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Abstract. MicroRNAs (miRs) are involved in diverse physio-
logical and developmental processes at the post‑transcriptional 
level in cells. Previous studies have demonstrated that 
miR‑136‑5p is involved in certain types of cancer. However, 
the function of miR‑136‑5p in renal cell carcinoma (RCC) 
remains to be fully elucidated. In present study, miR‑136‑5p 
expression levels were determined by reverse transcrip-
tion‑quantitative polymerase chain reaction (RT‑qPCR), and 
MTT assays, CCK‑8 assays, Transwell assays, wound healing 
assays and flow cytometry were performed to investigate the 
function of miR‑136‑5p in RCC. RT‑qPCR revealed that the 
expression of miR‑136 was significantly lower in RCC tissues 
and cells compared with adjacent non‑tumor tissues and cells 
in vitro. miR‑136‑5pwas also demonstrated to be associated 
with RCC cell proliferation, viability, migration, invasion 
and apoptosis. miR‑136‑5p may therefore function as a tumor 
suppressor in RCC. Further studies are required to elucidate 
the molecular mechanisms and signaling pathways underlying 
these functions of miR‑136‑5p, to investigate the potential 
function of miR‑136‑5p as a biomarker for the early detection 

and prognosis of RCC, and its potential as a therapeutic target 
for the treatment of RCC.

Introduction

Renal cell carcinoma (RCC) is the third most common 
urological neoplasm following prostate and bladder cancer, 
and accounts for 2% of all cancer‑associated mortality in the 
United States of America (1). The disease is comprised of >10 
histological and molecular subtypes, of which clear cell RCC 
(ccRCC) is the most common, accounting for ~70% of all 
diagnosed cases (1,2). Prognosis is closely associated with the 
stage of RCC at the point of diagnosis. The 5‑year survival rate 
of stage I RCC is ~95%, while that of stage IV is just 20% (2). 
Therefore, early detection of RCC is of great importance for 
successful treatment. However, during early stage RCC there 
are typically no clear symptoms, making diagnosis difficult, and 
~25‑30% of patients with RCC are metastatic at diagnosis (3). 
At present, no standardized approaches to biomarker sampling 
or analysis have been adopted for RCC since the majority of the 
putative tumor markers themselves remain under active inves-
tigation for further validation (4). Reliable biomarkers have not 
yet been established for screening (2). In addition, there are no 
data suggesting that adjuvant therapies such as cytokines and 
vaccines were effective following RCC surgery (5).

MicroRNAs (miRNAs/miRs) are short, non‑coding 
single stranded RNAs with 20‑22 nucleotides that regulate 
the expression of their target genes at the post‑transcriptional 
level (6). An increasing body of evidence implicates miRNAs 
in various aspects of tumorigenesis (1). In addition, certain 
miRNAs are considered to be potential cancer biomarkers 
and anti‑cancer therapeutics (7). Previous studies have demon-
strated that several miRNAs are dysregulated in RCC, and 
result in aberrant cell growth, angiogenesis, apoptosis and 
autophagy (6,8‑10).

Previous studies have demonstrated that miR‑136‑5p 
is involved in a number of types of carcinoma, including 
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glioma (11), triple‑negative breast cancer (12) and non‑small 
cell lung cancer (NSCLC)  (13). However, the function of 
miR‑136‑5p in RCC remains to be explored. In the present 
study, miR‑136‑5p was revealed to function as a tumor 
suppressor in RCC, as it repressed migration, invasion, 
viability, proliferation and promoted apoptosis in in  vitro 
experiments.

Materials and methods

Sample collection. A total of 28 tumor samples and matched 
non‑tumor kidney tissues were obtained from Peking 
University Shenzhen Hospital (Shenzhen, China) between 
January 2015 and January 2016. The normal kidney tissue 
was obtained by sampling 2 cm away from the tumor tissue. 
The specimens were frozen in liquid nitrogen (‑195.8˚C) 
until RNA extraction. The present study was approved by 
the local Ethics Committee of Peking University Shenzhen 
Hospital (Shenzhen, China), and written informed consent was 
obtained from all patients. The clinic pathological features of 
all patients are listed in Table I.

