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ORIGINAL ARTICLE

Androgen receptors expressed by prostatic stromal cells
obtained from younger versus older males exhibit opposite
roles in prostate cancer progression

You-Yi Lu"*, Bo ]iangl’z’*, Fu-Jun Zhao', Di Cui’, Qi ]iangl, Jun-Jie Yu!, En-Hui Li', Xiao-Hai Wangl,
Bang-Min Han' and Shu-Jie Xia'

Aging is a major risk factor for prostate cancer (PCa), and prostatic stromal cells may also promote PCa progression. Accordingly,
stromal cells do not equally promote PCa in older males and younger males. Therefore, it is also possible that the expression of androgen
receptors (ARs) by prostatic stromal cells in older versus younger males plays different roles in PCa progression. Using a gene
knockdown technique and coculture system, we found that the knockdown of the AR in prostatic stromal cells obtained from younger
males could promote the invasiveness and metastasis of cocultured PC3/LNCaP cells in vitro. By contrast, the invasiveness and
metastasis of LNCaP cells was inhibited when cocultured with prostatic stromal cells from older males that when AR expression was
knocked down. Moreover, after targeting AR expression with small hairpin RNA (shRNA), matrix metalloproteinase (MMP) expression in
stromal cells was observed to increase in the younger group, but decreased or remained unchanged in the older group. One exception,
however, was observed with MMP9. In vivo, after knocking down AR expression in prostatic stromal cells, the incidence of metastatic
lymph nodes was observed to increase in the younger age group, but decreased in the older age group. Together, these data suggest that
the AR in prostatic stromal cells played opposite roles in PCa metastasis for older versus younger males. Therefore, collectively, the
function of the AR in prostatic stromal cells appears to change with age, and this may account for the increased incidence of PCa in

older males.

Asian Journal of Andrology (2013) 15, 672-678; doi:10.1038/aja.2013.45; published online 24 June 2013

Keywords: age factors; androgen receptor; human; metastasis; prostate cancer

INTRODUCTION

Prostate cancer (PCa) is the second most frequently diagnosed malig-
nancy worldwide.! In the United States, PCa is the most common malig-
nancy diagnosed and the second leading cause of cancer-related death.”
The incidence of PCa increases with age, with the probability of devel-
oping PCa is 0.01% before the age of 39 years, 2.44% between the ages of
40 and 59 years, 6.45% between the ages of 60 and 69 years and 12.48%
over the age of 70 years.” In particular, the stromal microenvironment has
been found to play an important role in the development of prostatic
malignancy.>* For example, Xia et al.” demonstrated that stromal cells
from younger males and older males could both promote PCa progres-
sion. However, stromal cells from older males were more active.

Many articles have focused on the significance of androgen receptor
(AR) expressed in epithelial cells. In the malignant process, the AR
plays a very important role and serves as the basis for endocrine the-
rapy.® Accordingly, the AR expressed by prostatic epithelial cells have
been hypothesized to promote PCa progression.” Moreover, for cases
involving the development of resistance, AR activation due to over-
expression has been implicated as a potential mechanism.® Previous
studies have shown that inhibition of AR expression is in itself

sufficient to induce cell death in both androgen-dependent and
castration-resistant prostate cancer cells.”'® However, in recent years,
the role of the AR in stromal cells has received increasing attention.>!!
For PCa, AR progression is androgen dependent, and therefore,
involves prostatic stromal AR and not epithelial AR.'> Correspondingly,
Henshall et al."® and Ricciardelli et al."* demonstrated that loss of AR
expression in the tumour stroma, but not in the surrounding normal
prostatic stroma tissue, resulted in an increased risk of biochemical
relapse following radical prostatectomy.'>'* Therefore, the loss of the
stromal AR may influence both the aggressiveness of PCa and its res-
ponse to castration therapy."

