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Figure 2: The H&E and immunohistochemistry staining of HIF-lα in the intra-acinar and peri-acinar of BPH tissues. 
A. H&E staining of the peri-acinar of BPH tissues. B. H&E staining of the intra-acinar of BPH tissues. C. Immunohistochemistry staining 
with HIF-lα antibody in peri-acinar of BPH tissues, which is negative in HIF-lα expression. D. Immunohistochemistry staining with HIF-
lα antibody in intra-acinar of BPH tissues, the graph shows weak-positive expression. E. Immunohistochemistry staining with HIF-lα 
antibody in intra-acinar of BPH tissues, the graph shows moderate-positive expression. F. Immunohistochemistry staining with HIF-lα 
antibody in intra-acinar of BPH tissues, the graph shows HIF-lα expression in mesenchymal cells (Red Arrow).

Table 1: Expression of HIF-lα in all prostate tissues
   HIF-lα
Levels FP NP Peri-acinar Intra-acinar Prostate 

cancer
Prostatic 
sarcoma

Strongly 
positive 3/12 0/10 0/12 0/95 5/7 2/2

Moderately 
positive 7/12 0/10 0/12 32/95 1/7 0/2

Weakly 
positive 2/12 0/10 0/12 34/95 0/7 0/2

Positive rate 
(%) 100 0.0 0.0 69.5 85.7 100

FP: fetal prostate; NP: normal prostate
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moderate-positive patients increased significantly in this 
study, and HIF-lα is an independent risk factor for AUR. 

Our data is in accord with the current opinion that 
prostatic hypoxia is responsible for the development 
of BPH [4-6]. Under normoxia, hydroxylated HIF-lα 
is recognized by the β-domain of von Hippel-Lindau 
tumour suppressor protein (pVHL) and is subsequently 
ubiquitylated by the Elongin BC/Cul2/pVHL ubiquitin-
ligase complex [7]. The ubiquitylated HIF-lα could be 
degradated by the 26S proteasome.

However, under hypoxic conditions or in VHL-

/- cells, stabilized HIF-lα dimerizes with HIF-β and then 
bind to hypoxia-response elements (HREs), stimulating 
the expression of profuse hypoxia response genes 
including those encoding erythropoietin (EPO), vascular 
endothelial growth factor (VEGF), which stimulates 
erythropoiesis, angiogenesis, glycolysis, and invasion 
[13]. To date, little is known about the consequences of 
hypoxic conditions on human benign prostatic tissue as 
well as its clinical variables. 

The prostate is an hormone sensitive organ which 
needs proper androgen receptor(AR) signals for normal 
growth [14]. Circulating androgen and the AR signaling, 
both epithelial and stromal AR, play critical roles in the 
pathogenesis of BPH, and that partially blockade of AR 
signaling, such as 5-α reductase inhibitors, decreases 
the BPH volume [15, 16]. In vitro studies demonstrated 
that dihydrotestosterone (DHT) activated the HIF-1 
mediated gene expression, and hypoxia enhanced the 
AR-induced promoter activity of human PSA gene in 
prostate cancer cells [17]. HIF-lα might be activated by 
the AR signaling pathway and enhanced gene expression 
which is associated with proliferation during BPH. 
Several investigations suggest that aging disrupts the 
balance between proliferation and apoptosis of prostate 
cells which leads to BPH [18-20]. It’s well established 
that HIF-lα has a protective effect against apoptosis [21]. 
Therefore, the expression of HIF-lα in BPH might cause 
resistance to apoptosis and preference for proliferation. 
An important theory for the mechanism of BPH is the re-
awakening of embryo theory, presented by John McNeal, 
that the neo-formation of prostatic ductal-acinar tissue in 
the pathogenesis of BPH was due to the re-awakening of 
embryonic inductive activity by adult prostatic stroma 

