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Background

Blood-brain barrier (BBB) development is mediated by complex signals commuted
by diverse cell types of the embryonic neuroepithelium (neuroprogenitor
cells/radial glia) and invading vasculature (endothelial cells, pericytes).
Macrophage-like microglia cells derived from the hematopoietic lineage are
Incorporated into the rudimentary neurovascular structure. These cells are
believed to play a dual role in neurovascular patterning, both as a local source of
cytokine/chemokine signals that mediate self-organizing cell behaviors at the
developing neurovascular interface and as an adaptive response to alterations in
the system. Here, we describe a predictive model for building and testing the
hypothesis that microglia are critical transducers of developmental
neurotoxicity in response to prenatal exposure(s).

Literature curation identified 86 proteins important for BBB development )
(see biowiring diagram produced in CellDesigner v4.4)

Compared amino acid sequence % similarity across species
(SEQApass.epa.gov)
|dentified represented ToxCast assays (yellow in biowiring diagram) Y,

|dentified putative microglia-mediated BBB toxicants from ToxCast \
chemical dataset (1857 chemicals) based on 23 ToxCast assay features
mapping to the microglial compartment of the biowiring diagram

di Classified ToxCast chemicals according to toxicity signatures (i.e., assay
Predict | hits and relative potency) for each ToxCast chemical using ToxPi 2.0 (beta)

Clustered top 73 chemicals (highest ToxPi scores) based on signature
similarity using Ward.D algorithm j

~

Used in vitro angiogenesis and neurogenesis studies (see below) as a
surrogate of BBB development

Filtered active chemical-associated ToxCast assays as a signature of
Translate| vy activity to begin to evaluate in silico predictions

38 ToxCast EXPOSURES: Control: 0.1% DMSO; ArunA and VALA: 0.1
Chemicals -100 puM (5 conc.); FICAM: 0.0001 — 500 pM (5+ conc.)

Neurogenesis

HESC hNP1 Cell titer (CT)
¢%!HA (HO) hNC Cell migration/proliferation (MG)

hNN2 -> Neurite outgrowth (NC, NL, NN, BN)

Assay source code (A)

Angiogenesis
Cell titer (CT)
" HUVEC — Tubule formation agonist (TUB+); tubule length (TL)
ipsc (inprogress) | 1Ubule formation antagonist (TUB-); tubule length (TL)

VA LA Cell migration/proliferation (MG) wound area (wa), B-catenin (bc)

SCIENCES
Assay source code (V)

’#:QCU HUVEG <||:Cell titer (CT)

Tubule formation antagonist (TUB-); tubule length (TL)

Assay source code (F)

In vitro ToxPi analysis: Chemical clustering was based on transformed (—log10(x)+6) values
(x = UM concentration for each chemical-assay feature, where bioactivity is benchmarked
relative to vehicle (DMSQO) controls as a point of departure from background noise (i.e., ACB
values). Assay annotation: [SOURCE_CELL TYPE_FEATURE_BENCHMARK]
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Results

Building a model of molecular interactions leading to BBB development [1]
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CONTROL NETWORK FOR
NEUROVASCULAR
DEVELOPMENT: Biowiring diagram
representing the main molecular
events between cells of the
neurovascular unit (NVU) during
blood-brain barrier (BBB)
development. Yellow: 32 ToxCast
assays available for model
development

Predicting putative microglia-mediated BBB disrupting chemicals (in silico model)

1 PharmaGSID_48505

2 PFOS

3 Sodium dodecylbenzenesulfonate
4 Bisphenol AF

5 Tetrac

6 Dicofol

7 Abamectin

8 4,5-Dichloro-3H-1,2-dithiol-3-one
9 Tamoxifen citrate

10 Milbemectin (mixture of 70% Milbemcin A4, 30% Milbemycin A3)

11 CI-959

12 AVE6324

13 1,2-Dibromo-2,4-dicyanobutane

14 Hexachlorocyclopentadiene

15 CP-401387

16 Didecyldimethylammonium chloride
17 1,2-Benzisothiazolin-3-one

18 Octhilinone

19 SR146131

20 Cycloheximide

21 Gentian Violet

22 Triclosan

28 4-Nonylphenol, branched

24 SB236057A

25 4-Nonylphenol

26 4,4'-Sulfonylbis[2-(prop-2-en-1-yl)phenol]
27 Farglitazar

28 3,3',5,5'-Tetrabromobisphenol A

29 Clotrimazole

30 Amiodarone hydrochloride

81 PharmaGSID_47315

82 Heptachlor

83 Dodecyltrimethylammonium chloride
84 Disulfiram

35 SSR241586

36 Darbufelone mesylate

37 Dinocap

38 AVE5638

89 PharmaGSID_48511
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41 Emamectin benzoate

42 9-Phenanthrol

43 2,4-Bis(1-methyl-1-phenylethyl)phenol
44 Methylene bis(thiocyanate)

45 Ziram

46 Captafol

47 Octyl gallate

48 Clorophene

49 UK-337312

50 Tamoxifen

51 4-(1,1,3,3-Tetramethylbutyl)phenol
52 Kepone

53 2,4-Bis(2-methylbutan-2-yl)phenol
54 Zoxamide

55 Simvastatin

56 Folpet

57 AVE8923

58 Thiram

59 Propachlor

60 Fluazinam

61 2-(Thiocyanomethylthio)benzothiazole
62 3-lodo-2-propynyl-N-butylcarbamate
63 2,4-Di-tert-butylphenol

64 Chlorothalonil

65 2-Chloroacetophenone

66 Sodium (2-pyridylthio)-N-oxide

67 SR271425

68 Triphenyltin hydroxide

69 Tributyltin methacrylate

70 Tributyltin chloride

71 Phenylmercuric acetate
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I8 2,3-Diaminotoluene
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IN SILICO MODEL.:
Chemical clustering
based on 23 microglia-
related ToxCast
assays. Pie slice length
indicates relative
potency for a given
feature (longest slice =
max potency).
Examples include
5HPP-33, an analogue
of thalidomide, which is
known to disrupt

Red star indicates an active
chemical in the in vitro ‘surrogate’
of NVU toxicity

angiogenesis and CNS
development [2]; and
PFOS, an industrial
surfactant known to
disrupt BBB integrity [3]

ToxPi v2.0 (beta) software provided by David Reif (dmreif@ncsu.edu) as part of U.S. EPA STAR #R835802.
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Translating predictions with an in vitro surrogate of BBB toxicity
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A systems state map of BBB development was integrated with available ToxCast assays potentially
representing microglia activity to predict putative BBB disrupting compounds that may act through
microglia perturbation.

Nine of the 25 ‘NVU-active’ compounds in the in vitro assays were predicted to be BBB disrupting
compounds based on activity in high throughput screening ToxCast assays.

The current limitations of the model include inadequate ToxCast assay coverage, absence of key
cells (e.g., microglia) from the in vitro testing platforms, and a limited in vitro chemical test set;
adding these components may qualify the prediction and reduce uncertainty in the modeling.
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