PCa mostly affects older men worldwide. Therefore, the effects of
age on the prostatic microenvironment may be an important factor in
PCa progression.'® In our previous studies, peripheral zone (PZ) stro-
mal cells from older males were found to enhance the proliferation,
migration, and invasion of cocultured benign BPH-1 and PC-3 cells.
In addition, older PZ stromal cells were more effective than younger
PZ cells in promoting tumour formation in higher passage BPH-1 cells
(e.g., >100 passages) and PC-3 cells.” To explain the differences
between prostatic stromal cells in older males versus younger males,

!Department of Urology, The Affiliated First People’s Hospital of Shanghai Jiao Tong University, School of Medicine, Shanghai 200080, China and 2Department of Urology, The

Qingdao Municipal Hospital, Qingdao 266071, China
* These two authors contributed equally to this work.

Correspondence: Dr SJ Xia (xsjurologist@163.com) and Dr BM Han (hanbm@163.com)

Received: 9 January 2013; Revised: 2 February 2013; Accepted: 11 March 2013; Published online: 24 June 2013


www.nature.com&sol;aja

the role of AR expression by prostatic stromal cells in these two groups
was investigated.

MATERIALS AND METHODS

Primary cultures of prostatic stromal cells and cell lines

The young donors were normal organ donors who died from traffic
accidents, and the old donors were those who had bladder cancer and
endured the operation with a resected prostate. Fresh prostate tissue
was obtained, as previously reported,!” from the normal PZ of five
younger male donors (aged 23, 25, 26, 30 and 32 years) and from five
older male donors (aged 56, 61, 64, 71 and 75 years). All the donors
had normal serum levels of total prostate specific antigen (<4 ng
ml™"). To further ensure the ‘normal’ status of prostate specimens,
adjacent tissue around each specimen was stained with haematoxylin
and eosin (H&E), according to the procedure reported by Barclay
et al.,” and specimens were examined by two pathologists. Collected
tissue specimens were minced into pieces less than 1 mm? in size and
incubated with type I collagenase (200 U ml™") for 810 h. Specimens
were then washed on a 149-um filter, transferred to 25-cm? flasks in
5 ml of RPMI 1640 medium supplemented with 10% foetal bovine
serum and antibiotics (100 pg ml~" streptomycin and 100 TU ml ™!
penicillin), and maintained at 37 °C in 5% CO,. All supplements were
purchased from Gibco Invitrogen (Grand Island, NY, USA). All
experimental protocols were approved by the Medical Ethics
Committee of the Shanghai First People’s Hospital (Shanghai,
China) and have therefore been performed in accordance with the
ethical standards established in the 1964 Declaration of Helsinki and
its later amendments. LNCaP cells were purchased from the cell bank
of the Chinese Academy of Sciences (Shanghai, China). PC3 cells were
a kind gift from Professor Ju Zhang (Institute of Molecular Biology,
College of Life Sciences, Nankai University, Tianjin, China).

Preparation of lentivirus vector encoding small hairpin RNA
(shRNA) and cell transfection

Prostate stromal cells were passaged three times before being transfected
with a lentivirus carrying an shRNA designed to target AR mRNA. The
use of an AR-targeting shRNA to effectively reduce levels of AR protein
was described previously.'* A pGLV1/U6/GFP lentiviral vector expressing
shRNA specific for human AR (GCACTGCTACTCTTCAGCA), as well
as a non-target ShRNA (CTCCGAAC GTGTCACGT), were obtained
from GenePharma RNAi Company (Shanghai, China). Lentivirus pro-
duction was performed by cotransfecting the pGLV1/U6/GFP vector and
packaging plasmids (Shanghai GenePharma RNAi Company) into
HEK293T cells using Lipofectamine 2000 (Invitrogen), according to
the manufacturer’s instructions. Supernatants containing lentiviral par-
ticles were harvested 48 h post-transfection, and the virus titre was deter-
mined using peripheral stromal cells. A multiplicity of infection of
approximately 50 was used to achieve shRNA expression, and infections
were performed with viral supernatant containing 5 pg ml™" polybrene
(Sigma). The transfection efficiency was found to be >95%, as observed
under a fluorescence microscope. The levels of the AR were also verified
by quantitative PCR.

