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IncRNA small nucleolar RNA host gene 12 promotes
renal cell carcinoma progression by modulating
the miR-200c-5p/collagen type XI a1 chain pathway
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Abstract. Renal cell carcinoma (RCC) is a primary malig-
nant kidney cancer subtype. It has been suggested that long
non-coding RNAs (IncRNAs) serve important roles in the
progression of kidney cancer. In fact, the IncRNA small
nucleolar RNA host gene 12 (SNHGI12) was discovered to be
overexpressed in various types of cancer. However, to the best
of our knowledge, the role of SNHG12 in RCC remains unclear.
The present study aimed to investigate the function of SNHG12
and its underlying molecular mechanism of action in RCC. In
patient samples and datasets from The Cancer Genome Atlas.
Reverse transcription-quantitative PCR, demonstrated that
SNHGI12 expression levels were upregulated in RCC tumor
tissues, but not in normal kidney tissues. SNHG12 upregulation
was also observed in RCC cell lines. Kaplan-Meier survival
analysis indicated a poor prognosis for those patients with RCC
who had upregulated SNHGI12 expression levels. Following
lentivirus transduction, SNHG12 was successfully knocked
down (validated by western blot analysis) and cell migration
and invasion assays were performed. SNHGI12 knockdown
markedly inhibited cell viability and invasion, while increasing
apoptosis in both A498 and 7860 cell lines. The results of the
luciferase reporter assay suggested that SNHGI12 exerted its
role by sponging microRNA (miR)-200c-5p, which led to
the upregulation of its target gene, collagen type XI al chain
(COLI11A1). This was further validated, as miR-200c-5p inhi-
bition reduced the effects of SNHG12 downregulation on cell
viability and apoptosis, without affecting SNHG12 expression
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levels. Furthermore, the findings indicated that SNHG12 may
partially exert its role through COL11A1, which was also
upregulated in RCC. In conclusion, the results of the present
study suggested that the SNHG12/miR-200c-5p/COL11A1
axis may be crucial for RCC progression, which provided an
insight into potential therapeutic strategies for RCC treatment.

Introduction

Kidney cancer is prevalent in both males and females, and
renal cell carcinoma (RCC) is the most common form of
kidney malignancy (1). Although treatment options for RCC
have improved over the last decade from a non-specific
immune approach (2), to therapies targeting vascular endothe-
lial growth factor (VEGF) or tyrosine-protein kinase receptor
UFO precursor (AXL) (3), the overall survival rate remains
low. Although the five-year disease specific survival in patients
with stage I-II reaches 80%, it is only 60% in stage III and
<10% in stage IV patients (4). Therefore, understanding the
molecular mechanisms of RCC development and progression
is essential.

Long non-coding RNAs (IncRNAs) are non-protein
coding transcripts of >200 nucleotides in length (5). Previous
studies have suggested that IncRNAs have a prominent role
in the competing endogenous RNA (ceRNA) network, in
which they serve as microRNA (miRNA/miR) sponges,
thus controlling the expression of genes associated with
cancer development (6-8). For instance, the IncRNA HOX
transcript antisense RNA (HOTAIR) was discovered to
affect the proliferation and tumorigenesis of RCC by inhib-
iting the miR-217/hypoxia-inducible factor-1 (HIF-1)a/AXL
pathway (9). Additionally, IncRNA H19 was suggested to
potentially mediate breast cancer cell plasticity by differ-
entially sponging miR-200b/c and let-7b (10). Thus, these
findings indicated that IncRNAs may be crucial regulators of
cancer progression and metastasis (11-13). Nonetheless, their
function in RCC remains poorly understood.

The expression levels of small nucleolar RNA host gene 12
(SNHGI12), located on chromosome 1p35.3, were discovered to
be upregulated in several types of cancer, including non-small
cell lung cancer, glioma, cervical cancer and bladder
cancer (14-17). In previous studies, SNHG12 was also reported
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to function as an miRNA sponge and influence several
tumor-related pathways, such as the Wnt/B-catenin signaling
pathway and the Jak/STAT3 signaling pathway (15,17-19). In
addition, SNHG12 was identified to serve as an oncogene,
where it had a crucial role in tumor progression (20,21).
SNHGI?2 has also been associated with the unfavorable prog-
nosis of nasopharyngeal carcinoma and gastric cancer, where it
served as a potential biomarker for cancer progression (22,23).
However, to the best of our knowledge, the role of SNHGI2 in
RCC remains unknown.

