Abstract # 418a

\e,EPA Computational Embryology and Predictive Toxicology of Hypospadias

M.C.K. Leung?!, N.S. Sipes?, N.C. Baker?, B.K. Ahirt, C.J. Wolf3, A.W. Seifert*, M.S. Hutson®, S.D. Perreault3, R.M. Spencer?, and T.B. Knudsen1

! National Center for Computational Toxicology and 3 National Health and Environmental Effects Research Laboratory, U.S. EPA, RTP, NC, United States 27711; 2 Lockheed Martin, RTP, NC, United States 27709; 4 Department of Biology, University of Kentucky, Lexington, KY, United States
www.epa.gov 40506; > Departments of Physics and Biological Sciences, Vanderbilt University, Nashville, TN, United States 37235

http://epa.gov/research/sot/

Maxwell C.K. Leung | leung.maxwell@epa.gov | 919-541-2721

Introduction Genital tubercle development is modeled at the cellular Morphogenetic changes with SHH, FGF10, and androgen o The androgen-dependent 1500
level are visualized during sexual dimorphorism mesenchymal growth resulted 1000 g © Wild type
Hypospadias, one of the most common birth defects in human male infants, is a from an increase in both k> E/r']zsoe;::‘nque
.y . . . . . . . . ey e . 3500 =
condition in which the urethral opening is misplaced along ventral aspect of the o The model covered urethral plate maturation and urethral tube septation Day 15 Day 17 sensitivity and response to c SHH knockout
0 0 . (] . . . e o o m
penis. We hypothesized that a cell-level computer simulation composed of key during gestation day 13 — 17 of mouse embryo development with 5,000 Urethral Plate Maturation Urethral Tube Septation FGF10. é 3090 5 = Mesenchyme
0 0 O . . : g @
events in adverse outcomes could predictively model the pathogenesis of Monte Carlo Step calculations (3). 2| 2500 < ® Endoderm
hypospadias using in vitro data (1), starting with disruption of cell signaling and i o This behavior was consistent &l 2000 FGE;’S:::E'V‘;“:
structural targets of the fetal testis and genital tubercle during embryogenesis. o The initial structure was captured from the morphological development of § s with the presence of androgen 1500 Endoderm
the urethral plate endoderm (4,5). 2 b% response element in the FGFR2 Lonp e AR knockout
. x Mesenchyme
N Cellular Tissue Organ % A promoter (4)’ italso SuggEStEd 500 - Endoderm
Cell-level behaviors Germ layer Genital tubercle malformation o The three-dimensional structure of the developing genital tubercle was =] the involvement of other 5
P modeled in an idealized two-dimensional cross-section plane. molecular targets downstream 13 14 15 16 17
esenchyme . . .
N h of ial | lete fusion of . | - AR signaling. Gestation Day of
% \f;o;:ig?(t)l:n —» ‘l'gr::‘v::e:chs::':u“a —> ncoun:;:::l ;T;Zno —>  Hypospadias Distal = to AR signaling Mouse Embryo Development
—> v . Urethral plate T O
cell motility l dod T ©
§ J FGF10 release endoderm Core 7, nho
2 ' DHT metabolism 1 maturation/septation of| mesenchyme EAYE Conclusions and Future Directions
g v urethral plate Adverse Outcome Pathway of
§°§ I Urethral plate endoderm H osbadias fu
-1 { proliferation yposp o The current results support the hypothesis that a cell-level computer
- o J, adhesion . . . . .
o Sequence of events at different | , S simulation can be used to model the high-level morphogenetic events that
' SHH release — J integrity of ectoderm levels of biological organization N e Extracellular e . . & Phog
v matrix o result in hypospadias.
Ectoderm — : Time-dependent events of Lateral o 'g
J cell motility _ tooovn.s sexual dimorphorism :.;1,’,’ Eo O The simulation also Urethral Plate Endoderm Ectoderm
V cytoskeletal stabilization __»  Mechanistic linkage with demonstrates the time- ‘ <HH I ,l oTCHL ‘
quantitative or semi- . .
Leydig cell quantitative data dependent interaction ‘ AR ‘
\ testosterone between SHH, FGF10, and AR T
Ventral Region of Preputial . . . .
Ectoderm fusion Lumen mesenchyme signaling in genital tubercle ‘ FGFR2 ‘

Y

development. —1
‘ PTCH1 H SMO ‘ FGFR2 ‘

o Further simulations will y I
address the missing key events elLi2 H FGF10 ‘
(e.g. EphB2) and model the >| AR ‘
. . . ) Mesenchyme
chemical disruption of genital

tubercle development using in
Urethral plate SHH Core and preputial Growth and FGF10 vitro data (1,9).
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o A cell-level computer simulation was built with a CompuCell3D model (3) by Core and through SHH-FGF10 signaling and physical (cell-level) events. Reference
incorporating key signals (e.g. sonic hedgehog (SHH), fibroblast growth factor preputial FGF10 Urethral plate endoderm Growth

10 (FGF10), and androgen) and cellular behaviors (e.g., differential adhesion mesenchyme o SHH had a narrower spatial gradient than FGF10 since it was transported (1) Kavlock et al., 2012, Chem. Res. Toxicol. 25:1287-302; (2) Baker et al., 2014,
and selective growth) in mouse genital tubercle development . through transcytosis (6).

o The current model captured the interaction between urethral plate

endoderm, mesenchyme, ectoderm through sonic hedgehog (SHH),
fibroblast growth factor 10 (FGF10), and androgen receptor (AR) signaling in
CompucCell3D as follows:

o Semi-automated literature mining was first utilized to identify PubMed
articles based on MeSH annotations for chemicals and proteins (2).
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o 312 chemicals and 293 proteins were co-annotated within the literature on
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hypospadias. This information was then used to develop an AOP framework.
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mesenchyme urethral fold fusion remained incomplete through gestation day 17, possibly

due to missing key events such as EphB2 signaling (7,8).
U.S. Environmental Protection Agency http://www.epa.gov/ncct/v-Embryo/ \\\I_';I:_mﬂl'}lﬂ :g

Office of Research and Development DISCLAIMER: this work does not reflect EPA policy P