Quantitative real-time polymerase chain reaction (q-PCR)

Expression of matrix metalloproteinases (MMPs) was confirmed by q-
PCR using an ABI 7900 instrument. In addition, SYBR Green PCR
Master Mix (Takara Biotech, Dalian, China) was used according to the
manufacturer’s recommendations. Primers for target genes were
designed by the Sangon Company (China), and primer specificity
was checked using Primer Blast in PubMed. Primer sets were designed
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as follows: AR, 5'-TGTACACGTGGTCAAGTGGGCCA-3" (sense)
and 5'-GGGGCGAAGTAGAGCATCCTGGA-3" (antisense); matrix
metalloproteinase 1 (MMP1), 5'-GAAGAATGATGGGAGGCAAG-
T-3' (sense) and 5'-GAGGACAAACTGAGCCACATC-3’ (antisense);
matrix metalloproteinase 2 (MMP2), 5'-AGAGACAGTGGATGA-
TGCCTTT-3' (sense) and 5'-ATCGTCATCAAAATGGGAGTCT-3’
(antisense); matrix metalloproteinase 7 (MMP7), 5'-GAGGCATG-
AGTGAGCTACAGTG-3" (sense) and 5'-CATCTCCTTGAGTTT-
GGCTTCT-3' (antisense); matrix metalloproteinase 9 (MMP9),
5'-ACCACCACAACATCACCTATTG-3' (sense) and 5'-ACACCAA-
ACTGGATGACGATG-3' (antisense). Sequence detection system
software (version 1.6.3; Applied Biosystems, Warrington, UK) was
used for real-time data collection and analysis. Each target gene was
normalized to levels of glyceraldehyde -3-phosphate dehydrogenase
mRNA expression using the 2~24¢T method.'®

Western blot analysis

Stromal cells were transfected for 48 h in six-well plates and then were
harvested and resuspended in 100 pl of RIPA lysis buffer. Extracts were
analysed by Western blotting, and the following antibodies were used:
anti-human AR (1:1000; Cell Signaling Technology, Boston, MA,
USA), anti-GAPDH (1:1000; Cell Signaling Technology) and anti-
MMP2 (1:1000; Santa Cruz Biotechnology, Dallas, TX, USA).
Additionally, polyclonal antibodies were produced by immunising
rabbits with a synthetic peptide (KLK-coupled) corresponding to
residues surrounding Ser213 of the human androgen receptor. The
blots were subsequently incubated with anti-rabbit or anti-mouse IgG
horseradish peroxidase-conjugated antibodies (1 : 2000; Cell Signaling
Technology). Antibody binding was detected using standard en-
hanced chemiluminescence reagents and methods.

In vitro coculture

Using a two-chamber coculture system (Costar; Corning Inc., New
York, NY, USA), stromal cells were maintained separate from epithelial
cells (e.g., PC3 and LNCaP cells), and microporous filters (0.4- or 8-pm
pore size) permitted the exchange of soluble factors between the two
distinct chambers. All the experiments were performed in triplicate.

Cell migration and invasion assays

LNCaP and PC-3 cells (6X10* cells per well) were seeded onto micro-
porous (8.0 um) permeable inserts, whereas stromal cells (2X 10° cells
per well) were seeded in the lower chambers as chemoattractants. Cell
invasion assays were conducted as described above except that the cell
density in the upper chamber was 1.2X10° cells per well, and the
microporous inserts were coated with 50 pl of Growth Factor
Reduced Matrigel (Becton Dickinson Biosciences, Bedford, MA,
USA) diluted 1:3 with RPMI 1640 medium. After 12 h, cells in the
upper chamber were removed with a cotton swab, and cell culture
inserts were fixed with 4% paraformaldehyde and stained with crystal
violet. Cells that migrated to the bottom of each filter were counted for
six representative microscopic fields at X200 magnification.

