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Abstract: Long non-coding RNAs (LncRNAs) are thought to be involved in several biological processes in carcinomas. 
The aim of this study is to evaluate the roles of lncRNA-XIST in the tumorigenicity of renal cell carcinoma (RCC) cells 
via the miR-302c/SDC1 axis. In this study, the expression levels of miR-302c and XIST in RCC tissues and cells were 
analyzed by qRT-PCR. Cell proliferation was measured using MTT and colony formation assays, and cell apoptosis 
was detected using flow cytometry. The interaction between XIST and miR-302c was analyzed using a luciferase 
reporter gene assay. RCC tissues and cells exhibited decreased miR-302c expression and increased lncRNA-XIST 
expression. Furthermore, XIST negatively regulated miR-302c by directly binding regulatory sites in RCC cells. In ad-
dition, XIST silencing with siRNAs significantly inhibited the proliferation and promoted the apoptosis of 786-O and 
Caki-1 cells. Knockdown of Syndecan-1 (SDC1), a miR-302c target gene, yielded similar results as XIST silencing. In 
summary, XIST regulated the development and progression of RCC by inhibiting the miR302c/SDC1 axis.
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Introduction

Renal cell carcinoma (RCC) is the most com-
mon type of kidney cancer [1, 2] and accounts 
for approximately 2 percent of all cancers [3]. 
The incidence of RCC has drastically increas- 
ed over the past few decades. In addition,  
thousands of people with RCC die every year, 
because patents with RCC respond poorly to 
conventional treatments such as radiation and 
chemotherapy [4, 5]. Therefore, studies eluci-
dating the mechanisms underlying the patho-
genesis of RCC with the aim of identifying  
more effective therapies are extremely urgent- 
ly needed.

Long non-coding RNAs (lncRNAs) represent the 
major form of noncoding RNAs and are thought 
to play very important roles in various human 
cancers [6-8]. According to previous studies, 
lncRNAs have significant biological functions in 
proliferation, development [9], apoptosis [10] 
and differentiation [11]. The lncRNA XIST (X 
inactivated-specific transcript) is encoded by 
the XIST gene, which is the master regulator of 
X inactivation, and has been reported to be 

involved in breast cancer, hepatocellular carci-
noma, and glioblastoma [12, 13]. However, 
researchers have not clearly determined wheth-
er XIST plays an important role in RCC. In this 
study, we aimed to explore the role of XIST in 
RCC and postulate that it may represent a new 
effective treatment for RCC.

MicroRNAs (miRNAs), a class of small noncod-
ing RNAs of approximately 20 nucleotides in 
length, are thought to regulate the expression 
of numerous mammalian genes by affecting 
mRNA translation [14, 15]. As shown in previ-
ous studies, miRNAs are associated with vari-
ous human diseases, including cancers such as 
breast cancer, lung cancer and glioblastoma 
[16-20]. Among these miRNAs, the miR-302 
family (miR-302s), which includes four homolo-
gous miRNAs, have been confirmed to be 
involved in the proliferation, apoptosis and dif-
ferentiation of human cancer cells [21]. How- 
ever, the role of miR-302c is less clear, but it 
may also play a vital role in the development 
and progression of cancers, similar to other 
miR-302 family members. In our study, we 
examined the role of miR-302c and the XIST/
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siRNAs, oligonucleotides, and transfections

The siRNAs targeting human XIST (si-XIST)  
and human SDC1 (si-SDC1), and the negative 
control siRNA (si-Control) were designed by  
and purchased from GenePharma (Shanghai, 
China). Oligonucleotides for the miR-302 mim-
ics (5’-TAAGTGCTTCCATGTTTCAGTGG-3’) were 
ordered from RiboBio (China). The 786-O and 
Caki-1 cells were seeded into 6-well plates, 
incubated overnight, and then transfected with 
50 nM oligonucleotides using Lipofectamine 
3000 (Invitrogen, Carlsbad, CA, USA).

