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Abstract: Introduction: Clear cell renal cell carcinoma (ccRCC) is the most common type of cancer in the adult kid-
ney, and the prognosis of metastatic ccRCC remains poor with high mortality. Recent study indicated that microR-
NAs (miRNAs) played critical roles in tumor progression. The aim of this study was to investigate the expression,
biological role and clinical significance of miR-497 in ccRCC. Methods: Quantitative real-time PCR (qRT-PCR) was
performed to detect the expression of miR-497 in renal cancer cell lines and ccRCC tissues. The association be-
tween miR-497 expression and overall survival was estimated by the Kaplan-Meier method. Gain of function assays
were performed in the 786-0 renal cancer cell line. Results: Expression of the miR-497 was significantly decreased
in renal cancer cell lines and ccRCC tissues when compared with normal human proximal tubule epithelial cells
and adjacent non-tumor tissues. Decreased miR-497 expression was significantly associated with tumor stage,
histological grade and lymph node metastases. Significantly shorter overall survival was observed in patients with
lower expression of the miR-497. Overexpression of miR-497 significantly inhibited renal cancer cell proliferation,
migration and invasion. Conclusions: Our results demonstrated that miR-497 was decreased in ccRCC tissues and

may provide a potential prognostic biomarker and a potential target for therapeutic intervention.
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Introduction

Renal cell carcinoma (RCC) is responsible for
approximately 3% of all cancers in adults and is
the third most common urological cancer, with
incidence rates increasing 2% per year [1].
Nowadays, there is no standard screening test
for RCC, and one-third of the patients present
metastasis on diagnosis and over the course of
the disease, metastasis develops in another
50% of patients [2]. Radical nephrectomy is
effective to cure early and local RCC, but no
effective for patients at advanced stages. RCC
is generally resistant to standard chemothera-
py and radiotherapy, the 5 year survival rate of
patients with metastatic RCC less than 10% [3,
4]. Therefore, the identification of molecular
markers that are predictive of RCC aggressive-
ness and patient outcome has the potential to
improve the ability to manage patients and new
molecular targets for adjuvant therapies.

MiRNAs are small 21-24 nucleotides non-cod-
ing RNAs that regulate gene expression post-

transcriptionally by base pairing with the
3’-untranslated region of target messenger
RNAs (mRNAs) to suppress translation or
induce mRNA degradation [5]. Accumulating
evidence has proved that miRNAs control vari-
ous physiological processes and that the devia-
tions from normal miRNA expression patterns
play vital roles in human diseases, including
cancers [6, 7]. In human cancer, miRNAs can
function as oncogenes or tumor suppressor
genes depending on the nature of their targets
[8]. Moreover, miRNAs have shown specific
expression patterns in cancers, which enable
microRNAs as biomarkers for cancer risk, diag-
nosis and prognosis, even as miRNA-based
therapeutic targets [9, 10]. For example, Zhang
et al showed that miR-335 expression was
decreased in a majority of esophageal squa-
mous cell carcinoma (ESCC). They indicated
that miR-335 expression was an independent
prognostic factor for patients with esophageal
cancer, which might be a potential valuable bio-
marker for ESCC [11]. Chu et al showed that
miR-630 expression level was significantly ele-
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Table 1. Correlation between miR-497 expression and

clinicopathologic features of ccRCC

and non-tumor tissues) were collected
from 86 patients with ccRCC in the

Department of Urology, Huaihe Hospital

MiR-497
Parameters Group Total expression Ppvajue Of Henan University. Samples were
Low High flash frozen in liquid nitrogen until use.
Gender Male 48 26 22 0730 |he study was approved by the
Female 38 22 16 Institutional Review Board of Henan
Age (years) <65 47 927 20 0738 _University. The clinical_and pathological
> 65 9 1 18 information from patient records was
] - gathered, and the details were listed in
Tumor size (cm) <4cm 55 29 26 0443 Table 1. The tumors were classified
z4cm 31 19 12 according to the 7th edition of the AJCC
Histological grade il 52 22 30 0002  cancer staging manual and the future
-V 34 26 8 of TNM [15].
Tumor stage TT, 47 16 31 0.000
T,T, 39 32 7 Cell culture and transfection
Lymph nodes metastasis Absence 73 37 36 0.023 . .
Presence 13 11 5 Immortalized normal human proximal

vated in gastric cancer in comparison to adja-
cent normal specimens. It is also proved that
miR-630 expression was to be associated with
gastric cancer invasion, lymph node metasta-
sis, distant metastasis and TNM stage [12].
Cheng et al found that miR-152 was down-regu-
lated in non-small cell lung cancer tissues and
cell lines. Over-expression of miR-152 sup-
pressed cell proliferation and colony formation
and also limited migration and invasion [13]. Li
et al showed miR-646 was down-regulated in
renal cancer and low expression of miR-646
was significantly associated with distant meta-
static. Furthermore, down-regulated miR-646
in renal cancer was associated with tumor
metastasis through MAPK pathway by targeting
NOB1 [14]. However, to our knowledge, the role
of miR-497 in ccRCC remains undefined.

