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INTRODUCTION

Benign prostatic hyperplasia (BPH) is an age-related  
proliferative disease of the prostate prevalent among elde
rly male. Histopathologically, BPH is characterized by 
increased number of epithelial and stromal cells in the peri-
urethral area of the prostate gland [1]. Clinically, BPH is 
characterized by benign enlargement of the transitional zone 
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in the prostate, and is accompanied by lower urinary tract 
symptoms, which affect the quality of life in patients [2].

Rat prostate responds to hormonal treatment. Scolnik et 
al. [3] reported that Wistar and Sprague-Dawley (SD) strains 
were most susceptible to BPH induction following treatment 
with exogenous testosterone. The rat prostate comprises  
four distinct lobes - ventral, lateral, dorsal, and anterior (co-
agulating gland) - with different morphological character-
istics. These lobes are classified according to their position 
relative to the urinary bladder [4-7]. The lateral prostate 
is the site of prostatitis related to aging and hormones 
expressions [8,9]. The ventral prostate is located on the 
ventral side of the urethra, immediately below the bladder,  
and contains approximately half of the total prostatic tissue 

[10]. The lateral and ventral lobes of the prostate are the 
sites of androgenic action and BPH [11,12].

Autophagy is an evolutionarily conserved process that 
enables cells to maintain cellular homeostasis during 
starvation and other stressful conditions [13]. Therefore, 
autophagy can be regulated in response to various diseases  
including BPH [14,15]. Autophagy is induced by the forma
tion of a characteristic double-membraned vesicle known as 
the autophagosome. Autophagosome formation is regulated 
by microtubule-associated protein 1 light chain 3B (LC3B) 
and ubiquitin-binding protein SQSTM1/p62 (p62). Since 
p62 associates with LC3B present on autophagosomal  
membranes and is subsequently degraded by the autophagy- 
lysosomal system [16-18], LC3B and p62 are key markers 
for monitoring autophagy [19,20]. Dysregulation of auto-
phagy is related with the pathogenesis of carcinoma, neuro-
degenerative disease, inflammatory diseases, as well as the 
prostate disease [15].

Several recent studies have shown that autophagy and  
autophagy-related proteins are associated with BPH develop- 
ment [21-23]. In a clinical study, autophagy was induced 
in BPH tissues, especially in prostate stromal cells, after 
a long duration of 5-ARI treatment [24]. Deactivation of 
autophagy is associated with prostatic cells of patients with 
lower urinary tract symptoms (LUTS) and BPH [25]. In 
rat BPH, autophagy is decreased in prostate gland, which 
is demonstrated through the results of the suppression of 
autophagic flux [26]. In another study, LC3B also showed 
that expression decreased in testosterone-induced prostate 
hyperplasia in rats [27,28].

In human prostate, transitional and peripheral zone is 
implicated in the main site for BPH and also been focused 

on apoptosis and shrinkage of the glandular epithelial com-
partment by 5α-reductase inhibitor [1]. However, it is yet 
to be known about the site for action of prostate lobe in rat 
corresponding to transition and peripheral zone in human. 
Therefore, identification of the site of autophagic localiza-
tion and determination of the mechanism underlying the 
autophagy-mediated regulation of specific targets in BPH 
are major issues to be addressed. This study examined the 
specific localization of LC3 and p62 and compared their 
levels in each lobe of the prostate in a rat model of BPH 
using western blotting and immunohistochemistry (IHC).

MATERIALS AND METHODS

Experimental animals

The experimental protocols were approved by the Inter-
national Animal Ethics Committee of Chungnam National 
University (CNU-01108). Six-week-old, male SD rats were 
purchased from Orient Bio (Gyeonggi-do, Korea) and were 
housed in a specific-pathogen-free animal facility under 
controlled conditions of temperature, humidity, and photo-
period (22±2℃, 55%±5%, and 12-h light/dark cycle, res
pectively) for 1 week prior to the experiment. All animals 
were fed a standard chow diet and provided ad libitum 
access to water.

