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Background: About 11% of women of reproductive age in the United States
have experienced infertility, with the defective ovarian function as the leading
cause (1). The ovary is the primary female reproductive organ and contains
different developmental stages of follicles as the basic functional unit. Each
follicle is made up of a central germ cell oocyte and the surrounding somatic
cells. There is a finite number of primordial follicles set just after birth, and
these follicles remain in a quiescent state to represent ovarian reserve, a
marker of fertility potential. The dormant primordial follicles are activated in
regular waves and sequentially develop to primary, secondary, and antral
stages from birth until menopause (Fig. 1). As the follicle grows, it
synthesizes and secretes sex steroid hormones (e.g. estrogen and progesterone) to maintain the function of
the reproductive tract as well as contribute to the general health of the endocrine, cardiovascular, and immune
systems (2). Meanwhile, the follicle matures and ovulates its enclosed oocyte for fertilization and pregnancy.
Increasing evidence indicates that both industrial and environmental chemicals such as endocrine disrupting
chemicals (EDCs) and anti-cancer drugs can result in female ovarian toxicity (ovotoxicity) and increase
women’s risk of hormonal imbalance, ovarian failure, anovulation, and infertility (3-5).
The ovotoxicity of specific chemicals can be assessed based on two broad
outcomes: (1) the health of the developing follicle and oocyte and subsequent
ovulation and fertilization, and (2) the ability of the follicles to produce sex
steroid hormones. Unfortunately, the lack of optimal in vitro models makes the
current gold standard for testing the ovotoxicity of chemicals rely on the use of
laboratory animals (OECD, 1995). However, in vivo models are timeconsuming, laborious, costly, and harmful to animals, which does not comply
with the Principal of 3Rs (Refine, Replace, and Reduce) to ensure animal
welfare. As ovarian follicles represent a robust target for evaluating chemical’s
ovotoxicity, in the laboratory of [mentor], he and his team have used an
alginate hydrogel-based encapsulation method to grow both mouse and
human preantral follicles outside of the context of the ovary, which is termed
encapsulated in vitro follicle growth (eIVFG) (6-8). The eIVFG maintains the
3D architecture of the follicles and supports follicle growth, hormone secretion,
as well as oocyte maturation and ovulation, suggesting a promising model for in vitro ovotoxicity testing.
However, this method is relatively slow, and multiple rounds of follicle isolation, culture, and chemical exposure
are necessary to complete dose-response and time-course experiments, making the current eIVFG scenario
not optimal, particularly when a rapid screening is required in the case of unpredictable and emerging
environmental threats. Moreover, multiple rounds of follicle isolation require large numbers of animals.
Research Question: In order to establish an efficient and reliable female reproductive toxicity screening
platform, can in vitro global primordial follicle activation and follicle cryopreservation be used to transform the
current mouse follicle preparation strategy into a high-throughput and standardized follicle isolation,
encapsulation, storage, and culture platform?
Project Goals and Objectives: The goal of this project is to develop a high-throughput in vitro ovotoxicity
testing platform to screen chemicals’ female reproductive toxicity. The objectives include: (1) to globally
activate mouse primordial follicles for collecting a substantial and a homogeneous population of preantral
follicles for eIVFG; and (2) to bank the isolated ovarian follicles through cryopreservation for establishing a
long-term and ready-to-use follicle storage platform.
Project Significance: This project is significant to public health as the proposed platform will translate a bench
assay for a single compound into a robust high-throughput screening assay, providing rapid and reliable
evidence to understand the impacts of pharmaceutical drugs and environmental contaminants on the female
reproductive system, as well as provide guidance for preventative and protective measures to be conducted.
Equally important, the banking of ovarian follicles through global follicle activation and cryopreservation allows
us to significantly minimize the cost, dependence, and use of animals.

Project Design:
Two students are needed to work on this project because of the time commitment of the procedures listed
below. It is also essential the students are experienced in their chosen methods to reduce the amount of
mistakes and the data obtained is efficient and accurate.
Aim 1: To globally activate primordial follicles for collecting a substantial and a homogeneous
population of mouse preantral follicles. There are approximately 1-2 million and 10,000 primordial follicles
present at birth in human and mouse ovaries, respectively, but only 0.1% of them in humans and 5% of them in
mice will be activated and ultimately mature to antral stage for ovulation (9). Previous studies demonstrated
that mice with deletion of genes of PTEN and FOXO3 or with over expression of PI3K in oocytes, the key
components of PTEN-PI3K-AKT-FOXO3 signaling that regulates follicle activation, exhibited global activation
of primordial follicles as well as normal maturation of the follicles (10-13). These results suggest an ideal
regimen to obtain a substantial and homogenous population of preantral follicles using a small number of
animals. Here, we will use the pharmacologic method to globally activate mouse primordial follicles, which has
shown success in other studies (10). Specifically, we will collect and treat 5-day old CD-1 mouse ovaries with
bpV(pic) at 100 μM, a PTEN inhibitor, and 740Y-P at 500 μg/mL, a PI3K activating peptide, for 48 hours (hr), to
activate the PTEN-PI3K-AKT-FOXO3 signaling. We will then culture the treated ovarian pieces for an
additional 8 days to allow activated primordial follicles to further develop to the secondary stage. We will then
use the enzymatic method to retrieve a homogeneous population of secondary follicles with diameter at
100-130 μm as [mentor] described in previous studies (6, 14, 15). We will also test other pharmacologic
conditions, including the bpV(pic) and 740Y-P concentration and animal age for ovary collection and
treatment to further optimize the follicle activation efficiency. We expect that the global primordial follicle
activation will allow us to collect 800-1,000 follicles per ovary, which is >100-fold higher than the method using
non-treated ovaries.
