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Abstract
Bisphenol A (BPA), one of the most frequently detected emerging pollutants in the environment, has been implicated in 
adverse effects in male and female reproduction at extremely low concentrations. This study aimed to investigate the effects 
and potential mechanism of BPA on mouse ovarian follicular development and female germline stem cells (FGSCs). Female 
CD-1 adult mice were administered gradient concentrations of BPA (12.5, 25, and 50 mg/kg/day) by intraperitoneal injec-
tion. We found that the number of atretic ovarian follicles was significantly increased at high BPA concentrations. Addi-
tionally, the numbers of primordial follicles, primary follicles, and corpus luteum (CL) were significantly reduced at high 
BPA concentrations. Interestingly, the number of FGSCs was remarkably reduced in BPA-treated ovaries. Furthermore, 
the increased apoptotic rate of FGSCs in vitro was triggered by BPA accompanied by increased BPA concentrations. To 
investigate the mechanism of BPA in ovarian follicular development, 193 differentially expressed proteins were identified 
in BPA-treated ovaries by the isobaric tags for relative and absolute quantification-coupled 2D liquid chromatography-mass 
spectrometry technique. A total of 106 proteins were downregulated and 85 proteins were upregulated. Among these proteins, 
the apoptosis-related protein SAFB-like transcriptional modulator (SLTM) was remarkably upregulated, and this result was 
consistent with western blotting. Taken together, our results suggest that an ovarian follicular development, especially, the 
development of primordial follicles, primary follicles, and the CL, is inhibited by high BPA concentrations, and the ovarian 
follicle atresia is initiated by BPA through upregulated expression of SLTM. Furthermore, BPA induces apoptosis of cultured 
FGSCs. The effect of BPA on ovarian follicular development and FGSCs, especially the effect on FGSCs, suggests a novel 
mechanism of how BPA causes female infertility.
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Introduction

Bisphenol A (BPA) is recognized as a xenobiotic estro-
genic compound that is widely used in the manufacture of 
polycarbonate plastics and epoxy resins, such as food and 
drink containers, dental sealants, and baby bottles. BPA can 
be released from polycarbonate and resins with exposure 
to light, aging, heating, and contact with either acidic or 
basic compounds, especially during the process of clean-
ing. Therefore, an increasing amount of research has been 
performed on the effects of BPA on human health. Vari-
ous studies have shown that BPA is present in blood, saliva, 
human tissues, and in 95% of human urine samples (Calafat 
et al. 2005, 2008; Ouchi and Watanabe 2002).

As an endocrine-disrupting chemical, BPA exposure 
results in reproductive developmental disorders. In males, 
BPA exposure causes dysfunctional spermatogenesis, an 
increased number of apoptotic cells within the seminiferous 
tubules, variations in hormone and steroidogenic enzyme 
levels, reduced sperm counts and sperm motility, and dam-
age to sperm DNA (Peretz et al. 2014). In females, mater-
nal BPA exposure during gestation causes early onset of 
puberty, weight gain changes, early vaginal opening, ovar-
ian morphological abnormalities (Honma et al. 2002), and 
primordial follicle loss in offspring (Manikkam et al. 2013). 
Neonatal exposure to BPA in castor oil at 500 µg/50 µL 
alters ovarian morphology, showing a large number of cysts 
(Fernandez et al. 2010). Administration of BPA to pregnant 
mice at 0.1–1000 µg/kg on days 9–16 of gestation results in 
a significant increase in ovarian cysts in BPA-treated groups 
(Newbold et  al. 2009). Additionally, BPA induces ane-
uploidy in maturing oocytes (Hunt et al. 2003). Therefore, 
female reproduction, especially ovarian follicular develop-
ment, is disrupted by BPA. Although studies have shown 
that BPA adversely affects ovarian follicular development, 
there is some controversy regarding the effects of different 
BPA concentrations. Therefore, this study investigated the 
effect of different BPA concentrations on ovarian follicular 
development, and proteomics was used to further examine 
the potential mechanism of BPA on the ovaries.

Successfully isolated female germline stem cells (FGSCs) 
offer important opportunities for understanding human 
oogenesis, delaying menopause, treating infertility, and 
providing a new strategy for preserving fertility (Ding et al. 
2016; Li et al. 2017; Wu et al. 2017; Zhang et al. 2011; Zou 
et al. 2009). Proliferation, differentiation, and apoptosis of 
FGSCs are regulated by strict mechanisms in vivo. Dys-
function of FGSCs is caused by disorder of homeostasis of 
FGSCs. Whether BPA affects FGSCs is unclear, and whether 
proliferation, differentiation, and apoptosis of FGSCs are 
regulated by BPA is unknown. Therefore, this study exam-
ined the role of BPA in FGSCs.