 
Experimental design

The SD rats were randomly classified into three groups 

(n=five per group). To induce BPH, all rats except the rats 
in the normal control group, rats were subcutaneously (S.C.) 
injected with testosterone propionate (TP) (5 mg/kg dissolved 
in corn oil, Tokyo Chemicals Ins. Co., Tokyo, Japan) daily 
for 4 weeks. To minimize stress during the treatment, the 
S.C. injection was administered in the loose skin on the dor-
sal surface of the rat, and the site of injection was varied to  
reduce local reactions in the skin. Finasteride, a drug widely  
used to treat BPH that acts by inhibiting 5α-reductase acti
vity [29], was administered orally for four weeks. The treat-
ment groups were as follows: normal control (N.C.) group 

(Corn oil 1 mL/kg, S.C. +PBS, per oral), BPH group (TP 
5 mg/kg, S.C. +PBS, per oral), and Fina group (TP 5 mg/
kg, S.C.+finasteride 10 mg/kg, per oral). At the end of the  
experimental period, the rats were fasted overnight and 
euthanized by inhalation of CO2 gas for 5 min in a euthana-
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sia apparatus. The dissected prostate glands were weighed 
and stored at -80℃ in liquid nitrogen for further analysis. 
The body weight of each rat was measured at the beginning 
and end of the experimental period.

 
Histological study

Paraffin-embedded prostate tissues were cut into 5-μm 
sections. After deparaffinization and dehydration, the sec-
tions were subjected to hematoxylin and eosin (H&E) stain-
ing and observed using a light microscope (Nikon eclipse 
80i, Nikon Corporation, Tokyo, Japan) at 400 ×  magnifi-
cation. Images were acquired from ten randomly selected 
fields, and epithelial thickness was measured using Image J 
software (Image J v1.46a; NIH, USA).

Western blot analysis

The frozen prostate tissue samples were homogenized 
and lysed using a radioimmunoprecipitation assay buffer (50 

mM Tris-HCl, pH 8.0, 150 mM sodium chloride, 1% NP-40, 
0.5% sodium dodecyl sulfate (SDS), and a protease inhibitor 
cocktail). The homogenate was centrifuged at 12,000 rpm 
for 20 min at 4°C, and the supernatant was used for western 
blotting analysis. Protein samples were separated by elec-
trophoresis on 8%~15% SDS polyacrylamide gels, and the 
separated proteins were transferred onto a polyvinylidene 
fluoride membrane using a semi-dry transfer system (Bio-
Rad, Hercules, CA, USA). The membrane was blocked 
with 5% dry milk in PBS-T and treated using anti-LC3B 

(1 : 1000; Sigma-Aldrich, MO, USA) and anti-p62 (1 : 1000; 
Cell Signaling, Danvers, MA, USA) antibodies as primary 
antibodies. Subsequently, the blots were incubated for 1h 
with horseradish peroxidase-conjugated goat anti-rabbit 

(1 : 5000, Ab Frontier, Seoul, Korea) IgG used as the sec-
ondary antibody to identify each protein. The proteins were 

visualized using an enhanced chemiluminescence detection 
kit (Amersham Pharmacia Biotech, Buckinghamshire, UK) 
and quantified using Image Lab Software (Bio-Rad).

IHC analysis

IHC analysis was performed using the Vectastain Elite 
ABC kit (Vector Laboratories, Burlingame, USA) according  
to the manufacturer’s instructions. After deparaffinization  
and dehydration, the sections were treated with 3% quen
ched endogenous H2O2

 (in methanol) and 0.5% Triton X-100  
solution for 30 min at room temperature (25℃). Next, the 
non-specific binding sites were blocked by treating with 
normal goat serum (diluted in 1 : 10 ratio with PBS), and 
the sections were treated overnight at 4℃ with anti-LC3B 

(1 : 100; Sigma-Aldrich) and anti-p62 (1 : 100; Cell Signal-
ing) antibodies (primary antibodies), followed by treatment 
with a goat anti-rabbit secondary antibody (1 : 200, Ab 
Frontier). For developing the sections, a diaminobenzidine 
peroxidase substrate kit (Vector Laboratories) was used. The  
LC3B- and p62-positive areas in the stained sections were 
visualized as brown-colored regions under a light micro
scope (Nikon eclipse 80i) at 400×  magnification at ten dif-
ferent locations. The IHC test gives a score of 0 tor 3+  that 
measures the intensity of LC3B- and p62-positive cells in the  
prostate tissue samples; one or little stained cells (0); weak, 
partial stained cells (1); intermediate, complete stained cells 

(2); strong, complete membrane stained cells (3).