RNA extraction and reverse‑transcription quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
extracted from the RCC tissue and adjacent tissue using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and was purified using the RNeasy Maxi 
kit (Qiagen GmbH, Hilden, Germany) following the manufac-
turer's protocols. The concentration of the RNA was measured 
using a NanoDrop 2000/2000c spectrophotometer (NanoDrop 
Technologies; Thermo Fisher Scientific, Inc., Pittsburgh, PA, 
USA). The miScript Reverse Transcription kit (Qiagen GmbH) 
was used to prepare cDNA from 1  µg RNA. The reverse 
transcription process consisted of 37˚C for 60 min, 95˚C for 
5 min and then storage at 4˚C. To analyze the expression of 
miR‑136‑5p, qPCR was conducted using the resultant cDNA 
with the miScript SYBR® Green PCR kit (Qiagen GmbH) 
following the manufacturer's protocol, on the Roche Light 
Cycler 480 Real‑Time PCR System (Roche Diagnostics, 
Basel, Switzerland). The thermocycler conditions were as 
follows: 95˚C for 1 min, 40 cycles of 95˚C for 15 sec, 55˚C 
for 30 sec and 72˚C for 30 sec. The sequences of the primers 
for miR‑136‑5p and the internal control, U6, are presented in 
Table II. The 2‑ΔΔCq method was used to analyze the expression 
of miR‑136‑5p (14).

Cell culture and transfection. A normal human embryo 
kidney cell line (293T) and two RCC cell lines (786‑O and 
ACHN) were obtained from the Guangdong and Shenzhen 
Key Laboratory of Male Reproductive Medicine and Genetics 
(Shenzhen, China). Cells were cultured in Dulbecco's modified 
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc.), 1% penicillin‑streptomycin 
(Gibco; Thermo Fisher Scientific, Inc.) and 1% glutamine 
(Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a 5% CO2 

humidified incubator. Transfection was performed with 
miR‑136‑5p mimics, miR‑136‑5p inhibitors, negative control 
(NC) miRNA and inhibitor negative control (inhibitor NC) 
miRNA (5 pmol; Shanghai GenePharma Co., Ltd., Shanghai, 

China) using Lipofectamine 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol when cells were at 70% confluence. The sequences 
of mimics, inhibitor, NC and inhibitor NC are presented in 
Table II. Following transfection, RT‑qPCR was used to assess 
transfection efficiency and the expression of miR‑136‑5p.

Cell Counting Kit‑8 (CCK‑8) assay. Cells (5x103) transfected 
with 5 pmol miR‑136‑5p mimics, inhibitors, NC or inhibitor 
NC were seeded in 96‑well plates and then incubated at 37˚C. 
After 0, 24, 48 and 72 h, 10 µl CCK‑8 reagent (Beyotime 
Institute of Biotechnology, Haimen, China) was added into 
each well of a 96‑well plate for 30 min at 37˚C, and then the 
absorbance values of the experimental wells were read at 
490 nm.

MTT assay. Following transfection with 5 pmol miR‑136‑5p 
mimics, NC, miR‑136‑5p inhibitors or inhibitor NC, ~5x103 
cells were seeded into each well of a 96‑well plate and incu-
bated for 4 days. Following addition of 20 µl MTT (5 mg/ml; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) to the 
plate, the cells were incubated for a further 4 h at 37˚C. The 
medium was discarded, 100 µl DMSO was added into each 
well, and the plates were shaken on a reciprocating decolor-
ization shaking table (TSB‑108 Qilinbeier, Jiangsu, China; 
http://www.qilinbeier.cn/tsb‑108.html) for 10 min in the dark. 
Then, the absorbance values were read at 595 nm using an 
ELISA microplate reader (680; Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA).

