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Abstract. Prostate cancer (PCa) is the second most common 
type of cancer and the 6th leading cause of cancer‑associated 
mortality worldwide. Accumulated evidence suggests that 
PCa initiation and progression are controlled by microRNAs 
(miRNAs). Therefore, investigating PCa‑associated miRNAs 
may provide novel biomarkers for the diagnosis and treatment 
of patients with PCa. In the present study it was demonstrated 
that miRNA‑136 (miR‑136) expression was significantly 
downregulated in PCa tissues and cell lines. The resump-
tion of miR‑136 expression suppressed cell proliferation and 
invasion in PCa cells. Bioinformatics analysis predicted that 
mitogen‑activated protein kinase kinase 4 (MAP2K4) was 
a direct target of miR‑136. This prediction was experimen-
tally confirmed by a luciferase reporter assay, RT‑qPCR and 
western blot analysis. MAP2K4 was highly expressed in PCa 
tissues and inversely correlated with the miR‑136 expression 
level. Additionally, the restoration of MAP2K4 expression 
significantly blocked the inhibitory effects of miR‑136 on cell 
proliferation and invasion in PCa cells. Therefore, miR‑136 
may suppress the proliferation and invasion of PCa cells by 
targeting MAP2K4 and may be a novel candidate target for 
cancer therapy against PCa.

Introduction

Prostate cancer (PCa), a highly common malignant tumour 
in the urinary and reproductive systems, is the second most 
common cancer and the sixth leading cause of cancer‑related 
deaths worldwide  (1,2). In recent years, the incidence and 
mortality of PCa in China have gradually increased with 

progressing economy (3). Despite the unclear aetiology of this 
malignancy, both hereditary and environmental components 
have been demonstrated to participate in prostate carcino-
genesis, where age, race and family history are the only 
well‑established risk factors  (4,5). Over the past decades, 
considerable advances have been achieved in the diagnosis and 
treatment of PCa. However, the long‑term survival of patients 
with PCa remains poor (6). The 5‑year relative survival rate 
of patients with PCa at the advanced metastatic stage is only 
28%  (7). The local or distant metastasis, recurrence and 
development of hormone refractory disease remain the major 
causes of death (8,9). Therefore, the molecular mechanisms 
underlying the formation and progression of PCa must be 
elucidated to develop novel and effective therapeutic methods 
for treatment of patients with this malignancy.

MicroRNAs (miRNAs) are a subset of non-coding, 
single‑stranded, short RNA molecules that are 19‑24 nucleo-
tides in length  (10). miRNAs regulate gene expression 
primarily by binding to the 3'‑untranslated regions (3'‑UTRs) 
of their target genes in a sequence‑dependent recognition 
manner, thereby inducing mRNA degradation or blocking 
the translation of the encoded protein (11). At least one‑third 
of human genes are estimated to be regulated by miRNAs, 
which serve key roles in numerous biological processes, such 
as differentiation, organ development, immune responses, 
proliferation, apoptosis and signal transduction (12). Several 
lines of evidence suggest that miRNAs are aberrantly 
expressed in almost all types of human cancer, including 
PCa  (13,14). miRNAs act as either oncogene or tumour 
suppressor due to the different cellular contexts of malignan-
cies (15,16). miRNAs also participate in tumourigenesis and 
tumour development by regulating cell proliferation, cell 
cycle, cell survival, apoptosis, angiogenesis, cell migration, 
cell invasion, and metastasis (17). Therefore, investigating 
cancer‑related miRNAs is important to provide novel thera-
peutic targets for PCa treatment.

miR‑136 is significantly decreased in multiple human 
cancers  (18‑20). However, limited information is available 
regarding the expression pattern and biological functions of 
miR‑136 in PCa. Hence, the present study aims to elucidate 
the expression pattern, biological functions and underlying 
molecular mechanisms of miR‑136 in PCa.
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Materials and methods

Clinical specimens. This study was approved by the Ethical 
Committee of Ningbo No.  2 Hospital. Written informed 
consent was provided by all patients prior to enrollment in 
this study. A total of 27 pairs of PCa tissues and adjacent 
noncancerous tissues (NCTs) were obtained from patients 
who underwent surgery at Ningbo No.  2 Hospital from 
June 2014 to February 2016. None patients had been treated 
with any treatment including chemotherapy, radiotherapy and 
androgen‑deprivation treatment before surgery. Following 
surgical resection, all tissues were immediately frozen in 
liquid nitrogen and stored at ‑80˚C until further use.

