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Aberrant microRNAs (miRNAs) are reported to contribute to the pathogenesis of most human malignancies. The
miRNA, miR-134, has been found to be downregulated in renal cell carcinoma (RCC), but its function in the
disease is unknown. The aims of this study were to detect the expression of miR-134 in human RCC samples and
explore its function in RCC cell lines. Real-time qualitative polymerase chain reaction (qPCR) was used to quantify
miR-134 in human RCC samples. Assays for cell cycle, viability, migration, and invasion were performed to assess
the phenotypic changes in RCC cells. A luciferase reporter assay was carried out to confirm whether KRAS
(Kirsten rat sarcoma viral oncogene homolog) is a direct target of miR-134. Western blot was used to identify the
potential signaling pathways that had an impact on RCC cell growth and alterations of markers for epithelial–
mesenchymal transition (EMT), which affected metastasis by miR-134. miR-134 was found to be downregulated in
RCC samples ( p < 0.05), while overexpression of miR-134 suppressed proliferation ( p < 0.05) by triggering G1/G0
cell cycle arrest ( p < 0.05). Forced expression of miR-134 could also inhibit migration ( p < 0.05) and invasion
( p < 0.05) by blocking EMT in RCC cell lines. KRAS was identified as a target of miR-134, and miR-134 may act
as a tumor suppressor through the KRAS-related MAPK/ERK pathway other than PI3K/AKT signaling. Thus,
miR-134 may function as a tumor suppressor in cell proliferation and EMT by targeting KRAS in RCC cells.

Introduction

Renal cell carcinoma (RCC) is a common malignant
cancer in China, reported to have approximately 54.3

new diagnoses per 10,000 Chinese in 2005 (Yang et al.,
2005). It is the third most common genitourinary cancer,
with 54,390 predominantly male new cases and 13,010
deaths expected in the United States in 2008 (Garcia et al.,
2009). Up to 40% of these patients with primary disease will
eventually develop metastases and those with metastases
have a poor median survival of 6–12 months, only 9% with
a 5-year survival (van et al., 2005). There is a lack of ef-
fective therapeutics in RCC as the disease is highly resistant
to chemotherapy and radiotherapy (van et al., 2005). Thus,
early detection and prognostic markers as well as novel
therapeutic modalities are required.

microRNAs (miRNAs) are small noncoding RNAs with a
length of *22 nucleotides and can bind to 3¢-UTR of the
targeted message RNA, thus inhibiting translation or pro-

moting RNA degradation (Wu et al., 2007; Ozen et al.,
2008). miRNAs are implicated in physiological and patho-
logical processes, especially in tumor pathogenesis, and can
act as tumor suppressors or oncogenes (Croce, 2009; Zim-
merman and Wu, 2011). Aberrant levels of the miRNA,
miR-134, have been detected in a variety of malignancies
and could regulate tumor development, differentiation,
proliferation, invasion, and metastasis (Li et al., 2012; Liu
et al., 2013). In human nonsmall cell lung cancer cells, low
expression of miR-134 was correlated with invasive poten-
tial, and altered miR-134 expression was associated with the
inhibition of epithelial–mesenchymal transition (EMT), by
directly binding to the 3¢-UTR of the forkhead box M1
(FOXM1), which was involved in TGF-b1-induced EMT in
A549 cells (Li et al., 2012). However, in head and neck
carcinoma cells, miR-134 was found to be upregulated and
induced oncogenicity and metastasis by targeting the 3¢-UTR
of the WW domain containing oxidoreductase (WWOX) (Liu
et al., 2013). Thus, a given miRNA may have many mRNA
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targets, and the biological effects of changes in miRNA ex-
pression are likely to depend on the cellular context.

Kirsten rat sarcoma viral oncogene homolog (KRAS)
oncogene, one of the RAS gene family members, encodes a
small guanosine triphosphatase, which has crucial functions
in various biological processes, including cell proliferation
and EMT (Johnson et al., 2005; Chen et al., 2009; Yu et al.,
2010; Wang et al., 2012). The downregulation of KRAS
reduced tumor growth in pancreatic cancer, glioma, and oral
cancer, among others (Yu et al., 2010; Shin et al., 2011;
Wang et al., 2012; Ma et al., 2013; Tanaka et al., 2013).
Recently, KRAS was found to inhibit EMT (Buonato et al.,
2014). EMT has been reported to be a key process con-
tributing to cancer metastasis and is characterized by the
loss of the epithelial marker, E-cadherin, and an increase in
the mesenchymal markers, vimentin and N-cadherin, and an
increase in the migratory and invasive behavior (Kraljevic
et al., 2011). Therefore, miR-134 and KRAS may be viable
biomarkers or potential therapeutic targets for RCC.

