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Abstract. MicroRNAs (miRNAs) are involved in cancer 
development and progression. Renal cell carcinoma (RCC) 
frequently undergoes metastasis and has a high mortality rate. 
The current study measured miRNA‑126 (miR‑126) expres-
sion levels in 128 pairs of clear cell RCC and adjacent normal 
kidney tissue samples by reverse transcription‑quantitative 
polymerase chain reaction, and analyzed the association 
between miR‑126 and various clinicopathological param-
eters. In addition, cell proliferation, wound healing and 
cell invasion assays were conducted using RCC cells over-
expressing miR‑126. Potential miR‑126 target genes and 
the signaling pathways that may be regulated by miR‑126 
were then examined. miR‑126 expression was significantly 
reduced in patients with metastatic RCC compared with 
patients without metastasis. Consistently, overexpression of 
miR‑126 in RCC cells significantly inhibited cell prolifera-
tion, migration and invasion in vitro compared with negative 
control miRNA. A luciferase reporter assay demonstrated 
that miR‑126 targets Rho associated coiled‑coil containing 
protein kinase 1 (ROCK1) by directly binding the 3'‑untrans-
lated region. Furthermore, western blotting identified 
miR‑126 as an important regulator of the AKT and extracel-
lular signal‑regulated 1/2 signaling pathways. The results of 
the present study indicate that miR‑126 inhibits RCC cell 
proliferation, migration and invasion by downregulating 
ROCK1. These findings suggest that miR‑126 may be valu-
able as a potential target for therapeutic intervention in RCC.

Introduction

Renal cell carcinoma (RCC) is the predominant kidney 
neoplasm and accounts for 2‑3% of all adult tumors. Clear 
cell RCC (ccRCC) is the most frequent pathological subtype 
of RCC  (1). Approximately 30% of RCC patients have 
developed metastases at the time of diagnosis and metastasis 
occurs in 30‑50% of patients with RCC following complete 
resection of the primary tumor (2). While recent therapeutic 
developments have improved the overall survival of patients 
with metastatic RCC, long‑term prognosis remains poor (3). 
Thus, a greater understanding of the mechanisms underlying 
RCC development and progression is required. Furthermore, 
identification of novel RCC markers would aid the tailoring 
of treatment strategies and facilitate improved follow‑up 
post‑therapy.

MicroRNA‑126 (miR‑126) is of interest in cancer thera-
peutics due to its association with various types of tumor. 
miR‑126 functions as a tumor suppressor in colorectal 
cancer (4), and inhibits the cell growth, invasion and migra-
tion of osteosarcoma cells (5). In addition, loss of miR‑126 
expression may promote prostate cancer progression and is 
associated with biochemical recurrence in patients undergoing 
radical prostatectomy (6). However, Otsubo et al (7) previously 
reported that overexpression of miR‑126 may promote gastric 
carcinogenesis. A previous bioinformatic analysis identified 
miR‑126 as a potential marker of metastasis during RCC 
progression (8). Another previous study reported a positive 
association between miR‑126 expression and cancer‑specific 
survival in ccRCC (9). However, the underlying mechanism of 
the regulation of RCC pathophysiology by miR‑126 expression 
remains to be elucidated.

The current study determined the miR‑126 expression 
levels in 128 ccRCC tissue samples matched with adjacent 
normal kidney tissue using reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). No difference was 
detected in miR‑126 expression levels between ccRCC and 
normal kidney tissue samples. However, miR‑126 expres-
sion was significantly reduced in metastatic ccRCC tissues 
compared with non‑metastatic RCC tissues. In addition, the 
current study demonstrated that overexpression of miR‑126 in 
RCC cells inhibits cell proliferation, migration and invasion 
in vitro. Furthermore, Rho associated coiled‑coil containing 
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protein kinase 1 (ROCK1) was identified as a target gene 
through which miR‑126 promotes these inhibitory functions.

