
www.einj.orgCopyright © 2021 Korean Continence Society

This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (https://creative-

commons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distri-
bution, and reproduction in any medium, provided the original work is properly cited.

Corresponding author: Zhenqiang Xu   https://orcid.org/0000-0002-3328-9547
Department of Urology, Zhangzhou Affiliated Hospital of Fujian Medical 
University, No. 59 Victory West Road, Zhangzhou, Fujian 363000, P.R. China
Email: xuzhenqiang53@126.com
Submitted: January 8, 2021 / Accepted after revision: April 15, 2021

INTRODUCTION

Benign prostatic hyperplasia (BPH) is the most frequent diag-

nosed benign neoplasm of aged men and is infrequent before 
age of 40, but its prevalence increases sharply after age of 40, 
reaching 40%–50% at the age of 50–60 and 80%–90% after the 
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• HIGHLIGHTS
-AR antagonist MDV3100 inhibits BPH in rats.
-MiR-21-3p regulates NF-κB pathway to influence BPH rats.
-MDV3100 suppresses BPH in rats by repressing miR-21-3p.

Purpose: To probe the effect and mechanism of androgen receptor antagonist MDV3100 on benign prostatic hyperplasia 
(BPH) of rats
Methods: BPH rat model was induced by testosterone propionate. Then antagomir-miR-21-3p or agomir-miR-21-3p was in-
jected into rats before MDV3100 treatment. The prostate index was measured by weighing the wet weight of the rat prostate. 
The structural morphology of rat prostate was observed after hematoxylin & eosin staining. Immunohistochemistry was ap-
plied to evaluate the expression levels of Ki-6 and inflammatory cytokines (interleukin [IL]-6, IL-18, and tumor necrosis 
factor-α) in rat prostate tissues. Quantitative reverse transcription polymerase chain reaction was utilized for assessment of 
miR-21-3p expression, and Western blot for the performance of the phosphorylation levels of IKKα and p65.
Results: Injection of testosterone propionate caused increased prostate gland hyperplasia, heightened miR-21-3p level, and ac-
tivated nuclear factor-kappa B (NF-κB) signaling pathway. Additionally, BPH was accompanied by inflammatory response, as 
evidenced by enhanced expressions of Ki-67 and inflammatory cytokines. MDV3100 exposure ameliorated BPH and sup-
pressed miR-21-3p expression. Overexpression of miR-21-3p intensified BPH and inflammation level, while knockdown of 
miR-21-3p relieved BPH. The coeffect of miR-21-3p upregulation and MDV3100 subjection led to higher inflammatory re-
sponse, elevated phosphorylation levels of IKKα and p65 than MDV3100 treatment alone.
Conclusions: Androgen receptor antagonist MDV3100 alleviates BPH and inflammatory response through miR-21-3p 
downregulation and NF-κB signaling pathway blockade.
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age of 80 [1,2]. BPH is a prevailing reason for lower urinary tract 
symptoms in men, featured by hyperplasia of prostatic stromal 
and epithelial [3]. Both prostate cancer and BPH are part of the 
metabolic syndrome, and inflammation elicits a dominating 
role in the progression of both BPH and prostate cancer [4]. 
Traditional cancer therapies including chemotherapy, opera-
tion, and radiotherapy, may induce various side effects that de-
stroy the immune systems or kill normal cells of the patients [5]. 
Thus, there is a pressing need for the selection of the most suit-
able treatment regimen for the improvement of the patients 
with BPH. Numerous studies have displayed that the androgen 
receptor (AR) plays a critical role in the initiation and mainte-
nance of prostate cancer [6,7], and inhibition of AR is an effec-
tive option for the treatment of advanced disease [8]. Enzalu-
tamide (formerly MDV3100) is an AR antagonist that is fre-
quently used and offers great promise for patients with prostate 
cancer [9,10]. Nevertheless, the detailed mechanism of AR an-
tagonist MDV3100, especially the pathogenic roles of 
MDV3100 in BPH, is still largely unearthed.

