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Abstract: Prostatic hyperplasia is very common in elderly men and is a typical disease

that reduces quality of life. Histologically, hyperplasia of the prostate gland causes

obstruction at the bladder outlet, resulting in symptoms such as a weak urine stream.

Various factors have been considered to cause histological enlargement of the prostate,

but the underlying cause is still unknown. The factors that cause prostate hyperplasia

can be broadly classified into intrinsic and extrinsic ones. Extrinsic factors include things

that we directly come into contact with such as bacteria and food. On the other hand,

intrinsic factors are those that cause changes in functions originally provided in the body

due to some cause, including extrinsic factors, such as chronic inflammation and an

imbalance of sex hormones. A large number of reports have been made to date

regarding the etiology of prostatic hyperplasia, although they have not yet clarified the

fundamental cause(s). The various factors currently known should be outlined for future

research. Should it be possible to prevent this highly prevalent prostatic hyperplasia

which is mainly cause of dcreasing quality of life, there is no doubt that it would be a

huge contribution to humanity.
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INTRODUCTION

Benign prostatic hyperplasia (BPH), which is one of the major causes of the decline in the
quality of life caused by lower urinary tract symptoms (LUTS), is a common histological
finding in elderly men.1 The gold standard for BPH treatment has been surgical therapy, typi-
fied by TURP, but there are concerns about perioperative and postoperative complications
especially for the elderly with comorbidities. On the other hand, medical therapy is often
more preferred than surgical therapy, but it is less effective than surgical therapy, and in some
cases may cause side effects specific to medical therapy. Under these circumstances, a para-
digm shift in BPH treatment is occurring due to the rise of minimally invasive surgical treat-
ment in recent years.2

Enlargement of adenomas, mainly in the transition zone (TZ), is the main histologic
finding.3,4 We previously reported that prostate volume (PV) rapidly increased with age in
patients with a prostate having a visible TZ with a clear border on transrectal ultrasound
(TRUS) compared to that not having one in a community-based longitudinal study during
15 years (Figures 1 and 2).5 However, we do not precisely know its etiology, although aging
has an influence on it. The fact that the etiology of BPH is not clearly understood has led to
a backward step in treatment, resulting in many surgical procedures without prevention or
effective early treatment. We would therefore like to enumerate as comprehensively as possi-
ble the reports on the etiology of BPH, which consists of intrinsic and extrinsic factors.

INTRINSIC FACTORS
Sex hormones

Androgens

There is no doubt that testosterone is an essential factor in prostate growth. Wendel et al.
reported that the BPH present in patients with prostatic carcinoma treated with bilateral
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orchiectomy was of a lower grade than in those patients not
having this treatment.6 Nishi et al. reported that testosterone
administration to rats after castration caused regrowth of the

prostate.7 Holm€ang et al. reported that eight months of testos-
terone administration to eugonadal middle-aged men
increased PV by approximately 12%, which was significantly

FIGURE 1 Prostate images on transrectal

ultrasonography and schematics of internal

prostatic architecture: (a) group 1, prostates with

an invisible TZ, (b) group 2, prostates with a

visible TZ with an unclear border, (c, d) group 3,

prostates with a visible TZ with a clear border.

Reprinted with permission from John Wiley &

Sons.4 Order Number: 5678031466051.

FIGURE 2 Changes in prostate volume in 15 years by internal prostatic architecture (a) group 1, prostates with an invisible TZ, (b) group 2, prostates with a visi-

ble TZ with an unclear border, (c) group 3, prostates with a visible TZ with a clear border. The PV change in group 3 was significantly greater than in groups 1

and 2. Reprinted with permission from John Wiley & Sons.4 Order Number: 5678031466051.
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higher than in a placebo group.8 Furthermore, there are many
reports regarding testosterone-related products. DeKlerk et al.
reported that prostatic hyperplasia can be induced in young
beagles by treatment with either dihydrotestosterone (DHT)
or 5a-androstane-3a,17,8-diol for 4 months.9

However, a paradox exists in which the prostate is
enlarged despite aging and the testosterone level falling. Tes-
tosterone alone seems not to be sufficient for developing
BPH. Lee et al. reported that total serum testosterone levels
were not clearly correlated with their total PV in middle-aged
eugonadal men.10 Furthermore, testosterone may reduce PV
by reducing inflammation within the prostate. Miranda et al.
reported that testosterone replacement therapy improved com-
ponents of metabolic syndrome and decreased prostate
inflammation, which is related to the worsening of LUTS in
patients with BPH.11 Marks et al. reported that the effects of
6-month testosterone replacement therapy in aging hypogona-
dal men resulted in elevated serum testosterone levels but no
change in prostate tissue levels of testosterone and DHT.12