Statistical analysis

All experiments were conducted in a double-blinded 
manner. Results were randomly selected and expressed as 
mean±standard deviation. Statistical analysis was per-
formed using one-way analysis of variance, followed by 
post-hoc analysis using Holm-Sidak’s multiple comparison 

Table 1. The body weights and prostate weights in testosterone-induced benign prostate hyperplasia in rat

Body weight (g) Prostate weight (g)

Initial Final Absolute Relative

N.C. 224.1±2.27 363.3±17.5 0.703±0.057 0.193±0.01
BPH 224.4±1.91 331.5±9.4 1.296±0.035### 0.391±0.05###

Fina 224.6±1.93 338.4±8.5 1.006±0.092* 0.297±0.03**

Testosterone-induced BPH rat models were administered finasteride (10 mg/kg P.O.) for 28 days. The values are expressed as mean±standard deviation, 
###p<0.001, a significant difference in comparison with the N.C. group. **p<0.01, a significant difference in comparison with the BPH group. *p<0.05, a 
significant difference compared to the BPH group.
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test. Results with p values <0.05 were considered statisti-
cally significant.

RESULTS

�Effect of testosterone on body weight and 

prostate weight

We analyzed the body and prostate weights of rats. 
As shown in Table 1, the increase in the body weights 

of rats with BPH was less than that in the normal group, 
with no significant difference. However, the absolute and 
relative prostate weights/body weights increased signifi-
cantly (p<0.001) and were twice as high as those in the 
N.C. group. Finasteride treatment significantly decreased 

(p<0.01) the relative prostate weights.

�Histopathological changes in rats with 

testosterone-induced BPH

BPH was diagnosed histopathologically by H&E staining.  

Fig. 1. Histopathology of prostate tissue sections determined by hematoxylin and eosin (H&E) staining. Scale bar = 25 μm. Rats with 
testosterone-induced BPH were administered with finasteride (10 mg/kg P.O.) for 28 days. A. Prostate; (a) N.C.; PBS (b) BPH group; TP 
(c) Fina group; TP + Finasteride (10 mg/kg P.O.). B. H&E. C. The thickness of prostatic epithelial cells (arrow) in the BPH group was in-
creased. In contrast, in finasteride group, it was significantly reduced. Values are expressed as mean±standard deviation, ###p<0.001, a 
significant difference in comparison with the N.C. group. ***p<0.001, a significant difference in comparison with the BPH group.

A

B

C

a	 b

c
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The morphological changes in the ventral lobe of the pro
state are shown in Figure 1. The prostate size was greater in 
the BPH group that in the N.C. group. However, the prostate 
size reduced in the Fina group (Fig. 1A). No histological 
changes were observed in the N.C. group. Testosterone 
treatment led to thickening of the ventral lobe of the pro
state (Fig. 1B). In particular, the epithelial thickness in the 
BPH group was 3.3-fold greater than that in the N.C. group 

(p<0.001). Compared to the BPH group, the finasteride- 
treated group showed significantly reduced epithelial thick-
ness (p<0.001) (Fig. 1).

�LC3B and p62 expression in rats with 

testosterone-induced BPH 

As shown in Figure 2, western blotting was performed to 
evaluate the expression of the autophagy-related proteins 
LC3B and p62. LC3B expression was evaluated in the N.C. 
group. Testosterone treatment suppressed the LC3B expres-
sion compared to that in the N.C. group (p<0.01). Howe
ver, LC3B expression was higher in the Fina group than in 
the BPH group (p<0.01). Rats with testosterone-induced 

BPH showed increased p62 expression compared to N.C. 
rats (p<0.001). However, finasteride treatment significantly  
suppressed (p<0.001) p62 expression. These results suggest  
that finasteride treatment induced autophagy during BPH 
progression.

�LC3B and p62 IHC in the prostate lobe of rats 

with testosterone-induced BPH

Based on the results of LC3B and p62 expression in 
western blotting, we analyzed the specific expression and 
localization of LC3B and p62 in rat prostate tissue using 
immunohistochemistry. As shown in Figure 3, LC3B ex-
pression was primarily detected in the epithelial cells of the 
prostate gland. In particular, LC3B expression was detected 
in the cytoplasm of epithelial cells. LC3B was expressed 
in all lobes of the prostate in N.C. group, particularly in the 
lateral and anterior lobes. Meanwhile, LC3B expression de-
creased in the BPH group, whereas it increased in the Fina 
group. In the BPH group, LC3B-positive cells were barely 
detected in the lateral and ventral lobes.

