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Abstract: MicroRNAs (miRNAs) are small, non-coding RNAs which can serve as oncogenes or tumor suppressor 
genes in human cancers. Herein, the transcriptomic differences of miRNAs in ccRCC were globally assessed using 
publicly available microarray dataset (GSE71302) from Gene Expression Omnibus (GEO) and we identified miR-
138 as a potential onco-suppressive miRNA. We further found that the expression of miR-138 was dramatically 
decreased in ccRCC cell lines and clinical ccRCC tissue samples, and the low miR-138 expression was closely 
correlated with tumor progression and prognosis in ccRCC patients. Overexpression of miR-138 inhibited, whereas 
downregulation of miR-138 promoted, the proliferation, migration and invasion of ccRCC cells in vitro, suggesting 
that miR-138 may function as a tumor suppressor in ccRCC. Furthermore, for the first time, we identified the EMT-
related transcription factor SOX4 as a direct target gene of miR-138, evidenced by the direct binding of miR-138 
with the 3’UTR of SOX4. Notably, the EMT marker E-cadherin or vimentin was also upregulated or downregulated 
upon miR-138 overexpression, and these effects were restored by SOX4 overexpression. We have also shown SOX4 
overexpression reversed the attenuated migratory and invasive capacities mediated by miR-138. These results re-
vealed that miR-138 functions as a tumor suppressor in ccRCC by targeting SOX4 and the EMT process and might 
represent a potential target in the treatment of human ccRCC.
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Introduction

Kidney cancer, or renal cell carcinoma (RCC), 
which constitutes 2-3% of all adult malignan-
cies, is the most prevailing urogenital tumor [1]. 
RCC morbidity and mortality rate has continu-
ously elevated from 2003 to 2012 [2]. RCC is 
heterogeneous and comprises several histo-
logical subtypes. Clear cell renal cell carcinoma 
(ccRCC), also called conventional RCC, is the 
most common and lethal RCC histological sub-
type because of its high rates of local invasion, 
metastasis, and acquired chemoresistance [3]. 
Hence, a deep understanding of the molecular 
mechanisms involved in ccRCC development 
and progression is of great clinical significance 
for early diagnosis and treatment of this deadly 
disease.

MicroRNAs (miRNAs), which were discovered in 
recent years, are an abundant class of endoge-
nous, short (21-24 nucleotides in length) non-
coding RNAs that modulate gene expression in 
animals and plants by base pairing with target 
mRNAs in the 3’-untranslated region (3’-UTR), 
leading to translational repression or induction 
of mRNA degradation [4, 5]. Dysregulation of 
miRNAs may contribute to alterations in several 
pivotal cellular activities of tumor cells, such as 
apoptosis, proliferation and migration [6]. An 
increasing number of studies have revealed a 
vital role of miRNAs in the pathogenesis and 
progression of ccRCC. For that matter, as a tu- 
mor suppressor in ccRCC, miR-206 overexpres-
sion inhibited ccRCC cell proliferation and inva-
sion [7, 8].

http://www.ajtr.org
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Previous studies have shown that miR-138 
plays a crucial role in regulating cell functions, 
such as proliferation and migration, and is fre-
quently downexpressed in a variety of malig-
nant diseases, including hepatocellular carci-
noma [9], gallbladder carcinoma [10], non-
small cell lung cancer [11], osteosarcoma [12], 
and bladder cancer [13]. Despite several pub-
lished reports that addressed the role of miR-
138 in promoting cancer development, little is 
known about its involvement in ccRCC. 

In human, SOX (sex-determining region Y (SRY)-
related high-mobility-group (HMB) box tran-
scription factor) gene family comprises at least 
20 highly conserved members [14]. SOX4, a 
47-kDa protein member of this family, serves a 
crucial role in the regulation of transcription 
during developmental processes including em- 
bryonic, cardiac, thymocytic, and nervous sys-
tem development [15-17]. Recently, numerous 
studies reported altered expression of SOX4 in 
human malignancies.

