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Background: Data on the expression of RCC tissues from the GEO database and patient survival data from TCGA were used
to explore the prognostic significance of long noncoding RNA SNHG1. SNHG1 has been reported to participate
in the development of several cancers, but, the underlying mechanism of SNHG1 in renal cell carcinoma (RCC)
has not been reported. The purpose of our study was to investigate the potential function of SNHG1 in RCC.

Material/Methods: The expression of SNHG1 in 40 cases of RCC and adjacent normal tissues and 5 cell lines was detected by qRT-
PCR. Cell proliferation, Transwell assay, and Western blotting assay were carried out to investigate the biolog-
ical function of SNHG1. A rescue experiment was performed to verify that miR-137 can partly impede the ef-
fect of SNHG1 on renal cancer cells.

Results: SNHG1 was identified to be overexpressed in RCC tissues and RCC cell lines. High levels of SNHG1 were corre-
lated with poor prognosis of RCC patients. Knockdown of SNHG1 suppressed the proliferation, invasion, and
EMT capacity in RCC. Moreover, miR-137 abrogated the effect of SNHG1 on RCC.

Conclusions: SNHG1 is significantly upregulated in RCC and renal cancer cell lines. Overexpression of SNHG1 participates in

RCC tumorigenesis by regulating miR-137.
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Background

Renal cell carcinoma (RCC) is one of the most common malig-
nant urogenital neoplasms due to space-occupying lesions; it
accounts for ~3% of all malignancies and ~90 000 patients
die from RCC each year [1]. In addition, the 5-year survival
rate of RCC is <40%. RCC is derived from renal proximal tu-
bule cells and has clear-cell, papillary, and chromophobe sub-
types [2-4]. Despite progress in therapeutic and biological
approaches, current treatments are not considered to be ef-
fective [5,6]. Although surgical tumor resection is the optimal
treatment strategy at present, the metastasis rate of RCC re-
mains high (~10%) [7]. Therefore, it is necessary to find an ef-
fective molecular biomarker to predict early metastasis and
develop new therapeutic approaches for RCC.

Long noncoding RNAs (IncRNAs) are a class of noncoding RNAs
longer than 200 nucleotides with limited protein-coding ca-
pacity [8]. In the past, these long noncoding transcripts were
regarded as transcriptional “noise” or cloning artifacts [9], but
increasing evidence reveals that IncRNAs play important roles
in various cell processes, including transcriptional regulation,
cell proliferation, and nuclear import [10]. These findings have
demonstrated the potential of IncRNAs as a promising therapeu-
tic target. Recent studies have shown the biological functions
of IncRNAs in various human cancers, including RCC [11,12].

LncRNA small nucleolar RNA host gene 1 (SNHG1) located on
11q12.3 and was verified to be upregulated in various types of
cancer and was confirmed as an independent prognostic fac-
tor [13-16]. In addition, studies showed that IncRNA SNHG1
functions as an oncogene in lung cancer development, and high
levels of SNHG1 are associated with tumor size, TNM stage,
and poor prognosis of lung cancer patients [17]. Liu et al. re-
ported that SNHG1 suppresses tumor progression of nasopha-
ryngeal carcinoma and functions as a ceRNA to antagonize the
effect of miR-145a-5p [18]. Wang et al. reported that SNHG1
is overexpressed in prostate cancer and negatively regulates
miR-199a-3p expression [19].

The present study shows that SNHG1 is overexpressed in RCC tis-
sues and cell lines and SNHG1 negatively influences the effect of
miR-137 and promotes cell proliferation and invasion and induc-
es EMT. The IncRNA SNHG1 might be potential therapeutic ap-
proach for the treatment of RCC by direct interaction with miR-137.

Material and Methods

Cell lines and clinical tissues

Human RCC cell lines A-498, ACHN, 786-0, and Caki-1 were
purchased from the Chinese Academy of Sciences (Shanghai,
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China). Human Kidney cells (HK-2) were purchased from the
American Type Cell Culture Collection (ATCC; Rockville, MD, USA).
These cells were incubated in RPMI-1640 (Gibco, Los Angeles,
CA, USA) supplemented with 10% fetal bovine serum (Gibco)
and maintained at 37°C in an atmosphere containing 5% CO,.

