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ORIGINAL ARTICLE

Influence of immune inflammation on androgen receptor
expression in benign prostatic hyperplasia tissue

Zong-Lin Wul, Ya Yuan?, He Geng1 and Shu-Jie Xia®

This study was designed to investigate the association between immune inflammation and androgen receptor (AR) expression in benign
prostatic hyperplasia (BPH). We retrospectively analyzed 105 prostatectomy specimens. An immune inflammation score for each
specimen was defined by combining three immunohistochemical markers (CD4, CD8 and CD20). The immunohistochemical markers
were CD4 and CD8 for T lymphocytes, CD20 for B lymphocytes and AR antibody for the AR in BPH samples. Rates of CD4, CD8, CD20
and AR expression in BPH were 20 (19.0%), 21 (20.0%), 101 (96.2%) and 48 (45.7%), respectively. Total prostate volume (TPV) was
higher in the immune inflammation group than in the non-immune inflammation group (62.7 ml vs. 49.2 ml, t=2.482, P<0.05).
Patients in the immune inflammation group had a higher serum prostate-specific antigen (PSA) than those in the non-inflammation
group (7.5 ng ml~! vs. 5.4 ng ml™1, t=2.771, P<0.05). Specifically, the immune inflammation group showed a higher rate of AR
expression than the non-inflammation group (56.1% vs. 28.2%, y°=7.665, P<0.05). Our study revealed a strong association
between immune inflammation and TPV, serum PSA and AR expression in BPH tissue. Prostate hyperplasia caused by an immune
inflammatory process may contribute to BPH progression over time. Therefore, the inflammatory response involved in BPH may be a

prime therapeutic target.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is one of the most common
chronic conditions in aging men." BPH is defined histologically as
epithelial and stromal cell proliferation, which leads to prostate
enlargement, low urinary tract symptoms and bladder outlet obstruc-
tion (BOO).? Prevalence rates of BPH increase with age, with 50% of
men over 50 years of age and 90% of men over 80 years having the
condition.>* Like most chronic diseases, BPH is progressive; it evolves
from cell proliferation to clinical BPH with low urinary tract symp-
toms over an extended period. BPH symptoms often have a significant
impact on the quality of life(QoL), and if untreated, BPH often causes
BOO, which can lead to acute urinary retention (AUR) and can ulti-
mately require surgery.’

To date, we have no precise knowledge of the cellular and molecular
processes underlying the pathogenesis of BPH. Although the influence
of androgens and estrogens has been demonstrated, hormonal factors
alone may not fully explain the pathogenesis of BPH. Experiments
demonstrate that androgens, the estrogen-to-androgen ratio, immune
inflammation and growth factors may play roles, either singly or in
combination, in the etiology of BPH.*’ The association of BPH with
inflammation was first proposed based on the coexistence of hyper-
plastic nodules and chronic inflammation in BPH tissue.® Prostatic
inflammation, a common feature of the adult prostate, is associated
with the development and progression of BPH. Chronic immune
inflammation is a highly common histological finding in the adult

prostate. The prevalence of inflammation in BPH tissue ranges from
43% to 98%.” The origin of inflammation in the prostate remains a
subject of debate and probably has many causes. Immune inflam-
mation correlates with total prostate volume (TPV), symptom pro-
gression, declining QoL, risk for AUR and the need for surgery.'
Although current evidence demonstrates that immune inflam-
mation, androgens and the androgen receptor (AR) play roles in the
pathogenesis of BPH, it is not clear whether immune inflammation
affects AR expression in BPH tissue. Our aim was to explore the
association between immune inflammation and AR expression in
patients with BPH by the use of immunohistochemistry (IHC).