Materials and methods

Patient samples. A total of 128 pairs of ccRCC tissue and 
matched adjacent normal kidney tissue samples were obtained 
from the Department of Urology at The Affiliated Hospital of 
Qingdao University (Qingdao, China). The clinicopathological 
characteristics of all patients were retrieved from the medical 
database. The protocol of the current study was approved by 
the Institutional Research Review Board at The Affiliated 
Hospital of Qingdao University and written informed consent 
was obtained from all patients included in the study.

Cell lines and cell culture. Human RCC cell lines were 
obtained from the Institute of Cell Research of the Chinese 
Academy of Sciences (Shanghai, China) and cultured at 
37˚C in 5% CO2 atmosphere. The cell lines 786‑O and 769‑P 
(derived from primary renal cell carcinoma ) were grown in 
RPMI‑640 medium (Hyclone; GE Healthcare Life Sciences, 
Logan, UT, USA). ACHN cells and Caki‑1 cells (derived from 
metastatic renal cell carcinoma) were cultured in minimal 
essential medium and McCoy's 5A medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). All media were 
supplemented with 10% fetal bovine serum (FBS; Hyclone; 
GE Healthcare Life Sciences).

Cell transfection. The miR‑126‑3p mimic and non‑specific 
microRNA (miRNA) control (NC) were synthesized by 
Guangzhou RiboBio Co., Ltd. (Guangzhou, China). The 
sequences of the miR‑126‑3p mimic were as follows: Sense, 
5'‑UCG​UAC​CGU​GAG​UAA​UAA​UGCG‑3'; and anti‑sense, 
5'‑CAU​UAU​UAC​UCA​CGG​UAC​GAUU‑3'. For transfection, 
cells were cultured in 6‑well plates overnight followed by 
transfection of miR‑126 mimic or NC using riboFECT™ 
CP reagent (Guangzhou RiboBio Co., Ltd.) according to the 
manufacturer's protocol. After 48 h, the cells were harvested 
for further experiments.

RNA extraction and RT‑qPCR. Total RNA was extracted from 
tissues or cultured cells using TRIzol reagent (Thermo Fisher 
Scientific, Inc.) and used to synthesize first‑strand cDNA with 
the RevertAid First‑Strand cDNA synthesis kit (Thermo Fisher 
Scientific, Inc.). For mRNA analysis, RT‑qPCR was performed 
using the Power SYBR Green PCR Master mix (Thermo 
Fisher Scientific, Inc.), an ABI 7900HT Fast Real‑Time PCR 
system and the following protocol: 25˚C for 5 min, 42˚C for 
1 h and 70˚C for 5 min). β‑actin levels were measured as 
an internal control. The primer sequences (Sangon Biotech, 
Co., Ltd., Shanghai, China) used were as follows: Forward, 
5'‑GGT​GGT​CGG​TTG​GGG​TATTT‑3' and reverse, 5'‑AAC​
TGG​TGC​TAC​AGT​GTC​TCG‑3' for ROCK1; and forward, 
5'‑ACC​GAG​CGC​GGC​TACAG‑3' and reverse, 5'‑CTT​AAT​
GTC​ACG​CAC​GATT​TCC‑3' for β‑actin. Expression levels of 
miR‑126 were measured using the LNA‑miRNA Detection kit 
(Roche Diagnostics, Basel, Switzerland) and observed reduced 
expression levels of miR‑126 in all four cell lines (U6 small 
nuclear RNA served as an internal control). The expression 
levels of mRNA or miR‑126 were denoted as mRNA/β‑actin 

(2‑ΔΔCq) or miR‑126/U6 (ΔCq) (10). Following detection of 
expression levels in all four cell types, 786‑O and ACHN cells 
were selected for use in subsequent experiments to represent 
primary and metastatic RCC, respectively.

Vector construction and luciferase assays. The ROCK1 
3'‑untranslated region (UTR) luciferase reporter vector was 
generated by introducing the wild‑type ROCK1 3'‑UTR, which 
carries a putative miR‑126 binding site, into the psiCHECK2 
vector (psi‑ROCK1‑WT; Promega Corporation, Madison, WI, 
USA). A corresponding control vector carrying the mutant 
ROCK1 3'‑UTR was also constructed (psi‑ROCK1‑Mut). All 
vectors were validated by sequencing (Sangon Biotech, Co., 
Ltd.).