Reverse transcription and real-time PCR

Total RNAs were extracted from RCC tissues, 
relatively normal renal tissues, and the treated 
786-O and Caki-1 cells using TRIzol reagent 
(Invitrogen, CA, USA), according to the manu-
facturer’s instructions, and reverse transcribed 
into cDNAs using the RevertAid First Strand 
cDNA Synthesis kit (Thermo Fisher, no. K1622), 
according to the manufacturer’s protocol. Real-
time quantitative reverse transcriptase poly-
merase chain reaction (qRT-PCR) was per-
formed to determine the expression levels of 
miR-302c and SDC1 using SYBR Premix Ex Taq 
(Takara, Japan). The primers for housekeeping 
genes, GAPDH and U6 (internal loading con-
trol), were designed and synthesized by Sangon 
in China. The sequences of the GAPDH primers 
are: 5’-CCT CGT CTC ATA GAC AAG ATG GT-3’ 
(the forward primer) and 5’-GGG TAG AGT CAT 
ACT GGA ACA TG-3’ (the reverse primer). The 
sequences of the XIST primers are: 5’-CTC TCC 
ATT GGG TTC AC-3’ (the forward primer) and 
5’-GCG GCA GGT CTT AAG AGA TGA G-3’ (the 
reverse primer) [23]. The sequences of the 
SDC1 primers are: 5’-ATG AGA CGC GCG GCG 
CTC TG-3’ (the forward primer) and 5’-CTG ATT 
GGC AGT TCC ATC CT-3’ (the reverse primer) 
[24]. The sequences of the U6 primers are: 
5’-CTC GCT TCG GCA GCA CA-3’ (the forward 
primer) and 5’-AAC GCT TCA CGA ATT TGC GT-3’ 
(the reverse primer). The sequences of the hsa-
miR-302c primers are: 5’-CGG GAC TAG TCG 
GGA GGG GAG GTC AGA ATA A-3’ (the forward 
primer) and 5’-GGT CGA CGC GTC AGG CAG CTA 
CAT CTA CTG CTA AAA-3’ (the reverse primer). 
The expression levels of the XIST and SDC1 
mRNAs were normalized to the GAPDH mRNA 
levels. The expression level of the hsa-miR-
302c mRNA was normalized to the U6 mRNA 

miR-302c regulatory network in the develop-
ment and progression of RCC.

Materials and methods

Patients and tissue samples

Twenty-six pairs of renal cancer tissue samples 
and adjacent normal renal tissue samples were 
collected from the First Affiliated Hospital of 
Soochow University between 2015/05 and 
2016/07. The histological diagnosis of renal 
cancer was confirmed according to the guide-
lines of the World Health Organization (WHO). 
Informed consent was obtained from every pa- 
tient and ethical approval was granted by the 
Ethics Committee of The First Affiliated Hospi- 
tal of Soochow University. All tissue samples 
were stored at -80°C before use.

Cell culture

Human renal cell carcinoma cell lines (786-O, 
Caki-1, ACHN and 769-P), a human renal proxi-
mal tubule epithelial cell line (HK-2), and 
HEK293T cells were all obtained from ATCC 
(Rockville, MD, USA). HEK293T, 786-O, and 
Caki-1 cell lines were routinely cultured in 
Dulbecco’s modified Eagle medium (DMEM) 
medium (Gibco, Gaithersburg, MD), whereas 
HK-2 cells were cultured in F-12K medium 
(Gibco, Gaithersburg, MD), supplemented with 
10% fetal bovine serum (FBS), 100 units/ml 
penicillin, and 100 mg/ml streptomycin in a 
humidified atmosphere containing 5% CO2 at 
37°C.