Assessment of cancer metastasis in a nude mouse model

Male nude mice, 6 weeks old, were purchased from the Animal Centre
of the Chinese Academy of Sciences (Shanghai, China) and raised in a
specific pathogen-free barrier facility according to our institutional
guidelines. Stromal cells from different ages with or without AR and
PC3 cells (5% 10°) were mixed ina 1 : 1 ratio and suspended in 50 pl of
undiluted Matrigel (Becton Dickinson Biosciences, Franklin Lakes,
NJ, USA). Cell mixtures were then transplanted into the left prostate
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anterior lobe of male athymic mice. Seventy mice were separated
randomly into five groups (PC3, PZ-young +PC3, AR siRNA PZ-
young+PC3, PZ-0ld+PC3, ARsiRNA PZ-old+PC3), and each group
contained 14 mice. At the experimental end point, mice were sacrificed
with CO,, and tumours were harvested. Tumescent lymph nodes were
also measured, fixed with 10% formalin, and subjected to routine
H&E staining. Expression of MMP2 was detected by immunohisto-
chemistry using an S-P technique,” and counterstaining with diami-
nobenzidine was performed. Positive signals were quantified using
Image Pro Plus 5.0 software. All experimental protocols were
approved by the Medical Ethics Committee of the Shanghai First
People’s Hospital (Shanghai, China).

Statistical analysis

Values are expressed as the mean=s.d. All experimental procedures
were performed in triplicate, and SPSS for Windows (Version 14.0;
Chicago, IL, USA) was used to conduct statistical analyses. The #-test
was used to compare values between two groups regarding in vitro
experimental data, and the Kruskal-Wallis test was used to compare
values regarding in vivo experimental data. Calculated P values were
two-sided, and a P<<0.05 was considered statistically significant.

RESULTS

Stromal AR expression was inhibited by lentiviral-based shRNA
Stromal cells were isolated from prostate tissue obtained from the
normal PZ of five younger male donors and five older male donors.
These cells were each passaged three times, and then were transfected
with a lentivirus construct expressing an shRNA designed to target AR
mRNA. The efficiency of AR knockdown was measured by q-PCR and
Western blot analysis. For stromal cells obtained from both the older
and younger groups that were assayed 96 h after transfection by q-
PCR, levels of AR mRNA were found to be inhibited by up to 94%
(Figure 1a). Similarly, levels of stromal AR protein were also lower
following transfection as measured by Western blotting (Figure 1b).
In addition, the expression of AR in stromal cells did not significantly
differ between the older and younger age groups.

Knockdown of AR expression in stromal cells from younger males
promotes the migration and invasion of PC3 and LNCaP cells
PC3/LNCaP cells and stromal cells were cultured in a two-chamber
coculture system, and after 12 h, the number of PC3/LNCaP cells that
migrated through the membrane was counted. These assays demon-
strated that all stromal cells with or without AR expression from the
younger and older groups could promote the migration and invasion
of PC3/LNCaP cells (Figure 2b and ¢ and Figure 3b and c).
Regarding the migration and invasion assays, PC3 cells cocultured
with older PZ stromal cells were observed to transferred through the
membrane at a faster rate than PC3 cells cocultured with younger PZ
stromal cells (Figure 2b and c). This finding was also demonstrated in
our previous study.'® Moreover, there was no difference in the migra-
tion and invasion of PC3 cells that were cocultured with younger
versus older PZ cells expressing AR-targeting shRNA (Figure 2b
and c). However, PC3 cells cocultured with younger PZ stromal cells
expressing AR-targeting shRNA did migrate and invaded at a faster
rate than PC3 cells cocultured with younger PZ stromal cells
(Figure 2b and c). In addition, there was no significant difference
observed between older PZ cells with and without expression of AR-
targeting shRNA (Figure 2b and c). For LNCaP cells, migration and
invasion assays demonstrated that LNCaP cells cocultured with older
PZ stromal cells transferred through the membrane more rapidly than
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Figure 1 The AR was effectively inhibited by shRNA in prostate stromal cells
from older and younger males. (a) Q-PCR analysis revealed that the knockdown
efficiency for both groups was greater than 90%. The value represents the
mean=s.d. of three independent experiments. (b) Western blot analysis con-
firmed that expression of the AR in prostatic stromal cells was mostly inhibited
following knockdown of the AR by shRNA. AR, androgen receptor; Q-PCR,
quantitative PCR; shRNA, short hairpin RNA.

