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Abstract: Objective: This study is to investigate effects of bisphenol A (BPA) on the blastocyst implantation in en-
dometrium. Methods: Pregnant mice were orally administered with BPA. Implantation sites were examined, and 
serum estrogen level was assayed with ELISA. Protein expression levels were detected with immunohistochemistry 
and immunofluorescence staining. Results: High doses (400 and 600 mg/kg/day) of BPA remarkably reduced the 
implantation sites in the pregnant mice. No significant differences were observed in the serum estrogen level across 
the groups. Moreover, high doses (400 and 600 mg/kg/day) of BPA significantly declined the expression level of en-
dometrial estrogen receptor α (ERα) in the pregnant mice. In addition, high doses (400 and 600 mg/kg/day) of BPA 
significantly declined the expression levels of integrin β3 and trophinin in the endometrium and blastocysts. Conclu-
sion: BPA declines ERα expression in endometrium, and inhibits adhesion protein expression in endometrium and 
blastocysts, causing the adhesion failure of blastocyst implantation.
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Introduction

Bisphenol A (BPA), an estrogenic chemical, is 
one of the most widely used compounds in the 
production of high-polymer materials, such as 
epoxy resin, polysulfone resin, polyphenylene 
ether resin, and unsaturated polyester resin. 
BPA can act on the reproductive system and 
affect human health [1-4]. It has been demon-
strated in male animals that, BPA reduces 
sperm motility and disturbs spermatogenesis, 
thus influencing fertility, libido levels, and sexu-
al behavior [5-7]. Moreover, BPA promotes folli-
cle atresia [8] and oocyte apoptosis [9], inhibi- 
ts the expression of steroidogenic enzyme in 
granulosa cells [10], and interrupts the produc-
tion and secretion of steroid hormones [11]. 
Furthermore, BPA has been shown to influence 
the endometrial receptivity at the implantation 
stage [12].

The endometrium development and endome-
trial receptivity, and the blastocyst implanta-

tion in the endometrium, are precisely regulat-
ed by estrogen. Integrin and trophinin are mar- 
kers for the endometrial receptivity during the 
blastocyst implantation process, which medi-
ate the adhesion between the blastocyst and 
endometrium [13, 14]. It has been shown that, 
estrogen could activate the expression of integ-
rin to improve the blastula adhesion in the 
endometrium [15]. Moreover, estrogen regula- 
tes the expression of trophinin in mouse endo-
metrium, and no expression of trophinin could 
be detected in the uterus in ovariectomized 
mice [16]. On the other hand, the injection of 
BPA into the newborn female mice could signifi-
cantly decrease the expression levels of estro-
gen receptor α (ERα) in the endometrium, which 
alters the Hoxa10 signaling pathway, and influ-
ences the endometrial decidualization, leading 
to the habitual abortion and infertility [17]. In 
addition, BPA could also affect the role of estro-
gen in the uterine development in rats, result-
ing in uterine abnormalities [18]. However, the 
effects of BPA on the expression levels of adhe-
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sion proteins have not yet been fully elucida- 
ted.

In this study, the fertilized mice were adminis-
tered with BPA. The expression levels of estro-
gen, integrin β3, and trophinin in the uterine 
tissues and blastocysts were detected. The 
mechanisms for the effects of BPA on the blas-
tocyst implantation were investigated.

Materials and methods

Chemicals and animals

All reagents were purchased from Sigma-Ald- 
rich Chemical Company (St. Louis, MO, USA), 
unless otherwise stated. Kunming mice were 
purchased from the Changchun Hi-Tech Labo- 
ratory Animal Research Center (Changchun, Ji- 
lin, China). These mice were housed in with a 
14 h/10 h day/night cycle. All the animal experi-
ments were carried out following the protocol 
approved by the Jilin Medical University Ins- 
titutional Animal Care and Use Committee.

Animal treatment and drug administration

The 2-month-old female mice were mated natu-
rally with healthy fertile young males. In the 
next morning, the presence of a vaginal plug in 
the vagina was considered as day 0.5 of preg-
nancy. Not every female mouse with a plug 
would become pregnant. Mice with the pres-
ence of blastocysts in the reproductive tract 
were considered pregnant.