Lentiviral vector construction 

The human lncRNA-XIST DNA was amplified 
from 786-O cells using RT-PCR. PCR products 
were cloned into a lentiviral vector. Enhanced 
green fluorescent protein (GFP) was used as 
the control. Lentiviral vectors expressing EGFP 
and targeting lncRNA-XIST were generated. The 
lentiviral vectors were packaged in HEK293T 
cells by co-transfecting the cells with packaging 
vectors (pCMV-VSVG, pMDLg/pRRE and pRSV-
REV). Lentiviruses were ultracentrifuged and 
concentrated, as described in a previous study 
[22]. The 786-O and Caki-1 cells (1×104 cells/
well) were seeded in 24-well plates and trans-
fected with XIST and control vectors using 8 
μg/ml polybrene (Sigma). Cells stably express-
ing the vectors were then screened with 800 
μg/ml G418 (Sigma).
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Figure 1. The expression of miR-302c was down-regulated and lncRNA XIST expression was upregulated in renal cell carcinoma cells and tissues. A. The expression 
of miR-302c was detected by qRT-PCR in a human renal proximal tubule epithelial cell line (HK-2) and four RCC cell lines (786-O, Caki-1, ACHN and 769-P) (means 
± SD, *P < 0.05). B and C. The relative miR-302c expression levels in 26 pairs of RCC tissues and their corresponding adjacent normal tissues were analyzed us-
ing qRT-PCR (means ± SD, *P < 0.05). D. XIST expression in normal HK-2 cells and RCC cell lines (786-O, Caki-1, ACHN and 769-P) was measured using qRT-PCR 
(means ± SD, *P < 0.05). E and F. The relative XIST expression levels were detected in 26 pairs of RCC tissues and their corresponding adjacent normal tissues 
(means ± SD, *P < 0.05).
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level. All reactions were performed 
in triplicate and the 2-ΔΔCt method 
was employed to evaluate the differ-
ences in XIST, SDC1, and hsa-miR-
302c expression.

MTT assay 

The transfected 786-O and Caki-1 
cells were seeded in 96-well plates 
at a density of 8,000 cells per well 
and were routinely cultured complet-
ed medium for 0, 24 or 48 hrs. Then, 
cells were stained with 0.5 mg/ml 
sterile MTT (Sigma, MO, USA) for 4 
hrs at 37°C. The original culture 
medium was discarded and 100 μl 
of dimethyl sulfoxide (DMSO, Sigma, 
MO, USA) were added. The absor-
bance was measured at 450 nm 
after transfection.

Colony formation assay

The treated cells (500 cells/well) 
were seeded on dishes and cultured 
for 2 weeks at 37°C with 5% CO2 
(the medium was changed every 
three days). Then, the colonies were 
stained with 0.1% crystal violet and 
the number of colonies was coun- 
ted.

Flow cytometry analysis

The rate of apoptotic cell death was 
analyzed by flow cytometry and dou-
ble staining using Annexin V-APC/7-
AAD (BD Pharmingen, San Diego, 
CA), according to the manufacturer’s 
instructions. Forty-eight hours after 
transfection, the cells were harvest-
ed, washed twice with cold PBS, and 
re-suspended in 1× binding buffer at 
a concentration of 1×106 cells/mL. 
Annexin V-APC/7-AAD were added to 
the cells suspended in buffer solu-
tion (1×105 cells), incubated for 15 
min at RT in the dark, and then 400 
μL of 1× binding buffer were added 
to each sample tube. Cell apoptosis 
was analyzed using a BD FACSCali- 
bur cytometer (BD Biosciences). The 
results were analyzed using FlowJo 

