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ABSTRACT

Bisphenol A (BPA) and Di-(2-ethylhexyl) phthalate (DEHP) are widely used in
the plastic industry such as water bottles, containers, packaging and toys. BPA and
DEHP are shown to be the endocrine disruptors which disturb the endocrine system
and are linked to several diseases including infertility. In this study, we investigated
the effects of BPA exposure on porcine oocyte maturation and its possible reasons.
Our results showed that: (i) the rates of oocyte maturation significantly decreased
with 250 pM BPA treatment in vitro, but not DEHP. This might be due to the delayed
cell cycle progression of oocyte maturation. (ii) BPA treatment resulted in abnormal
cytoskeletons on porcine oocytes, showing with aberrant actin distribution, spindle
morphology and chromosome alignment, which was further confirmed by the reduced
p-MAPK level. (iii) The fluorescence intensity of histone methylation (H3K4me2) and
DNA methylation (5 mC) levels were altered after BPA treatment, indicating that
epigenetic modification was disturbed. (iv) BPA-exposed oocytes had higher rates of
early stage apoptosis/autophagy, and this may be resulted from the increased level
of oxidative stress. Collectively, our results indicated that porcine oocytes maturation
was disrupted after BPA treatment through disrupting cytoskeletal dynamics,
epigenetic modifications and inducing apoptosis/autophagy.

INTRODUCTION Canada is the first country that announced BPA is a toxic

substance, and the European Union, Canada and the

The growing evidence indicates that environmental United States have banned BPA in baby bottles.

contaminants can pose negatively risks to animals and Some studies have shown that BPA could stimulate
human health. Because some of these substances can prolactin release [7, 8], alter thyroid hormone action
mimic and alter the actions of endogenous hormones, [8, 9], impair aromatase expression [10] and act as
some potentially disrupting endocrine function in humans an anti-androgen [11]. Human exposure to BPA is
thereby they are referred to as endocrine disruptors (EDC) nearly ubiquitous and takes place through inhalation,
[1, 2]. Di(2-ethylhexyl) phthalate (diethyl-hexyl phthalate, ingestion, and dermal absorption. Females are born
DEHP) is widely used as a plasticizer in manufacturing with a limited number of oocytes, it is significantly
products made by polyvinyl compounds, and it is an decreased in number from the second trimester of the fetal
estrogen-like chemical [3, 4]. DEHP is reported as a period until menopause through progressive apoptosis
potent reproductive toxicant and it can cause gonadal [12]. Recent studies have shown that BPA exposure
morphological or functional alterations in both sexes by resulted in developmental genitourinary anomalies,
acting as endocrine disruptors [5, 6]. Similarly to DEHP, sperm abnormality and sperm DNA damage induced in
Bisphenol A (BPA) is also a high production volume spermatozoa and epigenetic modifications in off-spring,
environmental estrogen-like chemical, and it is widely as well as decreased the epididymal weight and increased
used in a variety of manufacturing polycarbonate plastic prostate weight in male rodents [13-16]. The toxic effects
products posing a risk health to human [3]. In 2010, of BPA on oocyte quality have been shown with in vitro
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BPA affects porcine oocyte cytoskeletal dynamics

To investigate why the oocytes with BPA treatment
reduced maturation competence, We firstly examined the
morphologies of meiotic spindles of metaphase I (MI)
oocytes after BPA treatment. The majority of control
oocytes that were arrested at MI stage had normal spindle
morphologies and well-aligned chromosomes. However,
the majority of oocytes with BPA treatment had disrupted
spindle morphologies and misaligned chromosomes.
Spindles showed multiple poles, no poles, or disrupted
poles, as shown in Figure 3A. The abnormal rates of

oocytes with BPA treatment were significantly increased
(29.61 + 4.17%, n = 110) compared to controls (6.35 +
0.14%, n = 96, p<0.05), as shown in Figure 3B.

Secondly, we assessed the localization of actin
filaments. As shown in Figure 3C, compared with the controls
for metaphase I (MI) oocytes after BPA exposure, actin
fluorescence intensity on the membrane was significantly
reduced (66.55 + 4.81%, n = 12, vs. 100%; p<0.05).
Similarly, the actin fluorescence intensity in the cytoplasm
was significantly lower (70.06 + 6.26%, n = 12, vs. 100%;
p<0.05) than that in control MI oocytes (Figure 3D).

Figure 1: BPA treatment results in the failure of polar body extrusion in porcine oocytes but not DEHP in vitro.
A. Granule cell diffusion of COCs were weakened after BPA treatment. a, Bar = 100 pm; b, Bar = 50 um. B. Oocytes failed to extrude
polar bodies after BPA treatment. a, ¢ Bar = 50 pm; b, d Bar = 20 um. C. The polar body extrusion rate was significantly reduced after
BPA treatment. Asterisks denote significantly different (P < 0.01). *significantly different (P < 0.01). D. The polar body extrusion rate no

significantly variation after DEHP treatment (P > 0.05).
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To further confirm the effects of BPA on meiotic
spindle, we examined the typical spindle regulator
MAPK. The oocytes were harvested at MI stage, and then
the localization and expression level of p-MAPK were
assessed by Western blot. We found that the expression of
p-MAPK was decreased after BPA exposure (Figure 3E).
For BPA treatment, the level of p-MAPK was significantly
lower (56.46 + 10.6% vs. 100%; p<0.05) compared to
controls (Figure 3F).

