Am J Transl Res 2016;8(10):4195-4204
www.ajtr.org /ISSN:1943-8141/AJTRO033012

Original Article
Effect of bisphenol a on occurrence and progression of
prolactinoma and its underlying mechanisms

Lanxiang Hao'?, Jing Zhang?, Yonghong Zhang'?, Haitao Hu?, Weiwei Shao?, Xiaochen Zhang*, Chunmei
Geng®, Yanyan Wang?, Ling Jiang*

1Department of Endocrinology, °Institute of Clinical Pharmacology, Qilu Hospital, Shandong University, Jinan
250012, China; 2Yancheng City No. 1 People’s Hospital, Yancheng 224001, China; 3Department of Endocrinology,
The First Affiliated Hospital, Baotou Medical College, Baotou 014010, China; “Heze Medical College, Heze
274000, China

Received March 16, 2016; Accepted September 19, 2016; Epub October 15, 2016; Published October 30, 2016

Abstract: Objective: To investigate the effects of Bisphenol A (BPA) on prolactin (PRL) release, pituitary cell prolif-
eration, prolactinoma formation in estrogen-sensitive Fischer 344 (F344) rats. Materials and methods: Four-week-
old female F344 rats were orally administered with different concentrations of BPA or intraperitoneal injection of
estradiol benzoate (estradiolbenzoate, E2) for 12 weeks. Bodyweight, blood RPL level and pituitary weights were
observed and recorded. Real-time PCR, western blot and immunohistochemistry analysis were used to detect the
mRNA and protein levels of the proliferation markers, including proliferating cell neclear antigen (PCNA), pituitary
tumor-transforming gene (PTTG) and its relevant marker ERa. Plasma and urine BPA concentration in patients with
prolactinoma and healthy participants were measured as well. Results: Body weights of the rats treated with BPA
were significantly decreased compared with those in the control group. The plasma PRL level and the pituitary
weights of the rats were higher than those in the control group after BPA treatment. Compared with the control
group, the pituitary mRNA and protein expression levels of PCNA and PTTG were significantly increased after BPA
treatment. Moreover, ERx expression level was enhanced by the treatment of BPA in comparison with that of the
control group. Finally, the plasma BPA concentration in the prolactin tumor patients was significantly higher than
that in the healthy participants. Conclusion: BPA can significantly promote pituitary cell proliferation and prolactin
secretion in F344 rats, which may have impact on the proliferation and secretion of pituitary cell function through
the ERa pathway.
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Introduction

Prolactinoma or is the most common tumor
(representing 40% of all pituitary adenoma) of
the pituitary gland that produces a hormone
called prolactin [1]. The most common manifes-
tations of prolactinoma are infertility and sexu-
al dysfunction [2, 3]. Current studies suggested
that estrogen (E2) were involved in progression
of prolactinoma [4-7]. In F344 rats prolactino-
ma model, the estrogen receptor antagonist
fulvestrant can effectively suppress the growth
of prolactinoma [5].

Bisphenol A (BPA), a monomer of plastics, is
widely used in the manufacture of polycarbon-
ate plastics and epoxy resins, which leads to a
close exposure to human via food and bever-
age storage containers, baby bottles, dental-
sealants as well as other materials [8]. There

were reports suggested that BPA could bind
hormone receptors to act as a selective ER
modulator, which involved in multiple endo-
crine-regulated pathways [9-11]. Moreover, BPA
can accelerate estrus, which promotes the
growth of prostate and alter prepubertal mam-
mary gland development [12-14]. Data from
mice also suggested that BPA could perma-
nently change the female genital tract and
affect morphology and function of the ovaries
in [15]. Furthermore, BPA can significantly
increase the incidence of cancers of endocrine
target organs, including prostate, breast, testis
and ovary and were reported to induce breast
and endometrial cancer via estrogen receptor-o
(ER-a), ER-B or other non-genomic pathways
[16, 17].