In the present study, SNHG12 expression levels were inves-
tigated in samples obtained from patients with RCC. SNHG12
knockdown significantly inhibited the viability and invasion of
RCC cell lines, while increasing apoptosis. Notably, SNHG12
was discovered to directly interact with miR-200c-5p, which
indicated that it may serve as a sponge and control collagen
type XI al chain (COL11A1) expression levels. In conclu-
sion, the findings of the present study suggested that the
SNHG12/miR-200c-5p/COL11A1 axis may be involved in
RCC progression.

Materials and methods

Clinical samples. A total of 58 patients (36 males and
22 females; age, 31-72 years) diagnosed with RCC by
pathological examination after surgery at The Department
of Urology, Hainan General Hospital (Haikou, China)
(August 2014-August 2017) were enrolled in the present
study. Patients who received chemotherapy, radiotherapy
or any other therapy were excluded from the present study.
Tumor tissues and paired adjacent non-tumor renal tissues
were collected and stored at -80°C for subsequent RNA
extraction. Patients were classified as RCC according to the
World Health Organization criteria (24) and tumor staging
was determined using the tumor-node-metastasis (TNM)
classification (4). The study was approved by the Medical
Ethics Committee of Hainan General Hospital (Haikou,
China). Written, informed consent was obtained from all
58 patients.

TCGA database. RNA sequencing and clinical data of patients
with RCC were downloaded from Genomic Data Commons
Data Portal (portal.gdc.cancer.gov). Patient data were excluded
if >75% IncRNA data was missing or if survival information
was not complete. Patients >18 years old were included in the
study. After screening, a total of 278 patients with RCC and 33
non-tumor kidney samples were used in the present study (25).
TCGA data was analyzed using RStudio version 0.99.896 soft-
ware (RStudio, Inc.). Survival analysis were conducted using
Kaplan-Meier plots by SPSS version 22.0 software (IBM,
Corp.).

Cell culture. Human renal cell carcinoma cell lines A498,
7860, Caki-1, Caki-2 and ACHN, and the normal renal epithe-
lial cell line HK-2 as well as 293T cell line were purchased
from the American Type Culture Collection. Cells were
cultured in RPMI-1640 medium, supplemented with 10%
FBS and 1% penicillin/streptomycin (all from Gibco; Thermo
Fisher Scientific, Inc.). All cells were maintained in a humidi-
fied incubator with 5% CO, at 37°C.
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Cell transfection. Small interfering RNAs (siRNAs/si)
targeting SNHGI12 and negative control (NC; si-NC) were
synthesized by Guangzhou RiboBio Co., Ltd. using the
following sequences: Si-SNHG12 sense, 5'-GCAGUGUGC
UACUGAACUUTT-3' and antisense, 5~ AAGUUCAGUAGC
ACACUGCTT-3"; and si-NC sense, 5'-UUCUCCGAACGU
GUCACGUTT-3" and antisense, 5-ACGUGACACGUUCGG
AGAATT-3" Si-COL11A1 was purchased from Sigma-Aldrich;
Merck KGaA. si-NC for si-COL11A1 was the same with
si-SNHG12. The miR-200¢ mimics, miR-NC, miR-200c¢
inhibitor, inhibitor-NC, pcDNA SNHG12 and pcDNA3.1 empty
vector were purchased from GeneCopoeia, Inc. The sequences
were as follows: Si-COL11A1 sense, 5S-UUCUAAAUUUGA
UGGUUUGCGTT-3" and antisense, 5'-CAAACCAUCAAA
UUUAGAAGA-3"; miR-200c-5p mimics, 5'-UAAUACUGC
CGGGUAAUGAUGGA-3"; miR-mimics-NC, 5-UCACAA
CCUCCUAGAAAGAGUAGA-3'; and miR-200c¢-5p inhibitor,
5'-UAAUACUGCCGGGUAAUGAUGGA-3"; inhibitor-NC,
5'-CGAACUUAUCUUAGGUACUC-3" Briefly, 1x10° A498
or 7860 cells were seeded into six-well plates and transfected
with 50 nM siRNAs, 30 nM mimics, 30 nM inhibitors,
2 ug pcDNA SNHGI12 or pcDNA 3.1 empty vector using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
After 48 h of transfection at 37°C, the transfection efficiency
was determined by reverse transcription-quantitative PCR
(RT-gqPCR). Untransfected RCC cells were used as the ‘Blank’
control, and these cells were treated with nothing.