In the current study, we examined the expres-
sion pattern of miR-138 in ccRCC tissues, as 
well as elucidated its role in regulating the phe-

(Chongqing, China). Diagnosis was based on 
pathological evidence, and collected tissue 
samples were immediately snap-frozen in liquid 
nitrogen until used. The study was approved by 
the Ethics Committee of Children’s Hospital, 
and all participants involved in this study signed 
informed consent forms. Clinicopathological 
characteristics of these patients were summa-
rized in Table 1.

Cell culture and transfection

The human kidney proximal tubular epithelial 
cell line HK-2, and the human ccRCC cell lines, 
including ACHN, 786-O, SN12-PM6, were ob- 
tained from the Cell Bank of the Chinese Aca- 
demy of Science (Shanghai, China) and main-
tained in DMEM (Invitrogen, Carlsbad, CA, USA) 
with 10% FBS (Invitrogen) and 1% penicillin/
streptomycin in a humidified atmosphere of 5% 
CO2 at 37°C.

The miR-138 mimics, antisense miR-138 inhibi-
tor and corresponding negative control miR 
(miR-NC, anti-miR-NC) were purchased from 
RiboBio (Guangzhou, China). Transfection was 
performed by using Lipofectamine 2000 (Invi- 
trogen) following the manufacturer’s protocol.

Table 1. Correlation analysis between miR-138 expression 
and clinicopathological characteristics in 67 ccRCC patients

Characteristics Total number
(n=67)

miR-138 expression P 
valueHigh (n=37) Low (n=30)

Age (years) 0.102
    <55 32 21 11
    ≥55 35 16 19
Gender 0.457
    Male 46 24 22
    Female 21 13 8
Tumor size (cm) 0.046
    <4 38 25 13
    ≥4 29 12 17
Distant metastasis 0.027
    No 51 32 19
    Yes 16 5 11
TNM stage 0.003
    I+II 46 31 15
    III+IV 21 6 15
Fuhrman grade 0.103
    I+II 49 30 19
    III+IV 18 7 11
Necrosis 0.176
    Absent 54 32 22
    Present 13 5 8

notypes of ccRCC cells. Furthermore, 
miR-138 might function by directly 
binding to the 3’-UTR of SOX4. Our 
findings suggested that miR-138/
SOX4 signaling might be a potential 
therapeutic target for patients with 
ccRCC.

Materials and methods

Data mining and analysis

The microarray data based on  
the Agilent-021827 Human miRNA 
Microarray (V3) (miRBase release 
12.0 miRNA ID version), GSE71302 
[18], was obtained from the Gene 
Expression Omnibus (GEO) data-
base (http://www.ncbi.nlm.nih.gov/
geo/). GSE71302 contain five pairs 
of ccRCC tissues and matched nor-
mal kidney tissues.

Tissue samples

67 pairs of ccRCC tissues and the- 
ir adjacent non-cancerous tissues 
were acquired from patients who 
underwent partial or radical nep- 
hrectomy at Children’s Hospital    
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Construction of plasmids

The 3’-untranslated region (3’-UTR) sequences 
of human SOX4, containing the putative miR-
138 binding site, were amplified and inserted 
into the psiCHECK-2 vector (Promega, Madison, 
WI, USA), which was named psiCHECK-2-WT-
SOX4. Point mutations in the putative miR-138 
binding seed regions were created by Quick 
Change Site-Directed Mutagenesis Kit (Agilent, 
Roseville City, CA, USA). The resultant product 
was named psiCHECK-2-MUT-SOX4. 

For SOX4 overexpression, the full-length cDNA 
of SOX4 was synthesized and inserted into  
the pcDNA3.1 (+) vector (Realgene, Shanghai, 
China), according to the manufacturer’s proto-
col. An empty pcDNA3.1 vector was used as a 
control.

Luciferase activity assay

Cells were seeded in 24-well plates 24 hours 
before transfection. The psiCHECK-2-WT-SOX4 
or psiCHECK-2-MUT-SOX4 vectors were co-
transfected with miR-138 mimics or miR-NC 
into ACHN cells by Lipofectamine 2000. After 
48 hours, firefly and Renilla luciferase activit- 
ies were assayed using the Dual Luciferase 
Reporter Assay Kit (Promega). 