In this study, we used qualitative polymerase chain reac-
tion (qPCR) to investigate the miR-134 levels in RCC sam-
ples and RCC cells. Then, to confirm that miR-134 directly
targets KRAS and the possible antiproliferative and anti-
metastatic properties of miR-134, a series of in vitro assays
had been conducted. To further understand how miR-134
controls cell phenotypes by targeting KRAS, we then de-
tected a number of markers indicating the alterations of EMT
and proteins in signaling pathways downstream of KRAS.

All these results may give us insight into how miR-134
acts as a tumor suppressor in RCC cells and suggest a novel
biomarker or therapeutic strategy for treatment of RCC.

Materials and Methods

Study design

To investigate the miR-134 levels in RCC samples and RCC
cells, total RNA was isolated from tissues and cultured cells.
Then, qPCR was conducted to measure the relative expression
of miR-134 in RCC samples versus paired adjacent nontumor
tissues or in RCC cells versus normal renal cells.

Cells of the cell lines, 786-O and caki-1, transfected with
nothing, negative control (NC), or miR-134 mimics were
defined as mock, NC, or miR-134 mimic groups, respec-
tively. After transfection, cell proliferation assay and cell
cycle assay were performed on cells to study the impact of
miR-134 on cell proliferation. Cell migration and invasion
assays were carried out to investigate the antimetastatic
properties of miR-134. In addition, dual-luciferase assays
were also conducted to confirm that miR-134 directly targets
KRAS.

Proteins were isolated from transfected cells and western
blot was used to detect the KRAS levels in different groups,
alterations of markers, taking E-cadherin and N-cadherin,
for example, in EMT, and the changes of proteins in sig-
naling pathways downstream of KRAS so that we can fur-
ther understand how miR-134 controls cell phenotypes by
targeting KRAS.

Cell culture and tissue samples

The human RCC cell lines (786-O, caki-1, 769-P, and
ACHN), normal renal proximal tubular cells (HK-2), and

human embryonic kidney cells (HEK-293T) were purchased
from the Cell Bank of Type Culture Collection of the Chi-
nese Academy of Sciences (Shanghai, China). Cells of the
RCC cell lines, 786-O and 769-P, were maintained in
RPMI-1640 (Gibco), and HK-2, HEK-293T, and ACHN
cells were maintained in Dulbecco’s modified Eagle’s me-
dium (Gibco), and caki-1 was maintained in McCoy’s 5A
(Gibco), all supplemented with 10% fetal bovine serum
(FBS; Gibco) within a humidified atmosphere containing
5% CO2 at 37�C.

In accordance with the local Ethics Committees of the
First Affiliated Hospital with Nanjing Medical University,
China, 24 paired tumor specimens and tissue samples used
to detect miR-134 expression were obtained with informed
consent from RCC patients (Table 1). These patients under-
went radical nephrectomy or partial nephrectomy. All sam-
ples were obtained during surgery, immediately frozen in
liquid nitrogen, and stored at - 80�C for further analysis.
Diagnoses were determined by histopathological examination
of all the tumor specimens and nontumor tissue samples.

Cell transfection

Cells of the cell lines, 786-O and caki-1, were seeded in
six-well plates at 70% confluence on the day before trans-
fection. Cell transfection was performed with Lipofecta-
mine2000 (Invitrogen) in accordance with the manufacturer’s
instructions. Five hours post-transfection, the culture medium
was replaced with RPMI-1640 or McCoy’s 5A containing
FBS as described before. The sequences of the miR-134
mimics were sense, 5¢-UGUGACUGGUUGACCAGAGG
GG-3¢; and antisense, 5¢-CCUCUGGUCAACCAGUCACA
UU-3¢. RNA with no sequence homology to any human ge-
nomic sequence was used as the NC: sense, 5¢-UCCUCCGA
ACGUGUCACGUTT-3¢; and antisense, 5¢-ACGUGACACG
UUCGGAGAATT-3¢. The sequence of the miR-134 inhibitor
(Inhibitor) was 5¢-CCCCUCUGGUCAACCAGUCACA-3¢.
The sequence of the negative control inhibitor (Inhibitor NC)
was 5¢-CAGUACUUUUGUGUAGUACAA-3¢. miR-134 mim-
ics, NC, Inhibitor, or Inhibitor NC used for each transfection
were designed and synthesized by Invitrogen. For functional
assays, cells grown in six-well plates were transfected with
100 pM of synthetic miR-134 mimics or NC. For the dose-
dependent experiment, cells were transfected with 50pM of
synthetic miR-134 mimics or NC to eliminate the dose ef-
fect of high dose of miR-134 transfection. Total RNA was
prepared 24 h after transfection and used for qPCR analysis.

