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Estrogen regulates the proliferation and inflammatory expression
of primary stromal cell in benign prostatic hyperplasia
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Background: To investigate the expression of estrogen receptor (ER) in prostate tissues of benign prostatic
hyperplasia (BPH) individuals, and the effects of estrogen regulating the proliferation and inflammatory
expressions of primary prostate stromal cells in BPH.

Methods: A total of 44 human BPH prostate tissues were collected to explore the expression of ER by
immunohistochemistry (IHC). Cell proliferation, mRNA and protein expressions were analyzed in primary
prostate stromal cells treated with estrogen or estrogen plus fulvestrant through cell count kit-8 (CCK-8)
assay, quantitative real-time polymerase chain reaction (QPCR), IHC and western blot, respectively.
Results: Firstly, ERB was positive, and ERa was negative in the transition zone of prostate among all the 44
individuals with BPH. Secondly, the effects could be partially inhibited by fulvestrant, of estrogen promoting
the proliferation of primary prostate stromal cells cultured in dulbecco’s modified eagle medium (DMEM)
supplemented with 2% fetal bovine serum (FBS). Thirdly, estrogen up-regulates the mRNA levels of C-C
chemokine receptor type 3 (CCR3), CD40 ligand (CD 40L), C-X-C motif chemokine ligand 9 (CXCL9)
and interleukin 10 (IL10), and down-regulates the mRNA levels of C-C chemokine receptor type 4 (CCR4)
and interleukin 17C (IL17C). Then, the protein expressions of CCR3, CCR4, CD40L, IL.10 and IL17C are
positive, and CXCL9 is negative in the third-generation primary prostate stromal cells. Finally, the effects
could be partially inhibited by fulvestrant, of estrogen up-regulating the protein levels of CD40L and IL10.
Conclusions: The expressions of ER in human BPH prostate tissues are zone-dependent. Estrogen
promoting the proliferation of primary prostate stromal cells cultured in DMEM supplemented with 2%
FBS. The expressions of CCR3, CCR4, CD 40L, IL17C, CXCL9 and IL10 are regulated by estrogen in

primary prostate stromal cells.
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Introduction can range from marginally to significantly impacting quality

of life among aging men. Prevalence rates of BPH ranged
Benign prostatic hyperplasia (BPH) is one of the most from 50-75% among 50 years men, and rose to 80% among
common clinical problems at urology department which 70 years men and older (1-3). As a target organ of sex

contributes to lower urinary tract symptoms (LUTS) that hormones, both the development and growth of prostate are
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regulated by androgen and estrogen together. Testosterone
(T) levels are highest in twenties men and steadily decline
1-2% per year thereafter (4). While estrogen levels remain
constant or decline slightly, resulting in increasing ratio, of
estrogen to androgen in circulating and intraprostatic (5-7).

In 1970s, as we all know, the synergistic effect between
estrogen and androgen in inducing glandular prostatic
hyperplasia was firstly demonstrated by castrated dog
models. Therefore, investigators put forward the hypothesis
that estrogen maybe induce prostatic hyperplasia among
men too. Effects of estrogen inducing BPH are mediated
through prostatic estrogen receptors alpha (ERo) and beta
(ERP) with expression levels changing over time and with
disease progression (8). Nevertheless, the precise molecular
mechanisms of BPH development are still unclear. There
are only several reports to demonstrate ER expressions in
prostate tissues of BPH patients (9,10), the role of estrogen
inducing primary prostate stromal cells proliferation (11-15),
and inflammatory expressions in prostate tissues of BPH
patients (16-18). Further investigations are needed to
explore the precise molecular mechanisms of BPH, if need.

Thus, this study is aiming to explore ER expressions in
prostate tissues of BPH patients, the role of estrogen inducing
primary prostate stromal cells proliferation, and inflammatory
expressions in prostate tissues of BPH patients.

Methods
Prostate tissue samples collection

Prostate tissue samples were collected at West China
Hospital, Sichuan University, under the procedures
approved by the Ethics Committee of West China Hospital,
Sichuan University. In total, 44 prostate tissues of BPH
were collected from patients scheduled for transurethral
resection of the prostate. Post-operative pathological
diagnosis illustrated prostate carcinoma, prostatic
intraepithelial neoplasia, or metastatic tumor were excluded.
In addition, individuals with urinary infection, bacterial
prostatitis, previous administration with 5a-reductase
inhibitors, or recurrent BPH were excluded. One breast
cancer tissue as positive control of ER, confirmed through
post-operative pathological diagnosis, was collected from
the patient scheduled for radical mastectomy.