[22]. We hypothesized that HIF-lα might mediate the 
development of BPH through re-awakening of embryo 
mechanism, since the expression of HIF-lα in FP was 
confirmed. Our data indicates that HIF-lα might play 
a significant role in the pathogenesis of BPH and the 
re-waking of prostatic stroma, in addition to its role in 
development of embryonic prostate. Moreover, growth 
factor from HIF-lα downstreams, including epidermal 
growth factor (EGF), transforming growth factor 
α(TGF-α), TGF-β, and basic fibroblast growth factor 
(bFGF), are involved as facilitators in the development 
of BPH [23]. View in toto, overexpression of HIF-lα 
is associated with BPH development. In addition, the 
tissue growth is dependent on its blood supply and thus 
induction of new blood vessels through angiogenesis is 
critical. The hyperplasia of intra-acinar of the prostate 
may be correlated with the hypoxic mircoenviroment, 
which stimulate angiogenesis through HIF-1α pathway 
[24]. Our clinical experience is another evidence for 
this theory that the bigger the BPH is, the harder it is for 
coagulation bleeding during the transurethral resection of 
the prostate(TURP). Further studies will be done about the 
relationship between HIF-1α expression and the bleeding 
during and post operation.

AUR is a severe symptom of patients with BPH, 
which defined as a sudden and painful inability to 
void voluntarily [25]. Progression of BPH leading to a 
mechanical obstruction of the bladder outlet, is the primary 
reason for AUR. It has been reported that men with AUR 
have higher mortality and morbidity rates [26]. There is 
a general consensus that men presenting with AUR had 
a high risk of death after operation and an increased risk 
of developing perioperative complications [27]. Prostatic 
inflammation has been reported to be an important risk 
factor in AUR etiology [28]. The expression of HIF-1α can 
be triggered by hypoxia, but also by pathological stress, 
such as inflammation and cancer [29]. And recent study 
showed that inhibition of inflammation via attenuating the 
expression of NF-kB and HIF-1α could prevent against 
experimental BPH. These evidence indicate that HIF-lα 
could be a bond between inflammation and AUR. The 
present study demonstrated that the expression of HIF-
1α was significantly correlated with the incidence rate 
of AUR. Therefore, HIF-lα is a promising prognosis 

Table 2: Expression of HIF-1α in prostate cancer
Gleason score 5 6 7 7 7 8 9
HIF-1α levels ++ ﹣ +++ +++ +++ +++ +++

Table 3: Expression of HIF-1α in fetal prostate
GA
(weeks) 20 21 23 24 24 27 27 28 28 28 30 32

HIF-1α 
levels ++ + ++ + ++ ++ ++ +++ +++ ++ +++ ++

GA: gestational age
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Figure 3: The H&E and immunohistochemistry staining of HIF-lα in prostate cancer and sarcoma tissues. A. H&E 
staining of the prostate cancer tissues. B. Immunohistochemistry staining with HIF-lα antibody in prostate cancer tissues. C. H&E staining 
of the prostate sarcoma tissues. D. Immunohistochemistry staining with HIF-lα antibody in prostate sarcoma tissues, and the graph shows 
strong-positive HIF-lα expression.

Figure 4: The correlation between HIF-lα expression and clinical variables of BPH patients. A. BPH cases were classified 
into three groups according to levels of HIF-lα expression. B. The difference of intra-acinar Wt is statistically different when grouped by 
HIF-lα expression. C. The proportion of patients with AUR history is increased with the elevation of HIF-lα expression. D. The expression 
of VEGF in BPH intra-acinar tissues is correlated with HIF-lα. E. The receiver operating characteristic(ROC) curve was plotted using 
weak-positive expressing HIF-lα as status variables and intra-acinar weight of prostate as independent variable. F. The ROC curve was 
plotted using moderate-positive expressing HIF-lα as status variables.
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Figure 5: Immunohistochemistry staining of VEGF in the intra-acinar and peri-acinar of BPH tissues. A. 
Immunohistochemistry staining with VEGF antibody in peri-acinar of BPH tissues, which is negative in HIF-lα expression(200X). B. 
Immunohistochemistry staining with VEGF antibody in peri-acinar of BPH tissues(400X). C. Immunohistochemistry staining with 
VEGF antibody in intra-acinar of BPH tissues (200X). D. Immunohistochemistry staining with VEGF antibody in intra-acinar of BPH 
tissues(400X).

Table 4: Multiple regression analysis of relationship between clinical 
variables and AUR incidence

P Value OR 95% C.I.
Age 0.245 1.062 0.960-1.175
IPSS  Score 0.002 0.645 0.490-0.850
QoL Score 0.002 0.080 0.016-0.403
Wt* 0.086 0.960 0.916-1.006
HIF-lα 0.001 0.154 0.050-0.471

*Wt indicates the weight of intra-acinar of BPH