Human renal cancer tissues and adjacent normal tissues were
collected from 40 patients with histologically confirmed renal
cancer who underwent radical nephrectomy at the Second
Hospital of Jilin University between May 2011 and December
2016. All RCC cases were confirmed by a senior pathologist
and were staged based on the 2011 Union for International
Cancer Control TNM classification of malignant tumors. No pa-
tients had received any anticancer treatment. All tissues were
pathologically confirmed and immediately snap-frozen in liquid
nitrogen and stored at —80°C until RNA extraction. Written in-
formed consent for research purposes was obtained from each
patient. All procedures conformed to the Declaration of Helsinki
and all applicable international, national, and/or institutional
guidelines for the care and use of animals were followed. The
study was approved by the Institutional Review Board of the
Second Affiliated Hospital of Jilin University (Changchun, China).

Gene set enrichment analysis with SNHG1 expression

Data on 3 RCC tissues and 3 matched normal samples was
downloaded from the Gene Expression Omnibus (GEO) data-
base (GSE100666, https://www.ncbi. nlm.nih.gov/geo/query/
acc.cgi?acc=GSE100666). Clinical data were obtained from the
Cancer Genome Atlas (TCGA) database (http://cancergenome.
nih.gov). Gene Ontology (GO) term analysis was performed us-
ing the Database for Annotation, Visualization, and Integrated
Discovery (DAVID) v6.8. Significantly enriched gene sets were
investigated, which produced a nominal P-value 0.05.

Quantitative reverse-transcription polymerase chain
reaction (qRT-PCR)

Total RNA was collected from clinical tissues and cultured cells
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). gRT-PCR
was displayed 3 times in an ABI 7500HT fast real-time PCR
System (Applied Biosystems) according to the manufactur-
er’s protocols. To verify the expression of SNHG1 and miR-
137, endogenous mRNA was generated with a lightcycler-480
(Roche) using the SYBR Green PCR Master Mix kit (Applied
Biosystems). Relative gene expression levels were calculated
by comparing them to the expression level internal standard
using 274% method.

Plasmids, oligonucleotides, and cell transfection

SNHG1 siRNA, miR-137 mimics, miR-137 inhibitor, or negative
control (NC) were obtained from Genechem (Shanghai, China).
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Transfection into cells was conducted using Lipofectamine
2000™ (Invitrogen) in 6-well plates. The human SNHG1 Luc-
reporter was used in the ligation of the SHNG1 3’-untranslated
region (UTR) PCR product. The psiCHECK2 vector (Genechem,
Shanghai, China) was used to construct the SNHG1 3’UTR con-
taining reporter.

Dual-luciferase reporter assay

O cells were co-transfected with psiCHECK2-SNHG1 wild-type
(WT) or mutant-type (MUT), miR-137, and NC mimics. After 48
h, luciferase activity was detected using the Dual-Luciferase
Reporter Assay System (Promega) according to the manufac-
turer’s instruction. Renilla luciferase activity was utilized as
an internal control. Luciferase activity was measured with the
Dual-Luciferase Reporter Assay System (Promega Corporation).

Cell viability and colony formation assay

The number of RCC cells was evaluated using the Cell Counting
Kit (CCK-8) (Dojindo, Japan) and detected at a wavelength of
490 nm, then the optical density was calculated. For colony for-
mation assays, transfected cells were seeded onto 6-well plates
(200 cells per well) and cultured for a further 14 days. Then,
cells were fixed with formalin and stained with Giemsa (Sigma-
Aldrich). Subsequently, the colonies (>50 cells) were counted.

Cell invasion assays

Transfected cells were seeded into the Matrigel membrane
(Costa, Corning, NY, USA) in the upper chamber in serum-free
medium. In the lower chamber, RPMI-1640 medium with 20%
FBS was applied for 24 h, then the medium in the upper cham-
ber was removed and the non-invading cells were wiped away.
To cells in the lower chamber, we added 4% paraformaldehyde,
then we stained them with 0.1% crystal violet and counted
them under a microscope.

Western blot analysis

Total protein was lysed with RIPA buffer (Pierce; Thermo Fisher
Scientific, Waltham, MA, USA) containing protease inhibitors
cocktail (Roche, USA). Protein concentration were measured
with the BCA protein assay kit (Bio-Rad Laboratories, CA, USA).
We added 10% SDS-PAGE to separate equal amounts of protein
(50 pg) and blotted them onto polyvinylidene fluoride mem-
branes (PVDF, EMD Millipore, Billerica, MA, USA). Membranes
were blocked with 5% non-fat milk (w/v) at room temperature
for 1 h and incubated with the specific rabbit anti-human anti-
bodies E-cadherin (1: 1000 dilution, Cell Signaling Technology,
USA), N-cadherin (1: 1000 dilution, Cell Signaling Technology,
USA), Vimentin (1: 1000 dilution, Cell Signaling Technology,
USA), and mouse anti-human GAPDH (1: 500, Santa Cruz,

Zhao S. et al.:
Long noncoding RNA SNHG1 promotes RCC via miRNA-137
© Med Sci Monit, 2018; 24: 3824-3831

USA) at 4°C overnight. Immunodetection was visualized on a
Gel Doc 2000 imaging system (Bio-Rad Laboratories, CA, USA).