Table 1. The binding sites between hsa-miR-302c-3p and 
potential lncRNAs were predicted by starBase v2.0
Name mirAccession GeneName TargetSites
hsa-miR-302c-3p MIMAT0000717 RP11-197N18.2 1
hsa-miR-302c-3p MIMAT0000717 LINC00657 1
hsa-miR-302c-3p MIMAT0000717 RP11-392M18.5 1
hsa-miR-302c-3p MIMAT0000717 RP11-355O1.11 1
hsa-miR-302c-3p MIMAT0000717 RP11-68L18.1 1
hsa-miR-302c-3p MIMAT0000717 HNRNPU-AS1 1
hsa-miR-302c-3p MIMAT0000717 AL589743.1 1
hsa-miR-302c-3p MIMAT0000717 SNHG16 1
hsa-miR-302c-3p MIMAT0000717 CT49 1
hsa-miR-302c-3p MIMAT0000717 XIST 4
hsa-miR-302c-3p MIMAT0000717 MIR4720 2
hsa-miR-302c-3p MIMAT0000717 RP11-145M9.4 1
hsa-miR-302c-3p MIMAT0000717 HOXA-AS2 1
hsa-miR-302c-3p MIMAT0000717 RP11-139H15.1 1
hsa-miR-302c-3p MIMAT0000717 RP11-379K17.11 1
hsa-miR-302c-3p MIMAT0000717 RP11-197P3.5 1
hsa-miR-302c-3p MIMAT0000717 AC108142.1 1
hsa-miR-302c-3p MIMAT0000717 RP11-31E23.1 1
hsa-miR-302c-3p MIMAT0000717 RP11-498C9.15 1
hsa-miR-302c-3p MIMAT0000717 MAP3K14 1
hsa-miR-302c-3p MIMAT0000717 COX10-AS1 1
hsa-miR-302c-3p MIMAT0000717 RP11-701H24.4 1
hsa-miR-302c-3p MIMAT0000717 RP11-315C6.3 1
hsa-miR-302c-3p MIMAT0000717 CASP8AP2 3
hsa-miR-302c-3p MIMAT0000717 C11orf95 1
hsa-miR-302c-3p MIMAT0000717 RP11-156E6.1 1
hsa-miR-302c-3p MIMAT0000717 RP11-615I2.7 1
hsa-miR-302c-3p MIMAT0000717 RP11-305N23.1 1
hsa-miR-302c-3p MIMAT0000717 CTD-2162K18.5 1
hsa-miR-302c-3p MIMAT0000717 LINC00338 1
hsa-miR-302c-3p MIMAT0000717 CTC-444N24.11 1
hsa-miR-302c-3p MIMAT0000717 RP5-1024G6.5 1
hsa-miR-302c-3p MIMAT0000717 RP11-80H5.7 1
hsa-miR-302c-3p MIMAT0000717 CTB-92J24.2 1
hsa-miR-302c-3p MIMAT0000717 hsa-mir-6080 1
hsa-miR-302c-3p MIMAT0000717 RP11-701H24.2 1
hsa-miR-302c-3p MIMAT0000717 AC005083.1 1
hsa-miR-302c-3p MIMAT0000717 GS1-358P8.4 1
hsa-miR-302c-3p MIMAT0000717 RP11-220I1.1 1
hsa-miR-302c-3p MIMAT0000717 RP1-39G22.7 1
hsa-miR-302c-3p MIMAT0000717 SCAMP1 1
hsa-miR-302c-3p MIMAT0000717 LINC00472 1
hsa-miR-302c-3p MIMAT0000717 RP11-73M18.8 1
hsa-miR-302c-3p MIMAT0000717 CTD-2037K23.2 1
hsa-miR-302c-3p MIMAT0000717 RP11-140H17.1 1
hsa-miR-302c-3p MIMAT0000717 RP5-1024G6.8 2
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(SD), and P < 0.05 is considered a statistically 
significant difference. 

Results

miR-302c expression was down-regulated and 
XIST expression was up-regulated in human 
renal cell carcinoma tissues and cells

We examined the expression levels of XIST and 
miR-302c in the normal renal cell line (HK-2), 
and renal cell carcinoma cell lines (86-O, Caki-
1, ACHN, and 769-P) to determine whether XIST 
and miR-302c were involved in the tumorigen-
esis of RCC. Compared with normal renal cells 
(HK-2), miR-302c expression was significantly 
down-regulated in renal cell carcinoma cells 
(786-O, Caki-1, ACHN, 769-P) (P < 0.05, Figure 
1A). We then examined miR-302c expression in 
26 pairs of RCC tissues and their correspond-
ing adjacent normal tissues and showed that 
miR-302c expression was significantly down-
regulated in the 24 of 26 RCC tissues com-
pared with adjacent normal tissues (P < 0.05, 
Figure 1B and 1C). Similarly, we further investi-
gated the expression of the XIST mRNA in RCC 
tissues and cells. The expression of the XIST 
mRNA was drastically up-regulated in RCC cell 
lines compared to HK-2 cells (P < 0.05, Figure 
1D). Simultaneously, the expression of the XIST 
mRNA was drastically up-regulated in all 26 
RCC tissues compared with the normal coun-
terparts (P < 0.05, Figure 1E and 1F). Therefore, 
XIST and miR302c may play critical roles in RCC 
progression.

software version 8.8.6 (TreeStar Inc., Ashland, 
Oregon, USA).

Bioinformatics analysis and fluorescent re-
porter assay

The microRNA targets were predicted using 
starBase v2.0 and TargetScan v6.2. Four puta-
tive XIST target sites were separately cloned 
into the luciferase expression vector pGL3- 
Bacsic. Cells (5000 cells/well) were cultured  
in 24-well plates and co-transfected with the 
wild type (XIST-WT) or mutant (XIST-Mut) plas-
mids and miR-302c using Lipofectamine 3000 
(Invitrogen). Luciferase activities were detect- 
ed using the Dual-Luciferase reporter assay 
according to the manufacturer’s instructions 
(Promega, Madison, WI).