Wound healing assay. Cells (5x105) were seeded into each well 
of a 12‑well plate, and incubated until they formed a mono-
layer of ~80% confluent cells. Cells were then transfected with 
100 pmol chemically synthesized miRNA‑136‑5p inhibitors, 
mimics, NC or inhibitor NC, as aforementioned. A wound 
was created with a sterile 200 µl pipette tip, and floating cells 
were washed away using phosphate‑buffered saline (PBS). 
Cell images were taken at 0 and 12 h after making the scratch 
using a digital camera system, and the temperature of incuba-
tion subsequent to making the scratch was 37˚C.

Transwell assay. Transwell chamber inserts (BD Biosciences, 
Franklin Lakes, NJ, USA) with or without Matrigel (for invasion 
assays) were used. Serum‑free medium (200  µl DMEM) 
containing ~1x104 transfected cells was seeded into upper 
chamber of the insert. Medium mixed with 10% FBS was 
added to the lower chamber of the inserts. 786‑O cells and 
ACHN cells were incubated at 37˚C for 36 h for the migration 
assay, and were incubated for 48 and 60 h, respectively, for 
the invasion assay. All non‑migrated cells were removed by 
a cotton swab. The cells that had migrated or invaded to the 
other side of the membrane were stained with 0.1% crystal 
violet for 25 min at 25˚C and counted for in three fields of view 
using a microscope (Leica DMIRB Inverted Fluorescence 
Microscope, Leica Microsystems GmbH, Wetzlar, Germany).

Flow cytometry assay. Cells were seeded in a 6‑well plate 
(3x105 cells/well) and maintained in a humidified incubator 
with 5% CO2 at 37˚C until they formed an ~80% confluent 
monolayer. Cells were then transfected with 200 pmol 



ONCOLOGY LETTERS  15:  5995-6002,  2018 5997

miR‑136‑5p mimics, inhibitors, NC or inhibitor NC. Following 
transfection for 48 h, cells were gathered and washed twice 
with cold PBS. Then, the cells were re‑suspended in 100 µl 
1X binding buffer (Alexa Fluor 488 Annexin V/Dead 
Cell Apoptosis kit, Invitrogen; Thermo Fisher Scientific, 
Inc.) to create a single‑cell suspension. Cell suspension 
(50  µl), 5  µl Annexin V‑fluorescein isothiocyanate and 
5 µl propidium iodide (Alexa Fluor 488 Annexin V/Dead 
Cell Apoptosis kit) were mixed and then incubated in room 
temperature for 15 min in the dark Following the addition of 
400 µl binding buffer, the samples were analyzed using a flow 
cytometer (EPICS, Xl‑4; Beckman Coulter, Inc., Brea, CA, 
USA), and the software used for data analysis was FlowJo v 10 
(TreeStar, Inc., Ashland, OR, USA).

Bioinformatics analysis. Potential targets of miR‑136‑5p were 
predicted through the combination of four public algorithms, 
including miRWalk  (15) (www.umm.uni‑heidelberg.
de/apps/zmf/mirwalk), miRanda  (16) (www.microrna.org), 
PicTar (pictar.mdc‑berlin.de) and TargetScan  (17) (www 
.targetscan.org). All four algorithms accepted the predicted 
genes, which were selected based on gene function.

Statistical analysis. Each experiment was performed in tripli-
cate and repeated at least three times. The data are presented 
as the mean ± standard deviation. MiR‑136 expression levels 
between groups were analyzed using paired Student's t‑tests, 
with the exception of relative expression of miR‑136‑5p in 

cells as presented in Fig. 1, which was analyzed using one‑way 
analysis of variance followed by Dunnett's post hoc test. A 
paired Student's t‑test was also used to analyze the results of 
assays to characterize cell phenotype. All statistical calcula-
tions were performed using SPSS 19.0 software (IBM Corp., 
Armonk, NY, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑136‑5p is downregulated in RCC tissues and cell lines. 
RT‑qPCR was performed to examine the expression levels 
of miR‑136‑5p in 28 paired RCC tissues and cell lines. As 
presented in Fig.  1A, the ratio of miR‑136‑5p expression 
[log2Ratio (T/N)] was revealed to be downregulated in the 
RCC tissues from 22/28  patients. Mean expression levels 
are presented in Fig. 1B, and revealed that the expression 
of miR‑136‑5p in RCC tissues was significantly decreased 
compared with adjacent normal tissues (P<0.01). Furthermore, 
miR‑136‑5p expression levels were significantly decreased in 
ACHN (P<0.05) and 786‑O (P<0.05) RCC cell lines compared 
with the 293T normal kidney human embryo kidney cell line, 
as presented in Fig. 1C.

