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The lower urinary tract symptoms (LUTSs) and acute urinary retention (AUR) caused by benign prostatic hyperplasia (BPH) can
seriously affect the quality of life of elderly men. Studies suggest that both androgens and inflammation greatly influence the
occurrence and development of BPH in most patients. These two factors combined can also affect each other, leading to
pathological changes in the stromal and epithelial tissue of the prostate transition zone in BPH patients. DHT in the prostate
tissue of BPH patients may activate a chronic inflammatory response in the prostate, amplifying the expression of inflammatory
factors and upregulating the proliferation ability of prostate tissue.

1. Introduction

Benign prostatic hyperplasia (BPH) is the most common uri-
nary system disease in elderly men [1], and its main patho-
logical manifestations are proliferative hypertrophy and
nodule formation in the transition zone of the prostate.
According to American epidemiological studies, the number
of patients diagnosed with BPH reached 30,555,010 cases
between 2004 and 2013 [2]. The occurrence and develop-
ment of BPH are closely related to age. Autopsy pathological
statistics have shown that the proportion of 51–60-year-old
men with BPH is about 42%, and the proportion in men over
80 years old rises to about 85% [3]. BPH is the most common
cause of lower urinary tract symptoms (LUTSs) in men.
LUTSs include the symptoms of urination and storage, which
seriously affect quality of life [4]. At the same time, BPH also
increases the risk of urinary tract infection (UTI) and acute
urinary retention (AUR). Although the cellular and molecu-
lar mechanisms of BPH are still unclear, changes in androgen
levels and senility-related tissue remodeling have been con-
sidered to be important factors contributing to homeostasis
disorders in the prostate [5]. In addition, some evidence sug-
gests that metabolic syndrome and chronic inflammation
also play a role in the occurrence and progression of
BPH/LUTS [6].

This review focuses on the interactions between andro-
gens and inflammation as well as their individual roles in
BPH and LUTS development and explores the relationship
between androgens and inflammation in BPH pathogenesis.

2. The Role of Androgens in BPH

When the hypothalamic pituitary gonad axis activates in
puberty, the testes begin to synthesize large amounts of tes-
tosterone (T), and the prostate gland develops rapidly,
increasing in both volume and weight [7]. After entering
adulthood, prostate grows plateaus and slows down, but after
the age of about 40, the volume of the prostate may begin to
increase gradually in some men. Many studies have con-
firmed that androgens can directly affect prostate tissues
and participate in BPH development. Sasagawa and his
research team observed 13 patients with hypogonadism
(aged 25–32) continuously. Before treatment, their prostate
volumes were significantly smaller than those of healthy
men of the same age [8]. After exogenous testosterone
supplementation, a significant increase in prostate volume was
observed in the patients with hypogonadism [8, 9]. Pejcic
et al. [10] performed prostate biopsies on 93 patients with
BPH, and liquid chromatography mass spectrometry (LC-MS)
was used to detect the androgen concentration in prostate
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tissue. T and dihydrotestosterone (DHT) levels were both
found to be significantly higher in larger prostates
(total prostate volume ½TPV� > 30mL) than in smaller ones
(TPV < 30mL) (T: 1:05 ± 0:75 and 0:46 ± 0:29ng/g; DHT:
15:0 ± 6:09 and 4:51 ± 2:75ng/g). There were significant cor-
relations between the levels of T and TPV (r = 0:71) and
between the levels of DHT and TPV (r = 0:74) [10].

In androgen-dependent tissues, such as brain, skeletal
muscle, and seminiferous epithelium, androgens mainly par-
ticipate in androgen-dependent processes in the form of tes-
tosterone [11]. In prostate tissue, however, testosterone is
catalyzed by 5α-reductase (5α-R), which is synthesized by
prostate stromal cells, to convert to more potent DHT, which
plays a key role in organ development and function [7]. The
studies also found that, whether in healthy adults or elderly
BPH patients, the level of DHT in prostate tissue is about
10–20 times higher than the T level, while the opposite is true
in serum [10, 12]. In the PLESS study, 1,524 BPH patients
were given 5mg finasteride (a 5α-reductase inhibitor) daily,
and 1,516 BPH patients received a placebo. Four years later,
prostate volume had decreased by 18% in the finasteride
group, but increased by 14% in the placebo group [13].
Roehrborn et al. [14] also observed similar results. They ran-
domly distributed 4,325 BPH patients into a dutasteride
group and a control group. After two years of treatment, it
was found that the serum DHT levels had decreased by
90.2% in patients taking dutasteride, but serum DHT levels
increased by 9.6% in the placebo group. The volume of the
prostate transition zone decreased by 25.7% and increased
by 12.4% in the dutasteride and control groups, respectively.
A similar phenomenon was also observed in experimental
animals. Berry et al. [15] found that the prostate volume of
castrated dogs increased after exogenous androgen supple-
mentation. Prostate volume shrunk after older dogs with
BPH were castrated, but increased again after exogenous
androgen supplementation. After injecting testosterone sub-
cutaneously into mice and constructing a BPHmouse model,
it was observed that the prostates of mice were enlarged sig-
nificantly, the morphological structure of prostate cells chan-
ged, and the stromal cells and epithelial cells became
hypertrophic. The expression of antiapoptotic gene Bcl-2 in
the prostates of mice in the BPH group was significantly
upregulated, while the expression of apoptosis-related genes,
such as Bax, p53, and caspase-3, were downregulated, result-
ing in cellular proliferation and BPH occurrence [16, 17].
Leimgruber et al. [18] proved in vitro that the proliferation
capacity of rat prostate smooth muscle cells (pSMCs) was sig-
nificantly enhanced, and the expression of proliferation-
related protein p-ERK1/2 increased after testosterone treat-
ment. The above results indicate that androgens are involved
in the proliferation of prostate tissue. Reducing androgen
levels can inhibit further prostate enlargement, and thus,
reduce prostate volume.