Cell culture and transfection. Human PCa cells (DU145, PC3, 
LNCaP and 22RV1) and normal prostatic epithelial cell line 
(RWPE‑1) were acquired from Institute of Biochemistry and 
Cell Biology at the Chinese Academy of Sciences (Shanghai, 
China). All PCa cell lines were cultured in RPMI‑1640 medium 
with 10% fetal bovine serum (FBS), 100 U/ml penicillin and 
100 µg/ml streptomycin (all from Gibco, Grand Island, NY, 
USA). RWPE‑1 cells were grown in keratinocyte‑serum‑free 
medium containing 50 mg/ml bovine pituitary extract and 
5 ng/ml recombinant human epidermal growth factor (all from 
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). All cell lines were maintained at 37˚C in a humidified 
atmosphere of 5% CO2 and 95% air.

miR‑136 mimics and negative control miRNA mimics 
(miR‑NC) were purchased from GenePharma Co., Ltd. 
(Shanghai, China). MAP2K4 overexpression plasmid 
(pCMV‑MAP2K4) and blank plasmid pCMV were chemically 
synthesized by Guangzhou RiboBio Co., Ltd. (Guangzhou, 
China). For transfection, cells were plated in 6‑well plates 24 h 
prior to transfection. Cell transfection was carried out using 
Lipofectamine 2000 (Invitrogen Life Technologies, Carlsbad, 
CA, USA) according to the manufacturer's instructions.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated from tissues or cells using 
TRIzol reagent (Thermo Fisher Scientific, Inc.) in accordance 
with the manufacturer's instructions. A NanoDrop  2000 
(Thermo Fisher Scientific, Inc., Wilmington, DE, USA) 
was used to determine the RNA purity and concentration. 
To quantify miR‑136 expression, the complementary DNA 
(cDNA) was synthesized using the TaqMan MicroRNA 
Reverse Transcription kit and the quantitative PCR was 
performed using the TaqMan MicroRNA PCR kit (both from 
Applied Biosystems, Foster City, CA, USA). U6 snRNA used as 
an control for miR‑136 expression. For detection of MAP2K4 
mRNA, a PrimeScript RT Reagent kit (Takara Biotechnology, 
Co., Ltd., Dalian, China) was utilized to synthesize the cDNA. 
The PCR amplification for the quantification of MAP2K4 
mRNA was carried out using the SYBR Premix Ex Taq™ kit 
(Takara Biotechnology, Co., Ltd.). The relative expression of 
MAP2K4 mRNA was illustrated as fold difference relative to 
GAPDH. Relative expression was analyzed using the 2‑ΔΔCq 
method (21).

Cell Counting Kit-8 (CCK-8) assay. PCa cell proliferation 
was detected by the CCK-8 assay in accordance with the 

manufacturer's instructions. Transfected cells were collected 
24 h post‑transfection. For the CCK-8 assay, cells were seeded 
in 96‑well plates at a density of 3x103 cells/well. The CCK-8 
assay was performed at 0, 24, 48, 72 and 96 h after incubation. 
In brief, 10 µl of the CCK-8 reagent (Dojindo Laboratories, 
Kumamoto, Japan) was added, and the plate was incubated 
at 37˚C with 5% CO2 for 2 h. Absorbance at 450 nm wavelength 
was recorded on a multilabel plate reader (BioTek Instruments, 
Inc., Winooski, VT, USA). Each assay was performed in tripli-
cate and repeated three times.

Matrigel invasion assay. The invasion ability of PCa cells 
was examined using Transwell chambers (EMD Millipore, 
Billerica, MA, USA) coated with Matrigel (BD Biosciences, 
San Jose, CA, USA). The transfected cells were harvested 48 h 
post‑transfection by using 0.2% trypsin/EDTA solution (Gibco) 
and washed with fetal bovine serum (FBS)‑free RPMI‑1640 
medium. A total of 5x104  transfected cells in FBS‑free 
RPMI‑1640 medium were added to the upper chamber. 
RPMI‑1640 medium supplemented with 10% FBS was then 
added to the lower chamber to serve as chemoattractant. After 
incubation at 37˚C with 5% CO2 for 24 h, the cells attached to 
the upper surface of the chamber were removed by a cotton 
swab. The invasive cells were fixed with 100% methanol and 
stained with 0.5% crystal violet solution (Beyotime Institute of 
Biotechnology, Haimen, China). The invasive cells were then 
photographed and counted in five randomly selected fields 
under an inverted microscope (x200; Olympus, Tokyo, Japan).