Nuclear factor-kappa B (NF-κB) transcription factors are 
conserved regulators of inflammatory and immune responses 
[11]. NF-κB strictly mediates the production of proinflamma-
tory cytokines, such as tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β), and IL-6 [12]. A significant finding of a 
recent study proposed that the NF-κB signaling pathway is also 
implicated in the development and progression of prostate can-
cer [13]. However, the underlying mechanism of the NF-κB 
pathway on BPH has not been fully elucidated. Therefore, re-
vealing the cellular and molecular levels, as well as the mecha-
nisms, responsible for BPH are essential for the development of 
novel treatments.

Representing single-stranded noncoding RNAs of ~22 nucle-
otides, microRNAs (miRNAs) alter gene expression at the post-
transcriptional level through translational inhibition or mRNA 
cleavage [14]. Since their pivotal effect on cancer has been 
gradually verified, miRNAs have emerged as excellent candi-
dates for the development of minimally invasive biomarkers for 
cancer diagnosis and prognosis [15]. For instance, urine miR-
21-5p has been documented to be a biomarker in predicting 
the response of tadalafil for BPH [16]. The miR-21-5p level was 
heightened in response to the release of inflammatory cytokines, 
and that miR-21-5p negatively affected cell survival and func-
tion [17]. Additionally, it is well recognized that miRNAs are 
involved in the regulation of NF-κB pathway [18,19]. These in-
teractions indicate that NF-κB and miRNAs can be served as 

drug therapeutic targets and potential tumor diagnostic bio-
markers for clinical cancer treatment [20]. However, whether 
NF-κB pathway and miR-21-3p are involved in the modulatory 
effect of AR antagonist on BPH is still waiting for exposure.

Here, we described that miR-21-3p significantly aggravated 
BPH in the rat model, and BPH could be ameliorated after ex-
posure to AR antagonist MDV3100. Through further function-
al investigations, we found that the NF-κB pathway is activated 
during BPH. Injection of MDV3100 was associated with sup-
pressed NF-κB activity and miR-21-3p expression, suggesting 
the potential role of AR antagonist in controlling BPH is achieved 
through regulating miR-21-3p/NF-κB axis.

MATERIALS AND METHODS

Animals
Wistar male healthy rats (n=64, weighing 180–220 g, 7 weeks) 
were supplied by Laboratory Animal Resources, Chinese Acad-
emy of Sciences (Shanghai, China) and housed in a specific 
pathogen-free laboratory with a cycle of 12 hours light/12 hours 
dark, and food and water were available ad libitum. The experi-
mental scheme was authorized by the Committee of Experi-
mental Animals of Zhangzhou Affiliated Hospital of Fujian 
Medical University (ZYL No. 2020KYB133). All procedures 
were in compliance with the Guide for the Care and Use of 
Laboratory Animals.

To eliminate the influence of testosterone, the rats were sub-
jected to surgical castration under aseptic conditions with their 
epididymis and testis removed. Three days after surgery, rats 
were injected with 3 mg/kg of testosterone propionate subcuta-
neously for 7 weeks. Rats were correspondingly assigned to fol-
lowing 8 groups (n=8): Model group (subcutaneous injection 
with 3 mg/kg of testosterone propionate for 7 weeks), MDV 
3100 group (7 weeks of testosterone propionate treatment fol-
lowed by 5 days of 10-mg/kg MDV3100 by oral administration, 
MDV3100 diluted in 10% DMSO, 45% polyethylene glycol 400, 
45% normal saline), ant-NC group (exposure to testosterone 
propionate for 7 weeks and received tail vein injection of an-
tagomir-NC for 3 consecutive days during the 7th week), ant-
miR-21-3p group (subjection to testosterone propionate for 7 
weeks and received tail vein injection of antagomir-miR-21-3p 
for 3 consecutive days during the 7th week), ago-NC group 
(treatment with testosterone propionate for 7 weeks and re-
ceived tail vein injection of agomir-NC for 3 consecutive days 
during the 7th week), ago-miR-21-3p group (testosterone pro-
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pionate injection for 7 weeks prior to agomir-miR-21-3p injec-
tion for 3 consecutive days during the 7th week), ago-miR-21-
3p+MDV3100 group (exposure to testosterone propionate for 
7 weeks, agomir-miR-21-3p injection for 3 consecutive days 
during the 7th week and 5 consecutive days of oral administra-
tion of 10-mg/kg MDV3100 for 5 consecutive days) and Nor-
mal group (set as negative control).