Western blotting

Cultured cells were lysed in RIPA buffer (0.1% 
SDS, 1% Triton X-100, 1 mM MgCl2, and 10 mM 
Tris-HCl (pH 7.4) containing a protease inhibitor 
cocktail (P8340; Sigma-Aldrich, St. Louis, MO, 
USA)) for 30 mins at 4°C. Total protein concen-
trations were measured using a BCA Protein 
Assay kit (Thermo Fisher Scientific, Rockford, 
IL, USA). The proteins (50 μg) were separated 
by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and then transferred to nitro-
cellulose membranes (Millipore, Billerica, MA, 
USA). Nonspecific binding sites on the mem-
branes were saturated with 5% skim milk in 
TBST (100 mmol/L Tris-Cl, pH 7.5, 150 mmol/L 

hsa-miR-302c-3p MIMAT0000717 CTA-204B4.6 1
hsa-miR-302c-3p MIMAT0000717 HCG18 1
hsa-miR-302c-3p MIMAT0000717 RP11-429D19.1 1
hsa-miR-302c-3p MIMAT0000717 RP11-399O19.8 1
hsa-miR-302c-3p MIMAT0000717 RP4-773N10.5 2
hsa-miR-302c-3p MIMAT0000717 RP11-509J21.3 1
hsa-miR-302c-3p MIMAT0000717 AL163636.6 1
hsa-miR-302c-3p MIMAT0000717 RP11-96D1.6 1
hsa-miR-302c-3p MIMAT0000717 MAGI1-IT1 1
hsa-miR-302c-3p MIMAT0000717 KB-1460A1.5 1
hsa-miR-302c-3p MIMAT0000717 PPP1R9B 1
hsa-miR-302c-3p MIMAT0000717 ZNF518A 1
hsa-miR-302c-3p MIMAT0000717 FGD5-AS1 2
hsa-miR-302c-3p MIMAT0000717 MIR17HG 1
hsa-miR-302c-3p MIMAT0000717 BX322557.10 1
hsa-miR-302c-3p MIMAT0000717 BAIAP2-AS1 1

NaCl, and 0.1% Tween 20) and then 
incubated with primary antibodies 
overnight, followed by horseradish 
peroxidase-conjugated secondary 
antibodies. The following antibodies 
were used: anti-SDC1 (1:200, Ab- 
cam, Cambridge, UK) and anti-actin 
(1:2000, Cell Signaling Technology 
Inc., Danvers, Massachusetts, USA). 

Statistical analysis

The statistical significance of the  
differences was analyzed using 
GraphPad Prism Software (La Jolla, 
CA, USA) and SPSS 21.0 software 
(analysis of variance and Student’s 
t-test or one-way analysis of vari-
ance (ANOVA)). Data are expressed 
as means ± standard deviations 
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Figure 2. XIST targeted miR-302c in RCC cells. A. Four possible miR-302c binding sites in XIST are shown and named XIST-WT1, XIST-WT2, XIST-WT3, and XIST-WT4. 
B. The relative miR-302c expression levels in 786-O and Caki-1 cells transfected with XIST siRNAs (si-XIST) or the negative control (si-NC) were examined by qRT-PCR 
(*P < 0.05). C. The relative miR-302c expression levels in 786-O and Caki-1 cells transfected with XIST and the negative control (NC) were examined by qRT-PCR 
(*P < 0.05). D-G. 786-O cells were co-transfected with miR-302c and luciferase reporter gene vectors harboring four putative target sites (wild type XIST) or four 
mutated sites (mutant type XIST), and fluorescence was detected using the luciferase reporter gene assay. The relative luciferase activity was plotted as the means 
± SD of three independent experiments (*P < 0.05). 
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pared to cells transfected with si-NC (P < 0.05, 
Figure 3A). Based on the results of the colony 
formation assay and MTT assay, XIST knock-
down significantly suppressed the proliferation 
of 786-O and Caki-1 cells (P < 0.05, Figure 
3B-D). Furthermore, according to the results of 
the annexin V-APC/7-AAD staining assay, XIST 
silencing with siRNAs promoted the apoptosis 
of 786-O and Caki-1 cells (P < 0.05, Figure 3E 
and 3F).