LNCaP cells cocultured with younger PZ stromal cells (Figure 3b and
¢). However, the difference of migration and invasion disappeared
after AR expression was knocked down (Figure 3b and c).
Regarding LNCaP cells cocultured with younger PZ stromal cells
expressing AR-targeting shRNA, the rate of migration and invasion
was more rapid than that of LNCaP cells cocultured with younger PZ
stromal cells (Figure 3b and c). By contrast, LNCaP cells cocultured
with older PZ stromal cells expressing AR-targeting shRNA were
observed to migrate and invade more slowly than LNCaP cells cocul-
tured with older PZ stromal cells (Figure 3b and c).

MMP expression varied following knockdown of the AR in prostate
stromal cells

After AR expression was knocked down in stromal cells obtained from
males of various ages, levels of MMPI, MMP2, MMP7 and MMP9
mRNA were detected by q-PCR. In these assays, expression levels of
MMPI, MMP2, MMP7 and MMP9 increased in the younger group
samples (Figure 4). But in the older group the expression of MMP2
decreased and MMP9 increased (Figure 4b and d).

The prostatic stromal AR played different roles in the metastasis of
PC3 cells in vivo depending on age

To study metastasis in vivo, a nude mouse model was used. Mice were
separated into three experimental groups with nine mice per group.
Stromal cells of varying ages with or without AR expression and PC3
cells (5X10°) were mixed in a 1:1 ratio and suspended in 0.1 ml of
undiluted Matrigel (Becton Dickinson Biosciences). Cell mixtures
were then injected into the left prostate anterior lobe of male athymic
mice. After 8 weeks, one group of mice did not exhibit lymph node
metastasis (Figure 5a), one group exhibited unilateral lymph node
metastasis (Figure 5b) and a third group exhibited bilateral metastatic
lymph nodes (Figure 5c). Despite these differences in metastasis
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Figure 2 The effects of AR expression by prostatic stromal cells on the migration and invasiveness of PC3 cells. (A) The PC3 cells transferred through the membrane
were observed through a microscope. (B,C) Knockdown of the AR in stromal cells obtained from both younger males and older males only promoted the migration and
invasiveness of PC3 cells exposed to the former. Older PZ stromal cells promoted the migration and invasiveness of PC3 cells more than younger PZ stromal cells.
However, these effects disappeared after AR expression was knocked down. All stromal cells were found to obviously promote the migration and invasiveness of PC3
cells. Each bar represents the number of transferred cells from three independent experiments. *P<0.05. (A) Scale bar=20 um. AR, androgen receptor; PZ,

peripheral zone; siRNA, small interfering RNA.

development, the rate of tumour formation did not differ significantly
among the five groups. After AR expression was knocked down in
prostatic stromal cells, the incidence of metastatic lymph nodes was
observed to increase in the younger age group (PZ-young+PC3 cells
and PZ-young expressing AR shRNA+PC3 cells), but decreased in the
older age group (PZ-old+PC3 cells and PZ-old expressing AR
shRNA+PC3 cells) (Table 1). In addition, the difference between
the older age group (PZ-old+PC3 cells) and younger age group
(PZ-young+PC3 cells) disappeared after knocking down the stromal
AR (Table 1). Moreover, all stromal cells could promote PC3 meta-
stasis in vivo (Table 1). Metastatic lymph nodes and transplanted
tumours were verified by H&E staining, and PC3 cells were observed
all over the field of vision under the microscope (Figure 6a and c).
Furthermore, immunohistochemistry assays detected a decrease in
MMP2 expression following knockdown of the stromal AR in the
older age group (Figure 6d), and an increase in MMP2 expression
in the younger age group (Figure 6d). Levels of MMP2 detected in the
PZ-o0ld+PC3 cells group were also higher than in the PZ-young+PC3
cells group, although this difference in MMP2 expression was absent
following knockdown of the AR in prostatic stromal cells (Figure 6d).