Co‑transfection of psi‑ROCK1‑WT, psi‑ROCK1‑Mut 
or empty vector and miRNA mimics into 786‑O cells was 
performed using Lipofectamine 3000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. Following incubation for 48 h, the cells were 
lysed using passive lysis buffer (Promega Corporation). The 
dual‑luciferase assay was then performed according to the 
manufacturer's protocols (Dual‑Luciferase Reporter Assay 
System; Promega Corporation) and a Synergy H4 microplate 
reader (Bio‑Tek Instruments, Inc., Winooski, VT, USA) was 
used. Luciferase activities were expressed as the ratio of firefly 
to Renilla luciferase activity. All experiments were performed 
in triplicate.

Cell proliferation assays. Cell proliferation was assessed using 
cell counting kit‑8 (CCK‑8) and EdU assays. For the CCK‑8 
assay, 786‑O and ACHN cells were seeded in 96‑well plates for 
24 h, then transfected with miR‑126 mimics or NC. After 24 h, 
cell viability was measured using the CCK‑8 assay (Dojindo 
Molecular Technologies, Inc., Shanghai, China) according to 
the manufacturer's protocols. Absorbance at a wavelength of 
450 nm was determined with a Synergy H4 microplate reader 
(Bio‑Tek Instruments, Inc.).

For the EdU assay, 786‑O and ACHN cells were incubated 
in EdU solution (1:5,000; Guangzhou RiboBio Co., Ltd.) for 
2 h, then harvested and stained using the Cell‑Light EdU 
Apollo 643 in vitro Flow Cytometry kit (Guangzhou RiboBio 
Co., Ltd.) according to the manufacturer's instructions. Cells 
were fixed with 0.5% Triton X‑100 (Beijing Solarbio Science 
& Technology Co., Ltd., Beijing, China) and analyzed by flow 
cytometry (Cytomics FC 500 MPL; Beckman Coulter, Inc., 
Brea, CA, USA).

Wound healing assay. Cells were cultured in a monolayer in 
6‑well plates. The monolayer was manually scratched with 
a pipette tip to form a wound and cells were observed under 
inverted microscope (IX51; Olympus Corporation, Co., Ltd.) 
at 0 and 12 h time points.

Cell invasion assay. A Transwell chamber assay (BD Biosci-
ences, Franklin Lakes, NJ, USA) was performed to observe 
cellular invasion in vitro. Briefly, the upper chamber was coated 
with 60 µl Matrigel (BD Biosciences) diluted with serum‑free 
medium (1:50). Cells were then seeded into the upper chamber in 
200 µl serum‑free medium at a density of 4x104 cells/chamber. 
The lower chamber was filled with 750 µl medium containing 
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10% FBS. Following incubation at 37˚C for 48 h, cells were 
fixed with 4% polyoxymethylene (Shanghai Macklin Reagent 
Co., Ltd., Shanghai, China) for 10 min, followed by staining 
with 0.5% crystal violet (Shanghai Macklin Reagent Co., Ltd.) 
for 30 min. Cells that did not invade through the pores were 
wiped away with a cotton swab. Invaded cells were counted 
using an inverted microscope. The experiment was repeated 
three times.