Primary prostate stromal cell culture

The procedure of primary prostate stromal cell culture was
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performed as described previously (19). Primary prostate
stromal cells were maintained in dulbecco’s modified eagle
medium (DMEM) supplemented with 10% or 2% fetal
bovine serum (FBS), 100 IU penicillin and 0.1 mg/mL
streptomycin at 37 °C in 5% CO,.

Cell proliferation assays

Cell proliferation was analyzed with the cell count kit-8
(CCK-8) assay. Primary prostate stromal cells were seeded
in 96 well plates in quadruplicate at a density of 5,000 cells
per well respectively in DMEM supplemented with 10% or
2% fetal bovine serum, 100 IU penicillin and 0.1 mg/mL
streptomycin, and treated with different concentration
estrogen for 1, 2 and 3days (20). Then, 96 well plates were
incubated for 2 hours at 37 °C in 5% CO, after added CCK-8
(10 pL per well), and detected optical density (OD) at
450 mm. To keep estrogen levels constant, the medium was
refreshed every 24 hours. Estrogen and fulvestrant were
purchased from Sigma.

Western blot analysis

Protein extracts were resolved by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
indicated primary antibodies were used. ERa antibody was
purchased from Gene Company, Hong Kong. ERBantibody
was purchased from BioGnex, Canada. GAPDH antibody
was purchased from Abcam. C-C chemokine receptor type
4 (CCR4), C-C chemokine receptor type 3 (CCR3), CD40
ligand (CD40L) and interleukin 10 (IL10) antibodies were
purchased from Cell Signaling Technology (CST), as well
as SDS-PAGE.

Quantitative real-time polymerase chain reaction (¢PCR)

Total RNAs were extracted using TRIzol reagent bought
from Invitrogen Technology and stored at -80°C.
RNeasy MinElute™ reagent was purchased from Qiagen
Technology. PCR primers used were summarized in
Table 1.

Statistics

All data analysis was performed with GraphPad Prism
Version 6.0 for Windows (GraphPad Software, California,
USA). Two-tailed t-test analysis was used to analyze
continuous data. P<0.05 was considered as significant.
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Table 1 Primer sequences for quantitative real-time polymerase chain reaction (QPCR) analysis

Sample Target gene Primer sequence

Homo sapiens CCR3 Forward: 5'-TGGCATGTGTAAGCTCCTCTC-3'
Reverse: 5'-CCTGTCGATTGTCAGCAGGATTA-3'

Homo sapiens CCR4 Forward: 5'-AGAAGGCATCAAGGCATTTGG-3'

Reverse: 5'-ACACATCAGTCATGGACCTGAG-3'

Forward: 5'-CCAGTAGTGAGAAAGGGTCGC-3'

Reverse: 5'-AGGGCTTGGGGCAAATTGTT-3'

Forward: 5'-TTGGGGTCAAGCAGATTGCTA-3'

Reverse: 5'-GCAGATGACACATTGGAGAAGA-3'

Forward: 5'-GACTTTAAGGGTTACCTGGGTTG-3'

Reverse: 5'-TCACATGCGCCTTGATGTCTG-3'

Forward: 5'-CCCTGGAGATACCGTGTGGA-3'

Reverse: 5'-GGGACGTGGATGAACTCGG-3'

Homo sapiens CXCL9
Homo sapiens CD40L
Homo sapiens IL 10

Homo sapiens IL17C
Homo sapiens p-actin

Forward: 5'-TCACCCACACTGTGCCCATCTACGA-3'

Reverse: 5'-CAGCGGAACCGCTCATTGCCAATGG-3'

CCR83, C-C chemokine receptor type 3; CCR4, C-C chemokine receptor type 4; CXCL9, C-X-C motif chemokine ligand 9; CD40L, C-X-C

motif chemokine ligand 9; IL10, interleukin 10; IL17C, interleukin 17C.