Measurement of Prostate Index
The rat prostate was obtained and then weighed with an elec-
tronic balance (E02140, OHAUS, Switzerland), and prostate in-
dex (PI) was calculated. PI =the wet weight of prostate/the 
body weight of rat.

Hematoxylin & Eosin Staining
The prostate tissues of rat were fixed in 10% formalin, followed 
by paraffin embedding to make 4-μm-thick slices. The slices 
were stained with conventional hematoxylin-eosin, and the 
prostate structure was observed under a light microscope 
(DMi8, Leica, Germany).

Immunohistochemistry
The rat prostate slices were de-waxed in xylene prior to ethanol 
gradient dehydration. Sections were received 10mM citrate buf-
fer (pH, 6.0) for antigen retrieval and immersed in 3% hydro-
gen peroxide to block the endogenous peroxidase before im-
munohistochemistry (IHC). Sections were incubated with the 
primary antibodies against Ki-67 (2 µg/mL, ab15580, Abcam, 
Cambridge, MA, USA), IL-6 (1:400, ab6672, Abcam), IL-18 
(1:2,000, ab223293, Abcam), and TNF-α (1:200, ab270264, Ab-
cam) overnight at 4°C. Sections were washed with phosphate-
buffered saline (PBS) thrice before and after incubation with 
the secondary antibody. After that, 1–3 minutes of diamino-
benzidine color development was terminated. The nucleus of 
cells was stained by hematoxylin for 3 minutes, and sections 
were dehydrated, permeabilized, and sealed. Images were ac-
quired using a light microscope (Nikon Eclipse E100, Tokyo, 
Japan).

Quantitative Reverse Transcription Polymerase Chain 
Reaction
Total RNA was extracted from cells or tissues utilizing TRIzo® 
(Invitrogen, Carlsbad, CA, USA) based on the protocol. The 
RNA samples were reversed into cDNA with a cDNA synthesis 
kit (Toyobo, Osaka, Japan) after quantitation by a spectropho-

tometer (Shimadzu, Kyoto, Japan). The SYBR Green PCR Kit 
(Toyobo, Osaka, Japan) was employed for the performance of 
quantitative real-time PCR on cDNA and PRISM 7300 se-
quence detection system (Applied Biosystems, Foster City, CA, 
USA) for determination. The reaction conditions were 95°C 
predenaturation for 5 minutes, followed by 40 cycles of 95°C 
denaturation for 10 minutes, 60°C annealing for 10 seconds and 
72°C extension for 20 seconds. Data analysis adopted the 2-ΔΔCt 
method. The amplified primer sequences of each gene and its 
primers are in Table 1.

Western Blot
The rat prostate tissues were soaked in RIPA buffer (protease 
inhibitors and phosphatase inhibitors) for cell lysis, followed by 
30 minutes of 13,000 rpm centrifugation at 4°C. The superna-
tant was collected for determination of protein concentration 
using the BCA kit. The protein was treated with sodium dodec-
yl sulfate-polyacrylamide gel electrophoresis prior to PVDF 
membrane transference. The membranes were incubated with 
the primary antibodies against rabbit-derived GAPDH (1: 
10,000, ab181602, Abcam), IKKα (1:5,000, ab32041, Abcam), 
p-IKKα (1:500, ab38515, Abcam), p65 (1:1,000, ab16502, Ab-
cam), and p-p65 (1:2,000, ab86299, Abcam) overnight. Follow-
ing PBS tween washing thrice, the membranes were incubated 
with the secondary antibody at room temperature for 30 min-
utes. Before exposure to developing liquid for color develop-
ment, the membranes were washed with PBS for 4 times. Then 
chemiluminescence imaging analysis system (GE Healthcare, 
Beijing, China) was applied for picture capture.