Table 1. Characteristics of Renal

Cell Carcinoma Patients

Gender
Male 15
Female 9

Age, median (range) 58.5 (29–80) y

T stage
T1 19
T2 1
T3 4
T4 0

Pathology Clear cell RCC 24

RCC, renal cell carcinoma.
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Total protein was prepared 60 h after transfection and used
for western blot analysis.

RNA isolation and qPCR

Total RNA was isolated from tissues and cultured cells
using Trizol (Invitrogen) in accordance with the manufac-
turer’s instructions for miRNA and mRNA analyses. RNA
concentration was measured using NanoDrop (Thermo
Scientific). Analysis of mature miR-134 expression was
performed using a TaqMan miRNA assay in accordance
with the manufacturer’s instructions (Applied Biosystems).
Levels of miR-134 relative to U6 were calculated using the
2 -DDCt method (Yuan et al., 2006). The reaction for miRNA
detection was performed under the following conditions:
95�C for 10 min, 40 cycles at 95�C for 15 s, and 60�C for
1 min. The reactions were performed and analyzed using an
Applied Biosystems StepOne Plus Real-Time PCR System
(Applied Biosystems). All reactions were run in triplicate.
Differences between the tumor and paired adjacent non-
tumor samples were analyzed using Student’s paired t-test
using SPSS software (Version 13.0 SPSS); meanwhile, the
differences between the tumor cells and normal cells were
analyzed using Student’s t-test. A value of p < 0.05 was
considered as statistically significant.

Cell proliferation assay

Cells of the cell lines, 786-O and caki-1, were transfected
with miR-134 mimics or NC to investigate the impact of
miR-134 on cell proliferation of RCC cells. Forty-eight hours
after transfection, cells were seeded into 96-well plates at a
density of 2 · 103 cells/well and cultured for 24, 48, 72, or
96 h. Cell proliferation was determined using a Cell Counting
Kit-8 (CCK-8; Dojindo Molecular Technologies) in accor-
dance with the manufacturer’s protocol. Absorbance was
detected at the wavelength of 450 nm. Three wells were
measured for cell viability in each treatment group.

Cell cycle assay

Flow cytometry was used to analyze the distribution of
the cell cycle stages in transfected cells so that we could
further understand the possible mechanism of miR-134 on
cell growth. Forty-eight hours post-transfection, cells were
harvested, washed twice with ice-cold phosphate-buffered
saline, and fixed with 70% ethanol at - 20�C overnight.
Subsequently, cells were incubated in 50 mg/mL propidium
iodide and 1 mg/mL RNase for 30 min at room temperature.
The treated cells were analyzed by flow cytometry (Becton
Dickinson). At least 100,000 cells were acquired for each
sample. The experiments were performed in triplicate.

Cell migration and invasion assays

To investigate the possible effect on metastasis on RCC
cells, migration and invasion assays were used. For the mi-
gration assays, 2 · 104 cells in 200 mL of serum-free medium
were placed in the upper chamber of the transwell (pore size,
8 mm; BD Bioscience). For the invasion assays, 5 · 104 cells
in 200 mL of serum-free medium were placed in the upper
chamber that was coated with Matrigel (BD Bioscience) in
accordance with the manufacturer’s protocol. Media con-
taining 20% FBS were added to the lower chamber. After the

cells had incubated for 24 h at 37�C, the cells remaining in the
upper membrane were removed and those on the lower sur-
face of the membrane were fixed in 95% ethanol and stained
with crystal violet. Five random fields were counted. All of
the experiments were performed in triplicate.

