
Cell-based model: Compucell3D [1] simulation of mouse ovarian follicle including theca, granulosa, 
oocyte, and antral ECM compartments.
Tissue mechanics: Cell adhesion, proliferation, and other constraints preserve follicle structure.
Antrum formation: Granulosa-secreted proteoglycans drives water influx and antrum expansion.
Steroidogenesis: Cell-specific ODE models simulate cholesterol-to-testosterone conversion in theca 
cells and testosterone-to-estradiol conversion in mural granulosa cells.
Transport assumptions: Cholesterol and testosterone transport are treated as rate-limiting 
processes with substrate loss to the culture medium.
Simulation: 10-day simulation at 1 μm resolution, 1-minute time steps, with 50% daily 
media replacement.                    For additional details on the simulation 

Simulation results for Fast-grow follicles:
• Follicle diameter increase can be reproduced.
• Testosterone and estradiol synthesis show similar exponential 

trend and final T/E2 ratio.
• Predicted E2 levels lower than observed.

DBP mimetic: 
Phthalates often inhibit cholesterol delivery to the mitochondria,
perhaps via inhibition of STARD1 expression [4]. We tested this 
hypothesis by blocking the feedback of testosterone on the first
step in the theca cell cholesterol  Pregnenolone (P5) reaction.

• Reduces follicle growth as observed for DBP 10 treatment.
• Reduces T and E2 as observed for DBP 10 treatment, though the 

inhibition is too strong (25-fold reduction in cell culture versus 
~50-fold reduction in simulation).

• However, the antrum still grows. This suggest the model needs an 
additional steroid regulation on proteoglycan secretion by the 
mural granulosa cells.
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We are developing in vivo, in vitro, and in silico models of gonadotropin-dependent ovarian follicle development to 
explore toxicant effects on reproduction (Fig. 1). Our long-term goal is to use mechanistic, multiscale computational 
models for in vitro to in vivo extrapolation (IVIVE) of toxicant effects. 
We present preliminary in vitro mouse follicle culture data and a spatially resolved model of follicle development 
incorporating cell proliferation, morphogen signaling, and subcellular steroidogenesis, which converts cholesterol to 
testosterone and estradiol. We also present preliminary data on the effects of dibutyl phthalate (DBP), a model 
toxicant, on follicle growth. Parallel in vitro studies using monkey follicles and in vivo studies in mice and monkeys 
are underway.

(A) Secondary and multilayer follicles (100-250 μm in 
diameter) were (B) mechanically isolated from 21-day 
old female CD-1 mice, (C) encapsulated in alginate 
beads (0.5%), and (D) individually cultured. (E) 
Follicles were treated with vehicle control (0.075% 
DMSO), three concentrations of DBP (0.001, 0.1, 10 
μg/mL), or cell death control (7600 μg/mL hydroxyurea) 
in supplemented media containing FSH (N = 15-20 
follicles/treatment). (F) Culture medium was collected 
(150 μl) every 24 hours for up to 240 hours. (G) Follicle 
diameter and brightfield images were obtained every 
24 hours to assess daily growth, (H) compartment-
specific morphology and area, and antrum formation. 
(I) Collected media was used to measure 17β-estradiol 
(E2) and testosterone (T) secretion over time.

We have developed, in CompuCell3D (CC3D)[1], a spatial model representing a growing ovarian follicle with multiple 
interacting cell types and a dynamic antrum. Cell behaviors—including adhesion, growth, secretion, and proliferation—
drive structural organization and expansion over a 10-day in vitro simulation. 
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Cultured ovarian follicles exhibited three distinct growth trajectories: fast-growing, slow-growing, and 
non-growing. Analyses were restricted to fast-growing follicles because they exhibit the characteristic 
morphological and functional hallmarks of healthy follicular development, including sustained growth, 
granulosa cell expansion, antrum formation, and increased steroid hormone production. 

Percent change of granulosa cell area over time from baseline for DMSO control 
and DBP 10 μg/mL treated follicles. Data are shown as mean ± SEM (n = 14-17 
per treatment). Only results for Fast Grow follicles are shown.

Concentration of estradiol in media over time for DMSO control and 
DBNP 10 treated follicles. Data are shown as mean ± SEM. Only data 
for fast grow follicles is shown.

Concentration of testosterone in media over time for DMSO 
control and DBNP 10 treated follicles. Data are shown as 
mean ± SEM. Only data for fast grow follicles is shown.

Follicles were stratified into three distinct growth Fast 
frow follicle diameters versus time. Data are shown as 
mean ± SEM. Only “Fast Grow” data is shown.

The preliminary computational model captures many essential features of mouse ovarian follicle development, including tissue growth, spatial organization, 
morphogen signaling, and steroidogenesis. Agreement with experimental data supports the modeling approach while highlighting areas for refinement, particularly 
hormone regulation of antrum formation. The framework provides a foundation for future IVIVE studies and extension to monkey and in vivo models for predicting 
reproductive toxicity. 

Fig. 1: Project workflow and relationships between in vivo, in 
vitro and in silico components.
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