Materials and methods

Ethical approval

All procedures with animals were approved by the Institu-
tional Animal Care and Use Committee of Shanghai, and 
were performed in accordance with the National Research 
Council Guide for Care and Use of Laboratory Animals.

Mice and treatments

Six weeks old female CD-1 mice (20–25 g body weight) 
were purchased from Linchang Company (China, Shanghai), 
and allowed to acclimate to the facility for at least 5 days 
before use. Food and water were provided ad libitum. Tem-
perature was maintained at 22 ± 1 °C. Mice were subjected 
to 12-h light–dark cycles. The mice were randomly assigned 
to four groups with three mice in each group as follows. (1) 
The control group comprised mice that were administered 
the diluent dimethylsulfoxide (DMSO, Sigma-Aldrich). (2) 
The 12.5 mg/kg-treated group comprised mice that were 
administered 12.5 mg/kg BPA (Sinopharm Chemical Rea-
gent Co., Ltd., Shanghai, China). (3) The 25 mg/kg-treated 
group comprised mice that were administered 25 mg/kg 
BPA. (4) The 50 mg/kg-treated group comprised mice that 
were administered 50 mg/kg BPA. For providing an equiva-
lent volume for each mouse each day, BPA was dissolved in 
DMSO with the concentrations of 10, 20, and 40 mg/ml, and 
BPA was consecutively administered by intraperitoneal (ip) 
injection for 10 days.

Ovarian follicle count

Mice were euthanized by carbon dioxide and killed by cervi-
cal dislocation. The ovaries were collected, followed by fixa-
tion in 4% paraformaldehyde, and the ovaries were embed-
ded in paraffin as described previously (Yang et al. 2013). 
The paraffin-embedded ovaries were cut into serial sections 
and stained using hematoxylin and eosin (HE). The ovarian 
follicles were counted as described previously (Tilly 2003; 
Wang et al. 2012).

Immunofluorescence staining

The mice were injected with 200 µg 5-ethynyl-2′-
deoxyuridine (EDU) (Invitrogen Life Sciences, Carlsbad, 
CA, USA) by ip on the second day after ten consecutive 
days of BPA. 2 days later, the ovaries were collected and 
fixed in 4% paraformaldehyde. The ovaries were embed-
ded in paraffin according to previous studies (Yang et al. 
2013) and then the paraffin-embedded ovaries were cut 
into 6-µm-thick section. Immunofluorescence staining was 
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performed according to previous study with a small modi-
fication (Lee et al. 2016). Briefly, after removal of paraffin, 
sections were washed twice with 3% bovine serum albumin 
(BSA). The sections were then permeated by 0.5% Triton 
X-100 for 20 min at room temperature, washed twice with 
3% BSA, and incubated with the Click-iT®Plus reaction 
cocktail for 30 min at room temperature. The sections were 
then washed once with 3% BSA and counterstained with 
Hoechst 33342 at room temperature. The sections were 
washed twice with PBS, incubated with 0.5% trypsin in 
PBS for 20 min at 37 °C, and washed twice with PBS 
for 10 min. Blocking with 10% goat serum in PBS was 
performed for 20 min at 37 °C and then incubation with 
an anti-DDX4 antibody in PBS (1:200, ab13840; Abcam, 
Cambridge, MA, USA) at 4 °C overnight. After incuba-
tion, sections were washed twice with PBS for 10 min and 
incubated with secondary antibodies in PBS for 30 min at 
37 °C (1:200; Proteintech, Wuhan, China). Finally, sec-
tions were washed twice with PBS for 10 min and mounted 
on slides for fluorescence microscopy.