Protein extraction and western blot analysis. Total cellular 
proteins were extracted using the CelLytic Extraction kit 
containing protease inhibitors (Sigma‑Aldrich, St. Louis, MO, 
USA) and quantified using a Pierce BCA Protein Assay kit 
(Thermo Fisher Scientific, Inc.). Equal quantities (30‑50 µg) of 
protein were separated using 10% sodium dodecyl sulfate‑poly-
acrylamide gel electrophoresis (at 100  V for 90  min) and 
transferred to polyvinylidene fluoride membranes. Membranes 
were blocked using 5% skim milk and then incubated with 
monoclonal rabbit anti‑ROCK1 (1:500; Abcam, Cambridge, 
UK; cat. no. ab45171), monoclonal rabbit AKT (cat. no. 4691), 
monoclonal rabbit phosphorylated (p)‑AKT (cat. no. 4060 ), 
monoclonal mouse extracellular signal‑regulated kinase 1/2 
(ERK1/2; cat. no. 4696) and monoclonal rabbit p‑ERK1/2 (cat. 
no. 4370) all at 1:1,000 dilution (Cell Signaling Technology, 
Inc., Danvers, MA, USA) primary antibodies at 4˚C overnight. 
Mouse monoclonal GAPDH (1:3,000; cat. no. ab8245; Abcam) 
served as a loading control. The membranes were then washed 
with phosphate‑buffered saline (Thermo Fisher Scientific, Inc.) 
and then incubated for 2 h at room temperature with horseradish 
peroxidase (HRP)‑conjugated secondary antibodies as follows: 
Goat anti‑mouse IgG HRP (cat. no. sc‑2031) and goat anti‑rabbit 
IgG HRP (cat. no. sc‑2030; 1:6,000; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA). Signals were visualized using the ECL 
PlusWestern Blotting system (Thermo Fisher Scientific, Inc.) 
and blots were visualized with the ImageQuant LAS 4000 
system (GE Healthcare Life Sciences, Uppsala, Sweden).

Im munohis tochemis t r y  (IHC).  I HC st a in ing of 
paraffin‑embedded specimens was performed as previously 
described  (11). Briefly, following antigen retrieval, 5‑µm 
sections were soaked with 3% H2O2‑methanol (Shanghai 
Macklin Reagent Co., Ltd.) for 15 min to block peroxidase 
activity, and incubated with 10% normal goat serum (Shanghai 
Haoran Bio Technologies Co., Ltd., Shanghai, China) to block 
non‑specific protein binding. Sections were then incubated 
with anti‑ROCK1 primary antibody (1:100), followed by 
rabbit anti-mouse HRP-labeled antibody (cat. no. GK500705; 
Shanghai Universal Biotech Co., Shanghai, China). A BX51 
microscope (Olympus Corporation) was used to visualize the 
slides and ROCK1 staining was scored as 0, 1, 2 and 3, as 
previously described (12).

Statistical analysis. Student's t‑test or analysis of variance 
was performed to compare differences between continuous 
variables. Differences between categorical variables were 
analyzed using the χ2 test. Two‑sided P<0.05 was considered 
to indicate a statistically significant difference. All statistical 
analyses were performed using SPSS software version 20.0 
(IBM SPSS, Armonk, NY, USA) and data are presented as 
means ± standard deviation.

Results

miR‑126 expression is reduced in ccRCC tissue with metastasis. 
The clinicopathological characteristics of the 128 patients 
with ccRCC are presented in Table I. miR‑126 expression was 
detected in tumor and matched adjacent normal kidney tissues 
from each of the 128 patients using RT‑qPCR. No significant 
difference in miR‑126 expression was observed between 

Table I. Clinicopathological characteristics of 128 clear cell 
renal cell carcinoma patients.

Clinicopathological feature	 n	 (%)