Testosterone might have a pivotal role in maintaining the
gland in a basal immunosuppressive status, thereby reducing
the risk of further development of BPH. Quintar et al.
reported that the expression of immune-related proteins in the
prostates of rats with orchiectomy gradually increased.13

The androgen receptor (AR) is essential for normal pros-
tate development and individuals with defective AR signaling
do not experience prostate enlargement with age.14 Bauman
et al. reported that AR mRNA expression was increased in
stromal cells but decreased in epithelial cells of BPH com-
pared to the normal prostate.15 This supports the concept that
prostatic stromal cells in BPH have become more androgen
dependent than in the normal prostate. It is possible that AR
signaling within stromal cells alters intercellular signaling and
a reawakening of the embryonic mesenchyme, loss of epithe-
lial AR leads to changes in paracrine signaling interactions,
aids in stromal or epithelial proliferation evident in BPH.14

AR-variant 7 (AR-V7) mRNA expression were higher in
prostate cancer than BPH.16 However, Austin et al. reported
that elevated expression of an AR-V7 was found in advanced
BPH samples and that expression of AR-V7 significantly cor-
related with PV.17 Additionally, a link between inflammatory
signaling and AR activity has been observed. Austin et al.
reported that activation of nuclear factor-kappa B (NF-kB),
which regulates the expression of genes involved in inflam-
matory and immune responses, stimulated the expression of
both AR full length and AR-V7 and elevated the proliferation
rates of benign epithelial and stromal cells.17,18 Wu et al.
reported that an immune inflammation group had larger pros-
tates and higher AR expression levels in prostatectomy sam-
ples than a non-inflammation group.19

Estrogens

Although serum androgen levels decline with advancing
age,20 serum estrogens lack an age-related change.21 In aging
men, paralleling the decrease of testosterone levels, the ratio
of estrogens to androgens shows an important increase.
Roberts et al. reported that patients with BPH had higher
serum estradiol levels or estradiol/bioavailable testosterone
ratios.21 King et al. reported that normal prostate stromal cell

proliferation was stimulated by an increasing ratio of estro-
gen/androgen and proliferation of normal prostate epithelial
cells is stimulated as a result of an indirect action of steroids
mediated by stromal cells.22 Popovics et al. reported that ste-
roid hormone imbalance increased macrophage numbers,
which is related to prostatic proliferation and fibrosis.23 Ham-
marsten et al. reported that total PV correlated significantly
with free estradiol and fasting serum insulin.24 Hyperinsuline-
mia may be the primary event of BPH according to the insu-
lin and estradiol hypothesis.

Estrogen receptor (ER) subtypes ERa and ERb are
expressed in the prostate. The activation of ER-a leads to
aberrant proliferation, inflammation, and the development of
premalignant lesions, whereas the activation of ER-b is criti-
cal in prostatic stromal–epithelial cell signaling and mediating
antiproliferative effects that balance the proliferative action of
androgens on the epithelia.25 Nicholson et al. reported that
co-treatment with an ERa antagonist prevented prostate
growth in male mice treated with testosterone and estradiol
for one month, whereas an ERb antagonist did not.26 Krege
et al. reported that older ERb �/� male mice exhibited indi-
cations of epithelial hyperplasia in the prostatic collecting
ducts.27 This emphasizes the fact that ERb inhibits prolifera-
tion in the prostate. Nicholson et al. attributed the prostatic
hyperplasia observed in ERb knockout mice to the unop-
posed action of ERa, suggesting that the ratio ERa/ERb is an
important factor in estrogen-induced proliferation.28

G protein-coupled receptor (GPR) may be one of the key
factors for BPH. Estrogens function via GPR/Gai signaling
to modulate epidermal growth factor (EGF) receptor/extracel-
lular signal-regulated kinase (ERK) and hypoxia inducible
factor (HIF)-1a/transforming growth factor (TGF)-b1 signal-
ing to increase prostatic stromal cell proliferation and pros-
tatic stromal fibrosis.29 Additionally, an increase in epithelial
cell accumulation caused by the inhibition of GPR30-
mediated apoptosis may contribute to BPH pathogenesis.30

Estrogens regulate prostate epithelial cell survival via GPR30
and the abundance of GPR30 was shown to be negatively
associated with PV.