As age increases, the serum androgen level of elderly
men gradually decreases, while BPH incidence gradually
increases. This phenomenon appears contradictory, but is
actually related to the fact that the DHT level in the prostate
is not affected by age. When androgen levels in the serum and
prostate of BPH patients were measured separately, the

results showed that there was no significant correlation
between the level of serum T and the DHT level in prostate
tissue [19]. Cook and his colleagues [20] analyzed androgen
levels in the serum and prostate tissue of 251 patients with
prostate cancer, and they found that serum androgen con-
centration could not predict the level of androgens in pros-
tate tissue well. More interestingly, Thirumalai et al. [12]
used drugs to suppress androgens in 51 healthy men (aged
22–55) and then supplemented them with exogenous T at
different concentrations (1.25g, 2.5g, 5.0g, 10g, or 15g daily)
for 12 weeks. Exogenous T resulted in a dose-dependent
increase in serum T and DHT concentrations. The higher
the supplemental exogenous testosterone concentration, the
more significant the increase in serum T level. As for intra-
prostatic androgens, regardless of supplemental T dose,
intraprostatic DHT level was comparable and was 10 to 20
times higher than intraprostatic T. There was no obvious cor-
relation between the level of intraprostatic DHT and the level
of supplemented exogenous T; the intraprostatic DHT was
always maintained at a relatively stable level. This evidence
indicates that DHT can be efficiently converted from T and
retained stably in the prostate tissue, even if the serum T level
fluctuates in a broad physiological range. This finding may
explain why the prostate continues to be stimulated by
DHT after peripheral blood T declines in elderly men. The
concentration of DHT in prostate tissue can more accurately
reflect the effect of androgens on tissue proliferation.

DHT alone is not functional; a combination with andro-
gen receptor (AR) is required to achieve the corresponding
biological effects. The level of DHT in the prostate tissue of
BPH patients may not decrease with age, but AR expression
changes. Nicholson et al. [21] observed 52 specimens from
BPH patients after prostatectomy and found that the expres-
sion of AR was significantly higher than the AR expression of
normal prostate tissue. The number of AR-positive cells and
the density of AR staining in epithelial cells and stromal cells
both increased. Monti et al. [22] further observed that both
androgen concentration and AR expression levels were high-
est in the periurethral prostate (the main site of hyperplasia).
This indicates that androgens may be more likely to bind to
the receptor and activate downstream reaction pathways in
BPH tissues, especially around the urethra, resulting in corre-
sponding biological effects. Recently, researchers have found
that there are two different AR subtypes in smooth muscle
cells. The AR subtype in the cytoplasm is involved in the reg-
ulation of proliferation and inflammation, while another AR
subtype on the cell membrane has a stronger promoting
effect on cell proliferation [23]. As age increases, changes in
the homeostasis of the prostate may cause changes in the
expression levels of different AR subtypes. These changes
may increase an androgen’s promotion of prostate epithelial
and stromal cell proliferation, resulting in further BPH
progression.

The above results indicate that androgens, represented by
DHT in prostate tissue, play an important role in the patho-
logical progression of BPH. However, a decrease in serum
androgen and serum T levels does not effectively change
the level of androgens (especially DHT) in prostate tissue.
An increase in AR expression and changes in expressions of
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AR subtype in BPH tissues can also strengthen the intrapro-
static DHT-promoting effect, leading to the proliferation of
prostate tissues.