Validation of cell transfection efficiency. qPCR was performed 
to assess the transfection efficiency of miR‑136‑5p mimics or 
NC and miR‑136‑5p inhibitors or inhibitor NC. Compared 
with the NC group, the expression levels of miR‑136‑5p were 
145.00 times higher in ACHN cells (P<0.01) and 67.33 times 
higher in 786‑O cells (P<0.001) transfected with miR‑136‑5p. 
Compared with the inhibitor NC group, miR‑136‑5p expres-
sion levels were 0.16 times that in ACHN cells (P<0.01) and 
0.09 times that in 786‑O cells (P<0.001) following transfection 
with miR‑136‑5p inhibitors (Fig. 1D).

Table I. Clinicopathological features of patients with renal cell 
carcinoma.

Characteristic	 No. of patients

Mean age, range (years)	 45 (25‑62)
Sex	
  Male	 9
  Female	 19
Histological type	
  Clear cell	 24
  Papillary	 4
pT‑stage	
  T1	 19
  T2	 7
  T3+4	 2
Fuhrmann grade	
  I	 7
  II	 18
  III	 2
  IV	 1
AJCC clinical stage	
  I	 8
  II	 18
  III + IV	 2

pT, primary tumor; AJCC, American Joint Committee on Cancer.

Table II. Sequences of primers and miRs.

Primer	 Sequence (5'‑3')

miR‑136‑5p	
  Forward	 ACTCCATTTGTTTTGATGATGGA
  Reverse	 Reverse provided by the miScript SYBR®

	 Green kit
U6	
  Forward	 CTCGCTTCGGCAGCACA
  Reverse	 ACGCTTCACGAATTTGCGT
miR‑136‑5p
mimics	
  Forward	 ACUCCAUUUGUUUUGAUGAUGGA
  Reverse	 CAUCAUCAAAACAAAUGGAGUUU
NC	
  Forward	 UUCUCCGAACGUGUCACGUTT
  Reverse	 ACGUGACACGUUCGGAGAATT
miR‑136‑5p	 UCCAUCAUCAAAACAAAUGGAGU
inhibitor	
NC inhibitor	 CAGUACUUUUGUGUAGUACAA
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Upregulation of miR‑136‑5p inhibits RCC cell proliferation 
and downregulation of miR‑136‑5p promotes RCC cell 
proliferation. The effect of miR‑136‑5pon proliferation was 
determined using a CCK‑8 assay (Fig. 2). Following transfec-
tion with miR‑136‑5p mimics, the proliferation of ACHN cells 
was decreased by 13.97% (24 h; P<0.01), 28.15% (48 h; P<0.01) 
and 19.21% (72 h; P<0.01), while that of 786‑O cells was 
decreased by 6.67% (24 h), 14.35% (48 h; P<0.05) and 17.62% 
(72 h; P<0.001), respectively, compared with the NC group 
(Fig. 2A and C). Furthermore, following transfection with 
miR‑136‑5p inhibitors, the proliferation of ACHN cells was 
increased by 10.15% (24 h; P<0.05), 28.30% (48 h; P<0.01) and 
40.19% (72 h; P<0.01), while that of 786‑O cells was increased 
by 8.29% (24 h; P<0.05), 11.97% (48 h; P<0.05) and 20.45% 
(72 h; P<0.001), respectively, compared with the inhibitor NC 
group (Fig. 2B and D).