Aim 2: To bank the isolated preantral follicles through cryopreservation for establishing a long-term
and ready-to-use follicle storage platform. Vitrification is a process that allows the solidification of the cells
and extracellular milieus into a glass-like state (16). This method is simple, cost-effective, and requires
less procedural time and vitrification of gametes, embryos, or ovarian tissues is increasingly used as
assisted reproductive technologies (ART) and for fertility preservation (17), suggesting that this technique can
maintain reproductive cell viability and functionality. Therefore, we will use the vitrification method to
cryopreserve isolated mouse preantral follicles from Aim 1. Since vitrification has been used in fertility
treatments over long-term periods, it is expected this study will show similar results (18). We will make
minor modifications to previous vitrification protocols based on follicles’ specific characteristics. Briefly,
follicles will be equilibrated in the equilibration solution (ES), vitrification solution (VS), and VS
supplemented with synthetic polymers (VS+PXZ). The synthetic polymers will be used because they can
further prevent intracellular ice formation (IIF) and devitrification (17,19, 20). Follicles will be vitrified and
stored using a CBS High Security Tissue Straw in a liquid nitrogen vapor system with up to 200 follicles being
vitrified in one straw. We will next evaluate the effect of vitrification on follicle quality, including both
short-term and long-term after cryopreservation. Specifically, we will first warm and recover vitrified
follicles after 8-weeks and 4 months post vitrification. The follicles will be encapsulated with 0.5% alginate
first and cultured in vitro using eIVFG (Fig. 2). We will compare follicle reproductive outcomes between
vitrified and thawed follicles and freshly isolated follicles. The parameters to be compared include follicle
growth and survival, hormone secretion, in vitro ovulation, and oocyte fertilization and embryo development
outcomes.
Project Timeline, Anticipated Results and
Dissemination: The project timeline is shown
in the table on the right. We anticipate that the
global follicle activation will allow us to obtain
1600-2000 preantral follicles per mouse, which
is >100-fold increase compared to manual
follicle preparation, significantly reducing the
use of animals. Moreover, the follicle
cryopreservation will enable us to obtain a
large amount of ready-to-use encapsulated
follicles for in vitro ovotoxicity testing. We will further use a representative set of chemicals with
known ovotoxicity to validate this platform. The research data will be presented at Discover USC . We will use
the results to write and publish the manuscript in a peer-reviewed scientific journal.

Personal Statements:
Student1: I will be responsible for the proposed experiments in Aim 1. I have been in [mentor's] lab since the
beginning of the Fall semester in 2018. I am a Junior of the class of 2020, majoring in Biology. I plan to go on
to medical school to become an OB/GYN. I am passionate about women’s health and my interest in
women’s health extends to my other extracurriculars on and off campus. On campus I am involved with
Changing Carolina Peer Leaders, where I do health promotion and education on sexual health and sexual
assault intervention and prevention. And off campus I volunteer with STSM as an advocate for sexual assault
survivors and I also volunteer at Palmetto Baptist in the NICU and Women’s Surgery departments. I was
looking for a research opportunity that aligned with my interest in women’s health. Since working with
[mentor], I have learned so much about the reproductive system and have been able to apply things that I
have learned in class to a practical lab setting while also learning many different lab procedures and
methods. The experience that I will gain from [mentor]’s lab is unique and invaluable. I would love the
opportunity to continue my research with the help of the Magellan Scholar grant, as it would improve my
application to medical school as well as further my knowledge in women’s health, which will be beneficial
as I move further in my career plans. I believe this experience will be something I will be able to carry with me
throughout my entire career.
Student2: I will be responsible for the proposed experiments in Aim 2. As a Biology major and student
on the Pre-Medical track, working with [mentor] has been an essential part in furthering my passion for
women’s healthcare. I have learned invaluable information and laboratory protocols from working in the lab
since February 2018. Since beginning my work in the lab, I have applied for and received both the Magellan
Mini-Grant to help cover costs of materials for the beginning work on this project, as well as the Science
Undergraduate Research Fellowship (SURF) Grant to help fund my time committed to this project. [Mentor]
also gave me the opportunity to co-author another study, which is now in the process of being published in the
Future Oncology Journal. I have completed the CITI ethics training, which has increased my understanding
and appreciation of working in a lab. Receiving the Magellan Scholar grant will help me to continue working on
this project to help grow my knowledge of women’s reproductive health. Furthermore, working on this
project will give me an edge over other applicants to medical school, since I plan to pursue a career in
obstetrics and gynecology as a physician. My hope is to use the knowledge gained here to continue
research throughout medical school and into my career as a physician to make advancements in women’s
healthcare.
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