3. The Role of Inflammation in BPH

After middle age, the total volume of the prostate increases
with age [24]. Clinical practice has proven that taking 5α-
reductase inhibitor (5AR-I) can effectively reduce the level
of DHT in prostate tissue and reduce the risk of BPH pro-
gression, but 10% of patients (17% of the control group) still
have clinical progress [14, 25]. This shows that androgens are
not the only factors that cause BPH/LUTS. To accurately
select an effective treatment for patients, it is necessary to dis-
tinguish the roles of androgens and other factors in BPH and
to discover the mechanism behind the other factors. Through
observing prostate tissue biopsy specimens and surgical spec-
imens of patients with prostate disease, chronic inflamma-
tion was found in BPH tissue. Zlotta et al. [26] anatomized
the cadavers of 100 Asian males and 320 Caucasian males
and observed chronic inflammation in the prostate in more
than 70% of autopsy specimens in both groups. Multivariate
statistical analysis showed that those with chronic inflamma-
tion in the prostate had a seven-fold higher risk of BPH than
those without inflammation (HR: 6.84; 95% CI: 4.05–11.78;
P < 0:0001) [26]. Experimental data from MTOPS showed
that chronic inflammation infiltration was found in about
40% of BPH biopsy specimens, and these people had higher
serum PSA levels and larger prostate volumes [25, 27]. The
REDUCE trial reported similar findings. Prostate biopsies
were performed on 8,824 patients, and chronic inflammation
was observed in 77.6% of the samples [28, 29]. Thus, inflam-
mation was widespread in the prostates of BPH patients, and
the degree of inflammation was also positively correlated
with prostate volume.

According to clinical observations, chronic inflammation
in the prostate is a common risk factor for benign prostate
enlargement (BPE) and LUTS, in addition to intraprostatic
DHT. Analysis of the REDUCE trial, which utilized a
large sample, showed that prostate inflammation was
positively correlated with prostate volume (46.5mL vs.
43.4mL; P < 0:0001) and international prostate symptom
score (IPSS) (8.8 vs. 8.2; P < 0:0001) [28, 29]. Robert et al.
[30] observed specimens from 282 patients undergoing
BPH surgery and found significant correlation between the
degree of prostate inflammation, prostate volume, and IPSS.
The mean prostate volume in the low-inflammation group
was 62mL, while that of the high-inflammation group was
77mL (P = 0:002). Also, the average IPSSs of the low-
inflammation and high-inflammation groups were 12 and
21 (P = 0:02), respectively. In addition to grade of prostatic
inflammation, recent studies have found that differences in
the distribution of inflammation in the prostate’s transition
zone may also influence the severity of clinical symptoms in
patients. By observing the TURP and HoLEP samples of
179 BPH patients, the patients were divided into stromal
group and nonstromal groups according to whether or not
the main site of chronic inflammation occurred in the
stromal tissue. The stromal group was found to have a

significantly larger total prostate volume (TPV) than the
nonstromal group (63.8 vs. 53.8mL; P = 0:032), and the inci-
dence of AUR was significantly increased (36.1% vs. 11.4%;
P = 0:006) [31]. There were also significant differences in uri-
nary indicators. The maximum urine flow rate in the stromal
group was significantly lower than in the nonstromal group
(7.3 vs. 9.8mL/s; P = 0:004) [31]. It was found that as prostate
stromal inflammation increased, prostate volume also
increased, and symptoms worsened. We know that there
are differences in physiological function and in the ratio of
stroma to epithelium in the prostate. Inflammation in the
stroma and epithelium may affect the progression of BPH
and LUTS; stromal inflammation can have an especially pro-
found effect. Distinguishing whether inflammation mainly
occurs in prostate stromal tissue or epithelial tissue can
improve understanding about the role of inflammation in
BPH and LUTS. This finding may also guide clinical treat-
ment. Early treatment for patients with stromal inflamma-
tion, such as surgical treatment, may be effective in
preventing further enlargement of the prostate and further
deterioration of lower urinary tract symptoms, which may
improve quality of life.

BPH-induced lower urinary tract symptoms are the main
reason patients seek medical treatment. However, the effects
of LUTS can be caused by a number of reasons, including sys-
temic inflammation, prostate volume, and the extent to which
the prostate protrudes from the bladder. Through observation
of patients with obesity or metabolic syndrome, it has been
found that lower urinary tract storage symptoms are related
to bladder function and prostate inflammation and can be
independent to prostate volume [32]. St Sauver et al. [33]
analyzed the medical histories of 2,447 Caucasians in
Olmsted County and found that the incidence of LUTS was
lower in patients with long-term use of nonsteroidal anti-
inflammatory drugs (NSAIDs). However, Sutcliffe et al. [34]
observed 4,471 BPH patients and used 6 different clinical cri-
teria to conclude that taking NSAIDs was not associated with
BPH or LUTS. Interestingly, analysis based on the Finnish
National Drug Reimbursement Database shows that patients
usingNSAIDs have a higher risk of BPH [35]. The observations
of Torkko et al. [36] also support this view. They analyzed the
clinical data and initial pathological specimens of 859 people
from the MTOPS experiment and found that patients taking
NSAIDs had a higher risk of BPH and LUTS progression.
The relationship between systemic inflammation and
BPH/LUTS is still unclear. Some researchers believe that sys-
temic inflammation may cause atherosclerosis in the bladder
and prostate blood vessels, leading to LUTS. Whether inflam-
mation affects BPH and LUTS through systemic inflammation
or through the prostate itself requires further research.