Age (years)		
  <65	 108	 84.4
  ≥65	 20	 15.6
Gender		
  Male	 95	 74.2
  Female	 33	 25.8
Body mass index		
  <25 kg/m2	 91	 71.1
  ≥25 kg/m2	 37	 28.9
Smoking status		
  Never	 84	 65.6
  Ever/current	 44	 34.3
Hypertension		
  No	 84	 65.6
  Yes	 44	 34.3
Diabetes	
  No	 89	 69.5
  Yes	 39	 30.5
Tumor stage
  1	 96	 75.0
  2	 19	 14.8
  3	 8	 6.3
  4	 5	 3.9
Lymph node stage
  N0	 121	 94.5
  N1	 7	 5.5
Metastasis stage
  M0	 102	 79.7
  M1	 26	 20.3
Clinical stage
  Ⅰ	 84	 65.6
  Ⅱ	 11	 8.6
  Ⅲ	 7	 5.5  
  Ⅳ	 26	 20.3
Fuhrman grade
  1	 5	 3.9
  2	 55	 43.0
  3	 54	 42.2
  4	 14	 10.9
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ccRCC tissues and benign samples (P=0.246; Fig. 1A). In 
addition, the potential association between miR‑126 expres-
sion and clinicopathological variables was determined. Of 
the 128 patients, 7 presented with lymph node metastasis and 
26 with distant metastasis. Further analyses demonstrated 
that the expression levels of miR‑126 were significantly lower 
in patients with metastasis (lymph node or distant metas-
tasis) compared with those without metastasis (P=0.0002; 
Fig. 1B). Similarly, patients with stage III/IV disease exhibited 
significantly reduced expression of miR‑126 compared with 
stage I/II disease (P=0.009; Fig. 1C). However, no difference 
in miR‑126 expression was observed between low grade and 
high grade tumors (P=0.218; Fig. 1D). These findings suggest 
that suppression of miR‑126 expression may be associated 
with ccRCC progression.

miR‑126 overexpression inhibits RCC cell proliferation 
in vitro. The levels of miR‑126 expression were determined 
in 4 human RCC cell lines (786‑O, 769‑P, ACHN and Caki‑1; 
data not presented). ACHN and 786‑O cells were selected for 
further analysis.

Transfection with miR‑126 mimic was used to overexpress 
miR‑126 in 786‑O and ACHN cells, and transfection successfully 
increased miR‑126 mRNA levels in miR‑126 overexpressing 
cells compared with NC (P<0.05; Fig. 1E). Changes to RCC cell 
proliferation following miR‑126 overexpression were assessed 
by CCK‑8 and EdU assays. As demonstrated in Fig.  2A, 
proliferation was significantly reduced in 786‑O‑miR‑126 
and ACHN‑miR‑126 cells compared with relevant NC control 
cells (P<0.05). Flow cytometry analysis demonstrated that 
the proportion of EdU‑positive cells in 786‑O‑miR‑126 and 
ACHN‑miR‑126 cells was markedly decreased compared with 
the relevant controls (Fig. 2B). These findings suggest that 
miR‑126 overexpression inhibits RCC cell proliferation in vitro.

miR‑126 over‑expression inhibits RCC cell invasion and 
migration in vitro. The present study determined whether 
miR‑126 overexpression inhibits RCC cell migration and inva-
sion. Transwell chamber assays demonstrated that miR‑126 
overexpression significantly inhibited the invasive capacity 
of 786‑O and ACHN cells compared with NC cells (P<0.05; 
Fig. 2C). RCC cell motility was assessed using a wound‑healing 
assay. Cell migration of 786‑O‑miR‑126 and ACHN‑miR‑126 
was markedly reduced compared with the relevant NC controls 
12 h after wound creation (Fig. 2D). These results indicate that 
miR‑126 overexpression inhibits RCC cell invasion and migra-
tion in vitro.

miR‑126 suppresses ROCK1 expression by directly targeting 
the 3'‑UTR. Bioinformatics screening was performed 
(www.targetscan.org; www.mirbase.org) to identify potential 
miR‑126 target genes. The ROCK1 mRNA 3'UTR contains 
a conserved binding site for miR‑126. The protein and 
mRNA expression levels of ROCK1 in 786‑O‑miR‑126, 
ACHN‑miR‑126 and their respective control cells were then 
determined. Compared with controls, the ROCK1 mRNA 
expression levels were significantly downregulated (P<0.05; 
Fig. 3A) and the protein expression levels were also downregu-
lated (Fig. 3B), suggesting that miR‑126 suppresses ROCK1 
expression in RCC cells.