Immunofluorescence staining

We added 4% paraformaldehyde to cells for 20 min and 0.1%
Triton x-100 for 5 min. The samples were washed and blocked
with 5% BSA in PBS for 1 h, then incubated with primary an-
tibodies against Vimentin (1: 100 dilution, Cell Signaling
Technology, USA) at 4°C overnight, then fixed them with fluores-
cence-labeled rabbit secondary antibody (1: 100, ProteinTech)
for 1 h at room temperature. The nuclei were counterstained
with DAPI for 10 min and assessed using fluorescence mi-
croscopy (Nikon).

Statistical analysis

All results are presented as the mean +SD of 3 independent
experiments. Statistics were analyzed using the SPSS Graduate
Pack, version 19.0, statistical software (SPSS, Chicago, IL, USA).
Pearson’s rank correlation analysis was used to analyze corre-
lations between SNHG1 and miR-137. Comparisons between
groups were determined using the two-tailed ¢ test or one-way
ANOVA. P<0.05 was considered to be statistically significant.

Results

SNHG1 was upregulated in RCC tissue and correlated with
poor prognosis

To investigate whether SNHG1 was involved in the develop-
ment of RCC, we explored SNHG1 expression by using micro-
array data downloaded from Gene Expression Omnibus (GEO;
GSE100666) and found that SNHG1 level was significantly over-
expressed in RCC tissues compared with that in adjacent normal
tissues (Figure 1A). The volcano plot showed that SNHG1 has
over 2-fold case-control differences with a p<0.01 (Figure 1B).
To further elucidate the involved function activated by SNHG1,
we detected the associated genes expression profiles using
data collected from the Gene Ontology (GO) database. The
most prominent GO biological processes included cell migra-
tion, metal ion-binding site, and zinc ion binding (Figure 1C).
Analysis of the TCGA database indicated that higher SNHG1
expression in RCC was correlated with shorter overall surviv-
al (Figure 1D; P<0.01). Then, we examined SNHG1 expression
levels in 40 CRC tissues and adjacent normal tissues by em-
ploying quantitative real-time PCR (qRT-PCR) analysis. The re-
sult showed that SNGH1 expression was significantly upregu-
lated in RCC tissues (P<0.001) (Figure 1E). These findings show
that miR-137 may function as an oncogene in RCC genesis.
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Figure 1. SNHG1 is overexpressed in human RCC tissue and is correlated with poor prognosis. (A) Hierarchical clustering analysis
showing IncRNAs that are differentially expressed in paired renal cell carcinoma (n=3) versus matched normal tissue
(n=3) samples (fold change 2.0, P<0.05). (B) Differentially expressed IncRNAs in RCCs compared to normal tissues were
determined by volcano plot. (C) Top-ranked genes in GO term analysis using DAVID, indicating that genes related to the cell
invasion and migration were enriched among those affected by SNHG1 introduction. (D) Kaplan-Meier survival curve of RCC
patients (TCGA) based on the levels of SNHG1 expression (log-rank test, P=0.0053). (E) Upregulated level of SNHG1 was
measured in RCC tissues compared with adjacent normal tissues. (GAPDH was used as normalized control, P<0.001) with the
t test. Data are presented as mean + standard error based on at least 3 independent experiments.

Effect of miR-137 on RCC cell viability and invasion

Increased SNHG1 expression was also investigated in RCC
cells, including HK-2, ACHN, A-498, 786-0, and Caki-1 (P<0.05)
(Figure 2A). To identify the biological function of SNHG1 in the
progression of RCC, ACHN and 786-0 cells were transfected
with si-SNHG1 and NC, then cell growth vitality and invasion
were explored. The result showed that SNHG1 silencing re-
duced RCC cell proliferation (Figure 2B). Colony formation as-
say indicated that knockdown of SNHG1 decreased the clone
numbers in ACHN and 786-0 cells (Figure 2C). Then, we as-
sessed the effect of SNHG1 silencing in reducing RCC invasion
capacity (Figure 2D). These results suggested the suppressive
function of SNHG1 silencing on RCC cells in vitro.