In short, our understanding of the relationship between
inflammation and BPH is only the tip of the iceberg. In addi-
tion to cell proliferation, inflammatory cytokines can also
affect the phenotype of prostate cells. The difference in the
ratio of stromal to epithelial cells in the prostate transition
zone, prostate nodule type, and the main inflammatory infil-
trated tissue can also lead to differences in LUTS. The direct
mechanism by which inflammatory infiltration in the pros-
tate influences LUTS requires further study.
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4. The Combined Effect of Androgens
and Inflammation

Androgens and inflammation are both important factors
leading to pathological changes in prostate tissue. They trig-
ger the proliferation of prostate transition zone cells in BPH
patients, which causes tissue structure remodeling, and
finally induce LUTS. What is the relationship between
androgens and inflammation in the occurrence and develop-
ment of BPH and LUTS? Is there a mutual promotion or
inhibition between them?

Many studies have found that androgens in prostate tis-
sue can inhibit inflammation. Quintar et al. [37] treated rats
with androgen deprivation (orchiectomy) and found that the
expression of TLR4, CD14, and MyD88 (intrinsic immune-
related proteins) in prostate tissue gradually increased with
time. Western blotting and immunocytochemical analysis
showed that the expressions of antibacterial proteins rBD-1
and SP-D gradually increased. Furthermore, E. coli was inoc-
ulated into the ventral side of the rat prostate. Five days later,
it was found that the number of bacteria in the prostates of
the orchiectomy group was significantly lower than the bac-
teria levels of the control group [37]. Androgens seem to play
an important role in maintaining the balance of prostate
immunity. Interestingly, Murtola et al. [38] analyzed the
results of the prostate cancer prevention trial (PCPT) and
found that compared with the control group, the incidence
of inflammation in the prostate was significantly increased
in both benign andmalignant groups after finasteride admin-
istration. The trial indicated that after DHT was downregu-
lated in the prostate, the inhibitory effect on inflammation
was weakened, and thus, the inflammation of prostate tissue
became more obvious. However, the author also pointed out
that there was no significant change in PSA levels consistent
with increased inflammation [38]; consequentially, it was
unclear whether the upregulated inflammation after finaste-
ride administration affected the prostate of BPH patients.

Just as androgens can affect inflammation, inflammation
can also affect androgens. Proinflammatory cytokines and
immune cells can influence the androgen pathway in the
prostate,and synergize with hormones to enhance prolifera-
tive stimulation for prostate cells. In 105 prostatectomy
specimens, the hyperplastic prostate samples (created by
combining three immunohistochemical markers: CD4,
CD8, and CD20 assessments) showed clear correlation
between immune-mediated inflammation and both prostate
volume and AR expression. The immune-mediated inflam-
mation specimens had larger prostate volumes (62.7mL vs.
49.2mL; P < 0:05) and higher AR expression levels (56.1%
vs. 28.2%; P < 0:05) [39]. In contrast to the results of in vivo
experiments, Debelec-Butuner et al. [40] found that TNF-α
downregulated the expression of AR and AR target genes
(KLK4, PSA, and NKX3.1) in LNCaP and RWPE-1 cells
and also downregulated p53, leading to increased gene het-
erogeneity in prostate epithelial cells. This change could be
reversed by addition of anti-TNF antibodies or androgen
supplementation. The difference between in vivo and
in vitro experimental results indicates that the internal rela-
tionship between prostate inflammation, AR expression,

and prostate volume is still unclear. One possible explanation
for this contrast may be that some specific inflammatory fac-
tors may influence the prostate cells in vitro, but the factors’
independent effects may not be the real cause of the disease.
The key point is whether there is a causal relationship
between inflammation and AR expression, and deeper mech-
anisms require further exploration.