Luciferase reporter vectors carrying the human ROCK1 
3'‑UTR were constructed with either the wild‑type miR‑126 
binding sequence (psi‑ROCK1‑WT) or a mutant sequence 
(psi‑ROCK1‑Mut) to which miR‑126 does not bind (Fig. 3C). 
Following co‑transfection of 786‑O cells with the reporters 
and miR‑126 mimic, the relative luciferase activity in 
psi‑ROCK1‑WT‑transfected cells was decreased by 26% 
compared with NC cells (P<0.05; Fig. 3D). No significant 
effect was observed with the mutant reporters. These findings 

Figure 1. miR‑126 expression profiles in ccRCC and normal kidney tissue samples, and RCC cells. (A) miR‑126 expression in ccRCC tissue and adjacent 
normal kidney tissue. MiR‑126 expression in (B) ccRCC tissue with metastasis compared with tissue without metastasis, and (C) stage III/IV disease compared 
with stage I/II disease. (D) Difference in miR‑126 expression between low and high grade disease. (E) Expression of miR‑126 in 786‑O and ACHN cells 
transfected with miR‑126 mimics. *P<0.05, comparison indicated by brackets. miR, microRNA; ccRCC, clear cell renal cell carcinoma; NC, negative control.

  A   B   C

  D   E
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Figure 3. MiR‑126 suppresses ROCK1 expression by directly targeting its 3'‑UTR. ROCK1 expression in 786‑O and ACHN cells at the (A) mRNA and (B) pro-
tein level. (C) Schematic representation of the luciferase reporter, which carried the wild‑type or mutant ROCK1‑3'‑UTR. (D) Relative luciferase activity in 
wild‑type ROCK1‑3'‑UTR and mutant ROCK1‑3'‑UTR reporter‑transfected cells. *P<0.05, comparision indicated by brackets. miR, microRNA; NC, negative 
control; ROCK, Rho associated coiled‑coil containing protein kinase 1; 3'UTR, 3' untranslated region.

  A   B

  C   D

Figure 2. Overexpression of miR‑126 inhibits cell proliferation, migration, and invasion in renal cell carcinoma cells in vitro. (A) Cell counting kit‑8 assays 
were performed to measure cell proliferation in 786‑O and ACHN cells. Data are presented as the mean ± standard deviation of the OD value detected at 
450 nm from three independent experiments. (B) Cell proliferation was analyzed in 786‑O and ACHN cells using EdU assay by flow cytometry. (C) Transwell 
and (D) wound healing assays were performed following miR‑126 overexpression in the indicated cells. *P<0.05, comparison indicated by brackets. miR, 
microRNA; NC, negative control OD, optical density.

  A   B

  C

  D
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suggest that miR‑126 inhibits ROCK1 expression in RCC cells 
by directly targeting the ROCK1 3'‑UTR.

Upregulation of ROCK1 is inversely correlated with miR‑126 
expression in ccRCC tissue samples. The present study 
examined whether ROCK1 protein expression levels were 
associated with miR‑126 expression in ccRCC tissue samples. 
IHC staining was performed on 60 paired ccRCC and adjacent 
normal kidney tissue samples (randomly selected from the 
128 patients in Table I). The expression levels of ROCK1 were 
classified into low (scores of 0 and 1) and high (scores of 2 
and 3) groups according to IHC staining (Fig. 4A). ROCK1 
was upregulated in ccRCC tissue compared with adjacent 
normal kidney tissue (P<0.05; Fig. 4A and B). Furthermore, the 
association between ROCK1 expression and miR‑126 levels 
in ccRCC tissues was analyzed, and the results demonstrated 
that high levels of ROCK1 were more likely to be observed 
in ccRCC with low levels of miR‑126 (P<0.003; Fig. 4C), 
suggesting that inhibition of miR‑126 may increase ROCK1 
expression in ccRCC tissues.

miR‑126 is an important regulator of the AKT and ERK1/2 
signaling pathways. Finally, the present study investigated 
whether miR‑126 regulates the AKT and ERK1/2 signaling 
cascades, as these pathways are important in cancer initiation 
and development. Western blotting did not demonstrate any 
observable changes in total AKT and ERK1/2 protein expres-
sion levels following miR‑126 overexpression in RCC cells. 
However, decreased levels of AKT and ERK1/2 phosphoryla-
tion were observed in 786‑O‑miR‑126 and ACHN‑miR‑126 
cells compared with the relevant controls (Fig. 5). The results 
suggested that the inhibitory activity of miR‑126 in RCC may 
be at least partially mediated by regulation of the AKT and 
ERK1/2 signaling pathways.