Bioinformatics analysis. Potential target genes for miR‑136 
were predicted using (http://www.targetscan.org/index. html) 
and miRanda (http://www. microrna.org/microrna/).

Luciferase reporter assay. For luciferase reporter assay, the 
luciferase plasmids, pmirGLO‑MAP2K4‑3'‑UTR wild‑type 
(Wt1 and 2) and pmirGLO‑MAP2K4‑3'‑UTR mutant (Mut1 
and  2), were chemically synthesized and confirmed by 
GenePharma Co., Ltd. Cells were seeded into 24‑well plates 
at a density of 1.5x105 cells each well and cultured at 37˚C 
with 5% CO2 for 24 h. miR‑136 mimics or miR‑NC was trans-
fected into cells, together with pmirGLO‑MAP2K4‑3'‑UTR 
Wt (1 and 2) or pmirGLO‑MAP2K4‑3'‑UTR Mut (1 and 2), 
using Lipofectamine 2000 according to the manufacturer's 
instructions. At 24 h post‑transfection, luciferase activities 
were measured by using a Dual‑Luciferase Reporter Assay 
system (Promega, Madison, WI, USA), according to the manu-
facturer's instructions. Renilla luciferase activity was used as 
an internal control.

Western blot analysis. Total protein was extracted from 
tissues or cells using RIPA lysis buffer (Beyotime Institute 
of Biotechnology, Jiangsu, China). After centrifugation 
at 12,000 x g for 15 min at 4˚C, a BCA Protein Assay kit 
(Beyotime Institute of Biotechnology) was adopted to detect 
the protein concentration. Equal amounts of protein was 
loaded on a 10% sodium dodecyl sulfate‑polyacrylamide 
gel and transferred to polyvinylidene difluoride membranes 
(EMD Millipore). After blocking with 5% non‑fat dry milk 
in Tris‑buffered saline containing 0.05% Tween-20 (TBST) 
at room temperature for 2  h, the membranes were 

RETRACTED



MOLECULAR MEDICINE REPORTS  17:  4803-4810,  2018 4805

incubated at 4˚C overnight with primary antibodies: Mouse 
anti‑human MAP2K4 monoclonal antibody (sc‑136314, 
1:1,000 dilution) or mouse anti‑human GAPDH monoclonal 
antibody (sc‑47724, 1:1,000 dilution) (both from Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA). Afterwards, the 
membranes were washed with TBST for three times and 
probed with goat‑anti mouse horseradish peroxidase‑conju-
gated secondary antibody (sc‑2005, 1:5,000 dilution; Santa 
Cruz Biotechnology, Inc.) at room temperature for 1  h. 
Finally, the proteins were visualized using ECL Immunoblot 
Detection system (Pierce, Rockford, IL, USA). Densitometry 
of protein bands was quantified with Quantity One software 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA). GAPDH 
served as a loading control.

Statistical analysis. Data are presented as the median ± stan-
dard deviation, and analyzed using SPSS software 
(version 20.0; SPSS Inc., Chicago, IL, USA). Differences 
between groups were analyzed using student's t‑test or 
one‑way ANOVA with a Student‑Newman‑Keuls post hoc 
test. The association between miR‑136 and MAP2K4 expres-
sion levels was determined using Spearman's correlation 
analysis. P<0.05 were considered to indicate a statistically 
significant difference.

Results

miR‑136 is downregulated in PCa tissues and cell lines. To 
investigate the expression pattern of miR‑136 in PCa, we 
firstly measured the expression level of miR‑136 in 27 pairs of 
PCa tissues and NCTs. Results showed that miR‑136 expres-
sion was downregulated in PCa tissues than in NCTs (Fig. 1A; 
P<0.05). In addition, miR‑136 expression was detected in four 
PCa cell lines (DU145, PC3, LNCaP and 22RV1) and a normal 
prostatic epithelial cell line (RWPE‑1). The expression level 
of miR‑136 was lower in all examined PCa cell lines than in 
RWPE‑1 (Fig. 1B; P<0.05). These results suggested that the 
decreased expression of miR‑136 was likely associated with 
PCa progression.