However, LC3B expression in the anterior, lateral, and 

Fig. 2. Western blot analysis of LC3 and p62 using prostate tissues from rats with testosterone-induced BPH. Rats with testosterone-in-
duced BPH were administered with finasteride (10 mg/kg P.O.) for 28 days. A. Western blot analysis of LC3, p62 and β-actin at four weeks 
after testosterone administration. B. Graphical representation of the ratio of LC3B and p62 to β-actin. N.C.; PBS, BPH group; TP, Fina 
group; TP + Finasteride (10 mg/kg P.O.). Values are expressed as mean±standard deviation, ###p<0.001 and ##p<0.01, a significant differ-
ence in comparison with the N.C. group. ***p<0.001 and **p<0.01, a significant difference in comparison with the BPH group.

A

B	 C
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ventral lobes of the prostate increased in the Fina group 
compared to that in the BPH group. Surprisingly, there was 
no significant difference in LC3B expression in the dorsal 
lobe of the prostate among the N.C., BPH, and Fina groups 

(Fig. 3 & Table 2).
p62 expression was primarily observed in epithelial cells 

(Fig. 4 & Table 3). In the N.C. group, p62 expression was 
mostly confined to the epithelial cells of the anterior lobe, 
with almost no expression observed in other lobes. In con-
trast, cytoplasmic p62 expression was diffused expression 
in the epithelial cells in the prostate in the BPH group. In 

particular, the number of p62-positive cells increased in all 
lobes barring the anterior lobe compared to that in the N.C. 
group. p62 expression decreased significantly (p<0.001) 
in the ventral lobe of the prostate in Fina group compared 
to that in the BPH group. p62 expression increased in the 
anterior lobe cells and reduced marginally in the dorsal 
and ventral lobe cells in the Fina group compared to that 
in the BPH group. In the Fina group, the ventral lobe cells 
showed partial expression of p62 compared to cells in the 
other lobes.

Fig. 3. Immunohistochemistry of LC3B in a rat model of testosterone-induced BPH. Scale bar= 25 μm. Rats with testosterone-induced 
BPH were administered with finasteride (10 mg/kg P.O.) for 28 days. A. Expression of LC3B (arrow) and examined by light microscopy 
with focus on AL, DL, LL, and VL. The% area of positive LC3B (B) was expressed as mean±standard deviation, AL (anterior lobe), DL 

(dorsal lobe), LL (lateral lobe), and VL (ventral lobe), ###p<0.001, #p<0.05, a significant difference in comparison with the N.C. group. 
***p<0.001, **p<0.01, and *p<0.05, significant difference in comparison with the BPH group.

A

B
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Table 2. The intensity scoring of 1A/1B-light chain 3 in testoster-
one-induced benign prostate hyperplasia in rat

LC3

N.C. BPH Fina

Anterior lobe ++ + +
Dorsal lobe + + +
Lateral lobe +++ - ++
Ventral lobe ++ - ++

Testosterone-induced BPH rat models were administered finasteride (10 mg/
kg P.O.) for 28 days. The IHC test gives a score of 0 tor 3+  that measures 
the intensity of LC3B- and p62-positive cells in the prostate tissue samples; 
one or little stained cells (0); weak, partial stained cells (1); intermediate, 
complete stained cells (2); strong, complete membrane stained cells (3).

Fig. 4. Immunohistochemistry of p62 in a rat model of testosterone-induced BPH. Scale bar = 25 μm. Testosterone-induced BPH rat mod-
els were administered finasteride (10 mg/kg P.O.) for 28 days. A. Expression of the p62 (arrow) and examined by light microscopy with fo-
cus on AL, DL, LL, and VL. The% area of positive p62 (B) was expressed as mean±standard deviation, AL (anterior lobe), DL (dorsal lobe), 
LL (lateral lobe), and VL (ventral lobe), ###p<0.001, a significant difference in comparison with the N.C. group. ***p<0.001, significant 
difference in comparison with the BPH group.