Plasmid construction and dual-luciferase assay

To fully understand the mechanisms by which miRNAs
execute their function, we adopted three bioinformatic al-
gorithms (TargetScan, PicTar, and miRanda) to identify a
large number of potential target genes of miR-134. Con-
sidering the reported influence of miR-134 on cell

FIG. 1. miR-134 is downregulated in renal cell carcinoma
(RCC). (A) miR-134 level in RCC samples was significantly
downregulated compared with the paired adjacent nontumor
tissues. The median in each triplicate was used to calculate
the relative miR-134 concentration using the comparative
2 -DCt method (2-DCt was used to detect the expression of
miR-134 in tissue samples). (B) The expression level of
miR-134 in RCC cell lines was relatively low compared
with the normal renal cell line. The median in each triplicate
was used to calculate the relative miR-134 concentration
using the comparative 2 -DDCt method (2-DDCt and nor-
malized data were used to identify the comparative ex-
pression among RCC cell lines). *p < 0.05 compared with
the nontumor tissues or normal cell line. Black circle, nor-
mal tissue of RCC patients; black square, tumor tissue of
RCC patients; each circle/square means the relative ex-
pression of miR-134 of normal/tumor tissue of one patient.
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proliferation and metastasis, as well as the fact that KRAS
was involved in the signaling pathways, which have an
impact on cell proliferation and metastasis, KRAS was se-
lected for further analysis. We hypothesized that KRAS
might be a target of miR-134; therefore, a fragment of the
KRAS 3¢-UTR (KRAS-WT) and a mutated 3¢-UTR of
KRAS (KRAS-MUT) that contained the putative miR-134-
binding sites were cloned downstream of the luciferase gene
in a pGL3-control vector (Invitrogen). For reporter assays,
HEK-293T cells were cotransfected with KRAS-WT plas-
mid and miR-134 mimics, KRAS-WT plasmid and NC,
KRAS-MUT plasmid and miR-134 mimics, KRAS-MUT
plasmid and NC, KRAS-WT plasmid and miR-134 inhibi-
tor, or KRAS-WT plasmid and inhibitor NC. Luciferase
activities were measured by dual-luciferase assays (Prome-
ga) 48 h after cotransfection and normalized against the
activity of the Renilla luciferase gene.

Protein isolation and western blot

To further study the effects of miR-134 on protein
changes in signaling pathways referring to cell proliferation
and EMT in RCC cells, proteins were isolated from trans-
fected cells. Cells were washed twice in ice-cold phosphate-
buffered saline and lysed using radioimmunoprecipitation

assay buffer (KeyGene Biotech) supplemented with protease
inhibitors at 4�C for 30 min. Equal amounts of proteins were
analyzed by 10% sodium dodecyl sulfate–polyacrylamide
gel electrophoresis, transferred to a polyvinylidene fluo-
ride membrane (Millipore), blocked for 1 h with 5% nonfat
milk at room temperature, and incubated with primary an-
tibodies at 4�C overnight. The membrane was incubated
with a horseradish peroxidase-conjugated secondary anti-
body for 1 h after three washes with Tris-buffered saline and
0.1% Tween. Antibodies against KRAS, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH; Bioworld Technology),
p-ERK, p-AKT (Abcam), AKT, ERK, E-cadherin, N-cadherin,
and vimentin (Cell Signaling Technology) were used in
western blot analysis in accordance with the manufacturer’s
instructions. Signals were detected using enhanced chemi-
luminescence detection reagent (Thermo Scientific). Protein
levels were determined by normalization to GAPDH.

Statistical analyses

Results are expressed as mean – standard deviation (SD).
Differences between groups were subjected to Student’s t-
test. p < 0.05 was considered statistically significant. All of
the statistical calculations were performed using SPSS
software (Version 13.0 SPSS).

FIG. 2. miR-134 inhibits cell proliferation and induces cell cycle arrest in 786-O and caki-1 cell lines. (A) Assessment of
cell proliferation by CCK-8 assay. The proliferation of 786-O and caki-1 cells was significantly inhibited by overexpression
of miR-134. (B) Flow cytometry analysis showed that the cell cycle of 786-O and caki-1 cells was arrested at G1 after
upregulation of miR-134. The histogram indicates the percentage of cells in G1. *p < 0.05 compared with the mock or
negative control group. NC, negative control.
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Results

miR-134 is low in RCC samples and cells

miR-134 expression was analyzed in 24 paired RCC tis-
sues and their paired adjacent nontumor tissues samples
using qPCR. There was less miR-134 in RCC tissues com-
pared with that in adjacent nontumor tissues ( p < 0.05; Fig.
1A). Furthermore, analysis of miR-134 expression in the
normal renal cell (HK-2) and four RCC cell lines (786-O,
caki-1, ACHN, and 769-P) reveals that miR-134 is de-
creased in tumor cell lines as well ( p < 0.05; Fig. 1B).