RNA extraction and quantitative RT-PCR assay

Total RNA was isolated with Trizol reagent 
(Invitrogen). Concentration and purification of 
RNA were assessed by NanoDrop 2000 Spec- 
trophotometer (Thermo Scientific Wilmington, 
DE, USA). For miRNA quantification, cDNA was 
synthesized using One Step Prime script mi- 
RNA cDNA Synthesis Kit (Qiagen, Valencia, CA). 
Quantitative RT-PCR was performed using the 

miRNA-specific TaqMan® MiRNA Assay Kit (Ap- 
plied Biosystems, Foster City, CA, USA) under 
ABI 7900 Fast system (Applied Biosystems). 
For mRNA detection, cDNA was synthesized 
using the PrimeScript RT reagent Kit (TaKa- 
Ra, Dalian, China). SYBR® Green (TaKaRa) was 
used to detect SOX4 expression levels, follow-
ing the manufacturer’s instructions. Results 
were normalized to the expression of U6 snRNA 
or glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH). The specific primers used in reverse 
transcription and quantitative RT-PCR were list-
ed in Table 2.

Western blot

Protein lysates were separated by SDS-PAGE 
and transferred to nitrocellulose membrane. 
After being blocked in PBS containing 5% non-
fat milk, the membranes were plotted with pri-
mary antibodies against SOX4, E-cadherin, 
vimentin, and GAPDH, followed by incubation 
with appropriated horseradish peroxidase-con-
jugated secondary antibodies. After washing, 
the proteins of interest were visualised using 
ECL (Pierce, Rockford, IL, USA) and detected 
using BioImaging Systems (UVP Inc., Upland, 
CA, USA).

Colony formation assay

Approximately 200 viable cells were seeded in 
6-well plates and incubated at 37°C. After two 
weeks, colonies were fixed with methanol, 
stained with crystal violet, and imaged.

MTT assay

Cells were seeded in 96-well plates at a density 
of 5×103 cells/well. 20 μL MTT (0.5 mg/mL; 
Sigma-Aldrich, St. Louis, Mo, USA) was added 

Table 2. The sequences of primers
Gene name Primer sequences
miR-138-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGGCCT
U6-RT AACGCTTCACGAATTTGCGT
miR-138 Forward primer AGCTGGTGTTGTGAATC
miR-138 Reverse primer GTGCAGGGTCCGAGGT
U6 Forward primer CTCGCTTCGGCAGCACA
U6 Reverse primer AACGCTTCACGAATTTGCGT
SOX4 Forward primer GTGAGCGAGATGATCTCGGG
SOX4 Reverse primer CAGGTTGGAGATGCTGGACTC
GAPDH Forward primer ACAGTCAGCCGCATCTTCTT
GAPDH Reverse primer GACAAGCTTCCCGTTCTCAG
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Figure 1. MiR-138 is down-regulated in ccRCC tissues and cell lines. A. Heat Map representing color-coded expression levels of the 28 miRNAs differentially ex-
pressed between human ccRCC tissues and corresponding normal tissues. Red denotes high expression levels, whereas blue depicts low-expression levels. B. 
The expression of miR-138 was detected in 67 pairs of ccRCC tissues and their matched adjacent normal tissues by quantitative RT-PCR. C. Quantitative RT-PCR 
analysis of miR-138 expression levels in three ccRCC cell lines (ACHN, 786-O, SN12-PM6) compared with the human kidney proximal tubular epithelial cell line 
(HK-2). GAPDH was used as internal control. Data are presented as mean ± SD by at least three independent experiments. *P<0.05. D, E. Kaplan-Meier survival 
curve analysis showed that ccRCC patients with lower miR-138 expression had significantly shorter overall survival (OS) and disease-free survival (DFS). P value 
was calculated by log-rank test.
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into each well at indicated time point (on day 1, 
2, and 3) and incubated for another 4 h at 
37°C. Then 150 μL DMSO was added to solubi-
lize the crystals. The absorbance was detected 
using a multiwell spectrophotometer at a wave-
length of 570 nm.

