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Vascular Development |

« Blood vessel formation is essential to embryogenesis (cardiovascular is first
functioning organ system across Vertebrate species).

« Vascular insufficiency is tied to many disease processes (diabetes, preeclampsia,
neonatal respiratory distress, osteoporosis, teratogenesis, ...).

« Aop43: one of 28 AOPs included in the OECD work plan with status ‘open for citation
& comment’ [https://aopwiki.org/wiki/index.php/Aop:43].

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

e R Adverse
6‘ Outcome
O Pathway (]

e  woace S OECD =

Aop: 43
Disruption of VEGFR Signaling Leading to
Developmental Defects

Short name:
Developmental Vascular Toxicity

.
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San 'Dc‘egw California Teratology Society’'s 59" Annual Meeting
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SOURCE: Tal et al. (2014) Reprod Toxicol
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Shifting toxicology to pathway-based approaches

ToxCast Tox21
1o Ty YR 5 Do Pz
"‘.600 Celll & ~1,000 ".‘30 Celll& ~8 000
biochemical Chemicals biochemical Chemicals
assays assays
Set Chemicals | Assays | Completion
ToxCast Phase | 293 ~600 2011 / j\
ToxCast Phase I 767 ~600 2013 A 1
ToxCast Phase 1001 ~100 Ongoing 2 Z L
[=} :_- Nsmwm»m—
E1K (endocrine) 880 ~50 2013 g / \[![Qm/

Concentration

https://www.epa.gov/chemical-research/toxcast-dashboard 4
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https://www.epa.gov/chemical-research/toxcast-dashboard
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ToxCast Dashboard
What is the ToxCast Dashboard?

The ToxCast Dashboard helps users examine high-throughput assay data

to inform chemical safety decisions. To date, the ToxCast Dashboard has

data on over 9,000 chemicals and information frem more than 1,000 high-
throughput assay endpoint components. Users of the ToxCast Dashboard
can explore the data from a chemical or an assay viewpoint. Once the
user selects the chemicals and assays of interest, they can then explore
the biological activity for the chemical-assay combinations. Results from
the selections are shown with tables, graphs and charts that can be
downloaded by the user.

Web Application

ToxCast Dashboard

Publications and Resources

Journal Articles about ToxCast

Factsheet about the ToxCast Dashboard

Distributed Structure-Searchable Toxicity (DSSTox) Database Information
Download Computational Toxicology Data

Download ToxCast Data
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Example: TNP-470, an anti-angiogenic pharma compound

[} ToxCast x o+ - x
& (G @ https//actor.epa.gov/dashboard/#chemical/129298-91-5 Q ¥ O H@E o 6 :
Apps @ Children's Environ..  $3 Home-Dropbox [} ToxCast | Oversight & OneEPAWorkplsce @) Scientific & Technic.. @ TravelRequestFor.  [J Virtual Tissues Mod.. @ CSSPALMonthlyM.. & Children's Environ.. @) Scientific & Technic. » Other bookmarks
- -
SEPA iCSS ToxCast Dashboard e, l el
Chemical Summary [ Tl R L A )
Choose a view: Assays Database: prod_dashboard_v2
*) Chemicals Dashboard: v2 Start Tutorial - Chemical Tab
Chemicals - 1 Assays - 82 Chemical Structure and Data
CASRN ™ Endpoint Name. Gene Symbol
o DSSTOX GSID ama
CASRN Chemical Name Chemical Categd Actves -G Only Al Tested CASRN 129298-91-5
129298915 TNPAT0 Pharma Glass 4.1 Assay Component Endpoint Name Gene Symbol CASRN Type Single Compound
«  Name TNP-470
TOX21_PPARg_BLA_Agonist_ch2 SMILES COIC@@HITC@@HICCIC@RICOZICEHIICR@ (CIBIC@@HICC=CICITIOCH
InChl InChI=15/C19H28CINOBIC-11(2)5-6-13-18(3,27-13)16-15(24-4)12(7-6-10(16/10-25-10.
TOX21_PPARg_BLA_Agonist_fatio PPARG InCrl Key MSHZHSPISPJVWHW-PYDLLORESAN
Ctotaxicity Limit (u) 105

TNP-470 was o s e e o
a Ct i V e ( A C 5 O ) TOX21_HSE_BLA_agonist_ratio
on 82 ToxCast " Toesm e

TOX21_p53_BLA_p1_ratio Tox21 ID Grade Description Tox21 QC URL

a S S a S 1 Tox21_303433 Fass Purity>00% and MW confirmed Tox21 302433
+ TOX21_FXR_BLA_agonist_ch2 —

dbUStereo None
TOX21_HSE_BLA_agonist_ch2

Organic Form Parent

Chemical Formula C19H28CINOG

Tox21 Chemical GC

TOX21_p53_BLA_p3_ch2

Chemical Tags (Giick on atag fo add it as a fiter 1o the chemical ist)