Results
ER expressions in prostate tissues

A total of 44 prostate tissues from BPH patients
administrated with transurethral resection of the prostate
were collected to investigate ER expressions through
immunohistochemistry (IHC). In all specimens, ERa was
negative (Figure 14,B). Then, ERa was positive in breast
cancer tissue (Figure 1C,D). ERB was positive (Figure 1E)
in all samples, and ERP was mainly located in nucleuses of
epithelial cells and stromal cells (Figure IF).

Effects of different concentration estrogen on primary
prostate stromal cells growth

"To verify the significant role of estrogen in the pathogenesis
of BPH, the effects of estrogen on the growth of primary
prostate stromal cells in culture were detected. Proliferation
of primary prostate stromal cells maintained in DMEM
supplemented with 10% FBS was not changed by 10™ to
107 mol/L estrogen up to 3 days (Figure 2A). Nevertheless,
Proliferation of primary prostate stromal cells was promoted
by estrogen (107, 10 and 10~ mol/L) at the third day
when the DMEM was supplemented with 2% FBS (P<0.01,
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P<0.05 and P<0.01, respectively) (Figure 2B). Therefore,
estrogen, especially 107 mol/L estrogen, significantly
promotes primary prostate stromal cells proliferation when
primary prostate stromal cells were maintained in DMEM
supplemented with 2% FBS.

To confirm whether the effect of estrogen stimulating
primary prostate stromal cells proliferation was mediated by
ER, primary prostate stromal cells were administrated with
estrogen plus fulvestrant (10”7 mol/L). Results demonstrated
that the effect of estrogen-mediated primary prostate
stromal cells proliferation could be significantly inhibited

by fulvestrant (P<0.001) (Figure 2C).

Estrogen and fulvestrant regulating the expressions of
inflammatory in primary prostate stromal cells

To explore the expressions of inflammatory genes of
primary prostate stromal cell were regulated by estrogen
and fulvestrant. Primary prostate stromal cells were treated
with estrogen (107 mol/L) or estrogen (107 mol/L) plus
fulvestrant (107 mol/L) for 1day or 3 days and harvested for
qPCR analysis. We first compared mRNA levels among the
groups. Interestingly, we found that there are significantly
lower of CCR4 and IL17C mRNA levels in estrogen
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Figure 1 Immunohistochemistry (IHC) analysis of ER in human benign prostatic hyperplasia (BPH) individuals and human breast cancer
cases. (A,B) ERa (-) in BPH (x100 and x200, respectively); (C,D) ERa (+) in breast cancer (x100 and x200, respectively); (E) ERp (+) in BPH
(x100); (F) ERPmainly located in nucleuses of epithelial cells and stromal cells (x200).

group and estrogen plus fulvestrant group than control
group (all P<0.05) (Figure 34,B), which demonstrated that
CCR4 and IL17C mRNA levels could be down-regulated
by estrogen, and this down-regulation effect could be
partly inhibited by fulvestrant. Nevertheless, we found that
there are significantly higher of CCR3, CD 40L, C-X-C
motif chemokine ligand 9 (CXCL9) and IL10 mRNA
levels in estrogen group than control group (all P<0.05)
(Figure 3C,D,E,F). Furthermore, the effects could be
significantly inhibited by fulvestrant, of estrogen up-
regulating the mRNA levels of CCR3, CD 40L, CXCL9
and IL10 (all P<0.05) (Figure 3C,D,E,F).

Then, IHC was performed to confirm the expressions
of inflammatory CCR3, CCR4, CD40L, IL10, IL17 and
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CXCLY in primary prostate stromal cells cultured to the
third generation (Figure 4). IHC results indicated that the
expressions of CCR3, CCR4, CD40L, IL10 and IL17 were
positive in the third-generation primary prostate stromal
cells, and CXCL9 was negative in the third-generation
primary prostate stromal cells.