A

B

Table 3. The intensity scoring of sequestosome 1in testosterone- 
induced benign prostate hyperplasia in rat 

p62

N.C. BPH Fina

Anterior lobe ++ ++ ++
Dorsal lobe - ++ +
Lateral lobe - ++ +
Ventral lobe - ++ -

Testosterone-induced BPH rat models were administered finasteride (10 mg/
kg P.O.) for 28 days. The IHC test gives a score of 0 tor 3+  that measures 
the intensity of LC3B- and p62-positive cells in the prostate tissue samples; 
one or little stained cells (0); weak, partial stained cells (1); intermediate, 
complete stained cells (2); strong, complete membrane stained cells (3).
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DISCUSSION

Anatomically, BPH diagnosis is established by enlarged 
size and increased weight of the prostate gland. Histologi
cally, it is based on the proliferation of epithelial and connec-
tive tissues in the transition zone of the prostate lobes [30]. 
Although BPH pathogenesis is unclear, it has been asso
ciated with androgen expression [1,12]. Increased prostate  
volume is attributed to decreased apoptosis in the prostate 
rather than the prostate tissue proliferation [31,32]. Addi-
tionally, a recent study further reported that while cellular  
autophagy plays a compensatory role, it also provides a posi
tive feedback to apoptosis in the process [31]. Autophagy,  
which maintains cellular homeostasis, is one of the cell 
death mechanisms. Blockade of 5α-reductase type 2 action 
has been shown to increase autophagy [21]. LC3B, which is 
present on the inner membrane of the autophagosome, binds 
to p62 to form the autophagosome which is preferentially 
degraded during autophagy. Generally, autophagy is char-
acterized by increased LC3B expression and decreased p62 
expression, which collectively constitute the “autophagy  
flux” [19,33,34]. LC3B and p62 are degraded along with 
the autophagosome; therefore, these two factors should be 
considered in conjunction when studying autophagy [35].

Autophagy is suppressed in patients who suffer from 
severe prostatic inflammation with LUTS and BPH. These 
patients showed high expression of p62 and a low level of 
LC3B [25]. In the process of androgen-induced prostatic 
hyperplasia in castrated rats, androgen may be related to 
the phosphoinositide 3-kinase/protein kinase B/mechanistic 
target of rapamycin (PI3K/Akt/mTOR) pathway [35]. The 
prostate of the BPH exhibits decreased expression of LC3B, 
which showed the defective in autophagy flux [26]. In addi
tion, testosterone up-regulates androgen-binding protein 
expression by p62 accumulation that is autophagy clearance 
inhibition [36]. However, the site for action of autophagy 
in the rat prostate lobe is yet to be identified. As the result 
of the Oh et al. study [26], our western blotting results also 
showed that the protein expression LC3B is decreased and 
p62 is increased in rat BPH prostate compared with normal 
prostate. To evaluate the localization of prostatic lobe BPH, 
the histological examination was focused on the expression 
and localization of LC3B and p62 in this study. In N.C. 
group, LC3B is expressed in the cytoplasm of epithelial 
cells. During BPH progression, LC3B expression decreased 
in the BPH group, particularly in the anterior, lateral, and 

ventral lobes of the prostate. However, Fina group showed 
that the number of LC3B-positive cells was increased es-
pecially in the lateral and ventral lobes of the prostate. In 
N.C. group, p62 was mostly expressed in the cytoplasm 
of epithelial cells in the anterior lobes of the prostate. p62 
expression increased in the BPH group, particularly in the 
dorsal, lateral, and ventral lobes of the prostate. In the Fina 
group, p62 expression decreased to the levels similar to 
those observed in the N.C. group.

Both LC3B expression and p62 expression were higher 
in the anterior lobe than other areas. In addition, in the Fina 
group, p62 expression was higher than in the BPH group. 
Ultrastructurally, the cells of anterior lobe have a dilated 
endoplasmic reticulum recognized as dilated endoplasmic 
reticulum (ER) lumen, which indicates an increase in ER 
stress [37]. ER stress is one of the inducers of autophagy, 
and it is implied that the expression of LC3B was higher in 
the anterior lobe than in other areas. p62 is a autophagy flux 
marker and is accumulated when autophagy is inhibited  

[38]. These results suggested that the formation of auto-
phagosome occurs a lot in the anterior lobe, however, the 
autophagosome clearance does not occur completely.