Transwell assay

The invasion assay was performed using 
Matrigel-coated transwell chambers (8 μm pore 
size; Corning, New York, NY, USA). The migra-
tion assay was performed using chambers 
without the Matrigel coating. 1×104 cells in 
serum-free medium were placed into the upper 
chamber, and the medium containing 10% FBS 
was placed to the lower chamber for use as a 
chemoattractant. After 48 hours of incubation, 
the cells remaining on the upper membrane 
were removed and then the cells on the bottom 
side of the membrane were fixed with metha-
nol, stained with crystal violet, and photo-
graphed under a microscope.

Tumorigenicity assay in nude mice

Nude mice, 4-6 weeks old, were purchased 
from the Shanghai Lab Animal Research Center 
(Shanghai, China). All animal procedures were 
approved by the Animal Care and Use Com- 
mittee of Children’s Hospital and performed 
strictly in accordance with institutional policies. 
1×106 stably transfected cells in 0.2 ml PBS 
were injected subcutaneously into the right 
upper back of the mice. The tumor volume for 
each mouse was measured using an external 
caliper every 3 days. Five weeks after the injec-
tions, tumor-bearing mice were sacrificed by 
CO2 asphyxiation, and the tumors were dissect-
ed and weighted.

Statistical analysis

Statistical analysis was performed using Gra- 
phPad Prism 6.0 software (GraphPad Software, 
San Diego, CA, USA) and SPSS 19 software 
package (IBM SPSS Inc; Chicago, IL, USA). 
Student’s t test was used to analyze the results 
expressed as mean ± SD. The χ2 test was used 
to analyze the correlation of miR-138 expres-
sion and clinicopathological characteristics of 
ccRCC patients. The survival curves were plot-
ted by Kaplan-Meier analysis, and the survival 
differences were compared using the log-rank 

test. P<0.05 was regarded to be statistically 
significant.

Results

MiR-138 is down-regulated in ccRCC

To investigate the differential miRNA expres-
sion between ccRCC tissues and matched nor-
mal kidney tissues, we downloaded one group 
of data from GEO database (GSE71302) which 
included five pairs of ccRCC tissues and mat- 
ched normal kidney tissues. We found 11 up- 
regulated and 17 downregulated miRNAs (|fold 
change|≥2, P<0.05) (Figure 1A) in ccRCC tis-
sues when compared with matched normal kid-
ney tissues.

Subsequently, we validated the expression lev-
els of miR-138 in both ccRCC tissues and cor-
responding adjacent normal tissues. We found 
that miR-138 expression was significantly de- 
creased in ccRCC tissues compared with adja-
cent non-tumor tissue (P<0.05, Figure 1B), indi-
cating that miR-138 might function as a tumor 
suppressor in ccRCC. According to the median 
value, we defined 30 patients with low miR-138 
expression and 37 patients with high expres-
sion level. After analyzing the clinicopathologi-
cal characteristics of patients, as recorded  
in Table 1, reduced expression level of miR- 
138 was associated with larger tumor size 
(P=0.046), distant metastasis (P=0.027) and 
advanced TNM stage (P=0.003) of ccRCC 
patients.

Next, the expression levels of miR-138 in 
human kidney proximal tubular epithelial cell 
line HK-2 and three human ccRCC cell lines 
including ACHN, 786-O, SN12-PM6 were deter-
mined by quantitative RT-PCR. As showed in 
Figure 1C, miR-138 expression was noticeably 
decreased in all the three ccRCC cell lines than 
in non-tumorigenic HK-2 cells (all P<0.05). 
Thus, these results revealed a possible link 
between decreased miR-138 expression and 
the progression of human ccRCC.