In the present study, we explored the expres-
sion of miR-497 in renal caner cells and tissue
samples. Then, the association of miR-497
expression with the clinicopathologic features
of ccRCC patients and its prognostic value were
explored. Finally, experiments in vitro further
confirmed that forced miR-497 expression
could inhibit cell proliferation, migration, and
invasion of renal cancer cells.

Materials and methods
Patients and specimens
Following obtaining the informed consent from

all patients, surgical specimens (paired tumor
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tubule epithelial cell line HK-2 was pur-
chased from the American Type Culture
Collection (ATCC, USA). Human renal cancer
cell lines 786-0, ACHN and A498 were obtained
from the Cell Bank of Type Culture Collection of
Chinese Academy of Sciences (CCCAS, China).
Renal cancer cells were cultured in RPMI-1640
medium (Gibco) with 10% fetal bovine serum
(FBS, Gibco), 50 U/ml of penicillin and 50 ug/ml
of streptomycin. The HK-2 cells were cultured in
KSFM medium (Gibco). All cells were grown and
maintained at 37°C in a 5% CO, humidified
incubator.

The miR-497 mimics, miR-negative control of
mimics (miR-Ctrl) were synthesized and purified
by RiboBio (Guangzhou, China), miR-497 mim-
ics and miR-Ctrl were transfected at a final con-
centration of 50 nM using Lipofectamine 2000
reagent (Invitrogen) according to the manufac-
turer’s instruction. Total RNA were collected 48
hours after transfection.

Quantitative realtime PCR (qRT-PCR)

Total RNA was extracted from cells or tissues
using the Trizol reagent (Invitrogen) according
to the manufacturer’s protocol. For the detec-
tion of miR-497, reverse transcription and qRT-
PCR reactions were performed using the stan-
dard SYBR Green Assay protocol and the ABI
7900 Sequence Detection System (ABI). U6
was used as an internal control. The primers
were as follows: miR-497 forward, 5-GTGC-
AGGGTCCGAGGT-3, reverse, 5-TAGCCTGCAGC-
ACACTGTGGT-3'. U6 forward, 5-GCTTCGGCA-
GCACATATACTAAAAT-3’; reverse, 5-CGCTTCAC-
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Figure 1. Low expres-
sion level of miR-497
was correlated with
poor prognosis of cc-
RCC patients. A. The
relative miR-497 expre-
ssion in renal cancer
cell lines was much
lower than that of the
HK-2 cells. B. The mean
expression level of miR-
¥ 497 in ccRCC tissues
was significantly lower
than that in adjacent
non-tumor tissues. C.
The Kaplan-Meier ana-
lysis revealed that low-
level expression of miR-
497 was associated
with shorter overall sur-
vival of patients with
ccRCC (log-rank test).
The relative miR-497 ex-
pression levels were
determined using qRT-
PCR. Results were ex-

miR-497

High expression

High expression-censored
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GAATTTGCGTGTCAT-3'. The relative expression
of miR-497 was calculated and normalized
using the 222t method relative to U6 snRNA.

MTT assay

In vitro cell proliferation was measured by
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-
zolium bromide (MTT) assay. Cells were grown
in a 96-well plate for 24 h and cultured in nor-
mal medium. Cells were then incubated in 0.1
mg/ml MTT at 37°C for 5 h and lysed in dimeth-
yl sulfoxide (DMSO) at room temperature for 10
min at O, 24, 48, and 72 h after transfection.
The absorbance in each well was then mea-
sured at 490 nm, with a microplate reader (Bio-
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pressed as mean + SD
for three replicate deter-
mination. *P < 0.05.

40 50 60

Rad). Each experiment was performed at least
three times.