Aromatase, the enzyme responsible for conversion of testos-
terone to estradiol, has also been reported to promote BPH.
The existence of an androgenic to estrogenic switch in the pro-
gression of BPH is facilitated via increased stromal levels of
aromatase.31 The blocking of conversion of androgens to estro-
gens by aromatase inhibitors seems to prevent prostatic
hyperplasia.32 Habenicht et al. reported that the aromatase
inhibitor l-methyl-androsta-1,4-diene-3,17-dion could prevent
the hyperplastic change of the prostate in a monkey model.33

However, in a double-blind, placebo-controlled, randomized
controlled trial, the aromatase inhibitor atamestane was not
found to be effective in BPH patients.34 It cannot be concluded
that aromatase inhibitors are suitable for the treatment of BPH.

Chronic inflammation

BPH may be an immunoinflammatory disease.35 Chronic
inflammation has long been implicated in BPH. Kohnen et al.
reported that, of 162 sequential patients undergoing transure-
thral resection of the prostate (TURP) for BPH with LUTS,
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98.1% were observed to have histologic inflammation.36 Di
Silverio et al. reported that inflammation significantly
increased with the increase in PV, with 77% of the glands in
the largest size category (80–89 cc) demonstrating inflamma-
tion, whereas in the smallest size group (30–39 cc) it was
present in only 17% of 2981 BPH patients.37 In an important
autopsy series of 167 prostates, chronic inflammation was
present in 75% of the glands harboring BPH, compared to
only 50% of those without BPH.38 The REDUCE trial
reported the results of prostate biopsy on 8224 patients, with
chronic inflammation in 77.6%, and PV was significantly
larger in the group with chronic inflammation than in the
group without it (46.5 cc vs. 43.4 cc).39 Robert et al. reported
that patients with high-grade inflammation had higher PV
than those with low-grade inflammation among patients trea-
ted with surgery for BPH.40 The location of inflammation in
the prostate might be an important factor affecting PV and
the severity of LUTS. Inamura et al. reported that prostatic
volume of a group who had a high degree of inflammation in
the stroma was significantly larger than in a group in which
the dominant site of inflammation was non-stromal (63.8 vs.
53.8 mL).41

Immune cells

Lymphocytes and macrophages/monocytes are among the
main inflammatory immune cells related to prostatic hyper-
plasia. In the MTOPS study involving 859 participants who
underwent transition zone biopsy, CD4, CD45 and CD68
increased the risk of clinical progression of BPH.42 Meng
et al. reported that the predominant cell type in BPH tissue
was T-lymphocytes, which were identified in 96.1% of all
specimens, and the degrees of glandular and stromal inflam-
mation were considered to be the most important factors con-
tributing to increased PV. Stromal hyperplasia was
significantly correlated with the degree of stromal inflamma-
tion and stromal T-lymphocyte infiltration.43 M2a macro-
phages as a subtype of macrophages could contribute to the
development of BPH, possibly via modulating cell apoptosis,
the cell cycle, and the epithelial–mesenchymal transition
(EMT) process, as well as the fibrotic process.44 Kakehi and
Taoka et al. reported that macrophage inhibitory cytokine-1
downregulation was an event associated with histological and
symptomatic BPH.45,46 Song et al. reported that high levels
of macrophage migration inhibitory factor (MIF) were
expressed in BPH epithelium and that MIF promoted BPH
epithelial cell growth.47 Lu et al. reported that infiltrating
macrophages might promote cell growth of the prostate by
inducing paracrine cytokines, promoting EMT in the BPH
prostate microenvironment and the crosstalk of
macrophages.48 Furthermore, the primary sources of mono-
cyte chemotactic protein-1 (MCP-1) in the prostate may
indeed be stromal cells and inflamed epithelial cells. MCP-1
secreted from stromal cells may stimulate the proliferation of
prostatic epithelial cells since both epithelial and stromal cells
were found to express the MCP-1 receptor (CCR2).49

Inflammatory cytokines

Inflammatory cytokines induced by immune cells greatly
influence prostate hyperplasia. Schauer et al. reported that

overexpression of IL-8 inducing fibroblasts in BPH epithe-
lium correlated with a periacinar reactive stroma myofibro-
blast phenotype fundamentally different from normal prostate
fibromuscular stroma.50 Penna et al. reported that the induc-
tion of a BPH cell-driven autoimmune response, as well as
triggering of toll like receptors expressed by BPH cells, upre-
gulates production of IL-8, IL-6, and CXCL10, key factors
sustaining prostate inflammation, recruiting inflammatory leu-
kocytes, and promoting prostate cell hyperplasia.51 There is a
correlation between serum IL-6 (sIL-6) and serum IL-8 (sIL-
8) in plasma and the severity in patients with BPH. Wu et al.
reported in their cross-sectional studies that high sIL-6 and
sIL-8 levels in BPH patients were considered to be signifi-
cantly correlated with acute urinary retention (OR = 9.67/
8.85).52,53 Smith et al. reported that IL-8 and its receptors
directly promoted the growth of prostate epithelial cells
through the IL-8 axis in BPH patients.54 Arivazhagan et al.
reported that serum IL-17, which is a T-lymphocyte-derived
proinflammatory cytokine, levels in BPH patients were signif-
icantly higher than those of a normal control group.55 Hama-
kawa et al. reported in their study using a rat model
mimicking human BPH that IL-18 may act directly in BPH
pathogenesis by inducing thrombospondin-1.56 The comple-
ment system is activated in BPH and may contribute to the
progression of prostatic proliferation. Hata et al. reported that
activation of the complement system is initiated via the clas-
sical pathway by formation of antigen–antibody complexes in
prostate tissue of a rat BPH model.57