Discussion

Various studies have identified associations between miRNAs 
and tumor development and progression. Furthermore, 
numerous miRNAs have been termed 'oncomiRs', and function 
as cancer biomarkers and/or regulators of important biological 

Figure 4. Upregulation of ROCK1 is inversely correlated with miR‑126 expression in ccRCC tissue. (A) Immunohistochemical (IHC) staining of ROCK1 in 
ccRCC tissue compared with adjacent normal kidney tissue (magnification, x400). The staining intensity was represented as follows: (a) normal kidney tissue, 
score 0; (b) ccRCC, score 0; (c) ccRCC, score 1; (d) ccRCC, score 2; (e) ccRCC, score 3; (B) Comparison of ROCK1 expression based upon IHC staining. 
(C) Correlation analysis of ROCK1 expression and miR‑126 levels in 60 ccRCC tissue samples. ROCK1, Rho associated coiled‑coil containing protein 
kinase 1; ccRCC, clear cell renal cell carcinoma; miR, microRNA.

  A

  B   C

Figure 5. Overexpression of miR‑126 in renal cell carcinoma (RCC) cells results in changes in the AKT and ERK1/2 signaling pathways. Western blot analyses 
of AKT, pAKT, ERK1/2, and pERK1/2 levels in miR‑126 overexpressing RCC cells. Western blot analyses demonstrated decreased p‑AKT and p‑ERK1/2 
levels in miR‑126 overexpressing RCC cells, whereas total AKT and ERK1/2 levels were not affected. miR, microRNA; NC, negative control; p, phosphory-
lated; ERK, extracellular signal‑regulated kinase.

  a   d  c  b   e
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processes. Among these oncomiRs, miR‑126 has previously 
been implicated in the carcinogenesis of multiple types of 
cancer (5,13‑15). However, while the pattern of miR‑126 and 
miR‑21 expression may be a predictor of cancer‑specific 
survival in ccRCC (9), the specific effects exerted by miR‑126 
in RCC, and the underlying mechanisms involved, remain to 
be elucidated. The present study demonstrated an inhibitory 
effect of miR‑126 on the proliferation, migration and invasion 
of RCC cells, and, to the best of our knowledge, is the first 
report to identify ROCK1 as a novel target gene of miR‑126.

Accumulating evidence indicates that miR‑126 exerts 
anti‑cancer effects. Overexpression of miR‑126 in colon 
cancer cells has been demonstrated to result in a reduction 
in cell growth (16), while increased miR‑126 inhibited the 
proliferation of osteosarcoma, small cell lung cancer, and 
stromal cells from giant cell bone tumors (5,17,18). Elevated 
miR‑126 levels also impaired cellular migration and invasion 
in these previous studies. Other reports have demonstrated 
similar findings in colon cancer, breast cancer, pancreatic 
cancer and chronic myeloid leukemia (4,19‑21). Consistently, 
high miR‑126 expression has been associated with favorable 
clinical outcomes in non‑small cell lung cancer (15) and pros-
tate cancer (6). Together, these findings suggest that miR‑126 
functions as a tumor suppressor. However, another study 
reported contrasting findings. miR‑126 may contribute to the 
carcinogenesis of acute myeloid leukemia by inhibiting cell 
apoptosis and promoting cell proliferation (22). Overexpression 
of miR‑126 may also enhance growth of gastric cancer cells 
by inhibiting SRY (sex determining region Y)‑box 2 (SOX2)
expression (7). The present study supports tumor suppressor 
activity for miR‑126 in RCC, consistent with a previous report 
that identified decreased levels of miR‑126 in RCC tissues (9). 
Furthermore, the previous study demonstrated that miR‑126 
expression was reduced further in tumor tissue samples of 
higher stage and grade (9). The variable effects of miR‑126 
may be partially explained by the heterogeneity of tumors 
of different origins. However, further studies are required to 
elucidate the precise mechanism by which miR‑126 functions 
in RCC and other types of cancer.