RT-gqPCR. Total RNA was extracted from cells using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) and reverse transcribed into cDNA using PrimeScript
Reverse Transcriptase (Takara Biotechnology Co., Ltd.).
RT was performed using the following procedure: 30°C
for 10 min followed by 42°C for 45 min. qPCR was subse-
quently performed using the SYBR Premix Taq kit (Takara
Biotechnology Co., Ltd.) on a LightCycler Real-Time PCR
instrument [Roche Diagnostics (Shanghai) Co., Ltd.]. gPCR
was performed using the following conditions: Enzyme acti-
vation at 95°C for 2 min, 1 cycle; 40 cycles of denaturation
at 95°C for 10 sec and annealing/extension 60°C for 60 sec.
U6 was used as the endogenous control for miR-200c-5p and
SNHGI2, while GAPDH was used as the loading control for
COLI11ALl. The following primer sequences were used for
the qPCR: SNHGI12 forward, 5~ AGGGCCATGTAACCA
GTGAA-3" and reverse, 5-GCTGGCCTTAATCTGACT
GC-3"; U6 forward, 5-GCTTCGGCAGCACATATACTA
AAAT-3" and reverse, 5'-CGCTTCACGAATTTGCGTGTC
AT-3"; miR-200c-5p forward, 5-TACATCATAATACTGCCG
GGTAA-3' and reverse, 5-GGATTGGATGTTCTCCACAGT
CTC-3'; COL11A1 forward, 5"AGTGGCATCGGGTAGCAA
TCA-3' and reverse, 5"TGTCCCCCTCAAAAACTTCTT
CAT-3"; and GAPDH forward, 5'-CGCTCTCTGCTCCTC
CTGTTC-3"and reverse, 5'-ATCCGTTGACTCCGACCTTCA
C-3". The relative expression levels of each target were quanti-
fied using the 2-24% method (26).

Western blotting. Cells were washed with PBS and total protein
was extracted using RIPA lysis buffer (Invitrogen; Thermo
Fisher Scientific, Inc.) containing a protease inhibitor cocktail
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(Roche Diagnostics Co., Ltd.). Total protein was quantified
using a bicinchoninic acid protein assay kit (Pierce; Thermo
Fisher Scientific, Inc.) and 40 ug protein/well was separated via
10% SDS-PAGE. The separated proteins were subsequently
transferred onto PVDF membranes (EMD Millipore) and
blocked with 5% non-fat milk at room temperature for 1 h. The
membranes were then incubated with the following primary
antibodies overnight at 4°C: Anti-COL11A1 (cat. no. ab64883;
Abcam) and anti-f-actin (cat. no. ab6276; Abcam). Antibodies
were used at 1:1,000 dilution. Following the primary antibody
incubation, the membranes were washed with TBS-0.05%
Tween-20 (TBST) 4-6 times for 1 h, then incubated with a
horseradish peroxidase-conjugated secondary antibody for
1 h at room temperature (Goat anti-rabbit and anti-mouse
IgG, cat. nos. ab205718 and ab205719, respectively; both
Abcam), secondary antibodies were used at 1:5,000 dilu-
tion. The membranes were subsequently washed with TBST
4-6 times for 1 h and protein bands were visualized using an
ECL substrate kit (Abcam). ImageJ software (version 1.8.0;
National Institutes of Health) was used for densitometry.

Transwell invasion assay. Transwell invasion assays were
performed using 8-um pore Matrigel®-precoated (37°C for 3 h
and room temperature overnight) polycarbonate membranes
(BD Biosciences). Briefly, 3x10* cells were seeded into the
upper chambers of Transwell plates in serum-free DMEM
(Gibco; Thermo Fisher Scientific, Inc.). The lower chambers
contained complete DMEM (Gibco; Thermo Fisher Scientific,
Inc.) supplemented with 10% FBS. Following incubation
at 37°C for 48 h, cells in the upper chamber were removed
and the invasive cells on the lower surface of the membranes
were fixed in 4% paraformaldehyde at room temperature for
15 min, stained with 0.5% crystal violet at room temperature
for 20 min and visualized using a light microscope (magni-
fication, x100) (Olympus Corporation). ImageJ software
(version 1.8.0; National Institutes of Health) was used for data
analysis.