GROWTH FACTORS

Insulin-like growth factor-1

Insulin-like growth factor-1 (IGF1) is expressed within the
stromal and epithelial cells of the prostate. The increase of
IGF1 seems to play a role in the pathogenesis of BPH. IGF1
usually declines with age, although metabolic abnormalities
like diabetes and acromegaly lead to an increase in IGF1,
which has been shown to have a strong mitogenic and antia-
poptotic effect on prostate tissue.58 Additionally, the overac-
tivity of the growth hormone/IGF1 axis plays an important
role in the pathogenesis of BPH in patients with acromegaly.
Kumar et al. reported that these patients had a greater PV
than healthy controls.59 IGF-binding protein-3 (IGFBP-3)
inhibits the anti-apoptotic properties of IGF-1.60 Sreenivasulu
et al. reported that increased insulin and reduced IGFBP-3/
PSA levels predict increased prostate size in patients with
BPH.61

Fibroblast growth factor

Fibroblast growth factors (FGFs) and their tyrosine kinase
receptors (FGFRs) have autocrine and paracrine functions in
the prostate gland.62 The role of the FGF/FGFR system in
BPH has been intensively investigated. FGF2 (basic FGF,
bFGF) is expressed to a large extent in BPH epithelium and
stroma. Mori et al. reported that mRNA expression of bFGF
in BPH specimens was enhanced twofold compared with nor-
mal prostate tissue.63 bFGF is mitogenic for stromal cells and
there is a correlation of bFGF with increased stromal
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proliferation in the prostate.64 Saez et al. reported that bFGF
expression was not detected in epithelial cells and markedly
decreased in stromal cells after finasteride treatment for BPH
compared with the control.65 bFGF can be measured in the
urine of BPH patients. O’Brien et al. reported that urinary
bFGF was elevated in BPH patients compared with
controls.66 In addition, inflammatory cytokines, including lL-
1a and IL-8, can upregulate bFGF in the prostate.67 FGF-7
(keratinocyte growth factor, KGF) is also overexpressed in
BPH.67 KGF is mitogenic for epithelial cells, but not stromal
cells, isolated from BPH tissues, and the KGF-associated
receptor gene is expressed only by epithelial cells.68 Addi-
tionally, KGF plays an important role as a mesenchymal
paracrine mediator of androgen-induced epithelial growth.69

On the other hand, Planz et al. reported that androgens stimu-
late cell proliferation as well as KGF protein and gene
expression in human prostate stromal cells and that androgen-
induced stromal-derived KGF stimulates prostate epithelial
cell growth.70 Serum levels of KGF are elevated in BPH and
correlate with serum PSA. Mehta et al. reported that serum
KGF levels in patients with serum PSA of less than 10 ng/ml
were significantly higher in BPH than in a prostate cancer
group.71 In addition, FGF8 is also known as an androgen-
induced growth factor. Wang et al. reported that FGF8
mRNA is expressed in BPH and that the majority of FGF8
expression was by epithelial cells.72

Epidermal growth factor and transforming
growth factor alpha

EGF is linked to the growth and differentiation of epithelial
cells in the prostate. In BPH tissue, EGF is highly present in
periurethral lesions, and its expression is promoted by expo-
sure to testosterone and DHT.73 Additionally, inhibition of
the EGF receptor (EGFR) is linked to decreased proliferation
signals to prostatic epithelial cell lines. Kim et al. reported
that the PV and PSA levels of BPH patients were associated
with the EGF and EGFR single nucleotide polymorphisms.74

Frydenberg et al. reported that EGFR expression was present
in 81% of BPH specimens in immunohistochemistry.75

TGF-a and EGF have many biological effects in common.76

De Miguel et al. reported that more TGF-a and EGF
appeared in both basal and columnar cells of the epithelium
in BPH specimens than in normal prostate tissue.77