DISCUSSION

PCa represents a major health problem for men worldwide. However,
the etiopathogenesis of PCa remains obscure. Interestingly, PCa was
not reported for eunuchs who had their testicles resected in their youth
during the Qing Dynasty.*° Moreover, 70% of PCa cases involve men

over the age of 65, whereas few cases involve males younger than 50
years. As a result, age has been identified as a risk factor for PCa.?
However, the age-associated decline in circulating levels of testoster-
one and intra-prostatic dihydrotestosterone levels seems paradoxical
with respect to the higher occurrence of PCa reported in older men.*!
In addition, low testosterone levels have been associated with worse
clinical and pathological determinants of PCa, including an increased
risk of PCa.*? Moreover, the AR has been found to play a critical role in
prostate carcinogenesis.

In a recent article, it was demonstrated that the AR expressed by
prostate stromal cells and not by epithelial cells, promoted PCa pro-
gression.'? In addition, the stromal cells from older males have been
found to play a more aggressive role in PCa than stromal cells from
younger males.” In the present study, we found that the stromal AR
could explain the different roles for stromal cells in different ages. For
example, the AR in prostatic stromal cells obtained from younger
males was associated with an inhibition of PC3/LNCaP metastasis.
By contrast, the AR in prostatic stromal cells obtained from older
males was associated with promotion of PC3/LNCaP metastasis.
These results provide a valuable viewpoint for understanding the car-
cinogenesis of PCa.

In the present study, we found that the expression of the AR in
prostatic stromal cells did not differ between younger males and older
males. Additionally, the particular issue was whether the role of the AR
varied by aging. For example, Cunha et al.>> demonstrated that pro-
static development and growth are mediated by signalling via stromal
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changes in MMP expression were detected. (a) MMP1 was found to be upregu-
lated in prostatic stromal cells obtained from younger males who were treated
with AR-targeting shRNA. By contrast, MMP1 levels were unchanged in samples
obtained from older males. (b, ¢) MMP2 and MMP7 were downregulated versus
upregulated in prostatic stromal cells obtained from older versus younger males,
respectively, who were treated with AR-targeting shRNA. (d) MMP9 was upre-
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who were treated with AR-targeting shRNA, but the variance was larger in the
younger group samples. *P<0.05. AR, androgen receptor; MMP, matrix metal-
loproteinase; shRNA, small hairpin RNA.
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AR and not epithelial AR. In addition, Niu et al.** reported that PCa
progression is androgen dependent, and androgen dependency occurs
via AR expression by prostatic stromal cells and not by AR expression
by epithelial cells. In the present study, the PCa cells cocultured with
stromal cells from older males were observed to be more aggressive
than the PCa cells cocultured with stromal cells from younger males.
The difference between the older and younger groups before knocking
down the AR was also consistent with the results of our former study.®
Moreover, the AR expressed by prostatic stromal cells obtained from
younger males was associated with inhibition of the migration of PC3/
LNCaP cells and invasiveness of LNCaP cells, and this was not
observed in prostatic stromal cells obtained from older males
(Figures 2 and 3). A potential explanation for these observations is
that the function of the stromal AR changes according to age.
Specifically, the role of the AR in stromal cells appears to change from
inhibition to promotion of PCa metastasis.

Of the various stages involved in prostate carcinogenesis, cross-talk
between stromal and epithelial cells represents a key component that is
also complicated. The role of stromal cells in the metastasis of epithe-
lial cells has been shown to primarily depend on exocrine factors such
as MMPs that promote carcinogenesis.”> For example, Li et al*®
demonstrated that androgens can enhance MMP-2 promoter activity,
and MMP2 is mainly expressed in the stromal cells of the prostate.”’ In
the present study, the AR in prostatic stromal cells contributed to the
regulation of MMPs in prostatic stromal cells. Furthermore, stromal
cells could produce MMPs that facilitate the migrating of tumour
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cells.”® In the younger male group, knocking down the AR in prostatic
stromal cells was accompanied by an increase in the expression of
various MMPs. However, that observation was not noted in the older
male group. These results suggest that the AR in prostatic stromal cells
could inhibit the expression of MMPs in younger males but not in
older males.