Pregnant females were randomly divided into 
four groups (n=30 per group). From day 0.5 to 
4.5 of pregnancy, the pregnant females were 
daily gavaged with 0 (control), 200, 400, and 
600 mg/kg/day BPA in the sesame oil, respec-
tively. The estrogenicity of 100 mg/kg/day BPA 
was assumed to be equivalent to that of 0.01 
mg/kg/day estrogen [19, 20].

Implantation site staining and blastocyst col-
lection

On day 5 of pregnancy, the mice were anesthe-
tized by the intraperitoneal injection of chloral 
hydrate. The implantation sites were stained 
with Chicago sky blue, and the number of the 
implantation sites was counted. Uteri of the 
pregnant mice treated with or without BPA were 
flushed with PBS to collect the blastocysts. 

Uterine tissues were collected and fixed in 10% 
formalin at room temperature for 24 h before 
further processing.

Enzyme-linked immunosorbent assay (ELISA)

On day 5 of pregnancy, the mice were anesthe-
tized with chloral hydrate. The trunk blood was 
collected, and serum was separated and stored 
at -20°C. The serum content of estrogen was 
determined with an ELISA kit (Shanghai Elisa 
Biotech Co., Ltd., Shanghai, China), according 
to the manufacturer’s instructions. The optical 
density (OD) was read with a Model 680 micro-
plate reader (Bio-Rad, Hercules, CA, USA), and 
the estrogen level was determined based on 
the standard curve.

Immunohistochemistry

The uterine tissue was embedded with paraf- 
fin and cut into 5-μm serial sections. After the 
antigen retrieval, these sections were incubat-
ed with rabbit anti-mouse anti-ERα antibody 
(1:100 dilution; Santa Cruz Biotechnology, Da- 
llas, TX, USA), or rabbit anti-mouse anti-integrin 
β3 antibody (1:100 dilution; Santa Cruz Biote- 
chnology), at 4°C overnight. Then the sections 
were developed using the streptavidin-biotin 
peroxidase method. The staining was observed 
with a microscope (Leica, Heidelberg, Germany). 
Image analysis was performed using the Image 
Pro-Plus 6.0 software.

Immunofluorescence staining

For the uterine tissue staining, the sections 
were blocked with bovine serum albumin (BSA; 
Sigma-Aldrich, Munich, Germany) at room tem-
perature for 1 h. They were incubated with rab-
bit anti-mouse anti-trophinin antibody (1:50 
dilution; Santa Cruz Biotechnology) at 4°C over-
night, and then incubated with FITC-conjugated 
secondary antibody (1:400 dilution; Life Tech- 
nologies, Grand Island, NY, USA) at room tem-
perature for 1 h. After staining with 1 μM Ho- 
echst33342, the sections were detected with  
a laser-scanning confocal microscopy (FV-500; 
Olympus, Tokyo, Japan). Image analysis was 
performed with the Image J software (http://
rsb.info.nih.gov/ij/).

For the blastocyst staining, the blastocysts 
were fixed with 4% paraformaldehyde at room 
temperature for 40 min, and permeabilized wi- 
th 0.2% Triton X-100 for 10 min. The proce-
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dures were the same as above mentioned, and 
the primary antibody was replaced with the rab-
bit anti-mouse anti-integrin β3 polyclonal anti-
body (1:100 dilution; Santa Cruz Biotechnology) 
and rabbit anti-mouse anti-trophinin polyclonal 
antibody (1:100 dilution; Santa Cruz Biotech- 
nology), respectively.

Statistical analysis

Data were expressed as mean ± SD. SPSS 13.0 
software was used for statistical analysis. One-

way ANOVA and LSD method were performed 
for group comparison. P < 0.05 was considered 
statistically significant.

Results

Effects of BPA on implantation site numbers in 
pregnant mice

To determine the effects of BPA on the blasto-
cyst implantation, the implantation site was st- 
ained and the implantation site number was 

Figure 1. Effects of BPA on 
the implantation site num-
bers in pregnant mice. 
A. The implantation site 
staining was performed in 
mice treated with BPA on 
day 5 of pregnancy. Arrow 
indicated the implanta-
tion sites. B. Statistical 
analysis of the implanta-
tion site numbers in the 
pregnant mice (N=10-14). 
Compared with the con-
trol group, *P < 0.05.
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counted on day 5 of pregnancy. As shown in 
Figure 1, compared with the control group 
(treated with 0 mg/kg/day BPA), no significant 
difference was observed in the implantation 
site number for the mice treated with 200 mg/
kg/day BPA (P > 0.05). However, in mice treated 

2B, 2C). Taken together, these results suggest 
that, BPA could not significantly influence the 
secretion of ovarian estrogen, however high 
concentrations of BPA could significantly re- 
duce the expression levels of ERα in the endo-
metrium in pregnant mice.