Migration assay

Cell migration potential was evaluated using a
wound-healing assay. Cells were seeded in
12-well plates and cultured for 24 h to form
confluent monolayers. A wound was created by
dragging a 10 pl pipette tip through the mono-
layer and the plates were washed with phos-
phate-buffered saline (PBS) to remove cellular
debris. Photographic images were taken at O
and 48 h along the scrape line by microscope.
Results were expressed as relative scratch
width, based the distance migrated relative to
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Table 2. Univariate and multivariate analysis of factors associated with overall survival in ccRCC

patients
. Univariate analysis Multivariate analysis
Variable - - . :
Risk ratio 95% ClI P Risk ratio 95% ClI P

Gender

Male vs Female 0.913 0.617-1.593 0.378
Age (years)

>65vs <65 1.764 0.712-2.349 0.447
Tumor size

>4cmvs<4cm 2.182 0.593-3.718 0.133
Tumor stage

T,,vsT,, 2.826 1.712-4.936 0.0291 2.315 1.527-4.024 0.019
Histological grade 3.251

-V vs - 2.148-5.376 <0.001 2.837 1.893-4.775 0.008
Lymph node

Presence vs Absence 3.752 2.214-7.165 0.008 3.017 2.019-6.833 0.005
MiR-497

Low vs High 2.716 1.933-6.704 0.009 2.583 1.691-6.361 < 0.001

the original scratched distance. Each experi-
ment was performed in three times
independently.

Transwell invasion assay

Transwell invasion experiments were per-
formed with 24-well Matrigel-coated chambers
from BD Biosciences. Briefly, the cells were
seeded into inserts at 4x10%/insert in serum-
free medium and then transferred to wells filled
with the culture medium containing 10% FBS
as a chemoattractant. After 24 h of incubation,
non-invading cells on the top of the membrane
were removed by scraping. Invaded cells on the
bottom of the membrane were fixed, followed
by staining with 0.05% crystal violet. The num-
ber of invaded cells on the membrane was
counted under a microscope. The results repre-
sented the average of three independent
experiments.

Statistical analysis

All statistical analyses were performed using
SPSS version 18.0 software. A paired-samples
t-test was used to analyze differences in miR-
497 expression between ccRCC tissues and
matched non-tumor tissues. The relationships
between miR-497 and clinicopathologic fea-
tures were evaluated by a chi-square test. The
survival rates for miR-497 expression were
estimated by using the Kaplan-Meier method
and the difference in survival curves were test-
ed by log-rank test. Univariate and multivariate

761

Cox regression analyses were performed to
analyze the survival data. The data are shown
as the mean * SD from at least three indepen-
dent experiments. Values of P less than 0.05
were considered statistically significant.

Results

miR-497 was significantly decreased in renal
cancer cell lines and ccRCC tissues

The expression of miR-497 was examined in
three renal cancer cell lines (786-0, ACHN and
A498) and Immortalized normal human proxi-
mal tubule epithelial cell line (HK-2) by qRT-
PCR. Our results showed that renal cancer cells
expressed significantly lower levels of miR-497
than HK-2 cells (Figure 1A). To explore whether
miR-497 was down-regulated in ccRCC tissues,
the expression of miR-497 was determined
in 86 pairs of ccRCC tissues and adjacent
non-tumor tissues by qRT-PCR. We found that
the average expression of miR-497 was signifi-
cantly down-regulated in ccRCC tissues com-
pared with adjacent normal tissues (Figure 1B).
The data indicated that abnormal miR-497
expression may be related to renal cancer
pathogenesis.

Clinicopathologic significance of miR-497 in
renal cancer

The correlation between miR-497 expression
level and clinicopathological features was fur-
ther analyzed in 86 ccRCC patients. Patients
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Figure 2. Ectopic miR-497 expression inhibited cell proliferation, migration and invasion in renal cancer cells. A. The
relative expression level of miR-497 in 786-0 cells are significantly increased by miR-497 mimics compared with the
miR-Ctrl. B. Cell proliferation of 786-0O cells was detected by MTT assay after transfected with miR-497 mimics or
miR-Ctrl. C. Migration assay showed over-expression of miR-497 in 786-0 cells produced a lower migration capacity
than observed in controls tansfected with miR-Ctrl. D. Invasion assay showed 786-0 cells tansfected with miR-497
mimics displayed a lower invasion capacity compared with those tansfected with miR-Ctrl. Results are expressed as
means * SD for three replicate determination. *P < 0.05.

were divided into high and low expression
group by the mean expression level of miR-497.
The statistical analysis revealed that the low
miR-497 level was significantly correlated with
higher tumor stage, histological grade and
lymph node metastases while no significant
correlation was observed in other features
(Table 1). The potential of miR-497 as prognos-
tic marker was further explored. Kaplan-Meier
survival analysis showed that the patients with
a low miR-497 expression had shorter overall
survival times than those with a high miR-497
expression (Figure 1C). Next, Univariate analy-
sis indicated that the overall survival of patients
with ccRCC was associated with tumor stage,
histological grade, lymph node metastases and
miR-497 expression. Furthermore, multivariate
Cox proportional hazard regression analysis
demonstrated that miR-497 expression, tumor
stage, histological grade, and lymph node
metastases were significantly associated with
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overall survival of ccRCC patients as indepen-
dent prognostic factors (Table 2).