The prostate is mainly composed of supporting stromal
tissues and acinar epithelial tissues. The predominance of
prostate tissue differed in different types of prostatic hyper-
plasia nodules, which affect the LUTS of BPH patients [11].
The effects of androgens and inflammation on different tis-
sues in the prostate may also differ. Leimgruber et al. [18]
treated pSMCs with lipopolysaccharide (LPS) and testoster-
one and found that testosterone can significantly inhibit the
activation of TLR4 and NF-κB pathways caused by LPS
stimulation, thereby inhibiting the expression of proinflam-
matory factors such as TNF-α and IL-6. However, the author
observed a very interesting phenomenon, in which testoster-
one or LPS alone would stimulate pSMC proliferation, but
simultaneous addition of testosterone and LPS inhibited
stromal cell proliferation [18]. This suggests that the
combination of testosterone and inflammation mutually
influence the proliferation of pSMCs in vitro. Additionally,
this influence is not a simple addition of two independent
effects. On the contrary, some researchers have observed that
DHT treatment itself shows dose-dependent inhibition on
the proliferation of prostate epithelial cell lines BPH-1 and
PrEC [41]. Further research illustrated that after DHT treat-
ment downregulated the expressions of cellular proliferation-
related proteins c-myc and cyclin D1, the expression of CDK
(cyclin-dependent kinase) inhibitor p21 was upregulated,
and the cell cycle was limited at the G0/G1 phase [41, 42].

The DHT levels in the prostates of BPH patients were sig-
nificantly higher than those of circulating blood, and there
was extensive inflammation in the tissues of the patients’
prostates. The effects of DHT and inflammation in the pros-
tate may be related to DHT concentration and the degree or
location of inflammation. Zhao et al. [41] focused on the
effects of androgens and inflammatory stimulation on mac-
rophages (a type of inflammatory cells that are very common
in hyperplastic prostate tissue), rather than their direct effects
on prostate tissue. They simulated prostate surgical wounds
on experimental canines. At 1–2 weeks, they found that com-
pared with the testosterone injection group, there were sig-
nificantly fewer M1 macrophages in the prostates of the
finasteride group and the control group. The concentration
of TNF-α at the wound was also lower. At the same time,
when DHT was added to low dose, LPS-treated THP-1 cells
(a human-derived immortalized monocyte), the expression
of TNF-α increased significantly, which was not evident in
THP-1-shAR cells [41]. DHT can upregulate the expression
of inflammatory factor TNF-α by stimulating AR on acti-
vated macrophages. When constructing a BPH mouse model
using exogenous androgens, it was found that the classic
inflammation pathway NF-κB was activated in the prostate
tissue of mice injected with testosterone subcutaneously,
and the expressions of IL-8, TNF-α, and COX-2 were signif-
icantly upregulated [16, 17]. The microenvironment in the
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prostate can be affected after testosterone injection, leading
to pathological changes. At the same time, testosterone injec-
tion induces the activation of inflammatory pathways in the
prostate and increases the secretion of inflammatory cyto-
kines. Some researchers administered ACEI (captopril) to
mice with testosterone-induced BPH, and ACEI was able to
significantly inhibit prostate cell remodeling. Also, the
expression of inflammatory cytokines like IL-8 and TNF-α
in the ACEI group was significantly lower than in the BPH
group [17]. It is reasonable to speculate that the expression
of AngII could be upregulated after androgen supplementa-
tion activates the RAS system in the prostate, which in turn
activates the NF-κB inflammatory pathway and causes
increased secretion of inflammatory cytokines. This would
stimulate the processes of prostate tissue damage and repair,
resulting in BPH development. At the same time, due to the
activation of the RAS system in the prostate, blood vessels
and ducts would become blocked and calcified, which would
further aggravate inflammation infiltration and ultimately
lead to LUTS.

Another group of researchers performed a similar exper-
iment. They gave saw palmetto to mice with testosterone-
induced BPH and found that compared with BPH mice,
prostate volume and weight were significantly reduced, pros-
tatic cell hypertrophy was significantly improved, and the
level of inflammatory cytokines was downregulated. The
effect was similar to that of the classic BPH treatment drug
finasteride. Interestingly, the researchers found that in addi-
tion to the antiandrogenic effect, saw palmetto also shows
an anti-inflammatory effect, which can downregulate B lym-
phocyte infiltration in the prostate and reduce the levels of
IL-1 and TNF-α [43, 44]. At present, most scholars believe
that pathogenic infection and lymphocyte aggregation
caused by urine reflux are the main causes of prostatic
inflammation, but clinically, BPH has not been observed to
be associated with prostatitis. Perhaps, the combination of
DHT and mild inflammation in the prostate transition zone
amplify the expression of inflammatory factors and upregu-
late the proliferation ability of prostate tissue, instead of
inflammatory infiltration as the main manifestation. The
DHT levels in the prostates of BPH patients and the predis-
posing factors of inflammation deserve more in-depth study.