Statistical Analysis
Statistical analysis of the data utilized GraphPad Prism 7.0 
(GraphPad Software Inc., La Jolla, CA, USA). T-test was adopt-
ed for the comparison between the 2 groups. Comparisons 
among multiple groups were analyzed by 1-way analysis of 
variance. P-values of significance were P<0.05, unless indicated 

Table 1. Primer sequence information

Name Primer

miR-21-3p F: 5'-GTAGCTGACCACAAC-3'

R: 5'-GATTCCTGGGCTCTGTCACC-3'

U6 F: 5'-CTCGCTTCGGCAGCACA-3'

R: 5'-AACGCTTCACGAATTTGCGT-3'

F, forward primer; R, reversed primer.
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otherwise in figure legend.

RESULTS

AR Antagonist Mitigates BPH in Rats
BHP rat model induced by testosterone propionate, were treat-
ed with AR antagonist MDV3100. As depicted in Fig. 1A, the 
PI of the model group was prominently higher than that of the 
normal group, and the PI of the MDV3100 group was marked-
ly lower than that of the model group (P<0.05). hematoxylin & 
eosin (H&E) staining (Fig. 1B) manifested that the tissues in 
the normal group exhibited regularly arranged glands and glan-

dular cavity, and columnar epithelium in monolayer with basal 
nucleus and obvious stroma between the glands. Rat in model 
group had saw-shaped glandular cavity, in which protuberant 
glands, high columnar shaped glandular epithelium and thick-
ened glandular epithelial cells with less cytoplasm, enlarged nu-
cleus, increased mesenchyme, and dilated small blood vessels 
were noticed. Slightly hyperplasia of prostate gland was ob-
served in the MDV3100 group of rats, which was neatly ar-
ranged. Most of the glandular epithelium in the MDV3100 
group was columnar epithelial monolayer, and glandular epi-
thelial cells had transparent cytoplasm and round-shaped nu-
clear.

Fig. 1. Benign prostatic hyperplasia (BPH) in rats can be alleviated by MDV3100. BPH rat models were established by testosterone 
propionate injection, and rat models were subjected to MDV3100. (A) The prostate index of rats in the different treatment groups was 
determined. After that, hematoxylin & eosin staining was utilized for the manifestation of morphology of prostate tissues in rats (B), 
and immunohistochemistry for assessment of Ki-67 expression (C) as well as inflammatory cytokine levels (D) in prostate tissues; 
Data were expressed as mean±standard deviation. *P<0.05. **P<0.01. ***P<0.001.
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Subsequently, the expressions of Ki-67 and inflammatory cy-
tokines in prostate tissues were identified by IHC. Compared 
with the model group, the normal group and the MDV3100 
group possessed lower Ki-67 level (Fig. 1C). Additionally, ag-
gressive increases in expressions of IL-6, IL-18, and TNF-α 
were found in the model group, and decreases in levels of in-
flammatory cytokines were discovered in the normal and 
MDV3100 groups (Fig. 1D). Thus, one explanation for our 
findings could be that BPH of rat is accompanied with inflam-
matory response. AR antagonist MDV3100 exposure interferes 
with inflammatory response and associates with BPH ameliora-
tion.

NF-κB Signaling Pathway Is Activated in BPH Rats
We next focused on whether NF-κB pathway is involved in 
BPH in rats. Toward this end, the phosphorylation levels of 
IKKα and p65 were assessed in rat prostate tissues. Western 
blot illustrated that the phosphorylation levels of IKKα and p65 
in the model group were markedly higher than that of normal 
group, while these protein expressions in the MDV3100 group 
were prominently lower than that of model group (Fig. 2A) 
(P<0.05). Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR) on mRNA expression of miR-21-3p exhib-
ited that injection of testosterone propionate led to highly ex-
pressed miR-21-3p, and following treatment with MDV3100 
restrained miR-21-3p level (Fig. 2B) (P <0.05). Taking these 
data together, BPH can activate NF-κB pathway and heighten 

expression level of miR-21-3p in rats, while MDV3100 inter-
vention can block the NF-κB pathway and down-regulate miR-
21-3p expression in BPH rats.