Flow cytometric analysis of apoptosis. Early and late (top
and lower right corner of the flow dot plot, respectively) stage
apoptosis were detected by flow cytometric analysis. Briefly,
0.5x10° A498 or 7860 cells were seeded to six-well plates and
transfected with the transfectants for 48 h at 37°C. The cells
were subsequently harvested (Eppendorf centrifuge 5418R)
and washed twice with PBS. The cells were then resuspended
in binding buffer (cat. no. BDB556454; BD Biosciences),
and stained with Annexin V-FITC and 7-Aminoactinomycin
D (AAD) using an Annexin V-FITC/7-AAD Apoptosis
Detection kit (BD Biosciences), according to the manufac-
turer's protocol. Apoptotic cells were subsequently analyzed
using a BD FACSVerse flow cytometer (BD Biosciences) and
analyzed using FlowJo version 10.0.7 software (FlowJo LLC).

MTT assay. A total of 2x10* cells were seeded/well into a
96-well plate and incubated for 24, 48 or 72 h at 37°C. Cell
viability was subsequently analyzed in triplicate using an MTT
assay [Roche Diagnostics (Shanghai) Co., Ltd.], according to
the manufacturer's protocol. Then, 10 ul MTT solution was
added to each well and DMSO was used to dissolve purple
formazan. Cell viability was analyzed at an absorbance
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Table I. Association between SNHG12 expression levels and
clinicopathological characteristics in patients with renal cell
carcinoma (n=58).

SNHG12
expression
levels
Parameter Low,n High,n P-value
Age, years 0.905
>60 7 15
<60 12 24
Sex 0.455
Male 16 20
Female 12 10
Histological differentiation <0.001
High 23 4
Low 9 22
Lymph node metastasis 0.018
NO-N1 20 9
N2-NX 11 18
Distant metastasis 0.018
MO 18 11
MI1-MX 9 20
Tumor node metastasis stage 0.001
T1-T2 19 10
T3-T4 6 23
Tumor size 0.001
<4 cm 20 9
>4 cm 5 24

SNHG12, small nucleolar RNA host gene 12.

at 570 nm using an iMark microplate absorbance reader
(Bio-Rad Laboratories, Inc.).

Luciferase reporter assay. TargetScan (targetscan.
org/mamm_31) and miRcode (mircode.org) were used for
the prediction of miRNA targets. The putative miR-200c-5p
binding site of the SNHGI12 and COL11A1 3'-untranslated
region (UTR) sequences were amplified and cloned into
the pmirGLO vector (Promega Corporation) to synthesize
SNHGI12-WT and COL11A1-WT, respectively. Mutant (MUT)
3'-UTR fragments were generated by site-directed mutagenesis
(InFusion HD Cloning Plus; Takara Biotechnology Co., Ltd.)
and then were cloned into the pmirGLO plasmid (referred to
as SNHG12-MUT and COL11A1-MUT, respectively). Then,
2x10° 293T cells were seeded into 24-well plates and cultured
for 24 h at 37°C. The cells were then co-transfected with 5 ug
SNHG12- or COL11A1-WT/MUT luciferase constructs, and
miR-200c-5p mimics (Lipofectamine 2000; Thermo Fisher
Scientific, Inc.). Following transfection for 48 h at 37°C,
cells were collected and luciferase activity was detected
using a Dual-Luciferase Reporter Assay system (Promega
Corporation). Renilla Luciferase was used for normalization.
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Figure 1. Relative expression levels of SNHGI2 are upregulated in patients with RCC and in RCC cell lines. (A) SNHGI2 expression levels in patients with
RCC and normal patient samples from TCGA database. (B) SNHGI12 expression levels in clinical RCC samples compared with adjacent non-tumor tissues
were analyzed using RT-qPCR. Data are expressed in the form of taking logarithm of the counts number to the base 2. (C) SNHG12 expression levels in RCC
cell lines and the HK-2 normal kidney cell line were analyzed using RT-qPCR. (D) Kaplan-Meier curve of the survival of patients with RCC from TCGA
database according to low and high SNHGI12 expression levels. 0, alive; 1, deceased. SNHG12, small nucleolar RNA host gene 12; RCC, renal cell carcinoma;
TCGA, The Cancer Genome Atlas; RT-qPCR, reverse transcription-quantitative PCR; Cum, cumulative. "P<0.05, “P<0.01, "“P<0.001.