Transforming growth factor beta

TGF-b is an essential cytokine related to proliferation and
apoptosis. There are three different isoforms: TGF-b1,
TGF-b2, and TGF-b3. In the prostate, smooth muscles
release TGF-b. While epithelium in the prostate has receptors
for TGF-b, the modulation found there is paracrine.78 TGF-b
has dual potential; it stimulates cell proliferation at low doses,
but at higher doses it has an inhibitory effect on prostatic
stromal cells.79 TGF-b may play an important role in control-
ling prostatic growth in aging men. Peehl et al. reported that
TGF-b leads to the differentiation of stromal cells and
smooth muscle cells (SMCs) and promotes the aggregation of
SMCs in muscular nodules.80 Additionally, Sampson et al.

reported that, in vitro, TGF-b1 induces the differentiation of
fibroblasts into myofibroblasts in the stroma.81

Vascular endothelial growth factor

Vessel densities were found to be higher in hyperplastic nod-
ules than in adjacent normal tissue in the prostate.82 Wieszc-
zeczy�nski et al. reported that a significant increase in the
serum VEGF level was observed in a group of dogs affected
by BPH and a positive correlation between prostate size and
the level of VEGF.83 Therefore, Hatano et al. observed a
reduction in prostate volume during the treatment by sunitinib
which is a tyrosine kinase inhibitor of VEGF receptor against
metastatic renal cell carcinoma.84

Bone morphogenetic protein 5

Bone morphogenetic proteins (BMPs) are secreted proteins
belonging to the TGF-b superfamily. Their biological func-
tions were initially elucidated as osteogenic factors. Accord-
ing to Liu et al., BMP5 is localized in both the epithelial and
stromal cells of the prostate and upregulated in hyperplastic
prostate tissue when compared with controls.85

Brain-derived neurotrophic factor

Brain-derived neurotrophic factor (BDNF) plays an important
role in regulating the survival and differentiation of neuronal
populations during development, and its receptors are key
regulatory proteins in the prostate. Gao et al. reported that
BPH patients exhibited higher expression levels of BDNF in
serum than normal controls, although no correlation was
found between BDNF levels and PV.86 Wang et al. reported
that the urinary BDNF level was significantly higher in
patients with BPH than in controls.87

GENETIC FACTORS

Race is independently associated with BPH. Fowke reported
that African-American men are about half as likely to be
diagnosed with BPH compared to Caucasian men (4.1% vs.
9.9%, respectively).88 On the other hand, they reported that
surgical intervention typically reserved for severe BPH was
more common among African-American men. Few studies
have been conducted to discover the genetic determinants of
BPH risk. Hellwege et al. reported that BPH is likely to be
substantially heritable, with consistent point estimates near
60% across two comparable cohorts.89 Cheng et al. reported
that the patients with BPH had significantly shorter leukocyte
telomere length, particularly in rs2736100, rs2736098 and
rs12696304, compared to healthy controls.90 They predicted
that short telomeres may promote cell proliferation by the
senescence-associated secretory phenotype mechanism,
thereby eventually leading to BPH development.

We should also pay attention to the relationship between
non-coding RNA and BPH. Some studies have reported that
long non-coding (lnc) RNAs may be considered as bio-
markers for differentiating BPH and prostate cancer. Bayat
et al. revealed high expression of lncRNA Cat2184.4 in BPH
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samples compared to prostate cancer ones.91 The relationship
between microRNAs (miR) and BPH has also been reported
in several studies. Greco reported in their meta-analysis that
the potential value of miR-221 as a potential biomarker for
BPH.92

Although there are no clear reports to date, the possibility
that prostate cancer in TZ and BPH are genetically related
cannot be denied. Approximately 25% of prostate cancer
originated from TZ.93 Cancerous lesions occurring in TZ and
benign lesions such as BPH have similar features on MRI.94

Furthermore, TZ cancer cells sometimes show a nodular
growth pattern similar to hyperplasia.95

OTHERS

Epithelial–mesenchymal transition

The EMT process plays an important role in BPH. McNeal
proposed the embryonic reawakening hypothesis in which
the phenomenon of epithelial cell sprouting within the
stroma is due to the re-emergence of the prostate-inducing
effect during the embryonic period in adulthood.96 Alonso
et al. reported that E-cadherin, an epithelial marker, was
downregulated in the epithelial cells of BPH tissue and they
observed intense expression of EMT markers.97 TGF-b/Smad
signaling related to EMT may play an important role in the
increased stromal accumulation and epithelial growth.97

Fraga et al. reported that expression of vimentin, which is a
stromal marker, was significantly increased in the epithelial
tissues of BPH.98