MiR-21-3p Aggravates BPH in Rats
We sought to examine whether miR-21-3p is implicated in 
BPH. Here, antagomir-miR-21-3p or agomir-miR-21-3p was 
injected into BPH rats through tail vein. qRT-PCR analysis of 
miR-21-3p expression displayed that there was increased 
mRNA level of miR-21-3p in the ago-miR-21-3p group (Fig. 
3A; P<0.05, vs. ago-NC group) and decreased miR-21-3p level 
in the ant-miR-21-3p group (Fig. 3A; P <0.05, vs. ant-NC 
group). PI measurement yielded that miR-21-3p upregulation 
raised PI of rats and miR-21-3p downregulation reduced PI 
(Fig. 3B) (P<0.05).

H&E staining observed that treatment with ant-miR-21-3p 
decreased prostate gland hyperplasia and increased glandular 
cavity. The glandular epithelium in the ant-miR-21-3p group 
was mainly in single columnar shape, and glandular epithelial 
cells possessed round nucleus. However, injection of ago-miR-
21-3p intensified hyperplasia of prostate glands, and the glan-
dular epithelium protruded into the cavity. Most of the glandu-
lar epithelium in the ago-miR-21-3p group was in high colum-
nar shape, and the glandular epithelial cells with round or oval 
nucleus were obviously hypertrophic (Fig. 3C).

IHC staining presented that in comparison to the ago-NC 
group, the ago-miR-21-3p group had elevated Ki-67 expression, 
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Fig. 2. MDV3100 blocks nuclear factor-kappa B signaling pathway and suppresses 
miR-21-3p expression in benign prostatic hyperplasia (BPH) rats. Rats were inject-
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MDV3100 in BPH was explored after rats given to MDV3100. (A) The phosphory-
lation levels of IKKα and p65 were displayed by Western blot. (B) The mRNA ex-
pression of miR-21-3p was evaluated by quantitative reverse transcription poly-
merase chain reaction. Data were shown as mean±standard deviation. *P<0.05. 
**P<0.01. B
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while compared with the ant-NC group, the ant-miR-21-3p 
group possessed repressed Ki-67 level (Fig. 3D). Besides, over-
expression of miR-21-3p enhanced inflammatory cytokine lev-
els and knockdown of miR-21-3p reduced the expressions of 
IL-6, IL-18, and TNF-α (Fig. 3E). Collectively, BPH of rats can 
be intensified by miR-21-3p.

AR Antagonist Improves BPH by Blocking NF-κB Signal 
Pathway and Suppressing miR-21-3p
To seek further evidence for the potential synergistic effects of 
AR antagonist MDV3100 on the regulation of BPH, BPH rats 
were injected with agomir-miR-21-3p. Assessment of qRT-PCR 
performed that the ago-miR-21-3p+MDV3100 group had a 
higher expression of miR-21-3p than the MDV3100 group (Fig. 
4A) (P<0.05). The activation of NF-κB signaling pathway ana-
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Fig. 3. MiR-21-3p interferers with benign prostatic hyperplasia of rats. (A) After tail vein injection of antagomir-miR-21-3p and 
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lyzed by Western blot described a prominent rise in the phos-
phorylation levels of IKKα and p65 in the ago-miR-21-3p+ 
MDV3100 group rather than the MDV3100 group (Fig. 4B) 
(P<0.05).

Additionally, a significantly elevated PI of rats was observed 
in the ago-miR-21-3p+MDV3100 group over the MDV3100 
group (Fig. 4C) (P<0.05). H&E staining manifested that com-
pared with the MDV310 group, there was increased prostate 
gland hyperplasia in the ago-miR-21-3p+MDV3100 group. The 
glandular epithelium was mainly presented in high columnar 
shape, and the glandular epithelial cells with round or oval nu-
cleus were hypertrophic (Fig. 4D). Results obtained from IHC 
staining proposed that the levels of Ki-67 (Fig. 4E), IL-6, IL-18, 
and TNF-α (Fig. 4F) in rat prostate tissues were enhanced in 
the ago-miR-21-3p+MDV3100 group than the MDV310 
group. Together, these observations suggest that the AR antago-
nist MDV3100 improves rat BPH through miR-21-3p inhibi-
tion and inactivation of NF-κB signal pathway.