Upregulation of miR‑136‑5p inhibits RCC cell viability and 
downregulation of miR‑136 promotes RCC cell viability. The 
effect of miR‑136‑5p on cell viability was determined using 
an MTT assay. As presented in Fig. 2E, the viability of ACHN 
cells transfected with the miR‑136‑5p mimic was reduced 
by 12.89% (P<0.01) compared with the NC group, while the 
viability of cells transfected with the miR‑136‑5p inhibitor was 
increased by 16.39% (P<0.01) compared with the inhibitor NC 
group. Similarly, the viability of 786‑O cells transfected with 
the miR‑136‑5p mimic was decreased by 16.71% (P<0.05) 

compared with the NC group, while the viability of cells trans-
fected with the miR‑136‑5p inhibitor was increased by 13.15% 
(P<0.05) compared with the inhibitor NC group (Fig. 2F).

Upregulation of miR‑136‑5p inhibits RCC cell migration and 
invasion, while downregulation of miR‑136‑5p promotes RCC 
cell migration and invasion. The effect of miR‑136‑5p on RCC 
cell mobility was determined using wound healing assays and 
Transwell assays (Figs. 3 and 4). Representative images of 
the wound healing assay are presented in Fig. 3A. The wound 
healing assay revealed that, compared with the NC group, the 
migration of the mimic group was reduced by 28.53% (P<0.05; 
Fig. 3C) in ACHN cells and by 27.99% (P<0.05; Fig. 3B) in 
786‑O cells 12 h following the initial scratch. In contrast, 
compared with the inhibitor NC group, the migration of the 
inhibitor group was increased by 73.14% (P<0.01; Fig. 3C) in 
ACHN cells and by 31.08% (P<0.05; Fig. 3B) in 786‑O cells 
12 h following the initial scratch.

As presented in Fig. 4C, the Transwell assay revealed that, 
following transfection with miR‑136‑5p mimics, ACHN cell 
migration was reduced by 60.34% compared with the NC 
group (P<0.01), while the cells transfected with miR‑136‑5p 
inhibitors was increased by 100.26% compared with the 
inhibitor NC group (P<0.01). The invasion of ACHN cells 
transfected with miR‑136‑5p mimics was reduced by 75.52% 
compared with the NC group (P<0.01), while the invasion of 
cells transfected with miR‑136‑5p inhibitors was increased 

Figure 1. (A) Log2 ratios (T/N) of miR‑136‑5p in 28 paired renal cell carcinoma tissues. (B) Relative expression levels of miR‑136‑5p in RCC and normal 
tissues. (C) Relative expression levels of miR‑136‑5p in 293T, ACHN and 786‑O cell lines. (D) Relative expression levels of miR‑136‑5p in RCC cell lines 
following transfection. *P<0.05, **P<0.01 and ***P<0.001, vs. the respective controls. miR, microRNA; NC, negative control; T, renal cell carcinoma tissues; 
N, normal tissues.
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by 109.52% compared with the inhibitor NC group (P<0.05; 
Fig. 4C). Similarly, the migration of 786‑O cells transfected 
with miR‑136‑5p mimics was reduced by 49.02% compared 
with the NC group (P<0.01), while the migration of cells trans-
fected with miR‑136‑5p inhibitor was increased by 84.09% 
compared with the inhibitor NC group (P<0.05; Fig. 4B). The 
invasion of 786‑O cells transfected with miR‑136‑5p mimics 
was reduced by 78.41% compared with the NC group (P<0.01), 

while the cells transfected with miR‑136‑5p inhibitors was 
promoted by 60.63% compared with the inhibitor NC group 
(P<0.01; Fig. 4B).

Upregulation of miR‑136‑5p induces apoptosis and 
downregulation of miR‑136‑5p suppresses cell apoptosis. 
Flow cytometry was used to assess the effect of miR‑136‑5p 
on apoptosis (Fig. 5A). The results revealed that the early 

Figure 2. Analysis of cell proliferation and viability with CCK‑8 and MTT assays. ACHN cells were transfected with (A) miR‑136‑5p mimics and NC and 
(B) miR‑136‑5p inhibitors and inhibitor NC, and proliferation was assessed using a CCK‑8 assay. 786‑O cells were transfected with (C) miR‑136‑5p mimics 
and NC and (D) miR‑136‑5p inhibitors and inhibitor NC, and proliferation was assessed using a CCK‑8 assay. Cell viability was analyzed in (E) ACHN and 
(F) 786‑O cells using an MTT assay. *P<0.05, **P<0.01 and ***P<0.001 vs. the respective controls. CCK‑8, Cell Counting Kit 8; miR, microRNA; NC, negative 
control; OD, optical density.