Kaplan-Meier survival analysis was performed 
to evaluate the clinical outcomes between two 
subgroups of patients divided by miR-138 
expression. We found that ccRCC patients in 
low miR-138 group had worse OS (P=0.035, 
Figure 1D) and DFS (P=0.041, Figure 1E) than 
those in high miR-138 group.
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Figure 2. MiR-138 impairs ccRCC cell proliferation, migration and invasion. A. Colony formation assay was per-
formed to detect the proliferation of ccRCC cells after transfection with miR-138 mimics or miR-138 inhibitor. B. MTT 
assay was performed to detect the proliferation of ccRCC cells after transfection with miR-138 mimics or miR-138 
inhibitor. The difference of proliferation rate in 24, 48 and 72 hours between groups were compared. C. Transwell 
assay was performed to detect the migratory and invasive capacities of ccRCC cells after transfection with miR-138 
mimics or miR-138 inhibitor. The cell numbers of migration and invasion were compared between groups. Data are 
representative images and presented as mean  ±  SD by at least three independent experiments. *P<0.05.
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MiR-138 impairs ccRCC cell proliferation, mi-
gration and invasion

To assess the biological functions of miR-138 
in ccRCC, ACHN cells with relatively low levels 
of miR-138 were transfected with miR-138 
mimics (miR-138) to achieve miR-138 overex-
pression, whereas 786-O cells with relatively 
high levels of miR-138 were transfected with 
miR-138 inhibitor (anti-miR-138) to achieve the 
depletion of miR-138 expression. Quantitative 
RT-PCR analysis showed that the transfection 
were successful (Data not shown). We observed 
that the ectopic overexpression of miR-138 in 
ACHN cells markedly impaired cell proliferation 
compared with the controls using colony forma-
tion assay (Figure 2A) and MTT assay (Figure 
2B), and whereas miR-138 knockdown resulted 
in greater proliferation rate in 786-O cells.

In addition to cell proliferation inhibition, the 
effect of miR-138 on cell migration and inva-
sion was also determined using transwell as- 
say in this study. As expected, forced miR-138 
expression could markedly suppress the migra-
tory and invasive capacities of ACHN cells, 
whereas miR-138 knockdown inhibited 786-O 
cells migration and invasion (Figure 2C).

MiR-138 inhibits tumor growth of ccRCC in 
vivo

We investigated whether ectopic expression of 
miR-138 repressed tumor growth in vivo. ACHN 
cells transfected with miR-138 or miR-NC were 

subcutaneously injected into nude mice. As 
demonstrated in Figure 3A, tumors overex-
pressing miR-138 grew more slowly and were 
smaller than control tumors. After five weeks, 
mice were killed, tumors were dissected and 
weighted. An approximately two-fold decrease 
in tumor weight was found in miR-138-overex-
pressing tumors compared to controls (P<0.05, 
Figure 3B). These results suggested that miR-
138 inhibited ccRCC cell growth in vivo.

SOX4 is a target of miR-138 in ccRCC cells

To determine the molecular mechanism by whi- 
ch miR-138 regulates the aggressive pheno-
type of ccRCC cells, the TargetScan database 
(http://www.targetscan.org/) was used to pre-
dict the potential targets of miR-138. Of the tar-
get genes predicted by this database, the SOX4 
gene was considered one of the most likely tar-
gets (Figure 4A) because it is a critical regula-
tor of EMT in tumor cells.

To verify whether SOX4 is a bona fide target of 
miR-138, the 3’UTR of SOX4 cDNA was fused 
directly downstream of the luciferase reporter 
gene (psiCHECK-2-WT-SOX4-3’UTR). miR-138 
mimics was then co-transfected with luciferase 
3’UTR constructs into ACHN cells. As shown in 
Figure 4B, miR-138 markedly inhibited lucifer-
ase activity of the psiCHECK-2-WT-SOX4-3’UTR 
(P<0.05), but this inhibition was less changed 
for 3’UTR with mutated binding sites.

We next investigated whether miR-138 could 
regulate SOX4 at both mRNA and protein levels. 

Figure 3. MiR-138 inhibits tumor growth of ccRCC in vivo. A. Growth curves for tumor volumes in xenografts of nude 
mice were plotted. B. Tumors were resected and weighed at five weeks after cell injection. Representative images 
of the xenograft tumors are shown. Data are representative images and presented as mean  ±  SD by at least three 
independent experiments. *P<0.05.
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Figure 5. MiR-138 inhibits EMT in ccCRC by targeting SOX4. A. The protein expression levels of EMT-related mark-
ers, including E-cadherin and vimentin, were determined in ACHN cells by western bolt analysis. GAPDH was used 
as internal control. B. Transwell assay was performed to detect the migratory and invasive capacities of ACHN cells 
co-transfected with miR-138 mimics and pcDNA-SOX4. The cell numbers of migration and invasion were compared 
between groups. Data are representative images and presented as mean  ±  SD by at least three independent ex-
periments. *P<0.05.