Downregulation of SNHG1 regulated epithelial-
mesenchymal transition (EMT) in RCC

Invasion and metastasis play an important role in tumorigen-
esis. It is a complex process and the epithelial-mesenchymal
transition (EMT) has become the classical and integral tumor

invasion and metastasis component in recent years. To deter-
mine the function of SNHG1 silencing on RCC metastasis, the
expression of E-cadherin, Vimentin, and N-cadherin were detect-
ed using Western blot and qRT-PCR. Data showed that SNHG1
silencing significantly increased the expression of E-cadherin,
while the expressions of Vimentin and N-cadherin were down-
regulated (Figure 3A, 3B). The correlations of the SNHG1 ex-
pression level with Vimentin were further studied in the cohort
of RCC samples from the TCGA database. The results indicat-
ed that SNHG1 expression was significantly correlated with
the expression of Vimentin (R=0.47, P<0.05) (Figure 3C, 3D).
Taken together, these data suggest that SNHG1 is associated
with EMT and tumor metastasis in RCC.

SNHG1 targeted with miR-137 at 3°UTR

Using miRDB and Starbase database blast prediction, we
found that SNHG1 has a putative miR-137 targeting site,
which was validated by luciferase reporter assay (Figure 4A).
We found that restoration of miR-137 expression significant-
ly decreased the luciferase activity of WT-SNHG1-3’UTR, but
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Figure 2. Knockdown of SNHG1 suppressed the proliferation and invasion of RCC cells in vitro. (A) SNHG1 expression level in RCC cell
lines (ACHN, A-498, 786-0, and Caki-1) and HK-2 cells were conducted using qRT-PCR analyses. (B) RCC cell viability was
analyzed using CCK-8 assay. (C) RCC cells treated with Negative Control (NC) or si-SNHG1 were cultured for 14 days, and
colony formation assay was conducted. (D) RCC cell invasion ability was explored by Transwell assays. Data are presented as
mean + standard error based on at least 3 independent experiments. * P<0.05, ** P<0.01 and *** P<0.001.

not MUT-SNHG1-3’UTR in 786-0 cells (Figure 4B). We then ex-
plored whether the mRNA levels of miR-137 in RCC cells are
regulated by SNHG1. The results revealed that SNHG1 silenc-
ing increased the mRNA expression of miR-137 in RCC cells
(Figure 4C). In addition, miR-137 expression was substantially
reduced compared to the 40 RCC tissues with the pair-matched
normal tissues (P<0.001) (Figure 4D). Analysis of the TCGA da-
tabase indicated that low levels of miR-137 in RCC were cor-
related with better prognosis (Figure 4E). A significant inverse
correlation between SNHG1 and miR-137 was identified at the
mRNA level (R=—0.4962, P=0.0011) (Figure 4F). Taken togeth-
er, these results demonstrate that miR-137 targeted SNHG1
at 3’UTR and miR-137 was negatively correlated with SNHG1.

miR-137 abrogated the function of SNHG1 in 786-0 cells

It had been demonstrated that miR-137 is inversely correlat-
ed with SNHG1 in RCC tissues. The expression of miR-137 was
significantly decreased in RCC cells, and 786-0 cells were se-
lected for use in the rescue experiment (Figure 5A). The re-
sults indicated downregulation of miR-137 decreased the ex-
pression of miR-137 induced by SNHG1 siRNA (Figure 5B).
Colony formation assay showed that miR-137 inhibitor sup-
pressed the proliferation capacity induced by silencing the
expression of SNHG1 (Figure 5C). Transwell assay showed
miR-137 inhibitor suppressed the invasion ability induced by

silencing the expression of SNHG1 (Figure 5D). Overall, these
results reveal that miR-137 reverses the biological effect of
SNHG1 on RCC cells.

Discussion

RCC is a highly invasive cancer and despite current treatments,
the 5-year survival rate is still poor. Previous studies demon-
strated that aberrantly expressed molecules in tumors play
important roles in tumorigenesis and predict patient survival
outcomes. Cancer-specific IncRNAs have been verified to con-
tribute in tumor progression and its underlying mechanism
has attracted research attention [20]. However, the relation-
ship between IncRNAs and RCC tumorigenesis is still unclear.

The present research is the first to investigate the expression
of SNHG1 in RCC, indicating the high level of SNHG1 and the
low expression of miR-137 in RCC tissue and cell lines.