miR‑136 overexpression inhibits cell proliferation and inva‑
sion in PCa. To evaluate the biological roles of miR‑136 
in PCa, we transfected DU145 and PC3 cells, which were 
expressed relatively lower miR‑136 levels, with miR‑136 
mimics to increase miR‑136 expression levels. After trans-
fection, RT‑qPCR confirmed that transfection with miR‑136 
mimics significantly increases the miR‑136 levels relative to 
those of the cells transfected with miR‑NC (Fig. 2A; P<0.05). 
Subsequently, CCK-8 assay was performed to investigate the 
effect of miR‑136 overexpression on PCa cell proliferation. 
Results revealed that upregulating miR‑136 significantly 
decreases the growth rate relative to that in the miR‑NC‑trans-
fected DU145 and PC3 cells at 48 and 72  h after plating 
(Fig. 2B; P<0.05). We also examined the effect of miR‑136 
on cell invasion ability by using a Matrigel invasion assay. 
The ectopic expression of miR‑136 decreased the invasion 
capacities of both DU145 and PC3 cells relative to those in the 
miR‑NC group (Fig. 2C; P<0.05). These results suggest that 
miR‑136 is involved in regulating PCa progression and may 
serve as a tumour suppressor.

MAP2K4 is a direct target of miR‑136 in PCa. To study 
the mechanism underlying the tumour‑suppressive roles of 
miR‑136 in PCa, we conducted bioinformatics analysis to 
predict the potential targets of the miRNA. MAP2K4, which 
is highly expressed in PCa and contributes to PCa occur-
rence and development (22‑24), has been predicted as a major 
target of miR‑136 and selected for further confirmation. The 
3'‑UTR of MAP2K4 contains two predicted binding sites 
for miR‑136 (Fig. 3A). To determine whether miR‑136 can 
directly interact with the 3'‑UTR of MAP2K4, we conducted 
a luciferase reporter assay. Results showed that miR‑136 
overexpression significantly repressed the activity of the 
MAP2K4‑3'‑UTR luciferase plasmid containing a wild‑type 
gene (1 and 2; Fig. 3B and C; P<0.05). By contrast, no change 
in luciferase activity was observed when the miR‑136 binding 
site was mutated (1 and 2). This observation indicates that 
miR‑136 directly interacted with the two target regions in 
the 3'‑UTR of MAP2K4. RT‑qPCR and western blotting 
were performed to illustrate that miR‑136 can regulate the 
endogenous expression of MAP2K4. Our data showed that the 
enforced expression of miR‑136 reduced the MAP2K4 expres-
sion in DU145 and PC3 cells at the mRNA (Fig. 3D; P<0.05) 
and protein (Fig. 3E; P<0.05) levels. These findings suggest 
that MAP2K4 is a direct target of miR‑136 in PCa.

Increased MAP2K4 levels are inversely associated with 
miR‑136 expression in PCa tissues. To further explore the 

Figure 1. miR‑136 expression is reduced in PCa tissues and cell lines. 
(A) Relative miR‑136 expression levels were analysed by RT‑qPCR in 27 pairs 
of PCa tissues and NCTs. *P<0.05 compared with NCTs. (B) miR‑136 expres-
sion was examined in four PCa cell lines (DU145, PC3, LNCaP and 22RV1) 
and normal prostatic epithelial cell line (RWPE‑1) by RT‑qPCR. *P<0.05 
compared with RWPE‑1. PCa, prostate cancer; NCTs, noncancerous tissues.
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relationship between miR‑136 and MAP2K4 in PCa, we 
detected MAP2K4 expression levels in PCa tissues and 
NCTs. RT‑qPCR results indicated that MAP2K4 mRNA 
expression was significantly increased in the PCa tissues 
than in the NCTs (Fig. 4A; P<0.05). In addition, the protein 
expression level of MAP2K4 was examined in four randomly 
selected paired PCa tissues and NCTs. The data of western 
blotting revealed that protein level of MAP2K4 was higher 
in the PCa tissues than in the NCTs (Fig. 4B and C; P<0.05). 
A negative correlation was observed between miR‑136 
and MAP2K4 mRNA expression in PCa tissues (Fig. 4D; 
r=‑0.6113, P=0.0007). This negative correlation suggests that 
the upregulation of MAP2K4 in PCa may partially be due to 
the downregulation of miR‑136.