Figure 2. Effects of BPA on serum estrogen level and endometrial ERα ex-
pression in pregnant mice. A. The serum estrogen levels in mice treated 
with BPA on day 5 of pregnancy were determined with ELISA (N=7-9). B. The 
expression levels of estrogen in the uterine tissues were detected with im-
munohistochemistry. Scale bar, 50 μm. C. Statistical analysis of the estrogen 
expression levels. Compared with the control group, *P < 0.05.

with 400 mg/kg/day BPA, the 
implantation site number was 
remarkably reduced compa- 
red with the control group (P < 
0.05). Furthermore, no impla- 
ntation sites were found in the 
mice treated with 600 mg/
kg/day BPA (P < 0.05). These 
results suggest that BPA at 
higher concentrations (great-
er than 400 mg/kg/day) could 
significantly reduce the num-
ber of implantation sites in 
the pregnant mice.

Effects of BPA on serum es-
trogen level and endometrial 
ERα expression in pregnant 
mice

To investigate the effects of 
BPA on the secretion of ovari-
an steroid hormones and the 
expression of steroid hormo- 
ne receptor, the serum estro-
gen level and the expression 
of ERα in the endometrium 
were detected with ELISA and 
immunohistochemistry, res- 
pectively. Our results from 
ELISA showed that, no signifi-
cant differences were obser- 
ved in the serum estrogen 
concentration across all the 
groups (P > 0.05) (Figure 2A). 
On the other hand, our results 
from the immunohistochemis-
try showed that, compared 
with the control group, the ex- 
pression level of endometrial 
ERα was not significantly al- 
tered in the mice treated wi- 
th 200 mg/kg/day BPA (P > 
0.05). However, the expres-
sion levels of endometrial ERα 
were significantly declined in 
the mice treated with 400  
and 600 mg/kg/day BPA, co- 
mpared with the control gro- 
up (both P < 0.05), in a do- 
se dependent manner (Figure 
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Effects of BPA on integrin β3 and trophinin 
expression in uterine tissues

To investigate the effects of BPA on the blasto-
cyst implantation-related adhesion proteins, 
the expression levels of integrin β3 and tro-

ed with 200 mg/kg/day BPA. However, com-
pared with the control group, the treatments of 
400 and 600 mg/kg/day BPA significantly 
decline the expression levels of integrin β3 
(Figure 5) and trophinin (Figure 6) in the blasto-
cysts (all P < 0.05). These results suggest that, 

Figure 3. Effects of BPA on the integrin β3 expression levels in the uterine 
tissues. (A) The expression levels of integrin β3 in the endometrial epi-
thelium and glands in mice treated with 0 (control), 200, 400, and 600 
mg/kg/day BPA on day 5 of pregnancy were detected with immunohis-
tochemistry. Scale bar, 50 μm. (B, C) Statistical analysis of the integrin 
β3 expression levels in the endometrial epithelium (B) and glands (C), 
respectively. Compared with the control group, *P < 0.05.

phinin in the endometrial epithe-
lium and glands were detect- 
ed with immunohistochemistry  
or immunofluorescence staining. 
Our results showed that, com-
pared with the control group, the 
treatment of 200 mg/kg/day BPA 
did not significantly change the 
expression level of integrin β3 
(Figure 3) or trophinin (Figure 4) 
in either endometrial epithelium 
or glands. However, in the mice 
treated with 400 or 600 mg/kg/
day BPA, both the expression lev-
els of integrin β3 (Figure 3) and 
trophinin (Figure 4) in the en- 
dometrial epithelium and glands 
were significantly declined (all P < 
0.05). These results suggest th- 
at, the BPA treatment at high con-
centrations could significantly de- 
crease the expression levels of 
blastocyst implantation-related 
adhesion proteins in endometrial 
epithelium and glands, which mi- 
ght affect the adhesion between 
blastocyst and endometrium.