Culture of FGSCs in vitro

The mouse FGSC line was cultured in vitro according to our 
previous study (Wang et al. 2014; Xie et al. 2014; Zou et al. 
2009). Briefly, the culture medium for FGSCs was minimum 
essential medium alpha (Invitrogen Life Sciences) supple-
mented with 10% fetal bovine serum (Life Technologies), 
including 30 mg/ml pyruvate (Amresco, VWR International, 
LLC, Lardner, PA, USA), 2 mM l-glutamine (Amresco), 
50 mM β-mercaptoethanol (Sigma Chemical Co., St. Louis, 
MO, USA), 6 mg/ml penicillin (Amresco), 1 mM nones-
sential amino acids (Invitrogen Life Sciences), 20 ng/ml 
mouse epidermal growth factor (Pepro Tech), 10 ng/ml 
mouse basic fibroblast growth factor (PeproTech), 10 ng/
ml mouse glial cell line-derived neurotrophic factor (Pepro 
Tech), and 10 ng/ml mouse leukemia inhibitory factor (Santa 
Cruz Biotechnology, CA, USA). The SIM-6-thiogunania-
oualiain cell line (ATCC, Manassas, VA, USA) was used as 
the feeder for FGSC culturing.

Cell proliferation assay

FGSCs were seeded into 96-well plates and incubated with 
different concentrations of 0, 50, 100, and 150 µM BPA for 
24, 48 and 72 h. After treatments, CCK8 solution (10 µl) 
(Genomeditech, Shanghai, China) was added to each well. 
FGSCs were then cultured at 37 °C for 1 h. Absorption val-
ues were measured at a wave length of 450 nm with a Bio-
Tek microplate reader (Bio-Tek Instruments, Thermo Fisher 
Scientific, Winooski, VT, USA).

Terminal deoxynucleotidyl transferase‑mediated 
dUTP‑biotin nick end labeling assay

The apoptotic rates of ovarian sections and cultured FGSCs 
were detected by terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end labeling (TUNEL), and the 
procedure was performed using an Apoptosis Detection Kit 
(Vazyme Biotech Co., Ltd., Nanjing, China) according to the 
manufacturer’s instructions. After TUNEL reaction mixture 
for 1 h, the sections and FGSCs were washed twice with 
PBS for 10 min and counterstained with 4′,6-diamidino-
2-phenylindole (DAPI) (Sigma-Aldrich) for 5 min. Wash-
ing was then performed three times with  ddH2O. A confocal 
laser scanning microscope (Leica, TSP8) was used to photo-
graph sections and cells, and the apoptotic rate was analyzed 
using IPP 6.0 Software.

Flow cytometry

FGSCs were cultured in vitro and treated with 150 µM BPA 
for 48 h. Cells were collected and annexin V/propidium 
iodide (PI) (Thermo Fisher Scientific) staining was per-
formed to detect the apoptotic rate according to the manu-
facturer’s instructions. Briefly, cells were washed once with 
PBS and 1 × Binging Buffer, and incubated with fluoro-
chrome-conjugated annexin V for 15 min at room tempera-
ture. Cells were then washed with 1 × Binging Buffer and 
resuspended. Finally, cells were incubated with PI staining 
solution for 15 min and analyzed by flow cytometry (BD 
FACSCalibur machine, BD Biosciences).

Western blotting

The ovaries were lysed with protein lysis buffer, and protein 
concentrations were measured using the bicinchoninic acid 
(BCA) assay. The procedure of western blotting was per-
formed according to a previous study with a small modifica-
tion (Yang et al. 2015). Briefly, a total of 20 µg protein was 
separated in 10% w/v sodium dodecyl sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE) and transferred onto 
a PVDF membrane. Subsequently, the membranes were 
blocked with 5% nonfat milk in TBST buffer (1M Tris–HCl, 
0.15 M NaCl, and 0.05% Tween-20) at room temperature 
for 1 h. The proteins were incubated with primary antibod-
ies (1:400; LifeSpan BioScience, Inc., USA) in 5% nonfat 
milk in TBST buffer at room temperature for 2 h and washed 
three times with TBST for 10 min. This was followed by 
incubation with secondary antibody (1:2000; Proteintech) 
in 5% nonfat milk in TBST buffer at room temperature for 
2 h, and washing three times with TBST for 10 min. Finally, 
the images were scanned with a chemiluminescence imag-
ing system (ProteinSimple, Santa Clara, CA, USA). The 
densitometry of the bands was analyzed by Quantity One 
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software. The gray value ratio of target protein represented 
the relative expression levels.

Proteomics

The total protein of control and BPA-treated ovaries was 
extracted with protein lysis buffer, and the concentration 

of protein was quantified by the BCA assay. To determine 
whole proteome expression, isobaric tags for relative and 
absolute quantification (iTRAQ)-coupled 2D liquid chroma-
tography-mass spectrometry (LC–MS/MS) were performed 
at Majorbio (Shanghai, China) according to a standard pro-
cedure (Xu et al. 2014; Zhang et al. 2017; Zheng et al. 2017).