miR-302c inhibited cell proliferation and 
promoted apoptosis by down-regulating SDC1 
expression

We used TargetScan v6.2 to predict potential 
miR-302c target genes and identified miR-302c 
complementary binding sites in the 3’UTR of 
the SDC1 mRNA. Based on the qRT-PCR results, 
the A expression level of the SDC1 mRNA was 
significantly reduced in 786-O and Caki-1 cells 
transfected miR-302c compared with groups 
transfected with the scrambled miRNA (P < 
0.05, Figure 4A). According to the western blot 
results, miR-302c also inhibited the expression 
of the SDC1 protein (Figure 4B). We silenced 
SDC1 by transfecting 786-O and Caki-1 cells 
with si-SDC1 to examine the role of SDC1 in 
RCC cell proliferation. SDC1 expression was 
significantly decreased in 786-O and Caki-1 
cells transfected with si-SDC1 compared with 
cells transfected with si-Control (P < 0.05, 
Figure 4C). Based on the results of the colony 
formation assay, SDC1 knockdown suppressed 
the proliferation of 786-O and Caki-1 cells (P < 
0.05, Figure 4D), and SDC1 knockdown pro-
moted cell apoptosis in the flow cytometry anal-
ysis (P < 0.05, Figure 4E). We also examined 
SDC1 expression in RCC cell lines and tissues 
and found that SDC1 was expressed at high 
levels in the RCC cell lines and tissues com-
pared with the normal cells and tissues (P < 
0.05, Figure 4F and 4G).

Discussion

LncRNAs, which are more than 200 nucleo-
tides in length [25], have been shown to play 
key roles in regulating the expression of some 
genes by competitively suppressing miRNAs 
[26, 27]. LncRNAs are reported to participate in 
the progression of human cancers by regulat-
ing cell proliferation, apoptosis, and invasion 
[28, 29]. The lncRNA XIST, which belongs to the 
master regulator of X chromosome [30], has 

XIST is negatively regulated by miR-302c in 
RCC cells

Based on accumulating evidence, numerous 
lncRNA transcripts function as competing 
endogenous RNAs (CeRNA) by competitively 
binding miRNAs. Thus, we predicted the inter-
action between miR-302c and potential 
lncRNAs using starBase v2.0 and identified 
four miR-302c binding sites in the XIST 
sequence (Table 1; Figure 2A). The 786-O and 
Caki-1 cells were transfected with si-XIST and 
si-NC, as well as XIST and NC and miR-302c 
expression was detected by qRT-PCR to further 
examine the relationship between XIST and 
miR-302c. 786-O and Caki-1 cells that had 
been transfected with si-XIST exhibited a sig-
nificant increase in miR-302 expression com-
pared to cells transfected with si-NC (P < 0.05, 
Figure 2B). Meanwhile, miR-302c expression 
was substantially decreased in 786-O and Caki-
1 cells that had been transfected with XIST 
compared to cells transfected with NC (P < 
0.05, Figure 2C). We further cloned the four 
miR-302c binding sites in XIST into pGL3/lucif-
erase vectors (XIST-WT1, XIST-WT2, XIST-WT3, 
and XIST-WT4) and constructed their corre-
sponding mutant pGL3/luciferase vectors 
(XIST-Mut1, XIST-Mut2, XIST-Mut3, and XIST-
Mut4). Then, 786-O cells were co-transfected 
with XIST-WT1, WT2, WT3, or WT4 and miR-
302c, or were simultaneously co-transfected 
with XIST-Mut1, Mut 2, Mut 3, or Mut 4 and 
miR-302c. Luciferase activities were obviously 
decreased in cells expressing wild type XISTs 
(XIST-WT1, XIST-WT2, XIST-WT3, and XIST-WT4) 
compared with the scrambled groups. However, 
after co-transfection with XIST-Mut1, Mut2, 
Mut3, or Mut4 and miR-302c, no changes in 
the luciferase activities of mutant type XISTs 
(XIST-Mut1, XIST-Mut2, XIST-Mut3, and XIST-
Mut4) were observed compared with cells 
transfected with the scrambled sequence (P < 
0.05, Figure 2D-G). Therefore, XIST was nega-
tively regulated by miR-302c in RCC cells.