Effects of BPA on integrin β3 and 
trophinin expression in blasto-
cysts

The effects of BPA on the expres-
sion levels of integrin β3 and tro-
phinin in D5 blastocysts were 
then detected with the immuno-
fluorescence staining. Our results 
showed that, the polar expres-
sion pattern was observed for in- 
tegrin β3 (Figure 5) and trophin- 
in (Figure 6) in the blastocysts, 
which might develop into one 
pole of the blastocyst. No signifi-
cant difference was observed in 
the expression level of integrin 
β3 (Figure 5) or trophinin (Figure 
6) between blastocysts from the 
control group and the mice treat-
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in addition to the endometrium, the treatment 
of BPA at high concentrations could significant-
ly decrease the expression levels of blastocyst 
implantation-related adhesion proteins in the 
blastocysts.

and ovary structure [21-23]. Based on these 
results, BPA might act on the reproductive 
capacity via its toxic effects on the multiple 
sites along the hypothalamus-pituitary gland-
gonad axis. Moreover, the BPA treatment at 

Figure 4. Effects of BPA on the trophinin expression levels in the uterine 
tissues. (A) The expression levels of trophinin in the endometrial epithelium 
and glands in mice treated with 0 (control), 200, 400, and 600 mg/kg/day 
BPA on day 5 of pregnancy were detected with immunofluorescence stain-
ing (green for trophinin). DNA was stained with Hoechst33342 (blue). Scale 
bar, 50 μm. (B, C) Statistical analysis of the trophinin expression levels in 
the endometrial epithelium (B) and glands (C), respectively. Compared with 
the control group, *P < 0.05.

Discussion

Studies have shown that BPA 
can affect blastocyst implan-
tation in endometrium, howev-
er the underlying mechanisms 
are still unclear. In this study, 
to investigate the effects of 
BPA on the blastocyst implan-
tation, the fertilized mice were 
subjected to the BPA treat-
ment with different concentra-
tions. Our results showed that, 
the BPA treatment could sig-
nificantly reduce the implan- 
tation site number, and decli- 
ne the expression levels of 
implantation-related adhesion 
proteins in the endometrium 
and blastocysts. Moreover, BP- 
A did not influence the secre-
tion of estrogen in pregnant 
mice, however the treatment 
significantly declined the ex- 
pression levels of ERα in the 
endometrium, therefore reduc-
ing the endometrial sensiti- 
vity to estrogen. In line with 
this, a previous study has sh- 
own that, BPA disturbs the ex- 
pression levels of Hoxa10 and 
Hoxa11, influences the normal 
development of endometrium, 
and reduces the endometrial 
sensitivity to sex hormones, 
resulting in the blastocyst im- 
plantation failure in endome-
trium [17]. Taken together, th- 
ese findings suggest that the 
endocrine disruptor BPA would 
disrupt the normal uterine fu- 
nction through interfering with 
the hormonal action.

The effects of BPA on the re- 
productive system depend on 
the animal models, develop-
mental stage, and dosage. Pre- 
vious studies have confirmed 
the effects of BPA on the ado-
lescent initiation, sexual cycle, 
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Figure 5. Effects of BPA on the integrin 
β3 expression levels in the blastocysts. A. 
The expression levels of integrin β3 in the 
blastocysts in mice treated with 0 (control), 
200, 400, and 600 mg/kg/day BPA on day 
5 of pregnancy were detected with immu-
nofluorescence staining (green for integrin 
β3). DNA was stained with Hoechst33342 
(blue). Scale bar, 50 μm. B. Statistical anal-
ysis of the expression levels of integrin β3 
in the blastocysts. Compared with the con-
trol group, *P < 0.05.
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Figure 6. Effects of BPA on the trophinin 
expression levels in the blastocysts. A. The 
expression levels of trophinin in the blasto-
cysts in mice treated with 0 (control), 200, 
400, and 600 mg/kg/day BPA on day 5 of 
pregnancy were detected with immuno-
fluorescence staining (green for trophinin). 
DNA was stained with Hoechst33342 
(blue). Scale bar, 50 μm. B, C. Statistical 
analysis of the expression levels of tro-
phinin in the blastocysts. Compared with 
the control group, *P < 0.05.
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high concentrations could significantly reduce 
the expression levels of ERα in the endometri-
um, without affecting the serum estrogen level. 
La et al. [24] have shown that, the treatment of 
BPA could significantly decline the mRNA and 
protein expression levels of ERα in the MCF-7 
cells, therefore reducing the stimulating effects 
of estrogen to the target cells. In our study, BPA 
reduced the expression level of ERα in the 
endometrium, which would influence the ex- 
pression levels of the implantation-related pro-
teins regulated by estrogen.