Figure 4. SOX4 is a target of miR-138 in ccRCC cells. A. Prediction of miR-138 binding sites on 3’-UTR of SOX4 
mRNA. B. Luciferase activity in ACHN cells co-transfected with miR-138 mimics and luciferase reporters containing 
SOX4-WT or SOX4-MUT transcript. C. Quantitative RT-PCR analysis of SOX4 mRNA levels in ACHN cells after transfec-
tion with miR-138 mimics. D. Western blot analysis of SOX4 protein levels in ACHN cells after transfection with miR-
138 mimics. GAPDH was used as internal control. Data are presented as mean  ±  SD by at least three independent 
experiments. *P<0.05.
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miR-138 mimics and miR-NC were transfected 
into ACHN cells, and the levels of SOX4 mRNA 
and protein were monitored. Quantitative RT- 
PCR analysis and western blot analysis revealed 
that overexpression of miR-138 in ACHN cells 
led to reduced levels of endogenous SOX4 
mRNA and protein compared with controls 
(Figure 4C, 4D). Besides, SOX4 mRNA and pro-
tein levels were remarkably up-regulated fol-
lowing transfection of 786-O cells with miR-138 
inhibitor.

MiR-138 inhibits EMT in ccCRC by targeting 
SOX4

Rescue experiments were performed by over-
expressing SOX4 in miR-138 mimics-transfect-
ed ACHN cells. The miR-138 induced downregu-
lation of SOX4 was rescued upon the transfec-
tion of pcDNA-SOX4 (Data not shown). Since 
SOX4 is a critical regulator of EMT in tumor 
cells, as shown in Figure 5A, the expression of 
E-cadherin protein, an epithelial cell marker, 
was increased, whereas the mesenchymal 
marker vimentin was downexpressed in ACHN 
cells transfected with miR-138 mimics, and 
these effects were obviously restored by SOX4 
overexpression, indicating that miR-138 inhib-
its EMT in ccCRC by targeting SOX4.

Moreover, as shown in Figure 5B, overexpres-
sion of SOX4 attenuated the inhibition of cell 
migration and invasion caused by miR-138. 
These observations suggested that SOX4 could 

partially recover the inhibitory effects of miR-
138 on ccRCC cell migration and invasion.

Upregulation of SOX4 is inversely correlated 
with miR-138 expression in ccRCC

As miR-138 was down-expressed in ccRCC and 
targeted SOX4 by binding to its 3’UTR, we sub-
sequently explored whether SOX4 expression 
was negatively associated with miR-138 levels 
in ccRCC tissue samples. Analysis of SOX4 
expression level in 20 ccRCC tissues and cor-
responding normal tissues by quantitative RT- 
PCR revealed that SOX4 mRNA was evidently 
down-regulated in ccRCC (P<0.05, Figure 6A). 
Furthermore, Pearson’s correlation analysis re- 
vealed that low expression of SOX4 mRNA was 
more likely correlated with high levels of miR-
138 (r=-0.467, P=0.038; Figure 6B), suggest-
ing that the upregulation of SOX4 may be due to 
decreased miR-138 expression in ccRCC.