BPA treatment results in epigenetic alterations in
porcine oocytes

Epigenetic modifications were examined after
BPA exposure. Firstly, we harvested the oocytes at the
stage of GV and cultured for 26 h to the MI stage, then
the oocytes were observed by a confocal microscope
after immunofluorescence staining. The levels of histone
lysine methylation were examined, and we found that
H3K4me2 was co-localized with DNA (Figure 4A);
however, compared with controls, the levels of H3K4me2
methylation with BPA treated was significantly reduced
(0.77 £0.39 vs. 1.0; p< 0.05; Figure 4B). The oocytes were
harvested at the stage of MI for 26 h, the levels of mRNA
expression for DNA methyl-transferases (4sh2l, Suv39h2,
Eed, Ezh2, Suzl2) were examined by quantitative PCR
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analysis (Figure 4C). After BPA exposure, the relative
mRNA expression of Ash2l, Eed and Ezh2, significantly
increased compared to the control oocytes (1.66 £ 0.16,
1.44 + 0.09 and 1.71 + 0.17 vs. 1.0) (P < 0.05). The
relative mRNA expression of Suz/2 and Suv39h2 were not
significantly increased (1.67 + 0.39 and 1.19 £ 0.37 vs.
1.0) when compared with that in controls (P>0.1).
Secondly, the levels of 5 mC were examined, as
shown in Figure 4D, we observed that SmC was also co-
localized with DNA. Compared with the controls for which
the relative intensity of 5 mC expression was significantly
decreased (54.64 £ 7.70% vs.100%) (P < 0.05) after
BPA treatment (Figure 4E). Subsequently, the levels of
mRNA expression for DNA methyl-transferases (Dnmt3a,
Dnmt3b) were assessed by quantitative PCR analysis. The
relative mRNA expression of Dnmt3b was significantly
decreased (0.67 + 0.09 vs. 1.0) when compared with that
in controls (P<0.05). The relative expression of Dnmt3a
mRNA levels had no significant variation when compared
with the controls (0.98 + 0.22 vs. 1.0) (P>0.1) (Figure 4F).

BPA treatment increases ROS generation in
porcine oocytes

Next, the levels of ROS were examined after
26 h culture. As shown in Figure 5A, compared with
controls the fluorescent intensity of ROS was increased
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Figure 2: Exposure to BPA disturbs the cell cycle of porcine oocyte maturation. A. Oocytes failed to extrude polar bodies after
exposure to BPA for 60 h culture. a, ¢ Bar = 80 um; b, d Bar = 20 um. B. The rates of different stages for 44 h and 60 h cultured. (For 44 h,
Control n = 114, Treatment n = 151) (For 60 h, Control n = 144, Treatment n = 174), *P < 0.05, the typical stage of porcine oocytes were
displayed by the fluorescence images. Green, spindle; blue, chromatin. Bar =5 um.
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in the treatment group by immunofluorescent staining
(Figure 5A). The relative fluorescence intensity of
ROS was significantly increased (3.46 + 0.82 vs.1.0 for
control) (P < 0.05) after BPA treatment for 26 h culture
(Figure 5B). The levels of mRNA expression for oxidative
stress-related genes (CAT, SOD1, SOD2, Prdx2, Prdx6)
were examined by quantitative PCR analysis (Figure
5C). Only the relative mRNA expression of SOD/ was
significantly increased when compared with the controls
(1.36 £ 0.13 vs. 1.0) (P < 0.05). And the relative mRNA
expression of CAT, SOD2, Prdx2 and Prdx6 had no
significantly variation: 1.28 + 0.15, 1.65 + 0.36, 2.29 +
1.08 and 1.37 + 0.21 vs. 1.0 for controls (P >0.1).

BPA treatment results in early apoptosis and
autophagy in porcine oocytes

Apoptosis and autophagy were examined at the
stage of MI after 26 h culture. Firstly, the green fluorescent
signals were stained by Annexin-V staining. In control
oocytes, Annexin-V staining signals showed at the zona
pellucida and were non-apoptotic, but the clear green
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signals were found in the membrane and zona pellucida
after BPA treatment (Figure 6A). As shown in Figure 6B,
the green fluorescent signals were significantly increased
after BPA treatment (64.31 + 2.46%, n = 10) compared
with controls (35.69 + 2.46%, n = 10) (P < 0.05). The
levels of mRNA expression for apoptosis-related genes
(BAK, Bcl-xI) were examined by quantitative PCR analysis
(Figure 6C). The relative mRNA expression of Bcl-x/ was
significantly decreased when compared to the control
oocytes (0.66 = 0.12 vs. 1.0) (P < 0.05), while the relative
expression of B4AK mRNA levels had no apparent variation
when compared with the controls (1.05 + 0.12 vs. 1.0)
(P>0.1).

Next, as shown in Figure 6D, the status of
autophagy were stained by the expression of microtubule-
associated protein light chain 3 (LC3), and we found that
more dots appeared in the treated oocytes than those in
the control oocytes after 26 h culture. Furthermore, the
levels of LC3 protein levels were significantly increased
after BPA treatment by Western blot (Figure 6E). For
control oocytes, the relative intensity of LC3 expression
was significantly increased (2.08 = 0.26 vs.1.0) (P <0.05)
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Figure 3: BPA results in oocyte cytoskeletal abnormalities during porcine oocyte maturation. A. The spindle formation was
disrupted after BPA treatment. Bar = 5 pm B. The rates of abnormal spindle formation was significantly increased (P < 0.05). C and D. The
expression of actin signals at the membrane and in the cytoplasm of MI oocytes were significantly reduced when compared with controls
(P<0.05). a, ¢ Bar =50 pm; b, d Bar =20 pm. E. The localization and expression level of p-MAPK were assessed by Western blot. F. The relative
intensity of p-MAPK protein expression (p-MAPK/a-tubulin) was significantly reduced (P < 0.05). Blue, chromatin; Green, tubulin; Red, actin.
* P<0.05.
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