Overexpression of miR-497 inhibited cell
proliferation, migration and invasion of renal
cancer cells

To investigate the biological function of miR-
497 in renal cancer, we up-regulated the
expression of miR-497 in 786-0 cells with a
commercially available miR-497 mimics, which
increased the level of miR-497 in 786-0 as
compared to the negative control (P < 0.05,
Figure 2A). MTT assay showed that miR-497
mimics could markedly promote the prolifera-
tion of 786-0 cells compared with the negative
control (P < 0.05, Figure 2B). To further explore
miR-497 function on the progression and
metastasis of renal cancer, we determined the
effect of miR-497 overexpression on migratory
and invasive capacity in cultured renal cancer
cells using the wound healing and matrigel
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chamber assays. The in vitro wound healing
assay showed that miR-497 overexpression in
786-0 cells impaired the ability to close the
wound compared with the negative control-
treated cells (P < 0.05, Figure 2C). Moreover,
the cell invasive capacity was significantly
impaired by overexpression of miR-497 expres-
sion in 786-0 cells (P < 0.05, Figure 2D). Taken
together, our results demonstrated that miR-
497 acts as a tumor suppressor on malignant
growth, invasion and metastasis in renal can-
cer cells.

Discussion

Renal cell carcinoma remains to be one of the
leading causes of death, so finding new molec-
ular targets for its diagnosis, prognosis and
treatment has the potential to improve the clini-
cal strategies and outcomes of this disease
[16]. In recent years, more and more studies
showed that dysregulation in microRNAs are
proved to contribute in tumor development in
many cancer types and can be used to develop
as biomarkers and prognosis factors [17]. In
the present study, our attention focused on the
miR-497.

miR-497, identified from the microRNA cluster
site at chromosome 17p13.1, has been report-
ed to function as a tumor suppressor in a vari-
ety of human cancers. For example, Wang et al
found that down-regulation of miR-497 was cor-
related with breast cancer progression, and
miR-497 might be a potential molecular bio-
marker for predicting the prognosis of patients
[18]. Luo et al showed that miR-497 was down-
regulated in cervical cancer and that the
decreased expression of miR-497 expression
was correlated with advanced clinical stage.
miR-497 might be a potential prognostic mark-
er and function as a tumor suppressor in human
cervical cancer by post-transcriptionally target-
ing IGF-1R [19]. Xu et al revealed that miR-497
expression was significantly down-regulated in
pancreatic cancer and low expression of miR-
497 was an independent adverse prognostic
factor of pancreatic cancer, in vivo assay, they
showed over-expression of miR-497 could
inhibit tumor growth [20]. Guo et al indicated
that miR-497 targeted IGF1-R and was fre-
quently down-regulated by gene copy number
reduction in colorectal cancer. In addition, they
demonstrated that down-regulation of miR-497
contributes to elevated activation of PI3K/Akt
signaling and malignant behavior in colorectal
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cancer cells [21]. However, miR-497 expression
in ccRCC and underlying mechanism remains
unclear.

In the present study, we first detected the
expression of miR-497 in renal cancer cell lines
and ccRCC tissues, our results showed that the
relative expression level of miR-497 in renal
cancer cell lines and ccRCC tissues was signifi-
cantly lower than that in HK-2 cells and adja-
cent non-tumor tissues. By clinicopathologic
analysis, we found that status of miR-497
expression in tissues was significantly correlat-
ed with tumor stage, histological grade and
lymph node metastases but not with other clini-
copathologic factors. Then, we analyzed the
correlation of miR-497 expression with pro-
gnosis of ccRCC patients, Our data indicated
that patients with low miR-497 expression
showed shorter overall survival than those with
high miR-497 expression. More importantly,
Multivariate Cox proportional hazard regres-
sion analysis showed that low miR-497 expres-
sion was an unfavorable prognostic factor for
patients with ccRCC. These results indicated
that the decrease in miR-497 might play a
critical role in the progression and develop-
ment of renal cancer.

To further understand the mechanism of miR-
497 in renal cancer cell process, in vitro experi-
ments were conducted. We showed that ecto-
pic expression of miR-497 could inhibit
proliferation, migration and invasion capability
of 786-0 cells compared with control group,
which suggesting that increased miR-497
expression decreased the growth and metasta-
sis capability of renal cancer cells. Our results
indicated that miR-497 may play a tumor sup-
pressor role in ccRCC.

In conclusion, the current study demonstrated
that miR-497 was decreased in ccRCC tissues
compared to that in the adjacent non-tumor tis-
sues and was significantly associated with the
clinical pathological stages and overall survival
rate of the disease. The down-regulation of
miR-497 played critical roles in ccRCC progres-
sion. These results suggested that miR-497
could prove to be useful prognostic diagnosis
and therapeutic strategies for patients with
ccRCC.
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