Figure 3. Analysis of migration using wound healing assays. (A) Representative migratory images (magnification, x100). Migratory distances in (B) 786‑O 
cells and (C) ACHN cells following transfection. *P<0.05 and **P<0.01, with comparisons indicated by lines. miR, microRNA; NC, negative control.
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apoptosis rate of 786‑O cells transfected with miR‑136‑5p 
mimics and NC was 27.56±0.40 and 16.73±0.26%, respectively 
(P<0.01; Fig. 5B), while the early apoptosis rate of 786‑O cells 
transfected with miR‑136‑5p inhibitors and inhibitor NC was 
12.93±0.34 and 17.66±0.32%, respectively (P<0.05; Fig. 5B). 
Similarly, the early apoptosis rate of ACHN cells trans-
fected with miR‑136‑5p mimics and NC was 31.4±0.78 and 
24.26±0.66%, respectively (P<0.05; Fig. 5C), while the early 
apoptosis rate of ACHN cells transfected with miR‑136‑5p 
inhibitors and inhibitor NC was 15.03±0.93 and 24.33±0.72%, 
respectively (P<0.05; Fig. 5C).

Target gene prediction. Four algorithms were combined to 
predict the putative target genes of miR‑136‑5p. All four algo-
rithms simultaneously predicted that dedicator of cytokinesis 
5 (DOCK5) was a potential target. The complementary site for 
the seed sequences of miR‑136‑5p was 5'‑AAU​GGA​GA‑3' in 
the DOCK5 3'‑untranslated region.

Discussion

MiRNAs may be critical in the development, proliferation, 
communication and death of cells, as well as in tissue differ-
entiation (18). Emerging evidence suggests that miRNAs are 
involved in tumor development and progression (19). In the 
present study, miR‑136‑5p was revealed to be downregulated in 
RCC tissues and cell lines compared with adjacent non‑tumor 
tissues and cells in  vitro. Furthermore, cell proliferation, 
migration and invasion were demonstrated to be suppressed 
following upregulation of miR‑136‑5p. Apoptosis was also 
induced by upregulation of miR‑136‑5p. 

Previous studies have provided evidence that miR‑136‑5p 
serves either an oncogenic or a tumor‑suppressing function 
in the development of carcinomas. For example, in NSCLC, 
expression of miR‑136‑5p promoted cell proliferation by 
promoting extracellular signal‑regulated kinase (ERK)1/2 

phosphorylation via the targeting of protein phosphatase 2 
regulatory subunit Bα (PPP2R2A) (13). This result supports 
the hypothesis that miR‑136 acts as an oncogene in NSCLC.