MATERIALS AND METHODS

Benign prostatic hyperplasia samples

Patients in this report were selected from 457 patients with BOO due
to BPH who underwent transurethral or suprapubic prostatectomy
between January 2004 and December 2009. Written informed consent
was obtained from each patient, and the study was approved by our
local research and ethics committee. We obtained 105 random par-
affin-embedded BPH tissue samples from 457 prostate samples.
The mean age of the patients was 74.2 years (range: 56-91 years).
Suprapubic prostatectomy was performed in 28 patients, and transur-
ethral resection of the prostate was performed in 77 patients. All
105 patients had low urinary tract symptoms and BOO attributed to
BPH. If the serum prostate-specific antigen (PSA) or digital rectal
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examination was abnormal, an ultrasound-guided biopsy would be
performed before the operation to exclude prostate cancer. Thirty-
four patients had a history of AUR. Eleven patients had bladder stones
due to BPH. The mean preoperative PSA was 6.7 ngml ™' (range: 0.2—
36.0 ng ml™"). The TPV was determined by transrectal ultrasono-
graphy. The mean TPV was 57.4 ml (range: 16.0-230.0 ml).

Immunohistochemistry

Paraffin-embedded BPH tissue samples were cut into 3- to 5-um-thick
sections using a microtome (Leica RM2235; Leica Biosystems
Melbourne Pty Ltd, Melbourne, Australia) and placed onto charged
glass slides (Leica Biosystems Melbourne Pty Ltd). Affix Bond
Universal Slide Labels were attached to the specimen and control slides
according to the manufacturer’s instructions. Three lymphocyte mar-
kers were evaluated by IHC using the following monoclonal antibod-
ies: CD4 (mouse monoclonal antibody, 4B12; antigen retrieval,
EDTA-based buffer, pH 9; 1:200; Leica Biosystems Newcastle Ltd,
Newcastle Upon Tyne, UK); CD8 (mouse monoclonal antibody,
4B11; antigen retrieval, EDTA-based buffer, pH 9; 1:200; Leica
Biosystems); and CD20 (mouse monoclonal antibody, MJ1; antigen
retrieval, citrate-based buffer, pH 6; 1:200; Leica Biosystems). AR
expression was evaluated by IHC using a monoclonal antibody to label
AR (mouse monoclonal antibody, 2F12; antigen retrieval, EDTA-
based buffer, pH 9; 1:50; Leica Biosystems). After the slides were
loaded into the tray and the reagents were loaded into the marker
containers, the sections were processed on an automated instrument
(Bond-Max system; Leica Biosystems Melbourne Pty Ltd) for
immunostaining using the Bond detection system, which is based
on a 3,3'-diaminobenzidine detection kit (Bond-Max system; Leica
Biosystems Melbourne Pty Ltd).

Quality control was performed according to our laboratory’s IHC
rules from the CLIA Guidelines'® and the proposed NCCLS guidelines
for THC. Positive and negative controls were established according to
the manufacturer’s instructions.

CD4, CD8, CD20 and AR antibodies were used for the character-
ization of immune cells and AR in the BPH tissue specimens. Two
independent observers, including one senior pathologist, applied IHC
parameters separately. The observers scored the presence of lympho-
cytes and other THC markers as absent, low or high (0/1/2).® If there
was no lymphocyte infiltration, the inflammation score was zero; if
lymphocyte infiltration was less than 50% of the slice area, the inflam-
mation score was one; and if lymphocyte infiltration was greater than
50% of the slice area, the inflammation score was two.

Statistical analysis

All 105 prostate samples were divided into two groups based on the
inflammation score of the BPH tissue. Samples were considered to be in
the immune inflammation group if the inflammation score was greater
than or equal to 2; all other patients were classified into the non-
immune inflammation group. The influence of immune inflammation
and non-immune inflammation on AR expression was compared using
the Chi-square test. All other data were reported as mean=*s.d. An
independent sample #test was used to determine statistical significance.
P<0.05 was considered significant. Commercially available software
was used for statistical analyses (SPSS Inc., Chicago, IL, USA).