Fig. 1  Ovarian phenotype of BPA-treated mouse ovaries. a Ovarian 
histology of BPA-treated ovaries with various BPA concentrations. 
Control group; 12.5  mg/kg BPA-treated mouse ovaries; 25  mg/kg 
BPA-treated mouse ovaries; 50  mg/kg BPA-treated mouse ovaries. 
b–f The number of ovarian follicles and corpus luteum in different 
groups. The number of antral follicles in the BPA-treated groups was 
lower than that in the control group, but this was not significant. The 
numbers of primordial follicles, primary follicles and corpus luteum 

were significantly lower in the 25 and 50 mg/kg BPA-treated groups 
compared with the control group (p < 0.05). However, the number of 
atretic follicles was significantly higher in the 50 mg/kg BPA-treated 
group compared with control group (p < 0.05). CL corpus luteum; 
AF antral follicle; AtrF: atretic follicle. Bar 50 µm. b Number of pri-
mordial follicles; c number of primary follicles; d number of antral 
follicles; e number of atretic follicles; f number of corpus luteum. 
*p < 0.05, **p < 0.01, ***p < 0.001
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Statistical analyses

All experiments were replicated at least three times for each 
group. The data are presented as the mean ± SEM. Data were 
analyzed with ANOVA followed by the Fisher’s least sig-
nificant difference test with SPSS software (Version 13.0; 
SPSS, Inc., Chicago, IL, USA). Differences were considered 
significant at p < 0.05.

Results

Morphological observation of BPA‑treated ovaries

Ovarian morphology of the control, 12.5, 25, and 50 mg/kg 
BPA-treated groups was examined by HE staining (Fig. 1a). 
The numbers of primordial follicles, primary follicles, antral 
follicles, corpus luteum, and atretic follicles were counted 
(Fig. 1b–f). We found that the number of antral follicles 
in BPA-treated groups was lower than that in the control 
group, but this was not significantly different. The numbers 

of primordial follicles, primary follicles, and corpus luteum 
were significantly lower in the 25 and 50 kg/kg BPA-treated 
groups compared with the control group (p < 0.05). How-
ever, the number of atretic follicles was significantly higher 
in the 50 kg/kg BPA-treated group compared with the con-
trol group (p < 0.05).

BPA exposure increases apoptosis of ovarian 
follicles

After TUNEL assay, we found that the apoptotic signal was 
positive in granulosa cells and oocytes (Fig. 2a). The number 
of apoptotic cells per section in the 50 mg/kg BPA-treated 
group was significantly higher than that in the control group 
(Fig. 2b, p < 0.01).

FGSCs are decreased in BPA‑treated ovaries

FGSCs were identified by dual immunostaining for DDX4 
and EDU labeling (Zhang and Wu 2016; Zhou et al. 2014). 
FGSCs were located in the cortical surface of ovaries 

Fig. 2  TUNEL apoptosis assay 
in 50 mg/kg BPA-exposed 
mouse ovaries. a Apoptosis was 
detected by TUNEL. The apop-
totic signal was positive in gran-
ulosa cells and oocytes. Bar: 
50 µm. b The number of apop-
totic cell per section in controls 
and 50 mg/kg BPA-treated 
mouse ovaries. The number 
of apoptotic cells per section 
in the 50 mg/kg BPA-treated 
group was significantly higher 
than that in the control group 
(p < 0.01). *p < 0.05, **p < 0.01, 
***p < 0.001



1586 Archives of Toxicology (2018) 92:1581–1591

1 3

immediately below the epithelium (Fig. 3a). Furthermore, 
the number of FGSCs was significantly lower in the BPA 
groups compared with the control group (p < 0.05, Fig. 3b).

BPA induces apoptosis of FGSCs in vitro

The effect of 50, 100, and 150 µM BPA on viability of 
FGSCs was determined with the CCK8 kit. FGSC viability 
was detected at 24, 48, and 72 h. The 50 and 100 µM BPA-
treated groups showed no significant difference in the num-
ber of FGSCs compared with the control group. However, 
the number of FGSCs was significantly lower in the 150 µM 
BPA-treated group at 48 and 72 h (p < 0.05) (Fig. 4a). Sub-
sequently, apoptosis of FGSCs was detected by TUNEL at 
50, 100, and 150 µM BPA at 48 h (Fig. 4b). We found that 
the apoptotic rate in the 150 µM BPA-treated group was 
significantly higher than that in the other groups (p < 0.05), 
and that in the 100 µM BPA-treated group was significantly 
higher than that in the control and 50 µM BPA-treated 
groups (p < 0.05). Furthermore, flow cytometry showed that 

the apoptotic rate in the 150 µM BPA-treated group was 
significantly higher than that in the control group (p < 0.01, 
Fig. 4c).