DISCUSSION

BPH is a wide-spread chronic condition in elderly males and 
may significantly affect the quality of life [5,21]. Multiple factors 
are associated with the pathogenesis of BPH, including chronic 
inflammation, age-related changes, and disturbance in hor-
mone balance [22,23]. A large body of evidence suggests that 
the majority of patients can achieve satisfactory relief of symp-
toms with pharmacological therapy [24]. The human AR elicits 
a major effect on prostate cancer and represents a well-estab-
lished drug target [8]. Herein, the BPH rat model was con-
structed by testosterone propionate injection to evaluate wheth-
er AR antagonist MDV3100 can mitigate BPH and what is the 
mechanism under this amelioration.

Enzalutamide is an orally nonsteroidal, available, second-
generation antiandrogen that acts on many steps in the AR sig-
naling pathway and performs itself as an effective drug for 
prostate cancer therapy [25,26]. In this study, decreased PI, di-
minished expression of proliferation marker Ki-67, and re-
strained inflammatory cytokine level were discovered in the 
BPH rats following subjection to MDV3100. These findings 
emphasized that AR antagonist MDV3100 can ameliorate BPH, 
although the mechanism on AR antagonist interfered with 
BPH remains a crucial challenge. The upregulation of miR-21 is 
reported to be associated with an independent predictor of 
progress-free survival in patients with advanced prostate cancer 

[27]. Besides, AR can be activated by IL-6 to promote cell pro-
liferation in prostate cancer, while miR-21 plays an intermedi-
ary role in activating IL-6 to regulate programmed cell death 4 
expression [28]. Here, highly expressed miR-21-3p was found 
in BPH rats, and the acquired silence of miR-21-3p emerged 
following exposure to MDV3100. Thus, we hypothesized that 
miR-21-3p might participate in AR antagonist-interfering BPH 
in the light of recent advances in the understanding of the 
property of miR-21. To test our hypothesis, the BPH rat model 
was exposed to antagomir-miR-21-3p or agomir-miR-21-3p by 
tail vein injection to evaluate the role of miR-21-3p in BPH. Re-
sults of H&E staining, IHC, qRT-PCR, and Western blot veri-
fied the effect of miR-21-3p on BPH that overexpression of 
miR-21-3p intensified BPH and inflammatory response in rats, 
whereas miR-21-3p knockdown reversed these results.

In this study, elevated phosphorylation levels of NF-κB path-
way-related proteins were found in rats with BPH, which sug-
gests that NF-κB signal pathway was activated in BPH. NF-κB 
serves as a class of inducible transcription factors that regulate a 
wide range of genes involved in different processes of the in-
flammatory and immune responses [29]. Besides, cell survival, 
invasion, and proliferation in prostate cancer can be facilitated 
by NF-κB [30]. Here, the levels of NF-κB pathway-related pro-
teins were discovered to be repressed in response to MDV3100 
injection in BPH rats. With regard to these findings, we next 
sought to explore whether the NF-κB signaling pathway confers 
potential synergistic effect with miR-21-3p on AR antagonist-
interfering BPH. Support for our hypothesis comes from the 
observation that the coeffect of miR-21-3p overexpression and 
MDV3100 treatment could abolish the suppressive effect of 
MDV3100 on phosphorylation levels of IKKα and p65, and on 
expressions of IL-6, IL-18, TNF-α, and proliferation marker Ki-
67. Indeed, data is accumulating on the regulatory roles of miR-
21-3p and the NF-κB pathway in cancers. For example, Ni et al. 
[31] yielded that CBX7 potentiates stem cell-like characteristics 
of gastric cancer cells through p16 suppression and the AKT-
NF-κB-miR-21 pathway activation. Furthermore, miR-21 can 
effectively restrain the TLR4/NF-κB pathway and myocardial 
apoptosis in rats with myocardial ischemia-reperfusion [32].

To sum up, our study exhibits the functional role of AR an-
tagonist MDV3100 in testosterone propionate-induced BPH in 
rats. MDV3100 can inhibit BPH and inflammatory response of 
rats through miR-21-3p repression and the NF-κB signaling 
pathway blockade. More work is necessary to better understand 
pathogenesis of BPH and the deep mechanism which may give 
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an insight into the available therapeutic options for the treat-
ment of BPH.
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