There was no significant difference in the dorsal lobe 
LC3B expression among the N.C., BPH, and Fina groups. 
However, p62 expression was substantially higher in the 
BPH group than in the N.C. group. p62 expression reduced 
in the Fina group; however, the extent of reduction was no 
comparable to that in the N.C. group. These results indicate 
that autophagy was reduced in the BPH and Fina groups, 
but not to the same degree as that in the N.C. group.

In the lateral lobe of the prostate, the number of LC3B- 
positive cells was higher than that in the dorsal and ventral 
lobes in the N.C. group. However, LC3B expression was 
almost undetectable in the BPH group. LC3B expression 
in the Fina group was not substantially higher than that in 
N.C. group. p62 expression in the BPH and Fina groups 
increased compared to that in the N.C. group. Therefore, 
autophagy was reduced in the lateral lobe during BPH and 
finasteride treatment. 

In the ventral lobe of the prostate, LC3B expression was 
lower in the BPH group, whereas it was higher in the Fina 
group (the levels were similar to those observed in the N.C. 
group). On the other hand, p62 expression increased in the 
BPH group, whereas it was lower in the Fina group similar 
to those observed in the N.C. group. These Wesults indicated 
that the autophagy flux in the ventral lobe reduced in BPH, 
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whereas it increased in response to finasteride treatment 
during BPH. Because ventral lobe of prostate has a greater 
androgen responsiveness than the other lobes, the spon-
taneously occurring benign proliferative lesions are more  
common in the ventral prostate [39]. Androgen may be rela
ted o the PI3K/Akt/mTOR signaling pathway inhibiting auto- 
phagy flux [35]. Under finasteride treatment, the reduction 
of androgen activity induced autophagy. Histologically, the 
lateral lobe more closely resembles the ventral lobe [39] and 
both of them are dependent of DHT [40]. Under BPH, auto
phagy was reduced with LC3B increase and p62 decrease in 
lateral and ventral lobe. However, the mean ratio of DHT to 
testosterone levels in lateral lobe was six times greater than  
ventral lobe [40]. This difference affect to the effectiveness 
of finasteride on autophagy flux in lateral lobe.

Although the incidence of autophagy was reduced in 
the BPH group, cell proliferation was increased during 
BPH. It is known to the unbalance between apoptosis and 
proliferation cause the BPH. Androgen signaling drove 
cell progression by decreasing p27kip1 in prostate [41]. 
However, finasteride treatment induced LC3B expression 
and reduced p62 expression, suggesting normal autophagy 
flux. The LC3B and p62 expression pattern was consistent 
with the western blotting results. In the pathogenesis and 
treatment of BPH, studies have been conducted on the re-
lationship between androgen signaling and autophagy pro-
cess [21,42,43]. These findings collectively indicated that 
altered LC3B and p62 expression in the ventral lobe in the 
Fina group was associated with localized autophagy during 
BPH. The rat prostate is characterized by histological and 
functional heterogeneity between the lobes [10]. In the BPH 
group, LC3B expression decreased and p62 expression was 
increased in all areas with cell proliferation. However, fin-
asteride treatment induced autophagy in the epithelial cells 
of the dorsal, lateral, and ventral lobes, with the ventral lobe 
showing most prominent autophagy flux.

The IHC results showed that glandular cells are involved 
in autophagy, and resultantly, in BPH prevention. Despite 
the fact that autophagy was only evaluated by measuring 
the expression of key autophagy markers such as LC3B and 
p62, which is a limitation of this study, the markers can be 
used to determine the specific site of autophagy.

Autophagy flux was decreased in patients and animal 
models of BPH, whereas it is known to increase under treat-
ment with androgen receptor inhibitor. However, the pre-
cise local site of autophagy has not been elucidated in BPH 

progression and treatment [42,44,45]. Our data collectively 
indicated that the ventral lobe, which constitutes the major 
part of prostate, is a prominent site of autophagy during 
BPH. It could be seen that the ventral lobe is correspond to 
transitional zone during the pathogenesis and treatment of 
BPH. Based on our finding, we suggest that autophagy is a 
critical process in BPH. In particular, the ventral lobe of the 
rat prostate could be a potential target site for evaluating the 
therapeutic effects of BPH treatment in animal models. 
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