The present study reveals that high levels of SNHG1 predict
poor prognosis for RCC patients. We found that downregula-
tion of SNHG1, as an oncogene in RCC, suppresses RCC cell
proliferation and invasion capacity in vitro and inhibits the
EMT process. Our research showed that SNHG1 exerted its ef-
fect on RCC mainly by directly targeting miR-137. To support
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Figure 3. Expression of EMT markers in RCC cells. (A, B) Western blot and qRT-PCR analyses of the EMT-related proteins, E-cadherin,
Vimentin, and N-cadherin were detected. (C) Correlation between SNHG1 and miR-137 expression in TCGA database
(R=-0.4962, P=0.0011). (D) Immunofluorescent staining assay revealed a downregulated expression of Vimentin in si-
SNHG1 cells (magnification x400). Scale bars=100 uym. Data are presented as mean + standard error based on at least 3

independent experiments. * P<0.05 and ** P<0.01.

our theory, we further investigated miR-137 tumor suppressor
function, showing that transfection of miR-inhibitor could im-
pede si-SNHG1 tumor suppressive effect on RCC growth and
invasion capacity. These findings confirmed the synergistic re-
lationship between SNHG1 and miR-137 in modulating tumor
progression of RCC. This study revealed that overexpression of
SNHG1 conferred a potent oncogenic signal in RCC and may
be a novel therapeutic target in renal cancer.

The competing endogenous RNA (ceRNA) theory is the most im-
portant theory regarding IncRNA and IncRNA has been shown
to be a sponge for regulating the expression and function of
miRNA [21]. Lung adenocarcinoma transcript 1 (MALAT1) was
identified to be an oncogene and may exert its effect by tar-
geting with its P53 and PC2 [22]. The IncRNA MIAT (myocardial
infarction-associated transcript) regulates cancer cell biologi-
cal function by the MIAT/miR-29a-3p/HDAC4 axis, which may
play a vital role in the diagnosis of gastric cancer [23]. In lung
cancer, SNH1 was overexpressed in tissues and cell lines and

was related to tumor size and TNM stages [24]. Jiang et al. re-
vealed that SNHG1 contributed to the progression of osteosar-
coma and miR-577 could act as a ceRNA of SNHG1. The linc-
SNHG1/miR-577/WNT2B axis regulatory network might provide
a novel therapeutic approach [25]. Zhang et al. confirmed that
SNHG1 exacerbated hepatocellular carcinoma through sup-
pressing miR-195 [26].

Based on this evidence, we conclude that SNHG1 function as
a ceRNA of miR-137 and we have confirmed that the expres-
sion of miR-137 in RCC was significantly lower than in normal
tissues and normal kidney cells. Sang et al. reported that miR-
137 was downregulated in RCC and could suppress cell migra-
tion and invasion capacity [27]. Using Pearson’s correlation in
the TCGA database, we found that the level of miR-137 was
negatively correlated with SNHG1 mRNA expression. Then, we
explored the putative binding site between SNHG1 and miR-
137 using luciferase reporter assay. These results suggested
that SNHG1 functions as a ceRNA by sequestering miR-137.
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Figure 4. SNHG1 was targeted by miR-137 at 3’UTR. (A) The predicted sequence of miR-137 in the 3’UTR of SNHG1 is verified.
(B) Relative luciferase report assay in 786-0 cells co-transfected with miR-137 or NC and wild-type or mutant SNHG1 3’UTR.
(€) miR-137 expression was measured by qRT-PCR assay following transfection with si-SNHG1 and NC. (D) Expression of miR-
137 was identified in RCC tissues compared with adjacent normal tissues (P<0.001). (E) Patients with low level of miR-137
had better prognosis compared with those with high level in TCGA database (log-rank test, P=0.00067). (F) The correlation
between SNHG1 and miR-137 levels was detected. Data are presented as mean + standard error based on at least 3
independent experiments. * P<0.05 and ** P<0.01.
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Figure 5. miR-137 reversed the effect of SNHG1 in RCC cells. (A) Expression of miR-137 in RCC cell line was displayed by gRT-PCR
assay. (B) Expression of miR-137 in 786-0 cells co-transfected with si-SNHG1 and miR-137 inhibitor. (C) Colony formation
assay was conducted. (D) Invasion ability was determined by Transwell assays. Data are presented as mean * standard error
based on at least 3 independent experiments. * P<0.05, ** P<0.01 and *** P<0.001.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Zhao S. et al.:
Long noncoding RNA SNHG1 promotes RCC via miRNA-137
© Med Sci Monit, 2018; 24: 3824-3831

Conclusions

Our results demonstrate that SNHG1 functions as an onco-
gene by sponging miR-137 or acting as its ceRNA. It can pro-
mote proliferation, metastasis, and invasion of RCC cells, which
is upregulated in RCC tissues and cells. These findings show
that SNHG1 may be a potential therapeutic target in the treat-
ment of RCC.
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