RESULTS

IHC analysis of CD4, CD8, CD20 and AR was performed on all 105
surgery-derived BPH specimens. As shown in Figure 1, T lymphocytes
and B lymphocytes were associated with BPH immune inflammation.
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Figure 1 Immunostaining with CD4, CD8, CD20 and AR antibodies in BPH
samples. (a) CD4*; (b) CD8™; (¢) CD20™; (d) AR™. Scale bars=20 um. AR,
androgen receptor; BPH, benign prostatic hyperplasia.

We observed an association between immune inflammation and AR
expression in BPH. THC analysis showed that CD4, CD8, CD20 and
AR were expressed in 20 (19.0%), 21 (20.0%), 101 (96.2%) and 48
(45.7%) patients, respectively. The frequencies of IHC phenotypes
were summarized in Table 1. The CD4 CD8 CD20" AR~ phenotype
and CD4 CD8 CD20"AR™ phenotype were expressed in 43 (41.0%)
and 27 (25.7%), respectively, all above two phenotypes included CD20
expression.

The correlation of clinical parameters with immune inflammation
and AR expression are shown in Table 2. There were six patients
without recorded PSA values and 11 patients without TPV values.
TPV was higher in the immune inflammation group than that in the
non-immune inflammation group (62.7 ml vs. 49.2 ml, r=2.482,
P<0.05). Similarly, the level of PSA was associated with immune
inflammation; mean PSA level in the immune inflammation group
was higher than that in the non-inflammation group (7.5 ng ml™" vs.
5.4 ng ml~', +=2.771, P<0.05). There was no significant difference
between AR-expressing and AR-negative groups with respect to PSA,
type of operation performed and history of AUR. However, TPV was
significantly lower in the AR-expressing group than in the AR-
negative group (51.6 ml vs. 62.6 ml, t=2.02, P<<0.05). There was a
significant difference in AR expression between the immune inflam-
mation group and the non-immune inflammation group (3?=7.665,
P<0.05), as shown in Table 3. The rate of AR expression in the

Table 1 Frequencies of immune inflammatory and AR phenotypes
expressed by 105 patients

CcD4 CD8 CcD20 AR

n (%)

- 3(2.9)
43 (41.0)
27 (25.7)
1(1.0)
5(4.8)
6(5.7)
2(1.9)
9(8.6)
4(3.8)
5(4.8)

|
+ o+ !
o

o+
[

o+ o+ o+
|

Abbreviations: AR, androgen receptor; (-), absence of expression; (+), presence of
expression.
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Table 2 Comparison of clinical parameters between positive expression and negative expression of lymphocytes and AR antibodies

Immune inflammation? AR

+

_ + _

75.1£6.7 (n=66)
4.3+3.2 (n=66)
7.5+3.8 (n=60)*
62.7+26.6 (n=60)*
62.3% (n=48)
64.3% (n=18)
64.7% (n=22)

Age, 7+s.d. (years)

Duration of disease, 7=*s.d. (years)
PSA, 7+s.d. (ng mi™h)

TPV, 7+s.d. (ml)

TURP (%)

Open prostatectomy (%)

History of AUR (%)

73.1£6.9 (n=39)
3.6+2.5(n=39)
5.4+3.5 (n=39)
49.2+22.9 (n=34)
37.7% (n=29)
35.7% (n=10)
35.3% (n=12)

75.3%7.0 (n=48)
4.8+4.0 (n=48)
7.1+4.3 (n=46)
51.6+27.2 (n=41)*
50.6% (n=39)
32.1% (n=9)
47.1% (n=16)

74.0+6.4 (n=57)
5.2+5.8 (n=57)
6.3+3.9 (n=53)
62.6+25.4 (n=53)
49.4% (n=38)
67.9% (n=19)
52.9% (n=18)

Abbreviations: AR, androgen receptor; AUR, acute urinary retention; n, valid data patient; PSA, prostate-specific antigen; TPV, total prostate volume; TURP, transurethral

resection of prostate; (-), absence of expression; (+), presence of expression.
2 mmune inflammation, if immune inflammation score was more than two.
*P<0.05, compared with non-immune inflammation group.