Statistical analysis. Statistical analysis was performed
using SPSS Statistics 22.0 software (IBM Corp.). Pairwise
comparisons were assessed using an unpaired Student's
t-test or a paired Student's t-test when the data were paired
(Fig. 1B). Multigroup comparisons were performed using
two-way ANOVA, followed by a Bonferroni's post hoc test.
A Kaplan-Meier curve was used for survival analysis and
the P-value was obtained using the log-rank test. A %> test
was used to determine the association between SNHGI12
expression levels and clinicopathological variables, whereas
a Spearman's correlation analysis test was used to determine
the correlation between SNHG12 and miR-200c-5p expression
levels. All experiments were conducted in triplicate. Data are
presented as the mean + SD. P<0.05 was considered to indicate
a statistically significant difference.

Results

SNHGI2 expression levels are upregulated in RCC patient
samples and RCC cell lines. The expression levels of SNHG12
were compared between RCC and non-tumor samples from
TCGA database; SNHG12 expression levels were discovered
to be significantly upregulated in patients with RCC compared
with in non-tumor patient samples (799.9+35.41 vs. 141+8.625
normalized counts, respectively; Fig. 1A). To validate this
finding, SNHGI12 expression levels were also analyzed in

clinical samples and similarly, SNHG12 expression levels were
significantly upregulated in the RCC tumor tissues compared
with the adjacent non-tumor tissues (Fig. 1B). The expression
levels of SNHGI12 were also evaluated in RCC cell lines, all of
which demonstrated upregulated expression levels of SNHG12
compared with the normal kidney epithelial cell line HK-2
(Fig. 1C).

Association between SNHGI2 expression levels and
clinical characteristics in patients with RCC. The clinical
characteristics analyzed in the present study included age, sex,
histological differentiation, TNM stage, tumor size and lymph
node and distant metastases (Table I). The median expression
levels of SNHG12 were used to categorize patients into ‘high’
and ‘low’ expression groups. High SNHG12 expression levels
were significantly associated with a lower histological differ-
entiation advanced TNM stage and further lymph node and
distant metastases. TCGA datasets were then used to further
investigate whether SNHGI12 expression levels influenced the
survival of patients with RCC; high SNHGI2 expression levels
in patients with RCC were associated with a shorter overall
survival rate compared with low expression levels (Fig. 1D).

SNHGI2 promotes cell viability and invasion and inhibits
apoptosis in RCC cell lines. To determine the function of
SNHG12 in RCC cells, siRNA was used to knockdown
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Figure 2. Functional role of SNHG12 in RCC cell lines. (A) Transfection efficiency of si-SNHGI2 in A498 and 7860 cell lines was analyzed using reverse
transcription-quantitative PCR. (B) Cell viability was analyzed using an MTT assay following SNHG12 knockdown. (C) Cell invasive ability was detected
using a Transwell assay following SNHG12 knockdown. Magnification, x100; scale bar, 100 ym. (D) Flow cytometric analysis of apoptosis was performed
following SNHG12 knockdown. Untransfected RCC cells were used as the ‘blank’ control. "P<0.05. SNHG12, small nucleolar RNA host gene 12; RCC, renal
cell carcinoma; si, small interfering RNA; NC, negative control; 7-AAD, 7-Aminoactinomycin D.

SNHGI2 expression levels in the A498 and 7860 cell lines. In
both cell lines, the transfection with si-SNHGI2 significantly
downregulated SNHG12 expression levels compared with
the si-NC groups (Fig. 2A). An MTT assay was subsequently
performed to determine the cell viability in the transfected
RCC cells. SNHGI12 knockdown significantly reduced cell
viability at 48 and 72 h post transfection compared with the
si-NC group in both cell lines (Fig. 2B). To investigate the
invasive properties of the transfected RCC cells, a Transwell
invasion assay was used. The knockdown of SNHGI2 expres-
sion levels significantly inhibited the invasive ability of A498
and 7860 cells (P<0.05; Fig. 2C). Flow cytometric analysis
also demonstrated that the knockdown of SNHG12 expression
levels significantly increased the percentage of apoptotic cells
in both cell lines compared with the si-NC group (Fig. 2D).
Altogether, these results indicated that SNHG12 may promote
cell viability and invasion, whilst inhibiting cell apoptosis in
RCC cell lines.