Previous reports suggested that high concen-
trations of BPA could induce cell growth and
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Table 1. gPCR Primers and their sequence
used in this study

Primer name Sequence (5’ to 37)
PCNA-F1 ATATGCCGGGACCTTAGCCA
PCNA-R1 TCGCAGAAAACTTCACCCCG
PTTG-F1 ATTGCAGGTTTCAACGCCAC
PTTG-R1 AGCCTTCCTGCTGGCTTT
ERo-F1 ATCCCCAAAGCAAACAGGACTT
ERa-R1 TCAAAGAGCTAAGCCAGTCGC
ERB-F1 CTGGACAGGGATGAGGGGAA
ERB-R1 TCAGCTTCCGGCTACTTTCTG
B-actin-F1 AGCCATGTACGTAGCCATCC
B-actin-R1 ACCCTCATAGATGGGCACAG-3

prolactin secretion via triggering membrane
ER-a« mediated Ca2+ fluxes and prolactin
releasing in GH3/B6 pituitary tumor cells [18,
19]. Moreover, report also demonstrated that
BPA promotes proliferation of prolactin cells
and lead to hyperprolactinemia [17]. However,
the effects of long-term exposure to BPA is
still unclear and little attention has been paid
for elucidating the relationship between BPA
and prolactinoma [16, 20].

In this study, we examined BPA’s role in occur-
rence of prolactinoma. Different concentra-
tions of BPA were used to treating pituitary cell
to observing proliferation and the formation
of prolactinoma in female F344 rats. The rela-
tionship between BPA concentrations in serum
and prolactinoma compared between prolacti-
noma patients and healthy subjects as well.

Materials and methods
Ethic statement

The study was approved by Animal Care and
Ethical Committee of Shandong University and
accepted by patients involved in this trial. All
participating subjects were formally informed
for the purpose of using there sample of this
study and a letter of consent was signed by
every subject involved. For the animal experi-
ments, all measures were taken to minimize
the suffering of the animals.

Animals

Four weeks old F344 female rats (Vital River
Laboratory Animal Technology Co. Ltd, Bingjing,
China), with weights of 53.64 + 3.68 g, were
used in the study. Animal rooms were main-
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tained on a 12:12 light-dark cycle starting at
07:00 am and kept at a temperature of
22°C-23°C. All animals were free access to
food and tap water. BPA (>99% purity; Sigma-
Aldrich, Inc., St. Louis, MO) was dissolved in
dimethylsulfoxide. E2 were purchased from
Hangzhou Animal Medicine Co., Ltd, China.

Clinical trials part

A total of 120 patients were enrolled in our
study. Participants were divided into prolacti-
noma group and healthy controls. Tissue sam-
ples were collected during March, 2015 and
December, 2015. Inclusion criteria: 1) prolacti-
noma patients and healthy volunteers; 2) with
normal liver and kidney function; 3) without tak-
ing estrogen dopamine pathway antidepres-
sants and other drugs; 4) no history of head
trauma. Exclusion criteria: 1) long-term use of
contraceptive drugs; 2) with liver and kidney
function injury. The serum and midstream urine
were collected for further examination.
Fluorescence-high performance liquid chroma-
tography mass spectrometry was used to
detect plasma and urine BPA concentration.

Animal experiment

60 female F344 rats were randomly divided
into six groups with 10 rats in each group. The
groups listed as follows: control group (with
only corn oil), experimental groups and positive
control group. The experimental groups were
daily fed with BPA 50 mg/kg/d group (named
as BPA50 group), BPA 200 mg/kg/d group
(named as BPA200 group) and BPA 400 mg/
kg/d group (named as BPA400 group). Rats
with E2 intraperitoneal injection were set as
positive group (2 mg/kg/5 d, named as E2
group).

Immunohistochemical staining

Rats were anesthetized after 6 weeks of indi-
cated treatment via isoflurane inhalation. The
blood samples were collected by angular vein
plexus for PRL test via ELISA at indicated time
points. The body weight changes were moni-
tored daily. HE staining and immumobhisto-
chemical staining were conducted to examine
the expression of PRL, PCNA and ER-a.