miR-134 inhibits cell proliferation of RCC cells

In the CCK-8 assay, the forced expression of miR-134 sig-
nificantly inhibited the growth of RCC cells starting at 24 h

( p < 0.05; Fig. 2A and Supplementary Fig. S1A; Supplemen-
tary Data are available online at www.liebertpub.com/dna).
The percentages of 786-O and caki-1 cells transfected with
miR-134 mimics in the G0/G1 phase were higher compared
with the NC and mock, providing evidence that high miR-134
expression may induce G0/G1 cell cycle arrest in RCC cells
( p < 0.05; Fig. 2B and Supplementary Fig. S1B).

miR-134 inhibits EMT in RCC cells

As previously described, EMT is a key process in cancer
metastasis. Migration and invasion assays reveal lower mi-
gratory and invasive abilities in the cell in which miR-134
expression was forced than the NC and mock ( p < 0.05; Fig.
3A, B and Supplementary Fig. S2A, B). Overexpression of
miR-134 triggered changes in EMT markers’ expression

FIG. 3. miR-134 inhibits epithelial–mesenchymal transition (EMT) in RCC cells. (A, B) Overexpression of miR-134
inhibited migration and invasion in RCC cell lines. (C) Western blot analysis was used to detect the changes in EMT
markers in 786-O and caki-1 cells treated with miR-134 mimics. A gain in E-cadherin expression and a loss of N-cadherin
and vimentin were observed in treated cells. Data are mean – SD of at least three independent experiments. *p < 0.05
compared with the mock or negative control group. Original magnification 200 · . GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; SD, standard deviation.
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with a gain in E-cadherin expression and a loss of N-
cadherin and vimentin (Fig. 3C and Supplementary Fig.
S2C), which indicate that miR-134 could inhibit EMT.

miR-134 suppresses KRAS levels and can specifically
bind to KRAS 3 ¢-UTR

A binding site of miR-134 was observed in the 3¢-UTR of
KRAS (Fig. 4A). Western blot analysis indicated an inverse
correlation between miR-134 and KRAS expression; KRAS
levels were significantly decreased in cells treated with
miR-134 mimics ( p < 0.05; Fig. 4B). Dual-luciferase assays
revealed that miR-134-transfected cells showed a marked re-
duction (*53%) of luciferase activity (Fig. 4C) and the inhi-
bition of luciferase activity by miR-134 mimics was almost
abolished in the KRAS-MUT (Fig. 4C), suggesting that the
conserved region was fully responsible for miR-134 function.

miR-134 suppresses the RAS/MAPK/ERK pathway

After transfection, the expression level in transfected
cells, which were treated with miR-134 mimics, was over
1000-fold that of cells transfected with NC ( p < 0.05; Fig.
5A), while the expression level in transfected cells treated
with a small dose of miR-134 mimics was about 200-fold
that of cells transfected with NC ( p < 0.05; Supplementary
Fig. S3A). Since our results suggest that the miR-134 might
suppress cell proliferation and EMT, to assess the mecha-
nism by which KRAS contributed to these progressions, we
examined the effect of transient miR-134 upregulation on
RAS/MAPK/ERK and PI3K/Akt signaling. KRAS was ef-
fectively reduced in miR-134 mimic-transfected RCC cells

( p < 0.05; Fig. 4B, Supplementary Fig. S3B), and p-ERK
was significantly decreased ( p < 0.05; Fig. 5B, Supplemen-
tary Fig. S3B) with a gain of miR-134 and a loss of KRAS.
However, no differences were found in p-Akt expression in
the treated cells ( p > 0.05; Fig. 5B, Supplementary Fig.
S3B). All these suggested that miR-134 might suppress cell
proliferation and metastasis through the RAS/MAPK/ERK
pathway other than PI3K/AKT signaling.

Discussion

Recently, large numbers of aberrant miRNAs have been
revealed by microarray in urologic cancers, including RCC.
According to White et al.’s (2011) and Yi et al.’s (2010)
microarray profiling, miR-134 was downregulated in RCC.
Therefore, we investigated the expression of miR-134 in
RCC samples in an eastern Chinese population. We found
that miR-134 was significantly downregulated in RCC
specimens relative to adjacent nontumor tissues. Mean-
while, we tested the miR-134 levels in RCC cell lines and
found that there was less miR-134 in RCC cells than that in
normal renal cells.