Thyroid hormones

Thyroid hormones play an important role in cell differentia-
tion, growth and metabolism. Thyroid hormone receptors are
strongly expressed in the human prostate.99 Eldhose et al.
reported that serum free Triiodothyronine (T3) was signifi-
cantly increased and serum thyroid-stimulating hormone
(TSH) was significantly reduced in BPH patients compared
with controls.100 Additionally, serum-free T3 correlated posi-
tively and serum TSH negatively with PV.100

Insulin

Several studies have addressed insulin resistance and hyperin-
sulinemia, components of metabolic syndrome, which are
contributing factors in the development of BPH. Insulin is
required for prostate growth, and hyperinsulinemia can pro-
mote cell proliferation and prostatic enlargement. McKeehan
et al. revealed a direct mitogenic effect of insulin on prostate
epithelial cells in vitro.101 Hammarsten et al. reported that the
annual prostate growth rate in the top quartile group for the
serum insulin level was significantly faster than in the bottom
quartile group, and a statistically significant correlation was
found between the fasting plasma insulin level and PV.102

Furthermore, there is a significant correlation between insulin
resistance and the PV increase.103 Chen et al. reported that
PV increase with increasing blood glucose levels and body
mass index in elderly patients with newly diagnosed type 2
diabetes.104

Neuroendocrine cells

Neuroendocrine (NE) cells are one type of epithelial cells of the
prostate. Their function is to maintain homeostasis in the prostate
by producing a variety of neurosecretory products having
growth-promoting activities.105,106 NE cells may play an impor-
tant role in prostatic hyperplasia during the early stages. There
are many NE cells in and around small adenomatous nodules,
whereas there are few NE cells in large adenomatous
nodules.107,108 Furthermore, we reported that while the rate of
NE cells in the ventral prostatic duct tended to decrease with age,
BPH model rats exhibited greater preservation of NE cells.109

Heat shock proteins

Heat shock proteins (HSPs), which are chaperone proteins, are
known to be among the key proteins that play a role in main-
taining cellular homeostasis. They contribute to the process of
proper folding of newly formed proteins and regenerate dam-
aged proteins.110 In the course of BPH, the overexpression of
HSPs is observed. Hata et al. have reported that HSP90 is an
autoantigen that binds to the IgG autoantibody and forms an
antigen–antibody complex that binds to factor C1q, thus acti-
vating the classical complement pathway in the process of pro-
moting prostate hyperplasia.111 Kim et al. reported that a
deficiency of the nitroquinoline 1-oxide (NQO1) enzyme,
which is an flavin adenine dinucleotide dependent flavoprotein
that performs various functions in the cellular defense system,
increased the expression of HSP90, which increases the affinity
of AR for testosterone and can be responsible for enlargement
of the prostate gland in NQO1 knockout mice.112

Cell adhesion molecules

Integrins and cadherins are cell adhesion molecules (CAMs).
CAMs enable cells to interact with other cells, influencing
tissue remodeling, fibrosis, inflammation, and cell survival.113

BPH tissue displays a decrease in the number of tight junc-
tions, suggesting increased permeability in BPH tissues. Li
et al. reported that E-cadherin expression was decreased and
displayed a discontinuous pattern in BPH specimens com-
pared with normal prostate tissues.114 BMP5 is upregulated
in hyperplastic prostate tissues and localized both in the epi-
thelial and stromal components.85 Liu et al. used siRNA to
knock down BMP5 in prostate stromal cell line (WPMY-1)
and epithelial cell line (BPH-1) and observed increased E-
cadherin expression, decreased N-cadherin expression, cell
cycle arrest, and cell proliferation inhibition.85

Oxidative stress

Oxidative DNA damage causes point mutations, deletions,
and rearrangements that contribute to alterations in the nor-
mal control of programmed cell death, thereby leading to tis-
sue hyperplasia.115 In BPH, 8-OH deoxyguanosine (dG) is a
marker of oxidative DNA damage. Vital et al. reported that
human BPH tissues contained significantly higher levels of 8-
OH dG than control transition zone tissues and the levels of
8-OH dG were correlated with prostate weight.116
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Additionally, they reported that mice which highly express
reactive oxygen species (ROS) specifically in the prostate had
increased oxidative DNA damage in the prostate, increased
prostate weight, increased epithelial proliferation, and histo-
logical changes, including stromal thickening, and fibrosis,
when compared to wild-type controls.116 Endogenous
defenses against ROS include antioxidant enzymes such as
superoxide dismutase (SOD). Aydin et al. reported that lipid
peroxidation was significantly increased, with decreased SOD
activity in BPH tissue compared with controls.117

Apoptosis

Apoptosis is involved in the development and homeostatic
maintenance of tissues and organs, including the prostate, and
is regulated by different death- or survival-related genes.118