SNHGI2 downregulates the expression levels of miR-200c-5p.
To further investigate the mechanism of SNHGI2 in the devel-
opment of RCC, miRcode was used to screen for miRNAs
predicted to bind to SNHGI12, and SNHGI12 was discovered

to contain putative binding sites for miR-200c-5p. To validate
this result, a correlation analysis was conducted between
SNHGI2 and miR-200c-5p expression levels in clinical RCC
patient samples (n=58). The expression levels of miR-200c-5p
were revealed to be inversely correlated with SNHG12 expres-
sion levels (r=-0.52; P=0.032; Fig. 3A).

Thus,todetermine the interaction between miR-200c-5p and
SNHGI12, RCC cell lines were transfected with miR-200c-5p
mimics and si-SNHG12; the transfection efficiency of the
miR-200c-5p mimics was successful, as the expression levels
were significantly upregulated in the miR-200c-5p mimics
group (Fig. 3B). Subsequently, SNHG12 knockdown markedly
upregulated miR-200c-5p expression levels, as indicated by
RT-qPCR. Notably, no significant differences were observed
in the SNHGI12 expression levels following the overexpression
of miR-200c-5p compared with the two control groups
(Fig. 3C). Subsequently, a luciferase reporter assay revealed
that the relative luciferase activity was decreased in 293T cells
co-transfected with pmirGLO-SNHGI12-WT and miR-200c-5p
mimics compared with pmirGLO-SNHG12-MUT and
miR-200c-5p mimics co-transfected cells (P<0.05; Fig. 3D),
which further supported an interaction between SNHG12 and
miR-200c-5p.
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inhibitor compared with cells transfected with si-SNHG12 alone. (C) Flow cytometric analysis of apoptosis following si-SNHG12 and miR-200c-5p inhibitor
co-transfection compared with cells transfected with si-SNHGI12 alone. Untransfected RCC cells were used as the ‘blank’ control. "P<0.05. SNHG12, small
nucleolar RNA host gene 12; RCC, renal cell carcinoma; miR, microRNA; NC, negative control; si, small interfering RNA; 7-AAD, 7-Aminoactinomycin D.
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Figure 5. COL11ALl is a direct target of miR-200c-5p. (A) Relative COL11A1 expression levels in RCC tissues from The Cancer Genome Atlas database.
(P=0.0248) (B) Relative COL11A1 expression levels following the transfection with the miR-200c-5p mimics in RCC cell lines was detected using reverse
transcription-quantitative PCR. (C) Western blotting was used to determine the protein expression levels of COL11Al in the blank, miR-mimics-NC and
miR-200c-5p mimics group. (D) Luciferase reporter assay demonstrated a strong binding between the 3'-UTR of COL11A1 and miR-200c¢-5p. Untransfected
RCC cells were used as the ‘blank’ control. “P<0.05. SNHG12, small nucleolar RNA host gene 12; COL11AL1, collagen type XI al chain; RCC, renal cell
carcinoma; miR, microRNA; NC, negative control; WT, wild-type; MUT, mutant; UTR, untranslated region. The binding sites of COL11A1 and miR-200c-5p

were discovered using miRanda database.

SNHGI2 exerts an oncogenic role through the regulation
of miR-200c-5p. To determine whether SNGH12 exerted its
effects through miR-200c-5p, A498 and 7860 cell lines were
co-transfected with si-SNHGI12 and a miR-200c-5p inhibitor.
The transfection of the miR-200c-5p inhibitor into both cell
lines was successful, as the expression levels were signifi-
cantly downregulated compared with inhibitor NC (Fig. 4A).
The cell viability was significantly increased in both cell
lines co-transfected with si-SNHG12 and the miR-200c-5p
inhibitor compared with si-SNHG12 alone (Fig. 4B). In addi-
tion, in both cell lines, the percentage of apoptotic cells in the
si-SNHGI12 + miR-200c-5p inhibitor group was significantly

decreased compared with the si-SNHG12 group (P<0.05;
Fig. 4C). Altogether, these observations suggested that
SNHGI2 may exert its oncogenic role through downregulating
miR-200c-5p.