In general, MMPs have been shown to have well-recognized roles in
the late stages of tumour progression, invasion, and metastasis. For
example, MMP-2 and MMP-9 participate in the degradation of extra-
cellular matrix components, including the basement membrane,
which separates epithelia from the stroma.?’ Moreover, constitutive
expression of MMP7 has been shown to render cancer cells more
invasive.”® Similarly, cleavage of osteopontin by MMP-9 generates a
5-kDa fragment that promotes tumour cell invasion,?! whereas cleav-
age of E-cadherin by MMP-9 promotes epithelial mesenchymal trans-
ition.>! Furthermore, increased expression of MMP-1 and MMP-2 has
been linked to lymphatic invasion and lymph node metastasis,

Table 1 Role of kinds of stromal cells in tumour metastasis in a nude mouse model

Experimental group Mice with formed tumour Mice with unformed tumour Metastatic retroperitoneal lymph nodes

No. Unilateral Bilateral P value
PZ-young+PC3 13 1 3 9 1
AR siRNA PZ-young+PC3 10 4 0 4 6 <0.0001*
PC3 11 3 9 2 0
PZ-old+PC3 14 0 0 3 11 <0.0001**
AR siRNA PZ-old+PC3 12 2 2 7 3

Abbreviations: AR, androgen receptor; PZ, peripheral zone; siRNA, small interfering RNA.

* Means each couple groups of the first three groups significantly differed.
** Means each couple groups of the last three groups significantly differed.
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Figure 6 Transplanted tumours (A) and metastatic lymph nodes (C) were verified by H&E staining. Expression of MMP2 was detected by immunohistochemistry for
the five groups (B). Relative levels of MMP2 were compared between AR+ and AR — groups for both the younger and older groups (D). Levels of MMP2 were observed
to increase versus decrease following the knockdown of AR expression in prostatic stromal cells from the younger versus older group, respectively (D). The expression
of MMP2 increased when PC3 cells were cocultured with various types of prostatic stromal cells (D). Each value represents the mean=+s.d. of three independent
experiments. *P<0.05. Scale bar=20 um. AR, androgen receptor; H&E, haematoxylin and eosin; MMP, matrix metalloproteinase.

677

@ Asian Journal of Andrology



Different roles of androgen receptors in stromal cells in aging
YY Luetal

678

whereas MMP-1 derived from tumour-infiltrating fibroblasts appears
to drive cancer cell migration and invasive behaviour. MMPs have also
been found to play key roles in the formation of a metastatic niche.

Work by Johansson et al>® noted that the knockdown of AR
expression by prostate stromal cells has the potential to inhibit carci-
nogenesis. Consequently, the knockdown of stromal AR expression
may represent a potential therapeutic approach for the treatment of
PCa.’* However, the cases associated with these results all involved
males older than 50 years. In our opinion, these results do not directly
translate for younger patients with PCa (e.g., <40 years), and further
study is needed to characterize the different functions of the AR axis in
stromal cells, particularly in relation to age.

In conclusion, the present study illustrates that expression of the AR
by prostatic stromal cells of males of different ages can differentially
affect PCa progression. Although prostatic stromal cells from both
older and younger males could both promote PCa progression, the
effectiveness of prostatic stromal cells obtained from older males was
more evident. Moreover, AR expression by prostatic stromal cells
from younger males appeared to inhibit PCa progression. A possible
explanation for these observations is that the function of the AR axis in
prostatic stromal cells changes according to age, and this finding
represents a novel and valuable direction for future studies of PCa
pathogenesis.
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