MAP2K4 overexpression reverses miR‑136 inhibitory effects 
on the cell proliferation and invasion of PCa. To investigate 
whether miR‑136 exerts its tumour suppressive roles in PCa 
by regulating MAP2K4, we carried out a rescue experiment 
involving DU145 and PC3 cells cotransfected with miR‑136 
mimics and pCMV or pCMV‑MAP2K4. After transfection, 
Western blotting analysis revealed that the reduced expression 
of MAP2K4 induced by miR‑136 mimics can be significantly 
recovered by cotransfection with pCMV‑MAP2K4 in DU145 
and PC3 cells (Fig. 5A; P<0.05). Subsequently, functional 
assays showed that restored MAP2K4 expression can reverse 
the inhibitory effects of miR‑136 overexpression on the prolif-
eration (Fig. 5B; P<0.05) and invasion (Fig. 5C; P<0.05) of 
DU145 and PC3 cells. These results clearly demonstrated that 

Figure 2. Ectopic expression of miR‑136 inhibits the proliferation and invasion of DU145 and PC3 cells. (A) miR‑136 expression in DU145 and PC3 cells after 
transfection of miR‑136 mimics or miR‑NC was determined by RT‑qPCR. *P<0.05 compared with miR‑NC. (B) CCK-8 assay was performed to evaluate the 
proliferation of DU145 and PC3 cells transfected with miR‑136 mimics or miR‑NC. *P<0.05 compared with miR‑NC. (C) DU145 and PC3 cells were trans-
fected with miR‑136 mimics or miR‑NC. The invasive capacity of the indicated cells was detected by Matrigel invasion assay. *P<0.05 compared with miR‑NC.
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miR‑136 can regulate the malignant biological behaviour of 
PCa cells by inhibiting MAP2K4.

Discussion

Accumulated evidence shows that PCa initiation and 
progression are controlled by miRNAs (25‑27). Therefore, 
investigating PCa‑related miRNAs may provide novel 
biomarkers for diagnosing and treating the patients with 
this disease. In the present study, we found that miR‑136 
was obviously downregulated in PCa tissues and cell lines. 
Upregulation of miR‑136 suppressed the cell proliferation and 
invasion of PCa. Additionally, MAP2K4 was validated as a 
direct target of miR‑136 in PCa. MAP2K4 was upregulated 
in PCa tissues, and its expression levels were inversely corre-
lated with those of miR‑136. Moreover, restored MAP2K4 
expression rescued the miR‑136 inhibitory effects on the 
cell proliferation and invasion of PCa. Therefore, our present 
data suggest that miR‑136 is a brake for the rapid growth and 
invasion of PCa.

miR‑136 dysregulation has been reported in multiple 
human cancer types. For example, miR‑136 was down-
regulated in gastric cancer tissues and cell lines. Meanwhile, 
decreased miR‑136 expression was significantly associated 
with increased peritoneal metastasis and worsened prognosis 
in patients with gastric cancer (18). In triple‑negative breast 
cancer, the expression level of miR‑136 is lower in tumour 
tissues than in normal tissues and negatively correlated with 
increasing World Health Organisation grades (19). In glioma, 
miR‑136 was mildly expressed and significantly associated 
with malignancy grade. Log‑rank testing indicated that 
glioma patients with low miR‑136 expression exhibited poorer 
prognosis than those with high miR‑136 levels (20). In ovarian 
cancer, miR‑136 expression was decreased in tumour tissues 
than in the normal control tissues. Low miR‑136 expression 
was associated with poor overall survival in patients with 
ovarian cancer (28). miR‑136 downregulation was observed 
in colon cancer (29) and melanoma (30). However, in nons-
mall‑cell lung cancer, miR‑136 expression was significantly 
upregulated in primary tumours and cell lines  (31). These 

Figure 3. MAP2K4 is a direct target of miR‑136 in PCa. (A) Two binding sites of wild‑type (WT) and mutated sequences of miR‑136 were predicted in the 
3'‑UTR of MAP2K4. (B and C) Luciferase reporter assay was carried out 24 h after cotransfection in DU145 and PC3 cells with miR‑136 mimics or miR‑NC 
and pmirGLO‑MAP2K4‑3'‑UTR Wt (1 and 2) or pmirGLO‑MAP2K4‑3'‑UTR Mut (1 and 2). The changes in MAP2K4 mRNA (D) and protein (E) levels 
in DU145 and PC3 cells after transfection with miR‑136 mimics or miR‑NC were determined using RT‑qPCR and western blotting, respectively. *P<0.05 
compared with miR‑NC. MAP2K4, mitogen‑activated protein kinase kinase 4.
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Figure 4. MAP2K4 is upregulated in PCa tissues and negative correlated with miR‑136 levels. (A) RT‑qPCR analysis was conducted to examine the mRNA expres-
sion of MAP2K4 in 27 pairs of PCa tissues and NCTs. *P<0.05 compared with NCTs. (B and C) Western blotting was utilised to examine the protein expression 
of MAP2K4 in four randomly selected PCa tissues and NCTs. *P<0.05 compared with NCTs. (D) Spearman's correlation analysis was used to investigate the 
association between MAP2K4 mRNA and miR‑136 expression levels in PCa tissues. r=‑0.6113, P=0.0007. MAP2K4, mitogen‑activated protein kinase kinase 4.