Although our study reported the deregulation of miR-134
in RCC, the function of miR-134 in RCC remains unknown.
A considerable amount of evidence indicates that aberrant
miRNAs can either suppress or promote the differentiation,
proliferation, apoptosis, and metastasis of RCC (Catto et al.,
2011). Because of the apparent loss of miR-134 in RCC
patients, we forced the expression of miR-134 through
transfected miR-134 mimics into RCC cells. We found that
upregulating miR-134 suppressed cell proliferation due to an

FIG. 4. KRAS is a direct target of miR-134. (A) Sequence of the miR-134-binding sites within the human KRAS 3¢-UTR
and a schematic diagram of the reporter constructs showing the entire KRAS 3¢-UTR sequence (KRAS_WT) and the
mutated KRAS 3¢-UTR sequence (KRAS_MUT: the mutant nucleotides of the miR-134-binding site are underlined). (B)
Western blot analysis of KRAS in 786-O and caki-1 cells transfected with miR-134 mimics or negative control. KRAS was
significantly decreased with increasing miR-134. GAPDH was used as a housekeeping control. (C) Dual-luciferase assay
results for HEK-293T cells suggest that KRAS is a target gene of miR-134. *p < 0.05 compared with the mock or negative
control group. All data are shown as mean – SD.
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arrest in the G1 phase of the cell cycle. The gain in miR-134
also contributed to the inhibition of migration and invasion in
the cancer cells by blocking EMT. Therefore, we conclude
that miR-134 would be a novel tumor suppressor in RCC due
to its negative effect on tumor growth and metastasis.

With the results of the present study showing a possible
role of miR-134 in RCC pathogenesis as well as knowing that
miRNAs could regulate the expression of target genes by
interacting with the 3¢-UTR of their target genes’ mRNAs
(Chou et al., 2013), we continued investigations to under-
stand the mechanism of miR-134 in tumor pathogenesis.
Three bioinformatic algorithms (TargetScan, PicTar, and
miRanda) were selected to help find the target gene. The
KRAS oncogene, a member of the well-known RAS family
and the most likely to take part in the functional changes, was
chosen as the candidate target gene. A recent research re-

ported that miR-134 was a novel RTK (receptor tyrosine
kinase)-related tumor suppressor and could mediate RTK and
RTK inhibitor effects on glioblastoma by targeting KRAS
and STAT5B (Zhang et al., 2014). As a result of the upre-
gulation of miR-134, KRAS decreased significantly. This
implies an inverse correlation between miR-134 and KRAS
expression. Results of the luciferase reporter assay suggest
that miR-134 may bind with the 3¢-UTR of KRAS. Thus, we
show that KRAS is a direct target gene of miR-134.

KRAS is reported to have a key role in cellular signal
transduction and its mutation appears to be crucial in colo-
rectal, pancreatic, and other cancers (Chen et al., 2009; Yu
et al., 2010; Magudia et al., 2012). Activation of KRAS
signaling could stimulate multiple downstream pathways,
including the RAS/MAPK/ERK and PI3K/Akt, thus pro-
moting tumorigenesis (Schubbert et al., 2007; Bodemann and
White, 2008). A recent research revealed that an ERK1/2
blockade prevented EMT in lung cancer cells. This suggested
a possible role of KRAS in tumor metastasis [17]. Our results
in the present study show that a low expression of KRAS
induced a decrease of p-ERK, indicating the inactivation of
the ERK pathway. However, when we analyzed the activation
state of the PI3K/Akt pathway, there were no changes found
in the expression of p-Akt. All these results imply that miR-
134 could directly regulate KRAS; the loss of KRAS inhibits
the ERK pathway rather than the PI3K/Akt pathway and fi-
nally causes the suppression of cell proliferation and EMT in
RCC. However, there are other targets of miR-134, which
may contribute to the inhibition of cell proliferation and EMT
in RCC; further studies need to determine if other pathways
are cooperatively inhibited as well.

In summary, our results show that miR-134 is frequently
downregulated in RCC and may function as a potential
tumor suppressor in RCC by targeting KRAS. Consequently,
miR-134 may have application in miRNA-based therapy.
However, our data were derived from cell lines and as such
cannot be considered accurate representations of a clinical
RCC study. Further studies are still required to assess the
roles of miR-134 in vivo and in a clinical context.
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