Discussion

Until now, dysregulation (e.g., overexpression or 
loss of expression) of miRNAs has been linked 
to the initiation and progression of numerous 
human cancers, including ccRCC [19, 20]. 
There are a few studies on miR-138 regulating 
proliferation and migration of ccRCC cells. A 
previous study indicated that miR-138 inhibits 
the expression of HIF-1α to regulate the apop-
tosis and migration of ccRCC cells [21]. Also, 
Liang et al. reported that miR-138 is a tumor-

Figure 6. Upregulation of SOX4 is inversely correlated with miR-138 expression in ccRCC. A. SOX4 mRNA expres-
sion level was detected in 20 pairs of ccRCC tissues and adjacent noncancerous tissues by quantitative RT-PCR. 
GAPDH was used as internal control. Data are presented as mean  ±  SD by at least three independent experiments. 
*P<0.05. B. The correlation of the expression levels of SOX4 and miR-138 in 20 ccRCC tissue samples was detected 
by Pearson’s correlation analysis (r=-0.467, P=0.038).
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suppressor in ccRCC that induces ccRCC cell 
senescence by reducing EZH2 expression and 
increasing P16 expression [22]. 

In the present study, we found that miR-138 
was downregulated in ccRCC cell lines and tis-
sue specimens, and its expression was nega-
tively associated with larger tumor size, distant 
metastasis, advanced TNM stage and unfavor-
able prognosis of ccRCC patients. More impor-
tantly, ectopic expression of miR-138 was 
found to cause a remarkable decline in the pro-
liferative, migratory and invasive capacities of 
ccRCC cells. In vivo studies also showed that 
miR-138 overexpression evidently impaired xe- 
nograft tumor formation of ccRCC cells. These 
results promoted us to further explore the func-
tion of miR-138 in ccRCC.

Next, we explored the mechanisms by which 
miR-138 exerts its function in malignant ccRCC 
phenotypes. As miRNAs exerts functions in 
human cancer through mediating the expres-
sion of their target genes at a posttranscrip-
tional level [23], we further focused on the tar-
get of miR-138 in ccRCC cells. Several miR-138 
targets have been found in different cell con-
text and organs, such as, HIF-1α was identified 
to be a target of miR-138, which mediated an 
effect on proliferation, invasion and glycolysis 
in malignant melanoma cells [24]. In the pres-
ent study, SOX4 was predicted as a potential 
target of miR-138 by TargetScan, and its mRNA 
and protein levels were negatively mediated by 
miR-138 in ccRCC cells. Furthermore, a marked 
inverse correlation was found between the lev-
els of miR-138 and SOX4 mRNA in the ccRCC 
tissues. This interaction between miR-138 and 
SOX4 mRNA has been previously reported in 
ovarian cancer [25]. As a facilitator of tumori-
genesis and metastasis, SOX4 was also shown 
to be highly expressed in ccRCC [26]. Further- 
more, our data demonstrated that miR-138 
might act as a suppressor for EMT in ccRCC by 
targeting SOX4.

Metastasis is the primary cause of mortality in 
most cancer patients [27]. As a major hallmark 
of malignancy, metastasis is a complex process 
that includes decreased adhesion and incre- 
ased motility, cell attachment, matrix dissolu-
tion and migration [28]. Epithelial-mesenchymal 
transition (EMT) is one of the most commonly 
accepted cellular transitioning events that drive 
tumor metastasis through which epithelial cells 

lose their characteristics, including cell-cell 
contacts and polarity, and adopt mesenchymal, 
fibroblast-like properties such as increased 
motility and decreased intercellular adhesion 
[29, 30]. The expression of proteins that pro-
mote cell-to-cell contact, such as E-cadherin, 
may be lost, and the cells may acquire mesen-
chymal markers such as vimentin, fibronectin, 
and N-cadherin [31]. A number of recent stud-
ies have widely reported that SOX4 was involved 
in the promotion of EMT [32, 33]. In the present 
study, increased SOX4 expression promoted 
migration and invasion, as well as EMT pro-
gram, in ccRCC cells, yielding opposed function 
as that of miR-138. These results suggested 
that down-regulation of SOX4 may be a molecu-
lar mechanism by which miR-138 exerted its 
anti-tumor functions in ccRCC cells.

In summary, the findings from our study un- 
veiled that miR-138 inhibits the migration and 
invasion of ccRCC cells as well as EMT program, 
at least in part, through its direct regulation of 
SOX4. Accordingly, it is plausible that our novel 
findings may improve our understanding of 
ccRCC tumorigenesis and aid in design of a 
potential therapeutic strategy for ccRCC pati- 
ents in the clinic.
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