Proteomics analysis of BPA‑treated ovaries

To further identify the related pathways and direct tar-
get proteins in BPA-treated ovaries, iTRAQ-coupled 2D 
LC–MS/MS was used to analyze differentially expressed 
proteins (DEPs). Hierarchical clustering of DEPs showed 
that DEP expression patterns were different between the 
control group and BPA-treated groups (Fig. 5a). DEPs 
were screened in a volcano plot. We found 193 DEPs, 
and 85 were upregulated and 106 were downregulated 
(Fig. 5b). Gene ontology (GO) results suggested that 23 
subgroups of DEPs were involved in the biological pro-
cess, 17 subgroups were involved in the cellular compo-
nent, and 16 were involved in molecular function (Fig. 6). 
Subgroups of gene ontology were further analyzed by 
pie chart and were classified into three types based their 
participation in biological process (BP), cell components 
(CC) and molecular function (MF) with level 2 (Supple-
mentary data, Fig. S1), level 3 (Supplementary data, Fig. 
S2), and level 4 (Supplementary data, Fig. S3). Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis showed that 193 DEPs were distributed in nine 
pathways (Supplementary data, Fig. S4). The KEGG path-
way involved in the metabolism process was analyzed by 
interactive Pathways Explorer (Supplementary data, Fig. 
S5). Information on two pathways of bisphenol degrada-
tion and retinol metabolism is shown in Supplementary 
data, Fig. S6 and Fig. S7. The relationship of the 193 
DEPs was analyzed (Fig. 7a). One apoptosis-associated 
protein, scaffold attachment factor-like transcription mod-
ulator (SLTM) was identified (Fig. 7b). This protein might 
be closely related to BPA-induced ovarian follicle atresia.

BPA upregulates the apoptotic protein SLTM

To further evaluate whether SLTM protein was regulated 
by BPA-treated ovaries, SLTM protein in BPA-treated ova-
ries was detected by western blot (Fig. 8a). SLTM protein 
expression in BPA-treated ovaries was higher than that in 
control ovaries (p < 0.05, Fig. 8b).

Discussion

As a widespread environmental contaminant, BPA has 
been investigated for many years regarding its toxicity in 
the female and male reproductive systems. Previous stud-
ies have reported that BPA can function as an endocrine 
disruptor in vivo and in vitro, and can interact with estrogen 

Fig. 3  Effect of BPA on FGSCs in the ovaries. a Identification of 
FGSCs by dual immunofluorescence of DDX4 (green) and EDU 
(red). DAPI (blue) staining was also performed on the same sample. 
Control group: no BPA; BPA group: 50  mg/kg BPA-treated mouse 
ovaries. Arrows indicate FGSCs. Bar 50 µm. b Number of FGSCs in 
the two groups. The number of FGSCs was significantly lower in the 
BPA groups compared with the control group (p < 0.05). *p < 0.05, 
**p < 0.01, ***p < 0.001
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Fig. 4  Effect of BPA on FGSCs in vitro. a Cellular viability of 
FGSCs was detected by CCK8 staining. The 50 and 100  µM BPA-
treated groups showed no significant difference in the number of 
FGSCs compared with the control group. The number of FGSCs 
was significantly lower in the 150 µM BPA-treated group at 48 and 
72 h (p < 0.05) than in the control group. b Apoptosis was detected 
by TUNEL. The apoptotic rate in the 150  µM BPA-treated group 

was significantly higher than that in the other groups (p < 0.001). 
The apoptotic rate in the 100  µM BPA-treated group was signifi-
cantly higher than that in the control and 50 µM BPA-treated groups 
(p < 0.05). Bar: 50 µm. c The apoptotic rate of 150 µM BPA-treated 
FGSCs. The apoptotic rate in 150 µM BPA-treated FGSCs was sig-
nificantly higher than that in the control group (p < 0.01). *p < 0.05, 
**p < 0.01, ***p < 0.001
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receptor, androgen receptor, and thyroid hormone receptor 
(Kitamura et al. 2005). Xenoestrogens play a hormone-like 
role by the two mechanisms of genomic and non-genomic 
pathways (Heldring et al. 2007; Nadal et al. 2000). An effect 
of BPA on the ovaries has been reported by several studies, 
but the results are controversial, and this may be attributed 
to the dosage of BPA. The mechanism of BPA on the ovaries 
is not fully understood.

