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ABSTRACT

Lung cancer is the most common and aggressive tumor in the world. Long non-
coding RNA small nucleolar RNA host gene 1 (IncRNA SNHG1) play critical roles in
the progression of cancers. However, the function and underlying mechanism remain
unclear in lung cancer. In the current study, we found that expression of SNHG1 was
up-regulated in non-small cell lung cancer (NSCLC) tissues and cell lines. NSCLC
patients with high SNHG1 expression were significantly correlated with larger tumor
size, advanced TNM stage, lymph node metastasis and poor overall survival than
patients with low SNHG1 expression. Furthermore, function assays showed that
SNHG1 inhibition suppressed NSCLC cell proliferation both in vitro and in vivo. We
also found that miR-101-3p could act as a target of SNHG1 in NSCLC and the inhibition
of NSCLC progression induced by SNHG1 knockdown required the activity of miR-
101-3p. In addition, we identified that SOX9 acted as a target of miR-101-3p, and
SOX9 played the oncogenic role in NSCLC by activating Wnt/B-catenin signaling
pathway. Taken together, our study suggested that IncRNA SNHG1 could promote
NSCLC progression via miR-101-3p and SOX9. The SNHG1/miR-101-3p/S0X9/Wnt/B-
catenin axis regulatory network might provide a potential new therapeutic strategy
for lung cancer treatment.

INTRODUCTION

Lung cancer is the main cause of cancer-related
mortality in the world, and about 1.4 million people
are diagnosed with lung cancer every year [1, 2]. Two
main sub-types of lung cancer are named as non-small
cell lung cancer (NSCLC) and small cell lung cancer
(SCLC), which account for approximately 80—85% and
15-20% respectively [3]. Although encouraging progress
in the diagnosis and treatment for lung cancer, the overall
survival rate remains unfavorable [4]. The high mortality
is probably related to early metastasis [5]. Thus, a
better understanding of the mechanisms involved in the
progression of NSCLC and more effective therapeutic
approaches are instantly required.

Long non-coding RNAs (IncRNAs) are a class
of non-coding RNAs, whose length is more than 200

nucleotides [6]. Recently, many IncRNAs are known
to play important roles in cellular development,
differentiation, and many other biological processes
[7-9]. The dysregulation of IncRNAs have been shown
in types of cancer. For example, Zhang et al. showed
that upregulation of IncRNA MALAT1 correlated with
tumor progression and poor prognosis in clear cell
renal cell carcinoma [10]. Li et al. showed that IncRNA
BANCR promoted proliferation in malignant melanoma
by regulating MAPK pathway activation [11]. Ke et al.
reported that knockdown of IncRNA HOTAIR inhibited
malignant biological behaviors of human glioma cells
via modulation of miR-326 [12]. However, the clinical
significance and biological mechanisms of IncRNAs in the
progression of NSCLC remain largely unknown.

In the present study, we found that IncRNA SNHG1
was increased in NSCLC tissues and cell lines, high
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expression of SNHG1 was correlated with larger tumor
size, advanced TNM stage, lymph node metastasis
and poor overall survival of NSCLC patients. Function
analysis showed that SNHGI1 inhibition suppressed
NSCLC cell proliferation both in vitro and in vivo. In
addition, flow cytometric analysis revealed that the
inhibitory effect of SNHG1 inhibition on NSCLC cell
proliferation was by causing G1/G0 phases arrest and
inducing cell apoptosis. We further identified miR-101-3p
as a target for SNHGI1. In addition, we suggested that
SOXO9 acted as a target of miR-101-3p and played the
oncogenic role in NSCLC progression by activating Wnt/
B-catenin signaling pathway. Taken together, our data
suggested that IncRNA SNHG! could promote NSCLC
progression via miR-101-3p and SOX9, and that Wnt/p-
catenin signaling pathway was involved in the regulatory
mechanism.

RESULTS

LncRNA SNHGT is up-regulated in NSCLC

To determine whether IncRNA SNHGI was
associated with progression of NSCLC, we explored
SNHG1 expression in TCGA Data Portal from starBASE
v2.0. Our findings showed that SNHG1 was higher
expression in tumor tissues compared to normal tissues
in lung adenocarcinoma (LUAD) and lung squamous
cell carcinoma (LUSC) (Figure 1A; P < 0.05). SNHGI
expression was also up-regulated in cancer tissues
compared to normal counterparts in LUAD and LUSC
(Figure 1B; P < 0.05). To support this conclusion, we
explored SNHG1 expression in NSCLC tissues and cell
lines by qRT-PCR. Our findings showed that SNHG1
expression was significantly increased in NSCLC tissues
compared to adjacent non-tumor tissues (Figure 1C;
P <0.05). In addition, we found that SNHG1 expression
was ubiquitously increased in 4 lung cancer cell lines
(A549, SPC-A1, H23 and NCI-H520) compared to human
bronchial epithelial cell line 16HBE (Figure 1D; P < 0.05).
Taken together, these data suggested that SNHG1 might
play a key role in NSCLC development and progression.