TOX21_p53_BLA_p5_ch2 Use Categories: =
ToxCast Phases: ToxCast -1800 [pht +ph2 + o1k]
Toxprint: [T —

https://actor.epa.gov/dashboard/
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Chemical Summary USSR R T U =T 5T R

Start Tutorial - Chemical Tab

https://actor.epa.gov/dashboard/#chemical/129298-91-5

Chemical Activity Summary

Save Chart Preview Chart

4 BSK_3C (coronary) proliferation
zebrafish yolk sac edema

Active endpoints for 129298-91-5 ® background measurement

H @ cell adhesion molecules
i
i cell cycle
] { @ cell morphology
- ®cyp

o @ cytokine
@ dna binding
@ gper

® growth factor

1
=
=
- @ hydrolase
? %‘ @ kinase
(-]
>

® misc protein

01 100 100 @ nuclear receptor

@ modiTp

by the activity cutoff enabling rEsponEe COMCIrSons 3CTTSE 3553y endponts & rwidnradirises
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Example: 5HPP-33, an anti-angiogenic pharma compound

[ ToxCast x + - X

< C & httpsy/actor.epa.gov/dachboard/#chemical/105624-86-0 a ¥ OHEo 8 :

Apps & Children's Environ..  $3 Home - Dropbox [ ToxCast

| Oversight & One EPAWorkplace @) Scientific &Technic.. @) Travel RequestFor.. [} Virtual Tissues Mod.. @ €55 PAL Monthly M... & Children's Environ.. @) Sclentific & Technic. » Other bookmarks

SEPA iCSS ToxCast Dashboard

Chemical Summary

Choose a view: Assays Database: prod_dashboard_v2

=) Chemicals Dashboard: v2 Start Tutorial - Chemical Tab

Chemicals - 1 Chemical Structure and Data

CASRN Shop Assay Endpoint Name Gene Symbol
o . DSSTOX GSID 45970
CASRN Chemical Name Chemical Categd Aclives - MG Only AllTested e CASRN 105624-86-0
105624-86-0 5HPP-33 Thabdomde e Assay Component Endpoint Name Gene Symbol t g e CASRN Type single Compound
Ho,
ACEA_T47D_80hr_Negative Same SERRED
M SMILES CC(C)C1=CC=CL(CICIC)=CINT C(=0)C2=C(C=C(O)C=C2)C1=0
ACEA_T47D_80hr_Positive incal INCRI=1S/C20H21NO3/CT-11(2)14-6-5-7-15(12(34) 18{14)21-19(23)16-8-8-13(22)10-17. _
APR_HepG2_CallCycleArrest_24n_dn - InChi Key. LAKWINYVWIPHQW-UHFFFAOYSA-N
APR_HepG2_CellLoss_24h_dn Cototoxicy Limit (uhl) 457
- Chemical Type Organic
APR_HepG2_MicrotubuleCSK_24n_dn
- ChiraliStereo
APR_HepG2_MitoMass_24n_dn
dbiistereo
APR_HepG2_MitoMembPot_24h_di
Hepea MietismbRoL24nan Orgarnic Form Parent
Chemical Formuia C20H21NO3

APR_HepG2_MitoficArrest_24h_up
APR_Hep(2_OxidativeStress_24n_up

active (AC50)
on 203
ToxCast assays

ATG_CRE_CIS_up

Tox21 Chemical QC

BSK_3C_L8_up Tox21 1D Grade Description Tox21 QC URL

ATG_EGR_CIS_up 1 Tox21_300631 Pass Purity=00% and MW confirmed Tox21 300631

ATG_GLI_CIS_up

ATG_HSE_CIS_up

PhysChem Properties

. Property Model Name Raw Result Result (Mean) Result (Min) Result (Max) Result Unit
ATG MRF CIS un wTF humar.
v

+ Source: EPI SUITE (125 Results)

+ Source: QIProp (51 Results)

https://actor.epa.gov/dashboard/
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NTOX21_ERa agonist
MNATG_ERa transactivation

Chemical Summary Assay Summary Bioactivity Help

Start Tutorial - Chemical Tab

Chemical Categories:

thalidomide-ike
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https://actor.epa.gov/dashboard/#chemical/105624-86-0

Chemical Activity Summary

Save Chart Preview Chart
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AOP framework: developmental vascular toxicity (DVT)

Vasculogenesis

Primary tubular network

Angiogenesis

Remodeling

VNIRRT .
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VDCs
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H J'blood islands . A >, health
i Altered physiology Functional deficit
H * Impaired blood flow Malformation consequences
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SOURCE: Knudsen and Kleinstreuer (2011) Birth Defects Res
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AOP-based ranking: predicted vascular disrupting chemicals (pVDCs)