Real-time PCR

The RNA isolation from pituitary cells were con-
ducted by using TRizol (Invitrogen) according to
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Figure 1. BPA exposure increased pituitary weight plasma PRL level in rat. A. The pituitary weight changes after rat
treat with BPA 50 mg/kg/d, BPA 200 mg/kg/d, BPA 400 mg/kg/d and E2. B. The PRL level in the serum of the rats
from indicated groups with different treatment 6 weeks. C. The PRL level in the serum of the rats with indicated
treatment. Experiment for each sample was repeated for at least three times. Significant differences between con-
trol group experimental groups are shown by “*” to indicate significant difference (P<0.05).

manufacturer’s instruction. Synthesis of cDNA
was conducted by using AMV reverse transcrip-
tase (Promega, Madison, WI, USA) according to
instruction of manufacturer. Real-time PCR
(QPCR) detection for transcripts of targeting
genes with SYBR Green Mix (Life technologies)
were described previously [21, 22]. Transcripts
of B-actin were also amplified from the same
sample to serve as an internal control. Relative
gene expression was quantified by 24T meth-
od as previously described [23]. Primers for
gPCR detection were listed as Table 1.

Western blot analysis

Tissue samples were washed three times with
PBS and protein was extracted by BCA kit
according to the manufacturer’s instructions.
Then the samples were lysed by the Laemmli
Sample Buffer as previously described [22, 24].
The protein of lysate was separated by sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) for Western blot as previously
described [24]. Briefly, after SDS-PAGE, the
separated proteins were transferred onto PVDF
membrane and probed with rabbit anti-ERQq,
PCNA, and mouse anti-PTTG (dilution 1:200)
(Abcam Inc., Cambridge, MA, USA) monoclonal
antibody. Specific reactions were detected
using goat anti-rabbit IgG or goat anti-mouse
IgG conjugated with horseradish peroxidase
(Sigma, St. Louis, MO) and revealed by a chemi-
luminescence substrate (Bio-Rad Laboratories,
Hercules, CA, USA). The membrane was also
blotted with GAPDH antibody (Santa Cruz) to
normalize the protein loading. The chemilumi-
nescence signal was recorded by the Chemi-
Doc MP imaging system (Bio-Rad Laboratories).
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The luminescence signal was captured and
analyzed by using the ImagelLab Program
(Version 6.1).

Statistical analysis

SPSS 10.0 statistical software was used to for
statistical analysis, quantitative data were pre-
sented as mean * SD. The Student t-test, one-
way analysis of variance, Dunnett’s test, and
x> test were conducted for analyzing data.
Correlation analysis was applied to observe the
correlation between bisphenol A and prolacti-
noma. P<0.05 was considered to be statisti-
cally significant.

Results

BPA exposure increased pituitary weight and
plasma PRL level

To investigate if rats exposing to BPA will dis-
play any abnormalities in lactotropic hormone
secretion, F344 rats from indicated group were
sacrificed and the pituitary weight and plasma
PRL levels were measured. As demonstrated in
Figure 1A-C, both pituitary weights and plasma
levels of PRL were significantly elevated in rats
treated with BPA or E2 compared to normal
controls. Notably, with intervention of BPA for 6
weeks, the serum PRL levels of BPA50, BAP200,
BAP400 and E2 group are significantly higher
than control group and the PRL level of E2
group demonstrated the highest level (Figure
1B). After drug intervention for 12 weeks, the
serum PRL level of BPA groups or E2 group was
further increases (Figure 1C).

Am J Transl Res 2016;8(10):4195-4204



Bisphenol A promotes occurrence and progression of prolactinoma

o TS
m%_.%&h M A O

7 T A TSR

prsaie R

& ?}&s% ; m: :—?

e .—,-4;-.,;1"-_:4".‘ L
ST T
S A e

1

L
2
ba 82N %
2 :-T?f-w-g
.‘s s
" :{'v' 3

E 37

;
; ’-1‘}

3iR
'.-f.g:g-;- s,
e
ety
e

Lot T

s S f-.;ﬁf'-s £ ,'l~'
A e

Figure 2. BPA and E2 exposure promoted the formation of pituitary tumor. A. The HE staining of rat pituitary gland
Indicated that BPA and E2 could promoted the formation of pituitary tumor; B. The immunohistochemical staining of
pituitary PRL level; C. The immunohistochemical staining for pituitary PCNA; D. The immunohistochemical staining
for pituitary ERa.. Group set: A (Control), B (Oil control), C (BPA50), D (BPA200), E (BPA400), F (E2).

