Engineering a Computable Epiblast for in silico Gastrulation and Predictive Modeling of
Developmental Toxicity with in vitro Data from the ToxCast Stem Cell Assay
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Background

 The U.S. EPA is working to develop New Approach Methods
(NAMs) to study chemical effects on prenatal development as an
alternative to animal testing. One area of interest is virtual tissue
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modeling in which developmental events are recapitulated in silico. . anterior Epiblast . Epiblast v/ Posterior Epiblast

The key regulatory network at play during patterning i — C@
was determined from a review of the current body of T

* A human pluripotent stem cell (hPSC) assay on over 1,000

chemicals has been utilized to generate the ToxCast portfolio, literature on mouse and human gastrulation. A signaling NoDAL WAT3
which can predict developmental toxicity with ~80& balanced cascade begins with the release of FGF4 from the q -
accuracy [1]. hypoblast and results in anterior-posterior patterning i T
| | due to the limited action of NODAL on only the %_‘ —_— 7\ =
* The developmental potential of hPSCs is closely reflected by the y.O> posterior cells of the epiblast. | T oo -
mammalian ‘epiblast’ due to its differentiation into the primary DVE

germ layers (endoderm, mesoderm, ectoderm) during gastrulation. Epiblast from the Kyoto Collection Matsuo and Hiramatsu (2017) Mech Devel FGF4 stimulates the secretion of BMP4 from the =T S

posterior visceral endoderm (PVE). BMP4 stimulates
release of WNT3 from the posterior epiblast, which
causes NODAL secretion from the epiblast. The presence
of NODAL causes the anterior visceral endoderm (AVE)
to locally secrete LEFTY1 and CER1, which both prevent LEFTY1 i
NODAL from binding to anterior epiblast cells. The

interdependencies of these key proteins is integral to

predicting the altered phenotypes caused by embryonic

toxicological exposure. These proteins have been

encoded into our model to observe altered phenotypes

based on chemical perturbations of these pathways. AVE
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* An (n stlico epiblast encompassing cellular dynamics during
gastrulation provides a platform for predictive toxicology through
dynamical modeling and simulation of developmental phenotypes.
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(Gastrulation

« This vital process establishes the fundamental body plan through
transition from a bilayer symmetrical disc to a trilayered structure
with bilateral, dorso-ventral, and antero-posterior axes.

Hypohlast

« Gastrulation occurs during embryonic days E5.5-E7.5 in mouse and
the 3@ week of human gestation, and has recently been
recapitulated from hPSCs in a bioengineered microsystem [2].

« At ES.5, FGF triggers a signaling cascade that primes the epiblast
for BMP4 to polarize the body axis. A hallmark of the process is
formation of the ‘primitive streak’ in the posterior midline.

« Epiblast cells migrate through the primitive streak and differentiate
iInto mesodermal fates destined for different regions depending on
timing and position setting the Hox clock [3].

* An agent-based model of the epiblast was constructed in the
CompuCell3D.org modeling environment to operationalize the cell-
cell regulatory signals established from the literature.
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