In contrast, Jeong et al (11) demonstrated that miR‑136‑5p 
targeted the Notch3 oncogene and functions as an ovarian 
cancer suppressor (11). miR‑136‑5p was also reported to be 
downregulated in triple‑negative breast cancer by targeting 
RAS protein activator like 2, and act as a tumor suppressor (12). 
Yang et al (20) also described miR‑136‑5p as a tumor suppressor 
in lung adenocarcinoma, and revealed that this occurred 
through the targeting of SMAD family member (Smad)2 and 
Smad3. In a previous study, miR‑136‑5p was revealed to be 
downregulated in metastatic giant cell bone tumors compared 
to non‑metastatic giant cell bone tumors, by promoting 
nuclear factor I B expression (21). In another study concerning 
glioma, miR‑136‑5p was revealed to serve a tumor‑suppressive 
function in human glioma by upregulating the expression of 
astrocyte elevated gene‑1 and B cell lymphoma‑2 (BCL2) (22). 
In another study, overexpression of miR‑136‑5p negatively 
impacted proliferation of the LN229 glioblastoma cell line by 
downregulating matricellular cysteine rich angiogenic inducer 
61 protein expression (23). miR‑136‑5p was also reported to 
be serve as an anti‑oncogene in epithelial ovarian cancer (24). 
Gao et al (25) demonstrated that colorectal neoplasia differen-
tially expressed is a target of miR‑136‑5p in colorectal cancer 
cells, and high levels of miR‑136‑5p may inhibit the migration 
and invasion of colorectal cancer cells. Consistent with these 
results, the present study demonstrated that transfection with 
miR‑136‑5p mimics inhibited proliferation, invasion, and 
migration and induced apoptosis in the 780‑O and ACHN 
cell lines, supporting the hypothesis that miR‑136‑5p is a 
tumor‑suppressor in RCC. Together, these data indicate that 
the biological function of miR‑136 is involved in the tumori-
genesis and progression of various types of human cancer.

In addition, miRNAs may be used as biomarkers to improve 
our knowledge on diagnosis, prognosis and drug resistance, 

Figure 4. Migration and invasion were assessed using Transwell assays. (A) Representative images (magnification, x100) of migrating and invading 786‑O and 
ACHN cells, with quantification in (B) 786‑O cells and (C) ACHN cells. *P<0.05 and **P<0.01, with comparisons indicated by lines. miR, microRNA; NC, 
negative control.
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and may be used as therapeutic approaches in certain types of 
cancer. For example, miR‑136‑5p may be a potential biomarker 
for ccRCC (26). Overexpression of miR‑136‑5p may be asso-
ciated with poor prognosis in giant cell bone tumors  (18). 
Wu et al (27) reported that miR‑136‑5p functions as a predictor 
of the response to temozolomide therapy, and serves as a novel 
potential maker for glioma therapy. Chen et al (28) demonstrated 
that miR‑136‑5p was associated with cisplatin resistance and 
functions as a tumor suppressor in glioma. miR‑136‑5p has also 
been reported to inhibit cancer stem cell activity and increase 
the anti‑tumor effect of paclitaxel on ovarian cancer chemo-
therapy tolerance (11). Zhao et al (29) reported that miR‑136‑5p 
may have therapeutic potential in hepatitis B virus‑associated 
hepatocellular carcinoma. Therefore, miR‑136‑5p has the poten-
tial to be a diagnostic or a prognostic biomarker for RCC, and 
this should be confirmed by further research.

In addition to being associated with tumors, miR‑136‑5p 
is also associated with multiple non‑neoplastic diseases. 
Ji  et  al  (30) demonstrated that high level of miR‑136‑5p 
suppressed cell proliferation and promoted apoptosis of mesen-
chymal stem cells through targeting BCL2, which is a potential 
causal factor of preeclampsia. Zhang et al (31) demonstrated 
that miR‑136‑5p is involved in keratinocyte growth through 
targeting PPP2R2A, and may be a novel treatment target 
for the improvement of skin wound healing (31). Aberrant 
miR‑136‑5p upregulation in atherosclerosis contributes to 

abnormal vascular smooth muscle cell proliferation via the 
ERK1/2 signaling pathway by targeting PPP2R2A (32).

The mechanism underlying the effect of miR‑136‑5p 
in RCC requires further exploration, and improved under-
standing of the cellular function of ectopic miRNAs provides 
novel insights into RCC (33). In the present study, miR‑136‑5p 
was demonstrated to functions as a tumor suppressor in RCC, 
and may consequently serve as a therapeutic target for RCC.

In conclusion, the present study demonstrated that 
miR‑136‑5p served as a tumor suppressor, inhibited growth, 
viability, migration, invasion and induced apoptosis of RCC 
cells. Therefore, it may be associated with the development 
and progression of RCC. In addition, these results underscore 
the clinical potential of miR‑136‑5p in RCC treatment, and 
support the development of effective therapeutic strategies that 
target miR‑136‑5p.
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