Stromal, epithelial, and immune cells are the main com-
ponents of hyperplastic prostate tissue. BPH is the result of
the combined effects of different factors on the three compo-
nents. Studying the roles of and relationship between andro-
gens and inflammation in prostate stromal, epithelial, and
immune cells will improve understanding of the pathogene-
sis of BPH and LUTS and enable the creation of more effec-
tive treatment plans in the clinical setting.

5. Conclusion

Although our understanding of the mechanism by which
androgen changes and inflammation induce BPH in the
prostate remains incomplete, current research indicates that
changes in androgen levels and AR expression in the pros-
tate, as well as chronic inflammation, play important roles
in the occurrence and progression of BPH and LUTS. BPH

is a comprehensive manifestation of various factors, espe-
cially androgens and inflammation, on the stimulation of
prostate intraepithelial and stromal tissues. If the influence
of androgens and prostate inflammation on BPH progression
can be understood, clinicians can be better supported and
more suitable treatment plans can be made.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

References

[1] G. KRAMER, D. MITTEREGGER, and M. MARBERGER, “Is
benign prostatic hyperplasia (BPH) an immune inflammatory
disease?,” European Urology, vol. 51, no. 5, pp. 1202–1216,
2007.

[2] C.Welliver, L. Feinstein, J. B. Ward et al., “Trends in lower uri-
nary tract symptoms associated with benign prostatic hyper-
plasia, 2004 to 2013: the Urologic Diseases in America
Project,” Journal of Urology, vol. 203, no. 1, pp. 171–178, 2020.

[3] C. DE NUNZIO, F. PRESICCE, and A. TUBARO, “Inflamma-
tory mediators in the development and progression of benign
prostatic hyperplasia,” Nature Reviews. Urology, vol. 13,
no. 10, pp. 613–626, 2016.

[4] A. Sciarra, F. di Silverio, S. Salciccia, A. M. Autran Gomez,
A. Gentilucci, and V. Gentile, “Inflammation and chronic
prostatic diseases: evidence for a link?,” European Urology,
vol. 52, no. 4, pp. 964–972, 2007.

[5] A. Tubaro, C. De Nunzio, F. Puccini, and F. Presicce, “The
evolving picture of lower urinary tract symptom manage-
ment,” European Urology, vol. 67, no. 2, pp. 271-272, 2015.

[6] C. De Nunzio, W. Aronson, S. J. Freedland, E. Giovannucci,
and J. K. Parsons, “The correlation between metabolic syn-
drome and prostatic diseases,” European Urology, vol. 61,
no. 3, pp. 560–570, 2012.

[7] J. P. Alukal and H. Lepor, “Testosterone deficiency and the
prostate,” The Urologic Clinics of North America, vol. 43,
no. 2, pp. 203–208, 2016.

[8] I. Sasagawa, T. Nakada, T. Kazama, S. Satomi, T. Terada, and
T. Katayama, “Volume change of the prostate and seminal ves-
icles in male hypogonadism after androgen replacement ther-
apy,” International Urology and Nephrology, vol. 22, no. 3,
pp. 279–284, 1990.

[9] C. A. Salter and J. P. Mulhall, “Guideline of guidelines: testos-
terone therapy for testosterone deficiency,” BJU international,
vol. 124, no. 5, pp. 722–729, 2019.

[10] T. Pejčić, T. Tosti, Ž. Tešić et al., “Testosterone and dihydro-
testosterone levels in the transition zone correlate with pros-
tate volume,” Prostate, vol. 77, no. 10, pp. 1082–1092, 2017.

[11] C. G. Roehrborn, “Pathology of benign prostatic hyperplasia,”
International Journal of Impotence Research, vol. 20, no. S3,
Suppl 3, pp. S11–S18, 2008.

[12] A. Thirumalai, L. A. Cooper, K. B. Rubinow et al., “Stable
intraprostatic dihydrotestosterone in healthy medically cas-
trate men treated with exogenous testosterone,” The Journal
of Clinical Endocrinology and Metabolism, vol. 101, no. 7,
pp. 2937–2944, 2016.

[13] J. D. McConnell, R. Bruskewitz, P. Walsh et al., “The effect of
finasteride on the risk of acute urinary retention and the need
for surgical treatment among men with benign prostatic

5Mediators of Inflammation



hyperplasia,” The New England Journal of Medicine, vol. 338,
no. 9, pp. 557–563, 1998.

[14] C. G. Roehrborn, P. Boyle, J. C. Nickel, K. Hoefner,
G. Andriole, and ARIA3001 ARIA3002 and ARIA3003 Study
Investigators, “Efficacy and safety of a dual inhibitor of 5-
alpha-reductase types 1 and 2 (dutasteride) in men with
benign prostatic hyperplasia,” Urology, vol. 60, no. 3,
pp. 434–441, 2002.