To validate the findings based on qPCR and THC
analyses, primary prostate stromal cells were treated
with estrogen (107 mol/L) or estrogen (107 mol/L) plus
fulvestrant (107" mol/L) for 1 to 3 days and harvested
for western blot analysis. Western blot was performed
to investigate protein levels of CCR4, CCR3, CD40L
and IL10 (Figure 5A). Quantitative analysis of protein
levels of CCR4, CCR3, CD40L and IL10 was shown in
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Figure 2 Effects of estrogen and fulvestrant on proliferation of
prostate stromal cells in primary culture supplemented with 10%
FBS or 2% FBS. (A) Estrogen not stimulates the proliferation of
stromal cells supplemented with 10% FBS for 3 days; (B) estrogen
(107, 107 and 10~ mol/L) stimulates the proliferation of stromal
cells supplemented with 2% FBS at the third day; (C) fulvestrant
(107 mol/L) significantly inhibited the effect of estrogen (107 mol/L)
stimulating the proliferation of primary prostate stromal cells.
*P<0.05, **P<0.01, ***P<0.001. ns, not significant. FBS, fetal

bovine serum.

Figure 5B,C,D,E. Firstly, in estrogen group, protein level
of CD40L gradually increased from the first day to the
third day. Nevertheless, protein levels of CCR3, CCR4
and IL10 gradually increased from the first day to the
second day, then gradually decreased from the second day
to the third day. Then, the results showed that the protein
levels of CD40L and IL10 were significantly higher in
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estrogen group compared with control group, estrogen
plus fulvestrant group at the first day, second day and third
day (all P<0.05). Therefore, we predicted that the effects
could be partially inhibited by fulvestrant, of estrogen up-
regulating the protein levels of CD40L and IL10.

Discussion

BPH is a common disorder of aging male, which may
cause lower urinary tract symptoms (LUTS) and affect the
quality life of patients. As all we know, age and androgen
are considered as the main etiology of PBH. Then, what
should we pay close attention to is that estrogen/androgen
imbalance associated with aging maybe play a marked role
in the development of BPH. The study of Roberts ez 4. (21)
illustrated that the estrogen/androgen ratio increased from
0.042, 0.044, to 0.050 among men aged <60, 60-69, and
>69 years (P=0.04). Recently, although studies demonstrated
that estrogen plays a potential role in the pathogenesis
of BPH, the exact molecular role of estrogen in the
development of BPH is still unclear (22-24).

Effects of estrogen inducing BPH are mediated through
prostatic ERa and ERP. Nevertheless, diverse studies
demonstrated different results in terms of the location of
ERo and ERP in human prostate (9,20,25,26). In our study,
ERa was negative, and ERB was positive in 44 prostate
tissues of BPH patients. What’s more, the 44 prostate
tissues of BPH patients for ERa and ER analysis by IHC
were collected from patients scheduled for transurethral
resection of the prostate. Thus, the prostate tissues for
ERa and ERP analyses by IHC in our study are from the
transition zone of prostate rather than peripheral zone
of prostate. Furthermore, our results shared a number
of similarities with Tsurusaki er #l’s findings that ERa
expression was restricted to stromal cells of peripheral zone,
and ERP was expressed in the stromal cells and epithelial
cells of peripheral zone as well as transition zone (25). The
results of this study illustrated that the expressions of ERa
and ERP are zone-dependent in prostate tissues of BPH
individuals.

Compared with non-BPH individuals, BPH cases are
characterized by increased prostate stromal volume (4,11).
Furthermore, Ho et al. (20) investigated the effects of
estrogen on the proliferation of BPH-derived prostate
cells in culture, which revealed that estrogen increased
the proliferation of prostate stromal cells rather than
prostate epithelial cells. Thus, primary prostate stromal
cells were cultured to investigate the effects of estrogen
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Figure 3 The expression levels of CCR3, CCR4, CD40L, CXCL9, IL10 and IL17C mRNA in primary prostate stromal cells. (A,B) CCR4
and IL17C mRNA levels were down-regulated by estrogen; (C,D,E,F) CCR3, CD40L, CXCL9 and IL10 mRNA levels were up-regulated
by estrogen, and inhibited by fulvestrant. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. E, estrogen; I, inhibitor; CCR4, C-C chemokine
receptor type 4; CCR3, C-C chemokine receptor type 3; CD40L, CD40 ligand; CXCL9, C-X-C motif chemokine ligand 9; IL10,

interleukin 10; IL17C, interleukin 17C.

regulating cells proliferation and inflammatory expression
of primary prostate stromal cells in this study. In addition,
it was consistent with previous finding (20) that estrogen,
especially 10”7 mol/L estrogen, significantly promotes
primary prostate stromal cells proliferation when primary
prostate stromal cells were maintained in DMEM
supplemented with 2% FBS. Last but not least, the effect
of estrogen reinforcing primary prostate stromal cells
proliferation was significantly inhibited by fulvestrant in our
study.