The glycoprotein Dickkopf-related protein 3 (Dkk-3) is
mainly expressed in the prostate epithelial cells, whereas in
BPH it is elevated in stromal cells.119 Zenzmaier et al.
reported that overexpression of Dkk-3 in BPH caused inhibi-
tion of the apoptosis machinery through a reduction in anti-
apoptotic protein expression.120 Apoptosis in BPH is also
regulated by the inhibitors of apoptosis proteins (IAPs),
which are able to interfere with caspases. Increased expres-
sion of IAPs has been shown in BPH tissue. In experimental
BPH, cIAP-1, cIAP-2, neuronal apoptosis inhibitor protein
(NAIP), and survivin have been detected by molecular
analysis.121

EXTRINSIC FACTORS

Microbiota

In recent years, there have been increasing reports of the
microbiota contributing to prostatic enlargement. When dis-
cussing the microbiota, their localization must be considered.
Possible microbiota associated with prostatic hyperplasia
include gut microbiota, urine microbiota, and microbiota in
the prostate.

Gut microbiota

The gut microbiota might affect prostatic hyperplasia in
elderly males. Takezawa et al. found that the Firmicutes/Bac-
teroidetes ratio of gut microbiota was significantly higher in
a prostatic enlargement (PE) group than in a non-PE
group.122 An et al. reported that decreased abundance of Lac-
tobacillus and increased abundances of Flavonifractor, Aceta-
tifactor, Oscillibacter, Pseudoflavonifractor, Butyricimonas,
and Anaerotruncus as gut microbiota were potential indica-
tors for the diagnosis of BPH.123 Li et al. reported that in gut
samples Muribaculaceae, Turicibacteraceae, Turicibacter and
Coprococcus significantly decreased in a rat group with BPH,
whereas Mollicutes and Prevotella significantly increased
compared with a control rat group.124 Additionally, BPH
treatment also alters the gut microbiota. An et al. reported
that the abundances of Lactobacillus and Acetatifactor, which
are associated with the promotion and inhibition of prostate
apoptosis, were normalized after finasteride treatment.123

Dong et al. reported that sodium butyrate treatment, which
inhibits cell cycle progression and induces apoptosis and

autophagy, as a postbiotic, and fecal microbiota transplanta-
tion provides relief from ulcerative colitis-induced BPH in an
in vivo study.125 On the other hand, the gut microbiota might
affect testosterone metabolism in the elderly male. Several
studies reported that Firmicutes were significantly increased
in the gut microbiota in elderly men with high testosterone
levels compared with those with low testosterone
levels.126,127 Li et al. reported that differential metabolites
were significantly enriched in steroid hormone biosynthesis,
ovarian steroidogenesis, biosynthesis of unsaturated fatty
acids and bile secretion when they analyzed gut samples from
rats with BPH and healthy control rats.124

Urinary microbiota

Changes in the urethral and bladder microbiota with age
might be associated with increasing LUTS in older males,
which is typically due to BPH. A “core” urinary microbiome
could potentially exist, as evidenced by the fact that when
samples are grouped by age, fluctuations in abundance
between age groups and age-specific genera are found.128

Tsai et al. reported that the urine microbiota composition of
BPH was distinct from that of a control group and the top
five microbial genera that showed significant differences
between groups were Alcaligenes, Pseudomonas, Lactobacil-
lus, Akkermansia, and Cetobacterium.129 An association
between LUTS and the urinary microbiome has also been
noted. Lee et al. reported that ten bacterial genera were pre-
sent in samples of a BPH group and urine samples, showing
the presence of bacterial genera correlated with a high IPSS
and severe storage and voiding symptoms.130 Thomas et al.
found a statistically significant association between a diagno-
sis of LUTS and the presence of JC virus, a common neuro-
tropic human polyomavirus linked to severe neurologic
disease in rare cases.131 On the other hand, we need to be
careful about the existence of significant differences in the
microbiota among voided urine, seminal fluid, and expressed
prostatic secretions.132

Prostatic microbiota

Microbiota are present in the prostate, although there are still
few reports about this. Okada et al. reported that the prostate
microbiota are located in the prostatic duct, and Burkholderia
was the most abundantly detected operational taxonomic unit,
which was different from that of catheterized urine.133 Jain
et al. reported that majority of the isolates in the BPH pros-
tate were coagulase-positive Staphylococcus, E. coli and
Micrococcus spp. The E. coli isolated from one of the tissues
was able to activate NF-jB and induce DNA damage in pros-
tate epithelial cells and also correlated with the severity of
inflammation.134 Reduced diversity of the microbiota in the
prostatic duct is associated with BPH.133 Reduced diversity,
called dysbiosis, is considered to be one of the abnormal con-
ditions of the microbiota. More complex and diverse micro-
biota may have more health benefits for the host, and
reduced diversity of microbiota is included in dysbiosis.