miRNAs regulate a diverse range of biological processes by 
specifically binding and inducing cleavage of target mRNAs, or 
inhibiting their translation (23,24). Several important miR‑126 
target genes have been previously identified, including p38, 
SOX2, C‑X‑C chemokine receptor type 4 and vascular endo-
thelial growth factor (4,7,13,14). The current study demonstrated 
that overexpression of miR‑126 reduced ROCK1 protein expres-
sion levels and ROCK1 3'‑UTR luciferase activity. Furthermore, 
reporter assays using a mutant sequence of the ROCK1 3'‑UTR 
demonstrated that miR‑126 post‑transcriptionally regulates 
ROCK1 by directly binding its 3'‑UTR. As a key effector kinase 
downstream of Rho GTPase, ROCK1 activity is essential for 
the cytoskeletal reorganization process required for cell motility 
and invasion  (25,26). Accumulating evidence suggests that 
ROCK1 contributes to invasion and metastasis in various types 
of cancer (27‑29). The present study demonstrated that miR‑126 
levels are reduced in metastatic ccRCC tissues. Furthermore, 
overexpression of miR‑126 inhibits cell migration and invasion, 
likely via targeting ROCK1. The results from the current study 
provide novel insights into the mechanisms underlying RCC 
progression and metastasis.

The current study also identified that miR‑126 regulates the 
AKT and ERK1/2 signaling pathways, which are important 
during carcinogenesis. Previous reports suggest an association 
between AKT and ERK1/2, and ROCK1 signal transduction. 
A previous study observed that ROCK1 protein expression 
levels were higher in prostate cancer tissue samples compared 
with corresponding paracancerous tissue samples, and was 
associated with p‑mitogen‑activated protein kinase (MAPK) 
and p‑AKT levels (30). Another previous study identified an 
association between ROCK1 and increased ERK/MAPK acti-
vation in transgenic mice (31). The current study demonstrated 
that miR‑126 overexpression decreases phosphorylated AKT 
and ERK1/2 levels without altering the total AKT and ERK1/2 
protein expression levels. Thus, the present study hypothesizes 
that downregulation of ROCK1 by miR‑126 may result in 
subsequent regulation of AKT and ERK1/2 phosphorylation.

The results of the current study indicated that ROCK1 is 
upregulated in ccRCC tissue compared with adjacent normal 
kidney tissue, whereas no significant difference in miR‑126 
expression was observed inccRCC tissues compared with benign 
samples. However, the expression of ROCK1 was detected by 
IHC staining in 60 paired ccRCC and adjacent normal kidney 
tissue samples. The sample size was relatively small and there 
may be selection bias in the analysis. Furthermore, miRNAs 
exert their functions by regulating target genes. It is understood 
that one target gene may be regulated by different miRNAs. 
These target genes and miRNAs, as well as other transcrip-
tion factors, constitute a complex network involved in various 
cellular processes. The signals and mechanisms that control 
miRNA transcriptional regulation remain unknown. In addition 
to miR‑126, other factors may regulate the expression of ROCK1 
in ccRCC tissue and adjacent normal kidney tissue. Thus, the 
complex regulatory network through which miR‑126 functions, 
and the importance of ROCK1 expression and function in RCC 
carcinogenesis, requires further elucidation.

In conclusion, the current study identified an association 
between miR‑126, and RCC progression and metastasis, 
suggesting that miR‑126 may function as a tumor suppressor 
involved in RCC development. Thus, miR‑126 may be a poten-
tial diagnostic biomarker and therapeutic target for RCC.
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