24 ToxCast target assays 1058 ToxCast chemicals ranked by pVDC ToxPi
(pVDC ToxPi) e i

W
4

5HPP-33 [NA:NA] TNP-470 [NA:NA]

SOURCE: Saili et al. (submitted)
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[] inactive

pVDC ToxPi
HUVEC tubulogenesis (FICAM)
HUVEC tubulogenesis (NCATS)
: . tubulogenesis in synthetic matrices (HMAPS)

B active = : tubulogenesis in Matrigel (HMAPS)
B cytotoxic ; i nuCTNB I:!iomarker. (VA.LA)

e i endothelial cell migration (VALA)
[] no data mdses e iPSC endothelial sprouting (HMAPS)
- ; ISV reporter zebrafish (NHEERL)
reporter zebrafish (UDUBLIN)
HUVEC tubulogenesis (VALA)
ANY (B to K)

is
i
S
Sprouting Uwht

tubulogenes

synthetic
tubulohenesi:

Matrigel
tubulogenesis

FICAM
tubulogenesl
NCATS
tubulogenesis
2ZF-TG embryo
ANY

ToxCast pvDC B>

sensitivity 0.89, specificity 0.80
balanced accuracy 87% (PPV 93%, NPV 73%)

SOURCE: Saili et al. (submitted)
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Embryotoxicity: rat whole embryo culture

%

control 15.5uM

5HPP-33
* synthetic thalidomide analog
* microtubule disruptor
* critical effect \ embryo viability
e AC50=21.2 uM

% Viable Embryos

S5HPP-33

TNP-470

* synthetic fumagillan analog

* MetAP Il inhibitor

* critical effect Tdysmorphogenesis
* AC50=0.038 uM

% Abnormal Embryos

o 3

control 0.25uM

TNP-470

SOURCE: Ellis-Hutchings et al. (2017) Reprod Toxicol
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RNAseq profile: sHPP-33 vs TNP-470 (4 hr whole embryo culture)

2831 DEGs overlap =—p SOM (464 genes in ROI box) ==p ROI clusters
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* splicesome and RNA metabolism
* protesosome and ubiquitination

Hypothesis: FXR (+) and
LXR (-) may be KEs in
pVDT pathways.

SWPP33  TNP470 1e-03 1e-01

SOURCE: Saili et al. (submitted)
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Computer simulation: cell agent based models (cCABMs)

Approach: build and test self-organizing morphogenetic systems in silico using an
open-source modeling environment (CompuCell3d.org).

Input: A.l. cast into mathematically-defined cells (agents), synthetic gene circuits,
and viscoelastic properties to emulate developmental progression (embryogeny).

Emergence: simulation resolves into normal or perturbed phenotypes reading in
vitro data input from specific ToxCast assays (cybermorphs).

Output: probabilistic rendering of where, when and how a developmental defect
might occur (critical phenomena).
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Cell Agent-Based Models (cABMs)

VEGF corridors Network assembly
VEGF165 R ETERRTIINS
T Tipcell MMPs x :'_,'A""- > . meEwan
BREsTTndNRRR R AR DRR
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Li and Carmeliet (2018) Science Nicole Kleinstreuer
Kleinstreuer et al. (2013) PLoS Comp Biol
Endothelial Stalk
SOFTWARE: www.CompuCell3D.org Endothelial Tip
W Mural Cell

BioComplexity Institute, Indiana U

San 'Diego California Teratology Society’'s 59" Annual Mee%fng

® Inflammatory Cell



SOURCE: Kleinstreuer et al. (2013) PLoS Comp Biol 9(4): e1002996

San 'Diegn California Teratology Society’'s 59" Annual Meetiny
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Smart Models: emergence and self-organization

Time—>

* in silico model spontaneously displayed co-opting
of tip cells (dark red) by inflammatory cells
(yellow) during endothelial network formation.

Kleinstreuer et al. (2013)

* recapitulates the natural phenomenon referred
to as ‘macrophage bridging’ co-opting of during
endothelial network formation.

Fentin et al. (2010)

~N)

San 'Diego California Teratology Society’'s 59" Annual Meeting
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Summary: “decoding the toxicological blueprint of vascular development”

- AOP-based ontologies provide the necessary structure for quantitative prediction of
cellular and tissue responses to molecular perturbation(s).

« For DevTox, this can be demonstrated by an AOP framework for embryonic vascular
disruption represented in the OECD AOP-KB (Aop43).

« Because the ‘angiogenic cycle’ is responsive to diverse genetic and physiological
signals, Aop43 provides a kernel for co-opting larger AOP networks.

« Computer modeling and simulation puts all key events into motion enabling a new
way to predictively model multicellular complexity in a self-organizing ‘virtual’ system.

~N)

San 'Dc‘egw California Teratology Society's 59" Annual Meeting
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