASPS abnormal vitelline vasculature morphology MNVS_ENZ_hCASPS
decreased angiogenesis, abnormal physiological neovascularization BSK_3C_MCP1, BSK_4H_MCPL,
ce2 B chorroidal neovazcjlarrza%ﬂ'on —— BSK_KF3CT_MCP1, BSK_LPS_MCP1,
BSK_SAg_MCP1, BSK_SM3C_MCP1
CEBPB* abnormal vasculogenesis, absent organized vascular network ATG_C_EBP_CIS, ATG_CRE_CIS
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AOP: Embryonic Vascular Disruption
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Test the pVDC signature

ToxPi Zebrafish trunk vessel assay

Developmental vascular toxicity
predictive signature

MMPs TGFHCASPENFKBTNFa 5 HP P_33
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Chemical selection: Test the pVDC signature
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Validation of vascular disruption AOP by orthogonal
assays:
in vitro, in silico, and in situ

In vitro

(HUVEC)
Noguchi et al. 2005,
Bioorg Med Chem Lett.

control

In silico

(virtual tissue)
Kleinstreuer et al (2013)
PLoS Comp Biol 9(4):
e1002996

In situ

(Aortic explant)
Carney & Ellis-Hutchings,
Dow Chemical Co.
(manuscript in prep) control

5HPP-33 exposure disrupts angiogenesis in vitro, in silico, and in situ



Virtual Tissues & Human Cell Based Tubulogenesis

ToxCast prediction Virtual Tissue model In vitro qualification
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Zebrafish embryogenesis:
A Quantitative AOP Model?

Mouse

< a biologically complex system  Zebrafish
— -vascular developmental toxicity

< conserved pathways
. - 75% of genes have human
homologs

< embryo is transparent
—~ - amenable to quantitative
imaging

< transgenic reporter lines
. - map vasculature across
space-time

< rapid and scalable platform
— - amenable to automation and
HTS

SOURCE: Tamara Tal, EPA/NHEERL-ISTD
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Zebrafish trunk vessel assay

Screening strategy
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Define overt toxicity h

e Start at 80 uM

e Semi-log spacing

¢ 8 concentrations

en=1, 2 embryos/rep

e Chlopyrifos positive control (8 + 80 uM) )

Criteria for inclusion

* <15% controls abnormal
* Positive controls on
each plate

r

Screen for developmental vascular toxicity R

e Start at LOEL

e Quarter-log spacing
¢ 4 concentrations
*n=2, 2 embryos/rep

* PTK787 positive control (4 pM) J

Quantify vascular toxicity

e For hits and subset of

® negative compounds

e Start at LOEL

e Quarter-log spacing

¢ 8 concentrations

*n=3, 2 embryos/rep

* PTK787 positive control (4 uM)

s1pr1 MO1 2 ng, spns2 MO 2 ng; 48 hpf

Source: Mendelson et al. 2012.

SOURCE: T. Tal, EPA/NHEERL-ISTD



Impaired angiogenesis in larvae exposed to
PTK787 (VEGFR2 inhibitor)
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Predominant CVP phenotype: Haloperidol

8.2 uM Haloperidol

B ———lT

4.6 M Haloperidol

2.6 M Haloperidol

o= .
R M-W-.«.__ - -

1.4 uM Haloperidol

SOURCE: T. Tal, EPA/NHEERL-ISTD



Cranial vascular phenotype: Fluazinam "A

0.4% DMSO 0.47 uM Fluazinam

SOURCE: T. Tal, EPA/NHEERL-ISTD



Vascular Toxicity Results
(Red: hit in at least one assay, Green: no hit)
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SUMMARY

Quantitative AOPs using HTS dose response data allow for hypothesis
generation, modeling and testing of MIEs and cellular interactions that may
lead to toxicities.

AOP validation is facilitated via orthogonal assays, small model organisms
such as zebrafish, and other scientifically relevant information.

Our group has generated and evaluated a vascular development screening
tool utilizing phenotypic endpoints.

Preliminary data shows that chemical rankings are generally well correlated
among the predictive signature, zebrafish overt toxicity and in vitro
tubulogenesis assays.

Validated AOPs enable chemical prioritization, high throughput risk
assessments, and probabilistic frameworks.



Future directions: Leveraging diverse data streams
to improve the developmental vascular toxicity
signature

1. Are all of the assays relevant and
how should they be weighted?

MMPs TGFb/CASP8/NFKB/TNFa

IL12/6/8_down 2. What non-ToxCast targets are
CXCL9/10_up needed?

PAI-1

TBXA2 ccedon 3. Should other ToxCast assays be
included?
FGFR1 VCAM-1
4. Are we taking full advantage of
VEGFR1 Proliferation the zebrafish model?

5. What other orthogonal assays
should be used to test pVDC
predictions?

VEGFR2 ERa

VEGFR3

PTPN11/12/RB
AHR EPHA1/A2/B1
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Functional consequence of vascular disruption
during development
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