Figure 5. Restored MAP2K4 expression partially rescues the effects of miR‑136 on the proliferation and invasion of DU145 and PC3 cells. DU145 and 
PC3 cells were transfected with miR‑136 mimics along with pCMV or pCMV‑MAP2K4. (A) MAP2K4 expression in the indicated cells was examined by 
western blotting. *P<0.05 compared with miR‑NC; #P<0.05 compared with miR‑136 mimics + pCMV‑MAP2K4. Cell proliferation (B) and invasion (C) in 
the indicated cells was assessed by CCK-8 and Matrigel invasion assays, respectively. *P<0.05 compared with miR‑NC; #P<0.05 compared with miR‑136 
mimics + pCMV‑MAP2K4. MAP2K4, mitogen‑activated protein kinase kinase 4.
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conflicting findings suggest that the expression pattern of 
miR‑136 is tissue specific, and this miRNA may be developed 
as a prognostic marker in cancer.

miR‑136 plays tumour‑suppressive roles in several tumour 
types. For instance, Zheng  et  al found that upregulating 
miR‑136 expression inhibits the peritoneal metastasis of gastric 
cancer in vitro and in vivo (18). Meanwhile, Yan et al reported 
that the resumption of expression of miR‑136 decreases cell 
migration and invasion in triple‑negative breast cancer (19). 
Multiple studies showed that miR‑136 overexpression promotes 
cell apoptosis (32), increases chemosensitivity (33) to temozolo-
mide and reverses cisplatin resistance (20) in glioma. Yuan et al 
revealed that restoring miR‑136 expression attenuates cell 
proliferation and invasion in colon cancer  (29). Wang et al 
indicated that miR‑136 overexpression suppresses melanoma 
cell growth, metastasis, and epithelial‑mesenchymal transition 
as well as induces apoptosis in vitro (30). Jeong et al (28) and 
Zhao et al (34) demonstrated that enforced miR‑136 expression 
represses cell viability, proliferation, cancer stem cell spheroid 
formation and angiogenesis; promotes apoptosis; and reduces 
the chemoresistance to cisplatin in ovarian cancer. Nevertheless, 
miR‑136 plays an oncogenic role in nonsmall‑cell lung cancer 
by regulating anchorage‑dependent and ‑independent prolifera-
tion (31). These contradicting findings indicated that miR‑136 
acts as a tumour suppressor in certain cancers and an oncogene 
in others.

Several targets of miR‑136 have been identified, including 
HOXC10 in gastric cancer; RASAL2 (19) in breast cancer; 
E2F1 (20), AEG‑1 (32,33) and Bcl‑2 in glioma; PPP2R2A (31) 
in nonsmall‑cell lung cancer; LRH‑1  (29) in colon cancer; 
PMEL (30) in melanoma; and Notch3 (28) in ovarian cancer. 
In the present study, MAP2K4 was demonstrated to be a novel 
target of miR‑136 in PCa. MAP2K4, located on chromo-
some 17, is a member of the MAPK signalling pathway (35). A 
large body of evidence has indicated that MAP2K4 is aberrantly 
expressed in numerous tumours, such as osteosarcoma (36), 
tongue squamous cell carcinoma  (37), breast cancer  (38) 
and pancreatic cancer (39). MAP2K4 is involved in various 
pathophysiological processes of tumourigenesis and tumour 
development, including cell proliferation, cycle, apoptosis, 
invasion and metastasis (36,39‑41). In PCa, MAP2K4 is over-
expressed in tumour tissues. Increased MAP2K4 expression is 
correlated with raised pathological stage at prostatectomy (24). 
Upregulating MAP2K4 promoted cell proliferation and metas-
tasis while inhibiting G1‑S phase arrest and cell apoptosis in 
PCa (22,23). With the emerging correlation of MAP2K4 with 
aggressive PCa progression, MAP2K4 may be a promising 
therapeutic target for treating patients with PCa.

In conclusion, the present study proved that miR‑136 is 
downregulated in PCa tissues and cell lines. miR‑136 over-
expression inhibited PCa cell proliferation and invasion by 
directly targeting MAP2K4. Our current results demonstrated 
that using miR‑136/MAP2K4‑based reagents may be a novel 
therapeutic approach for patients with PCa.
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