The significance of inflammation in BPH and LUTS has
been manifested by the longitudinal results of the Medical
Therapies of Prostate Symptoms (MTOPS) study, which
revealed that stronger inflammation in the transitional
zone of prostate was associated with the progression of
LUTS and incidence of acute urinary retention (12).
Furthermore, previous study demonstrated that the
increase of IL17 in BPH tissue was associated with IL6 and
IL8, the key factors of prostate stromal cells hyperplasia
(13,18,27). Thus, it was investigated that both estrogen

© Translational Andrology and Urology. All rights reserved.

and fulvestrant regulate the expressions of inflammatory of
primary prostate stromal cells in our study. We found that
the expression of CCR4 and IL17C mRNA levels could
be down-regulated by estrogen, and the down-regulation
effect could be partly inhibited by fulvestrant. Nevertheless,
we found that there are significantly higher of CCR3, CD
40L, CXCL9 and IL10 mRNA levels in estrogen group
than control group. Yoo et al. (14) reported that there is
a strong association between IL10 and BPH in Korean
population. Furthermore, other studies have illustrated
that both chronic inflammation and immune dysregulation
play significant roles in the progression of BPH (15,28,29).
Finally, further studies are needed to explore molecular
mechanisms and signal pathways activated by estrogen in
the pathogenesis of BPH.

This study has several limitations. Firstly, in our study,
the 44 prostate tissues of BPH patients for ERa and ERB
analysis mainly included the transition zone rather than
peripheral zone because the 44 prostate tissues of BPH
patients for ERa and ERP analysis by IHC were collected
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Figure 4 THC analysis of CCR3, CCR4, CD4OL, CXCL9, IL10 and IL17C in primary prostate stromal cells. CCR3, CCR4, CD40L, IL10
and IL17 was positive (A,B,C,D,E), and CXCL9 was negative (F) (x200). IHC, Immunohistochemistry; CCR3, C-C chemokine receptor
type 3; CCR4, C-C chemokine receptor type 4; CD40L, CD40 ligand; CXCL9, C-X-C motif chemokine ligand 9; IL10, interleukin 10;

IL17C, interleukin 17C.

from patients scheduled for transurethral resection of
the prostate. Therefore, the results of the expression of
ERa and ERP in our study only represent the transition
zone of prostate, and further study is needed to explore
the expression of ERo and ERP in the peripheral zone
of prostate among BPH individuals. Secondly, it was
not elaborated in our study that the precise molecular
mechanisms and signal pathways of estrogen regulating

© Translational Andrology and Urology. All rights reserved.

cells proliferation and expression of inflammatory in
primary prostate stromal cells, and further studies are
needed to explore precise molecular mechanisms and
signal pathways.

Conclusions

Firstly, ERP was positive, and ERa was negative in the
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Figure 5 Protein levels of CCR4, CCR3, CD40L and IL10 in primary prostate stromal cells (A). Quantitative analysis of protein levels of
CCR4, CCR3, CD40L and IL10 (B-E). *P<0.05, **P<0.01. E, estrogen; I, inhibitor. CCR4, C-C chemokine receptor type 4; CCR3, C-C
chemokine receptor type 3; CD40L, CD40 ligand; IL.10, interleukin 10.

transition zone of prostate. Secondly, the effects could be IL10, and down-regulates the mRNA levels of CCR4 and
partially inhibited by fulvestrant, of estrogen promoting the IL17C. Then, the expressions of CCR3, CCR4, CD40L,
proliferation of primary prostate stromal cells cultured in IL10 and IL17 are positive, and CXCL9 was negative in
DMEM supplemented with 2% FBS. Thirdly, estrogen up- the third-generation primary prostate stromal cells. Finally,
regulates the mRNA levels of CCR3, CD 40L, CXCL9 and the effects could be partially inhibited by fulvestrant,
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of estrogen up-regulating the protein levels of CD40L
and IL10.
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