Trichomonas vaginalis

Several observational studies have shown a positive associa-
tion between sexually transmitted infections (STIs) and BPH/
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LUTS.135 Trichomonas vaginalis (TV) is one of the typical
STIs. Mitteregger et al. reported that the TV infection rate
was 34% in BPH.136 Kim and Kim et al. reported that TV-
infected BPH-1 cells activated mast cells, which release the
inflammatory mediators CXCL8, CCL2, IL-1b, and IL-6
through the ROS, mitogen-activated protein kinase (MAPK),
and NF-jB signaling pathways that induce prostatic stromal
cell proliferation.137,138 Additionally, inflamed BPH-1 cells
infected with TV promote prostate cell proliferation through
leptin-leptin receptor signaling. Therefore, it is likely that TV
contributes to prostate enlargement in BPH via adipocyte lep-
tin release as a result of prostate inflammation.139

Diet

There are many mechanisms whereby dietary patterns could
affect the risk of symptomatic BPH. The Prostate Cancer Pre-
vention Trial showed that higher consumption of fat and red
meat and lower consumption of protein and vegetables may
increase the risk of symptomatic BPH.140 Lagiou et al.
reported in their case–control study that butter and margarine
may be associated with an increased risk of BPH and that
intake of fruits containing b-carotene, lutein and vitamin C
may reduce this risk.141 Vignozzi et al. reported in an animal
study that the proinflammatory effects of a high-fat diet result

in prostate inflammation, hypoxia and tissue remodeling.142

Zhang et al. reported that vitamin D-deficient diets induced
prostatic inflammation and fibrosis in middle-aged mice
through the activation of an NF-jB-mediated pathway and the
production of IL-6, as well as upregulation of the signal trans-
ducer and activator of transcription 3-mediated pathway that
stimulates cell proliferation and growth.143 Li et al. showed
that the combination of androgens and high-fat diet-induced
hyperinsulinemia promoted BPH in rats and that the activation
of p-ERK1/2, which is a member of the MAPK family, could
be implicated in this process.144 Furthermore, maternal nutri-
tional status may influence the prostatic development of off-
spring. Shibamori et al. reported that maternal consumption of
a low protein diet promotes epithelial hyperplasia, while a high
fat diet leads to increased stromal growth.145

SUMMARY

Previous reports on the etiology of hyperplasia of the male
prostate in the post-middle age period divided into two cate-
gories, intrinsic and extrinsic, have reminded us of the great
variety of etiologies (Figures 3 and 4). In particular, there are
many types of intrinsic factors, and the mechanism is very
complex. Although we have discussed many intrinsic and
extrinsic factors as causes of prostate hyperplasia, it is not

FIGURE 3 Intrinsic factors that cause prostatic hyperplasia. AR, androgen receptor; BDNF, brain-derived neurotrophic factor; BMP, bone morphogenetic protein;

dG, deoxyguanosine; DHT, dihydrotestosterone; EGF, epidermal growth factor; EMT, epithelial–mesenchymal transition; ER, estrogen receptor; ERK, extracellular

signal-regulated kinase; FGF, fibroblast growth factor; GPR, G protein-coupled receptor; HIF, hypoxia inducible factor; HSP, heat shock protein; IAP, inhibitors of

apoptosis protein; IGF, insulin-like growth factor; KGF, keratinocyte growth factor; MCP, monocyte chemotactic protein; MIC-1, macrophage inhibitory cytokine-1;

MIF, macrophage migration inhibitory factor; NAIP, neuronal apoptosis inhibitor protein; NE, neuroendocrine; NF-kB, nuclear factor-kappa B; NQO, nitroquinoline 1-

oxide; ROS, reactive oxygen species; SMA, smooth muscle actin; SOD, superoxide dismutase; SPP, secreted phosphoprotein; SRD5A2, steroid 5 alpha-reductase 2;

TGF, transforming growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
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clear which factors are most important. However, there is no
doubt that various factors related to aging are involved, and
it seems that preventing as much as possible the common
health problems that occur with aging will suppress the onset
and progression of prostatic hyperplasia. It remains to be
determined whether exposure to extrinsic factors such as
those described here at some point before midlife triggers
intrinsic factors that lead to histological enlargement of the
prostate, whether intrinsic factors alone cause it, or whether
there is some other underlying cause. Thus, further basic and
clinical research is necessary to clarify the etiology of this
condition.
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