BPA and E2 exposure promoted the formation
of pituitary tumor

With indicated treatments for 12 weeks, no
obvious abnormal rat pituitary tissues were
found in the control group or solvent control
group. However, in BPAS0 group (with BPA 50
mg/kg/d), there were four rats (4/10) demon-
strated tumor changes in pituitary with disap-
pearance of normal morphology and increased
adenohypophysis (Figure 2A). Moreover, disor-

4198

dered arrangement of cells, diversified tumor
cell morphology such as nuclear abnormity and
nuclear hyperchromatism were observed as
well (Figure 2A). Red blood cell overflow phe-
nomenon was visible. On the other hand, there
are 3 rats and one rat with pituitary tumor were
identified in BPA40O group and BPA200 group,
respectively. The pituitary cell proliferation is
visible grown from the pituitary gland (Figure
2A). Moreover, the pituitary PRL immunohisto-
chemical manifested the pituitary tumor were

Am J Transl Res 2016;8(10):4195-4204
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Figure 3. The western blot results of rat pituitary
PTTG, PCNA, ERa, ERB. A: Western blot analysis for
PTTG and ERa; B: Western blot analysis for PCNA and
ERB.

prolactinoma. The PRL immunohistochemical
score among BPA and E2 groups was obviously
higher than that of control group or corn oil
group. These results further indicated that
treatment with BPA or E2 could induce prolacti-
noma formation (Figure 2B).

The PCNA immunohistochemical score of rat
pituitary treated with BPA and E2 group was
obviously higher than those of control group
and corn oil group, the difference was statisti-
cally significant (Figure 2C). The ERx expres-
sion in BPA50 group was obviously increased,
which is higher than the control groups.
However, no significant difference of ERax immu-
nohistochemical score was found in BPA200,
400 and E2 group compared with the control
group and the corn oil group (Figure 2D).

BPA treatment up-regulate ERa, ER( PTTG and
PCNA in rat pituitary

Moreover, ERa expression in BPA5S0O and E2
group was significantly increased as well. The
expression of ERB in BPA50 group and BPA200
group was obviously increased (Figure 3A).
However, no significant difference was found in
the BPA400 and E2 groups compared with con-
trol group and the corn oil group (Figure 3B), To
further confirm our result, we also conducted a
quantities analysis for the density of our WB
data with repeating the experiments for at least
3times (Figure 4). Based on our data, the PCNA
protein expressions in BPA50, 400 and E2
group were obviously higher. However, the
PCNA protein expression in BPA200 group was
similar to control group and the corn oil group.
On the other hand, the PTTG protein expression
in BPA50, 400 and E2 group was also higher
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than control groups. However, the PTTG protein
expression in BPA200 has no statistical signifi-
cance difference with the control group and the
corn oil group.

The gPCR quantification of mRNA of indicated
genes was also conducted for confirming our
result. The mRNA expression levels of PCNA
and PTTG in BPA 50, 200, 400 and E2 group
were significantly higher than those in the con-
trol group and the corn oil group, the difference
was statistically significant (Figure 5A and 5B).
The ERat mRNA expression level in BPA50, 400
and E2 group was obviously higher than that of
control group and the corn oil group, the differ-
ence was statistically significant. However, no
significant difference of the ERx mRNA expres-
sion level was found in BPA200 group com-
pared to that of control group and the corn oil
group (Figure 5C). The ERB mRNA in BPA50,
200 and E2 group was obviously higher than
that of control group and corn oil group, the dif-
ference was statistically significant (Figure 5D).