[15] S. J. Berry, L. L. Ewing, D. S. Coffey, and J. D. Strandberg,
“Effect of age, castration, and testosterone replacement on
the development and restoration of canine benign prostatic
hyperplasia,” Prostate, vol. 9, no. 3, pp. 295–302, 1986.

[16] H. V. Sudeep, K. Venkatakrishna, B. Amrutharaj, Anitha, and
K. Shyamprasad, “A phytosterol-enriched saw palmetto super-
critical CO2 extract ameliorates testosterone-induced benign
prostatic hyperplasia by regulating the inflammatory and apo-
ptotic proteins in a rat model,” BMC Complement Altern Med,
vol. 19, no. 1, p. 270, 2019.

[17] F. Mostafa, E. M. Mantawy, S. S. Azab, and E. el-Demerdash,
“The angiotensin converting enzyme inhibitor captopril atten-
uates testosterone-induced benign prostatic hyperplasia in
rats; a mechanistic approach,” European Journal of Pharmacol-
ogy, vol. 865, p. 172729, 2019.

[18] C. Leimgruber, A. A. Quintar, L. N. García, J. P. Petiti, A. L. De
Paul, and C. A. Maldonado, “Testosterone abrogates TLR4
activation in prostate smooth muscle cells contributing to the
preservation of a differentiated phenotype,” Journal of Cellular
Physiology, vol. 228, no. 7, pp. 1551–1560, 2013.

[19] R. S. Swerdloff, R. E. Dudley, S. T. Page, C. Wang, and W. A.
Salameh, “Dihydrotestosterone: biochemistry, physiology,
and clinical implications of elevated blood levels,” Endocrine
Reviews, vol. 38, no. 3, pp. 220–254, 2017.

[20] M. B. Cook, F. Z. Stanczyk, S. N. Wood et al., “Relationships
between circulating and intraprostatic sex steroid hormone
concentrations,” Cancer Epidemiology Biomarkers & Preven-
tion, vol. 26, no. 11, pp. 1660–1666, 2017.

[21] T. M. Nicholson, P. D. Sehgal, S. A. Drew, W. Huang, and
W. A. Ricke, “Sex steroid receptor expression and localization
in benign prostatic hyperplasia varies with tissue compart-
ment,” Differentiation, vol. 85, no. 4-5, pp. 140–149, 2013.

[22] S. Monti, F. Di Silverio, V. Toscano et al., “Androgen concen-
trations and their receptors in the periurethral region are
higher than those of the subcapsular zone in benign prostatic
hyperplasia (BPH),” Journal of Andrology, vol. 19, no. 4,
pp. 428–433, 1998.

[23] N. Peinetti, M. V. Scalerandi, M. M. Cuello Rubio et al., “The
response of prostate smooth muscle cells to testosterone is
determined by the subcellular distribution of the androgen
receptor,” Endocrinology, vol. 159, no. 2, pp. 945–956, 2018.

[24] B. JIN, A. J. CONWAY, and D. J. HANDELSMAN, “Effects of
androgen deficiency and replacement on prostate zonal vol-
umes,” Clinical Endocrinology, vol. 54, no. 4, pp. 437–445,
2001.

[25] J. D. McConnell, C. G. Roehrborn, O. M. Bautista et al., “The
long-term effect of doxazosin, finasteride, and combination
therapy on the clinical progression of benign prostatic hyper-
plasia,” The New England Journal of Medicine, vol. 349,
no. 25, pp. 2387–2398, 2003.

[26] A. R. Zlotta, S. Egawa, D. Pushkar et al., “Prevalence of inflam-
mation and benign prostatic hyperplasia on autopsy in Asian
and Caucasian men,” European Urology, vol. 66, no. 4,
pp. 619–622, 2014.

[27] C. G. Roehrborn, “Definition of at-risk patients: baseline vari-
ables,” BJU international, vol. 97, no. s2, Suppl 2, pp. 7–11, 2006.

[28] J. C. Nickel, C. G. Roehrborn, M. P. O'Leary, D. G. Bostwick,
M. C. Somerville, and R. S. Rittmaster, “The relationship
between prostate inflammation and lower urinary tract symp-
toms: examination of baseline data from the REDUCE trial,”
European Urology, vol. 54, no. 6, pp. 1379–1384, 2008.

[29] G. Gandaglia, A. Briganti, P. Gontero et al., “The role of
chronic prostatic inflammation in the pathogenesis and pro-
gression of benign prostatic hyperplasia (BPH),” BJU Interna-
tional, vol. 112, no. 4, pp. 432–441, 2013.

[30] G. Robert, A. Descazeaud, N. Nicolaïew et al., “Inflammation
in benign prostatic hyperplasia: a 282 patients’ immunohisto-
chemical analysis,” Prostate, vol. 69, no. 16, pp. 1774–1780,
2009.