COLI1Al is a direct target of miR-200c-5p. TargetScan and
miRcode were used to determine target genes of miR-200c-5p,
which identified COL11A1 as one of the predicted targets.
COLI11ALl is associated with adhesion and extracellular matrix
remodeling (27), which are both important processes in RCC.

The relative expression levels of COL11A1 were evalu-
ated in datasets from patients with RCC and normal kidney
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Figure 6. COL11ALl participates in the progression of RCC through the SNHG12/miR-200c-5p/COL11A1 axis. (A) COL11A1 expression levels were discov-
ered to be regulated by SNHGI2 in a miR-200c-5p-dependent manner. COL11A1 expression levels were analyzed using RT-qPCR. (B) Expression levels of
SNHGI12 and COL11A1 were analyzed using RT-qPCR following the transfection with pcDNA3.1-SNHGI2 or si-COLI11Al, respectively. (C) miR-200c-5p
inhibitor rescued COL11A1 expression levels downregulated by si-SNHGI12. (D) Flow cytometric analysis of apoptosis was performed in cells co-transfected
with pcDNA3.1-SNHG12 and si-COLI11AL1. (E) Quantification of the apoptosis results were shown as bar plots. (F) Cell viability was determined using an MTT
assay following the transfection with pcDNA3.1-SNHG12 + si-COL11A1. “P<0.05. SNHG12, small nucleolar RNA host gene 12; COL11A1, collagen type XI a.l
chain; miR, microRNA; NC, negative control; si, small interfering RNA; RT-qPCR, reverse transcription-quantitative PCR; 7-AAD, 7-Aminoactinomycin D.

tissues obtained from TCGA database. The expression levels
of COL11A1 were significantly upregulated in the tissues from
patients with RCC compared with the normal tissues (Fig. 5A).
Subsequently, to determine whether COL11A1 was affected
by miR-200c-5p, A498 and 7860 cell lines were transfected
with miR-200c-5p mimics. The mRNA expression levels of
COLI11A1 were significantly downregulated following the
transfection with the miR-200c-5p mimics (Fig. 5B). A similar
trend was observed in the protein expression levels of COL11A1
(Fig. 5C). Moreover, the relative luciferase activity was signifi-
cantly decreased in cells transfected with the COL11A1-WT
3'-UTR construct compared with the COL11A1-MUT 3'-UTR
construct, which indicated that COL11A1 was a direct target
of miR-200c-5p (Fig. 5D). The binding sites of COL11A1 and
miR-200c-5p was discovered using miRanda database.

SNHGI2 regulates COLIIAI expression levels through
miR-200c-5p. To investigate whether SNHGI12 regulated
COLI11AL1 expression levels by interacting with miR-200c-5p,
COL11A1 mRNA expression levels were analyzed following
the transfection with si-SNHGI12 and the miR-200c-5p
inhibitor. The transfection with si-SNHGI12 significantly
downregulated the expression levels of COL11A1 compared
with the si-SNHG12 + miR-200c-5p inhibitor transfection

(Fig. 6A). Thus, these findings indicated that the inhibition of
miR-200c-5p may partially reverse COL11A1 downregulation
induced by si-SNHG12, indicating that SNHG12 may regulate
COLI11AL1 expression levels through miR-200c-5p.

To confirm whether SNHG12 exerted its role through
COLI11A1, A498 and 7860 cell lines were transfected with the
pcDNA3.1-SNHGI2 overexpression vector or si-COLI11A1.
The transfection efficiency was proven to be successful
(Fig. 6B and C), and MTT and apoptotic assays were
subsequently performed. The cell viability was significantly
decreased and the apoptotic rate was significantly increased
in cells co-transfected with both pcDNA3.1-SNHG12 and
si-COL11A1 compared with the cells transfected with
pcDNA3.1-SNHGI2 alone (Fig. 6D and E). These findings
indicated that the effect of SNHGI2 on the growth of RCC
cell lines may be mediated, at least in part, by COL11A1.