Serum BPA concentration was significant el-
evated in prolactinoma patients

To confirm our expectation of the relationship
between BPA and occurrence of prolactinoma,
we further examine the BPA concentration both
in serum and urine from prolactinoma patients.
As demonstrated in Figure 6A the BPA level
(ng/mL) in the serum of the prolactinoma
patients was significantly higher than normal
control group, which implied a co-relationship
between each other. However, no statistically
significant difference was found of urine BPA
concentration (Figure 6B).

Discussion

In the present study, we examined the effect of
the pituitary cell proliferation and prolactin
secretion for female F344 rats treated with dif-
ferent concentrations of BPA. Similarly to the
previous researches [25, 26], our results
showed that BPA exposure increased plasma
PRL level and lactotropic cell proliferation in the
pituitary gland. Moreover, our data confirmed
that the long-term consequences of this prolif-
eration caused neoplasm formation. Moreover,
the BPA concentration in the serum of the
prolactinoma patients was significantly higher
than control group.

Our data suggested that BPA exposure increas-
es plasma PRL level, lactotropic cell prolifera-

Am J Transl Res 2016;8(10):4195-4204
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Figure 4. Quantification analysis of the WB blot data for different genes. A: Quantification analysis of rat pituitary
PCNA. B. Quantification analysis of rat pituitary PTTG. C: Quantification analysis of rat pituitary ERa. D: Quantification

analysis of rat pituitary ER.

tion and pituitary growth. It should be noted
that, PRL levels were significantly increased in
BPA50 and BPA400 group compared with that
in BPA200 group, showing u-shaped pattern,
which was different from the previous obse-
rvation [17, 27]. Such difference may be due
to the different experimental designs or differ-
ent species used in study, or the doses of BPA.
Moreover, the unique non-monotonic dose res-
ponses and variant signaling patterns caused
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by E2 and BPA suggest that complex and mul-
tiple signaling pathways or binding partners
could be involved [28].

The mechanisms of gene-BPA interactions
have not yet fully clarified [29]. Previous reports
suggested that BPA selectively binding to clas-
sic ER (ERa and ERp) and acts as an ER modu-
lator [30, 31]. ERa and ERp play a significant
role in steroidogenesis, follicle growth, and

Am J Transl Res 2016;8(10):4195-4204
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Figure 5. gPCR analysis for mRNA expression of indicated genes among different groups. A. The results of PCNA
MRNA expression in pituitaries; B. The results of PTTG mRNA expression in pituitaries; C. The results of ERox mRNA
expression in pituitaries; D. The results of ERB mRNA expression in pituitaries. Experiment for each sample was
repeated for at least three times. Significant differences between control group experimental groups are shown by
“*” to indicate significant difference (P<0.05).
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endometrial cycle [32]. In in vivo study, BPA
could up-regulate mRNA expression of ER«
[33]. Our data showed the ERa expression in
BPA50 group was evaluated which was con-
sisted with previous report [33]. Interestingly,
the effect of BPA on the expressions of ERa/
ERB was inconsistent with its impact on PRL
secretion and pituitary cell proliferation. The
may be due to the BPA acts on pituitary cells
through a variety of pathways except ERo/
ERB-dependent genomic pathway, which may
need further investigation.

BPA is widely used and ubiquitous in the envi-
ronment. In the general population, BPA has
been detected in various tissues and body
flow, including serum, breast milk, urine umbili-
cal cord blood and saliva [34-36]. Moreover,
women who used oral contraceptives for men-
strual irregularities have a 7-to 8-fold higher
incidence of prolactinoma, which suggests
exogenous estrogens may stimulate incipient
prolactinoma to grow [17, 37]. Therefore, we
hypothesized that BPA could promote the
formation of human prolactinoma. We found
serum BPA concentration of the prolactinoma
patients was significantly higher than that in
the normal control groups.

In summary, we systematically investigated
the relationship between the occurrence and
progression of the prolactinoma with diffe-
rent doses of BPA. It is clear to conclude that
BPA can significantly promote rat pituitary
cell proliferation, prolactin secretion, and pro-
mote the formation of prolactinoma. Further
investigation are needed to elucidate whe-
ther long-term exposure to BPA may have an
increased incidence of prolactinoma, and the
underlying mechanisms of BPA on the pituitary
cells through various strategies.
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