# P<0.05, compared with AR expression negative group.

immune inflammation group was higher than that in the non-
inflammation group (56.1% vs. 28.2%).

DISCUSSION
Androgens and the AR play an important role in the pathogenesis of
BPH. Testosterone is transformed into its metabolite dihydrotestos-
terone (DHT) by the enzymatic activity of 5o-reductase type II in the
prostate. Testosterone and DHT promote prostate stromal and epi-
thelial cell growth and differentiation by two different mechanisms.
One is the binding of the AR, which is expressed by epithelial and
stromal cells, and the other is the induction of stromal synthesis of
growth factors that act on epithelial and stromal compartments in a
paracrine and an autocrine manner, respectively.''* The incidence
and prevalence of BPH in men gradually increase with age. However,
levels of circulating testosterone progressively decrease with age, sug-
gesting that hormonal factors alone may not fully explain BPH patho-
genesis. The development and hyperplasia of the prostate are regulated
by other mechanisms besides sexual hormones,"”* ™ and immune
inflammation appears to be a major player in the pathogenesis of
BPH.*'®

With the recognition of the prostate’s strategic role in keeping the
reproductive tract sterile, it has become increasingly clear that this
organ is an immunocompetent site and not an immunoprivileged site,
as was previously thought.® The prostate has fully active immuno-
logical functions and employs a broad spectrum of immune responses
against foreign antigens. The normal prostate has only a small
population of T cells, macrophages and B cells. CD8-positive T
lymphocytes prevail over CD4-positive helper T cells.®

Studies by Theyer et al.'” and Kramer et al.'® have demonstrated
that prostatic immune inflammatory cells consist of 70% T lympho-
cytes, 15% B lymphocytes and 15% macrophages, as well as mast cells.

Table 3 Association of immune inflammation with AR expression
AR? Sum (n)

- +

Immune inflammation - 28 (71.8%) 11 (28.2%) 39
+ 29 (43.9%) 37 (56.1%) 66
Sum (n) 57 48 105

Abbreviations: AR, androgen receptor; (-), absence of expression; (+), presence of
expression.

2The rate of AR expression in the immune inflammation group was higher than in the
non-inflammation group (56.1% vs. 28.2%, y°=7.665, P<0.05).
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With aging, T-lymphocyte infiltration increases. At the same time,
these researchers found that the ratio between CD8 cytotoxic/sup-
pressor and CD4 helper T lymphocytes was reversed compared with
the normal prostate, defined as the prostate in 18- to 25-year-old
individuals and with a volume of <20 ml. In BPH tissue, immune
inflammatory cells were organized into nodular infiltrates. Based on
their anatomic localization within the prostate gland, immune inflam-
matory cells infiltration can be classified as glandular, periglandular
and stromal.'”

In our study, 96.2% of patients had significant B-lymphocyte infil-
tration. B lymphocytes were more numerous than other immune
inflammatory cells and represented the major portion of the immune
inflammatory infiltration observed in the prostate gland. Only 20% of
patients had T-lymphocyte infiltration. Periglandular and stromal
immune inflammatory infiltration were observed in our studies.
Because of the unusual results, we performed the IHC twice. B lym-
phocytes are antigen-presenting cells that play a role in the first step of
the immune system’s inflammatory response. B lymphocytes may be
stimulated directly by infectious agents or by prostatic epithelial cells.
Several studies have demonstrated the presence of a heterogeneous set
of bacterial and viral strains in BPH tissues.'> CD20 antibodies to B
lymphocytes were observed by IHC in almost all patients in our study,
suggesting that bacterial or viral infection may be involved in the
pathogenesis and progression of BPH.