Our study showed that the numbers of primordial folli-
cles, primary follicles, and corpus luteum were significantly 
decreased in a dose-dependent manner, and atretic follicles 
were increased. Furthermore, our TUNEL results further 
suggested that BPA accelerated apoptosis of ovaries and 
inhibited ovarian follicular development, which is consist-
ent with previous studies (Peretz et al. 2011). Therefore, 
the development of the ovary was inhibited by BPA expo-
sure during the pre-pubertal period. Follicle development-
related genes may play certain roles in this process (Li 
et al. 2014). In a previous study, female newborn rats were 
exposed to 50 mg/kg BPA, and the number of corpus luteum 
was reduced, but the number of multioocyte follicles was 
increased (Adewale et al. 2009). Exposing neonatal mice 
to BPA results in an increased rate of ovarian hemorrhagic 
cysts, abnormal numbers of antral follicles, and decreased 

corpus luteum (Newbold et al. 2007; Suzuki et al. 2002). 
Therefore, ovarian follicular development and atresia are 
affected by BPA exposure and this is dependent on the dos-
age of BPA.

Apoptosis of male germ cells and somatic cells is induced 
by BPA (Qi et al. 2014; Urriola-Munoz et al. 2014; Xie 
et al. 2016). Additionally, apoptosis of female germ cells and 
ovarian somatic cells is initiated by BPA, and BPA induces 
apoptosis of oocytes (Wang et al. 2016). BPA exposure 
during in vitro oocyte maturation results in dose-dependent 
alterations in embryonic developmental rates, the apoptotic 
rate, sex ratio, and gene expression (Ferris et al. 2016). BPA 
also induces apoptosis of human luteinized membrana gran-
ulosa cells (Mansur et al. 2017) and mouse granulosa cells 
(Xu et al. 2002). However, the effect of BPA on stem cells 
is largely unknown, especially the effect of BPA on FGSCs. 
Additionally, whether apoptosis of FGSCs is triggered by 
BPA is unknown. Surprisingly, the number of FGSCs in 
BPA-treated ovaries in our study was remarkably reduced 
compared with normal mice. FGSCs were also cultured 
in vitro and treated with different BPA concentrations. We 
found that proliferation of FGSCs was remarkably decreased 
accompanied by increased BPA concentrations and treat-
ment time. Consistent with the results of proliferation, 

Fig. 5  Results of hierarchical clustering and a volcano plot of BPA-
treated ovaries. a Hierarchical clustering shows that DEP expression 
patterns are different between the control group and BPA-treated 

groups. b DEPs were screened in a volcano plot. This plot shows that 
193 DEPS were identified, and 85 were upregulated and 106 were 
downregulated
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Fig. 6  Results of gene ontology and KEGG pathway analysis of BPA-treated ovaries. Gene ontology results show that 23 subgroups of DEPs are 
involved in the biological process (BP), 17 are involved in the cellular component (CC), and 16 are involved in molecular function (MF)

Fig. 7  Interaction of DEPs. a Interaction of DEPs. b Expression of SLTM
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apoptosis of FGSCs was gradually increased accompanied 
by an increase in BPA concentrations. These results were 
confirmed by flow cytometry analysis.

To further examine the mechanism of BPA on the ovaries, 
we performed ovarian proteomic analysis. A total of 191 
DEPs were identified, and 85 proteins were upregulated and 
106 proteins were downregulated. All DEPs were analyzed, 
and one apoptosis-related protein, SLTM, was identified. 
Protein expression of SLTM was significantly increased by 
BPA intervention. Additionally, overexpression of SLTM 
results in generalized inhibition of transcription and induces 
apoptosis in cultured cells (Chan et al. 2007). Therefore, 
BPA-induced ovarian dysfunction might be attributed to 
upregulation of the apoptosis-associated protein SLTM. 
The effect of BPA on ovarian follicular development and 
FGSCs suggests a novel mechanism of BPA-induced female 
infertility. Additionally, our results could be useful for new 
methods of preventing and curing of pollutants, especially 
BPA-induced female infertility.
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