[31] S. Inamura, H. Ito, T. Shinagawa et al., “Prostatic stromal
inflammation is associated with bladder outlet obstruction in
patients with benign prostatic hyperplasia,” Prostate, vol. 78,
no. 10, pp. 743–752, 2018.

[32] Q. He, Z. Wang, G. Liu, F. Daneshgari, G. T. MacLennan, and
S. Gupta, “Metabolic syndrome, inflammation and lower uri-
nary tract symptoms: possible translational links,” Prostate
Cancer and Prostatic Diseases, vol. 19, no. 1, pp. 7–13, 2016.

[33] J. L. St Sauver, D. J. Jacobson, M. E. McGree, M. M. Lieber, and
S. J. Jacobsen, “Protective association between nonsteroidal
antiinflammatory drug use and measures of benign prostatic
hyperplasia,” American Journal of Epidemiology, vol. 164,
no. 8, pp. 760–768, 2006.

[34] S. Sutcliffe, R. L. Grubb III, E. A. Platz et al., “Non-steroidal
anti-inflammatory drug use and the risk of benign prostatic
hyperplasia-related outcomes and nocturia in the prostate,
lung, colorectal, and ovarian cancer screening trial,” BJU Inter-
national, vol. 110, no. 7, pp. 1050–1059, 2012.

[35] L. H. Nygård, K. Talala, K. Taari, T. L. J. Tammela, A. Auvinen,
and T. J. Murtola, “The effect of non-steroidal anti-
inflammatory drugs on risk of benign prostatic hyperplasia,”
Prostate, vol. 77, no. 9, pp. 1029–1035, 2017.

[36] K. C. Torkko, R. S. Wilson, E. E. Smith, J. W. Kusek,
A. van Bokhoven, and M. S. Lucia, “Prostate biopsy
markers of inflammation are associated with risk of clinical
progression of benign prostatic hyperplasia: findings from
the MTOPS study,” The Journal of Urology, vol. 194, no. 2,
pp. 454–461, 2015.

[37] A. A. Quintar, C. Leimgruber, O. A. Pessah, A. Doll, and C. A.
Maldonado, “Androgen depletion augments antibacterial
prostate host defences in rats,” International Journal of
Andrology, vol. 35, no. 6, pp. 845–859, 2012.

[38] T. J. Murtola, B. Gurel, M. Umbehr et al., “Inflammation in
benign prostate tissue and prostate cancer in the finasteride
arm of the prostate cancer prevention trial,” Cancer Epidemiol-
ogy Biomarkers & Prevention, vol. 25, no. 3, pp. 463–469, 2016.

[39] Z.-L. Wu, Y. Yuan, H. Geng, and S.-J. Xia, “Influence of
immune inflammation on androgen receptor expression in
benign prostatic hyperplasia tissue,” Asian Journal of Androl-
ogy, vol. 14, no. 2, pp. 316–319, 2011.

[40] B. Debelec-Butuner, C. Alapinar, L. Varisli et al., “Inflamma-
tion-mediated abrogation of androgen signaling: an in vitro
model of prostate cell inflammation,” Molecular Carcinogene-
sis, vol. 53, no. 2, pp. 85–97, 2014.

[41] R. Zhao, X. Wang, C. Jiang et al., “Finasteride accelerates pros-
tate wound healing after thulium laser resection through DHT

6 Mediators of Inflammation



and AR signalling,” Cell Proliferation, vol. 51, no. 3, article
e12415, 2018.

[42] D. J. Vander Griend, I. V. Litvinov, and J. T. Isaacs, “Conver-
sion of androgen receptor signaling from a growth suppressor
in normal prostate epithelial cells to an oncogene in prostate
cancer cells involves a gain of function in c-Myc regulation,”
International Journal of Biological Sciences, vol. 10, no. 6,
pp. 627–642, 2014.

[43] C. De Nunzio, A. Salonia, M. Gacci et al., “Inflammation is a
target of medical treatment for lower urinary tract symptoms
associated with benign prostatic hyperplasia,” World Journal
of Urology, 2020.

[44] V. Ficarra, M. Rossanese, M. Zazzara et al., “The role of inflam-
mation in lower urinary tract symptoms (LUTS) due to benign
prostatic hyperplasia (BPH) and its potential impact on med-
ical therapy,” Current Urology Reports, vol. 15, no. 12, p. 463,
2014.

7Mediators of Inflammation


	Review of the Roles and Interaction of Androgen and Inflammation in Benign Prostatic Hyperplasia
	1. Introduction
	2. The Role of Androgens in BPH
	3. The Role of Inflammation in BPH
	4. The Combined Effect of Androgens and Inflammation
	5. Conclusion
	Conflicts of Interest