Experimental and clinical study data suggest that immune inflam-
mation may stimulate prostate growth. Evidence has been found to
support this hypothesis, and a possible mechanism has been proposed.
di Silverio et al." retrospectively reviewed 3942 surgical BPH speci-
mens and found that 43% of cases showed inflammation. The distri-
bution of inflammatory characteristics varied significantly according
to prostate volume. Chronic inflammation tended to vary with the
prostate volume, suggesting a simple relationship between inflam-
mation and prostatic hyperplasia.'® Several studies on BPH have
found a connection between inflammation, TPV and PSA. The
Medical Therapy of Prostatic Symptoms Study demonstrated a
link between inflammation and higher TPV (41.3 ml vs. 36.8 ml,
P=0.0002).” According to the REDUCE study,” inflammation was
associated with higher TPV (46.5 ml vs. 43.4 ml, P<0.0001). Robert
et al.'? found that patients with high-grade inflammation had higher
TPV (77 ml vs. 62 ml) than patients with low-grade inflammation.

We observed similar results in our study. TPV and PSA were sig-
nificantly higher in the immune inflammation group compared to the
non-immune inflammation group (62.7 ml vs. 49.2 ml, t+=2.482,



P<0.05; 7.5 ng ml ! vs. 5.4 ng ml~ Y, =2.771, P<0.05, respectively).
However, there was no significant difference between the immune
inflammation group and the non-immune inflammation group with
respect to the type of surgery performed.

The role of androgens and AR in the pathogenesis and progression
of BPH has also been researched. Xia et al.** observed low AR levels in
the proximal duct (29.71%*4.02%), from which BPH originates, and
an even lower AR in BPH tissue (3.91%*1.08%), suggesting a role of
apoptosis in the pathogenesis of BPH. The expression of AR isoforms
also varied among different BPH samples. The differences in express-
ion of AR isoforms in prostatic tissues may explain why individual
patients have different responses to hormone therapy.”> Humans syn-
thesize two potent natural androgens, testosterone and DHT.?* DHT,
the major intracellular androgen in the prostate, plays a crucial role in
prostate development and growth and in the pathogenesis of BPH, as
evidenced by the study of 5a-reductase type II-deficient subjects, 50~
reductase knockout animals and specific 5u-reductase inhibitors.**
Testosterone and DHT are brought into action either by the ligand
binding of AR or by the induction of stromal synthesis of growth
factors.”® Further investigation of the association between immune
inflammatory mediators and AR expression will increase our under-
standing of the interactions of immune components with AR and may
facilitate the development of more specific and effective agents for the
treatment of BPH.

In our study, there was a significant difference in AR expression
between the immune inflammation group and the non-immune
inflammation group (3?=7.665, P<0.05). The rate of AR expression
in the immune inflammation group was higher than in the non-
inflammation one (56.1% vs. 28.2%). However, TPV was significantly
lower in the AR-expressing group than in the AR-negative patients
(51.6 ml vs. 62.6 ml, t=2.02, P<<0.05). According to Xia et al,?* AR
expression is low in BPH tissue. This may explain the finding that
larger TPVs appear to be associated with lower AR expression.

Immune inflammation and androgen—AR interactions may play a
role in the pathogenesis of BPH. Our study demonstrates that the rate
of AR expression in the immune inflammation group was higher than
in the non-inflammation one. However, the mechanisms of immune
inflammation that affect AR expression are not clearly defined.
Inflammatory cells secrete IL-6,"> which induces AR expression
through the mitogen-activated protein kinase pathway.?® Further
studies exploring these mechanisms will provide deeper insights into
the immune inflammation-AR interaction in the prostate and spur
the development of specific agents for the treatment of BPH.

In conclusion, the association between immune inflammation and AR
expression was investigated in surgical BPH specimens. The results indi-
cated a strong association between immune inflammation and TPV, PSA
and AR expression in BPH tissue. Our findings indicated that the inflam-
matory process involved in BPH may be an important therapeutic target.
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