XIST knockdown inhibited cell proliferation and 
promoted cell apoptosis in vitro

We inhibited XIST expression using XIST siRNAs 
in two RCC cell lines (786-O and Caki-1) to 
explore the roles of XIST in RCC cells. XIST 
expression was significantly decreased in 
786-O and Caki-1 cells transfected si-XIST com-
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addition, XIST regulated miR-302c expression. 
Furthermore, we postulated that a ceRNA (com-
peting endogenous RNAs) mechanism under-
lies these effects and concluded that XIST, 
miR-302c and SDC1 participate in the tumori-
genesis of RCC.

SDC1, which is predominantly expressed by 
epithelial cells, is a heparin-sulfate proteogly-
can (HSPG) that is involved in the tumorigene-
sis of human cancers [36]. SDC1 knockdown 
was previously shown to inhibit the develop-
ment and progression of colorectal cancer [37]. 
In our study, the SDC1 gene was a direct target 
of the XIST/miR-302c axis, and SDC1 silencing 
also inhibited renal cancer cell proliferation and 
promoted cell apoptosis. In summary, our re- 
sults provide solid evidence that XIST is highly 
expressed in renal cell carcinoma and regu-
lates the tumorigenicity of renal cell carcinoma 
cells via the miR-302c/SDC1 axis, representing 
a potential therapy for RCC.

been shown to be involved in several human 
cancers, including renal cell carcinoma [31, 
32]. In the present study, we first examined 
XIST expression in RCC cell lines and found that 
XIST was expressed at high levels in RCC cells 
compared with normal HK-2 cells. Then, we fur-
ther verified this finding in 26 paired RCC tis-
sues and their corresponding normal tissues 
and found that XIST expression was drastically 
upregulated in all 26 RCC tissues compared 
with their normal counterparts. In addition, 
XIST knockdown with a siRNA inhibited renal 
cancer cell proliferation and tumor formation, 
and promoted cell apoptosis in vitro. 

According to numerous studies, miR-302c is 
associated with different diseases [33-35]. In 
our study, we examined miR-302c expression 
in RCC cell lines and found that miR302c was 
significantly downregulated in RCC cells. More- 
over, miR-302c expression was significantly 
down-regulated in RCC tissues, which strongly 
supports the findings of previous studies. In 

Figure 3. XIST knockdown inhibited cell proliferation and promoted cell apoptosis in vitro. A. The relative XIST ex-
pression levels in 786-O and Caki-1 cells transfected with si-XIST and si-NC were detected using qRT-PCR. B and C. 
The proliferation of 786-O and Caki-1 cells transfected with si-XIST and si-NC was detected using the colony forming 
assay (*P < 0.05). D. Silencing of XIST expression with siRNAs significantly inhibited the proliferation of 786-O and 
Caki-1 cells. Proliferation was detected using the MTT assay (*P < 0.05). E and F. The apoptosis of 786-O and Caki-1 
cells transfected with si-XIST and si-NC was measured using Annexin V-APC/7-AAD staining (*P < 0.05).
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Figure 4. miR-302c inhibited cell proliferation and promoted cell apoptosis by down-regulating SDC1 expression. A. The relative expression of the SDC1 mRNA in 
786-O and Caki-1 cells transfected with miR-302c and the scrambled sequence was detected by qRT-PCR (*P < 0.05). B. Western blotting was used to examine the 
expression of the protein SDC1 in 786-O and Caki-1 cells transfected with miR-302c and the scrambled sequence. Actin was used as a protein loading control. C. 
The relative SDC1 levels in 786-O and Caki-1 cells transfected with si-control and si-SDC1 were detected by qRT-PCR (*P < 0.05). D. The proliferation of 786-O and 
Caki-1 cells transfected with si-control and si-SDC1 was detected using the colony forming assay (*P < 0.05). E. The apoptosis of 786-O and Caki-1 cells transfected 
with si-SDC1 and si-control was measured using flow cytometry (*P < 0.05). F. The relative expression of the SDC1 mRNA in 26 pairs of RCC tissues and their cor-
responding adjacent normal tissues was analyzed by qRT-PCR (*P < 0.05). G. The expression of miR-302c in HK-2 cells and RCC cell lines (786-O, Caki-1, ACHN and 
769-P) was detected by qRT-PCR (*P < 0.05).
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