During the blastocyst implantation, integrin β3 
is one of the key molecules involved in the rec-
ognition and adhesion between the blastocyst 
and endometrium, which is considered to be 
the connection molecule between the blasto-
cyst and endometrium [25]. It has been shown 
that the expression levels of integrin β3 in the 
endometrium and blastocyst depend on estro-
gen, which could stimulate the endometrial 
gland to secrete osteopontin (OPN). OPN could 
subsequently activate integrin in the blasto-
cysts, and form the adhesion complex, thereby 
activating the blastocyst adhesion [15]. Integrin 
β3 has also been recognized as a marker for 
the endometrial receptivity, whose expression 
change is the main cause for the unexplained 
infertility in females [26]. In this study, the BPA 
treatment at high concentrations significantly 
declined the expression levels of integrin β3 in 
the endometrium and blastocysts. This might 
be due to the fact that BPA reduced the expres-
sion level of ERα in the endometrium, which 
disturbed the expression levels of estrogen-
dependent integrin β3 and its activators.

Trophinin is one of the recently discovered cell 
adhesion molecules, which is specifically ex- 
pressed during the implantation window in 
endometrial cells and blastocyst trophoblast 
cells [27]. Immunofluorescence staining has 
indicated the polar distribution pattern of tro-
phinin in the blastocysts in monkeys and apes, 
which might contribute to the recognition be- 
tween the blastocyst and endometrium. Suzuki 
et al. [16] have found that, in the uterus of preg-
nant mice, the timing of trophinin expression 
coincides with the blastocyst implantation pro-
cess, and the trophinin expression is regulated 
by estrogen secreted by ovary, which could not 
be induced by the progesterone or the implant-
ing blastocyst. In this study, our results showed 
that, the BPA treatment at high concentrations 

could decline the expression levels of trophinin 
in the endometrium and blastocysts.

Different drug administration approaches and 
dosages might influence the effects of BPA on 
the blastocyst implantation. Our results showed 
that 400 mg/kg/day BPA by gavage could 
affect the blastocyst implantation. Moreover, 
no implantation sites were observed in the 
pregnant mice treated with 600 mg/kg/day 
BPA, indicating the fully inhibited blastocyst 
implantation. Xiao et al. [12] have shown that 
the subcutaneous injection of BPA at 100 mg/
kg/day could inhibit the blastocyst implanta-
tion, indicating that the subcutaneous injection 
of BPA was more efficient compared with the 
oral administration. However, the most com-
mon administration approach of BPA for hu- 
mans is the oral administration with food pack-
aging [28]. Therefore, the oral administration 
was used in this study to better simulate the 
adverse effects in humans. On the other hand, 
different administration timing of BPA might 
also lead to differential effects on the blasto-
cyst implantation. Berger et al. [29] have found 
that on day 0 or 1 of pregnancy, the subcutane-
ous injection of 10.125 mg/mouse (approxi-
mately 400 mg/kg/day) of BPA would signifi-
cantly reduce the number of implantation sites 
in pregnant mice. However, the injection of BPA 
at the same dosage on day 2 of pregnancy did 
not dramatically influence the blastocyst 
implantation site number. These findings indi-
cate that the mice are more sensitive to the 
endocrine disrupter treatment on day 0.5 to 
1.5 of pregnancy than on day 2.5 of pregnancy. 
Further in-depth studies are still needed to 
investigate the influence of different adminis-
tration timing of BPA with oral administration 
on the drug efficiency.

In conclusion, our results showed that the BPA 
treatment at high concentrations could signifi-
cantly reduce the blastocyst implantation in the 
endometrium. BPA could reduce the expression 
levels of ERα in the endometrium, and inhibit 
the expression levels of estrogen-dependent 
adhesion proteins in the endometrium and 
blastocysts, therefore inducing the blastocyst 
implantation adhesion failure in the endome-
trium. These findings might contribute to the 
understanding of the molecular mechanism for 
the endometrial receptivity, and the risks of 
adverse effects of the BPA exposure for the 
reproductive system.
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