Discussion

Previous studies have indicated that IncRNAs were vital to
physiological and pathological processes (28-30). In fact,
several IncRNAs have been associated with RCC; for example,
in one study, the IncRNA metastasis associated lung adeno-
carcinoma transcript 1 interacted with miR-205 to promote
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aggressive RCC (31), whereas in another study, the IncRNA
HOTAIR regulated HIF-a/AXL signaling by inhibiting
miR-217 (9). Nevertheless, to the best of our knowledge, the
role of SNHGI2 in RCC remains unclear.

SNHGI?2 has been extensively investigated in several types
of cancer, including papillary thyroid carcinoma, cervical
cancer, lung cancer, osteosarcoma and hepatocellular carci-
noma (15,16,18,32,33). A previous study has reported that
SNHGI2 promoted tumor progression in non-small cell lung
carcinoma by binding to miR-218 and miR-181a, which regu-
lated Slug/zinc finger E-box binding homeobox (ZEB)2 and
mitogen activated protein kinase/Slug signaling (34).

The present study demonstrated that SNHG12 expression
levels were upregulated in the tissues from patients with RCC
compared with the normal kidney tissues. This finding was
further validated in the A498 and 7860 RCC cell lines and
patient samples. In addition, it was observed that SNHG12
knockdown significantly suppressed cell viability and invasion
and promoted apoptosis in vitro. Moreover, analysis of TCGA
data indicated that high SNHGI12 expression levels were
associated with poor clinical outcomes, a lower histological
differentiation, advanced clinical stages and metastasis.
Overall, these results suggested that SNHG12 may serve as an
oncogene in RCC.

The ceRNA theory is widely accepted in the study of
IncRNAs. According to the ceRNA theory, IncRNAs regulate
gene expression by functioning as miRNA sponges, thereby
interfering in the binding between miRNAs and target
genes (35). Several studies have suggested that miR-200c-5p
may function as a tumor suppressor gene in RCC (36-40).
Indeed, miR-200c-5p inhibited RCC cell migration and inva-
sion and participated in demethylation drug-induced decreased
cell migration and invasion (41). Moreover, miR-200c-5p was
reported to serve as a sponge for the IncRNA HOTAIR in the
ceRNA network, whereby it regulated RCC progression through
several oncogenes, including VEGFA, ZEBI1 and ZEB2 (40). In
the present study, miR-200c-5p was also discovered to interact
with SNHGI2, as validated by luciferase reporter assay, thus
the findings suggested that SNHG12 may function as an onco-
gene in RCC through regulating COL11A1 expression levels by
sponging miR-200c-5p. This was validated using a luciferase
reporter assay, which demonstrated that the 3'-UTR of both
SNH12 and COL11A1 were strongly bound to miR-200c-5p.

COL11A1, a primary interstitial extracellular matrix
constituent, is one of the most frequently upregulated genes
identified in chemoresistant tumors relative to normal
tissues (42). Notably, COL11A1 was previously discovered to
be associated with poor survival in patients with RCC, owing
to its high expression levels in the tumor tissues compared with
the normal kidney tissue (27). COL11A1 also promoted tumor
progression in ovarian cancer (43) and it was associated with
poor survival in multiple other types of cancer (e.g. pancre-
atic and colon cancer) (44-46). In addition, a previous study
suggested that COL11A1 may be a highly specific biomarker
and molecular signature of cancer-associated fibroblasts, as
it was detected in several epithelial cancers, including lung
cancer, ovarian cancer, head and neck cancer, brain cancer,
glioma, colon cancer, liver cancer, bladder cancer, adrenocor-
tical cancer, kidney cancer and mesothelioma, according to
data from TCGA database (44). Thus, targeting COL11A1 or
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COLI11Al-associated genes may serve as an attractive thera-
peutic target for RCC.

The function of miR-200c-5p and COL11A1 was further
analyzed in RCC cells using rescue assays, which indicated
that miR-200c-5p upregulation increased the rate of cell apop-
tosis and decreased cell viability. COL11A1 knockdown also
led to the same results, which was consistent with previous
findings (27).

In conclusion, the findings of the present study suggested
that SNHG12 may contribute to RCC progression by serving
as an oncogene, sponging miR-200c-5p and thereby upregu-
lating the expression levels of COL11Al. Thus, the present
study provided further insight into the role of SNHG12 in RCC
development.
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