Up-regulation of IncRNA SNHGI is correlated
with overall survival of NSCLC patients

To further understand the significance of IncRNA
SNHG1 wup-regulation in NSCLC, we explored the
correlation between SNHGI expression and clinical
features of NSCLC patients. We divided the 68 patients
into two groups according to the median expression level
of SNHG1 (high SNHG1 group: SNHGI1 expression ratio
> median; low SNHG1 group: SNHGI expression ratio
< median). Our data showed that SNHG1 expression
in NSCLC tissues was significantly associated with
larger tumor size, advanced TNM stage and lymph node

metastasis (Table 1, P < 0.05). However, there was no
significantly correlation of SNHGI1 expression with
other clinical features such as age, gender, histology and
differentiation (Table 1, P > 0.05). In addition, Kaplan-
Meier analysis and log-rank test were used to evaluate the
effects of SNHG1 on overall survival of NSCLC patients.
We found that high SNHG1 expression in NSCLC patients
had a poor overall survival than NSCLC patients with low
SNHG1 expression (Figure 1E; P < 0.05).

LncRNA SNHG1 knockdown inhibits NSCLC
cell proliferation in vitro

In order to investigate the function of IncRNA
SNHGI in NSCLC, we reduced expression of SNHG1
by transfecting siRNA specifically targeting SNHG1 (si-
SNHGT1), qRT-PCR showed that SNHG1 expression was
obviously downregulated in si-SNHGT transfected A549
and SPC-A1 cells compared to cells transfected with si-NC
(Figure 2A; P <0.05). CCK-8 assay showed that SNHG1
inhibition significantly suppressed cell proliferation both
in A549 and SPC-A1 cell lines compared to si-NC group
(Figure 2B; P < 0.05). Next, flow cytometric analysis
was performed to further determine whether the function
of SNHG1 on NSCLC cell proliferation was by altering
cell-cycle progression or apoptosis. Cell-cycle analysis
showed that NSCLC cells transfected with si-SNHG1
were significantly stalled at the G1/GO phase compared
to cells transfected with si-NC (Figure 2C; P < 0.05). Cell
apoptosis analysis indicated that the apoptosis cells were
increased in NSCLC cells transfected with si-SNHG1
compare to si-NC group (Figure 2D; P < 0.05). Take
together, those findings suggested that knocked-down
SNHGT epression inhibited NSCLC cell proliferation by
inhibited cell cycle progression and induced cell apoptosis.

LncRNA SNHGT1 inhibition suppresses NSCLC
cell proliferation in vivo

To confirm whether SNHGI1 affect NSCLC
tumorigenesis, sh-SNHG1 or sh-NC transfected A549
cells were inoculated into nude mice. All mice developed
xenograft tumors at the injection site. As shown in
Figure 3A and 3B, tumor growth in sh-SNHG1 group
was significantly slower than that in sh-NC group
(P <0.05). Furthermore, the average tumor weight in the
sh-SNHG1 group was obviously lower than in sh-NC
group (Figure 3C; P < 0.05). These results suggested that
knockdown SNHG1 could inhibit proliferation capacity of
NSCLC cells in vivo.

MiR-101-3p is an inhibitory target of IncRNA
SNHG1

Recently, mounting evidence showed that IncRNAs
contain motif with sequence complementary to miRNAs
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and have an inhibition effect on miRNAs expression
and activity [13, 14]. To examine whether SNHG1 has
a similar mechanism in NSCLC, prediction of miRNA
target sites was performed by the online software starBase
v2.0 (Figure 4A). Ddual-luciferase reporter assay was
performed to explore whether SNHG1 was a functional
target of miR-101-3p. We found that the luciferase activity
was significantly decreased by the co-transfection of
miR-101-3p mimics and SNHG1-Wt rather than the co-
transfection of miR-NC and SNHG1-Wt, meanwhile, co-
transfection of miR-101-3p mimics and SNHG1-Mut did
not change the luciferase activity (Figure 4B). To further
support this conclusion, we explored the association
between SNHG1 and miR-101-3p expression from
TCGA Data Portal, we found that SNHG1 expression was
correlated with miR-101-3p expression in NSCLC tissues
(Figure 4C). In addition, we found that inhibition of
SNHGI by siRNA Ied to significantly increased expression
of miR-101-3p (Figure 4D; P < 0.05). However, up-
regulated expression of miR-101-3p was not able to affect
SNHGI1 expression (Figure 4E; P > 0.05). Thus, these
results indicated that miR-101-3p was an inhibitory target
for SNHGI in NSCLC progression.

SOXO9 is a target gene of miR-101-3p and is
regulated by SNHG1

We used TargetScan to predict target genes for
miR-101-3p, and SOX9 came out as one of the best
candidates (Figure 5A). In order to confirm the prediction,
we first constructed luciferase reporter plasmids harboring
either the wild-type 3-UTR of SOX9 or a mutant 3'-UTR
predicted to be insensitive to miR-101-3p. We transfected
HEK293T cells with the luciferase reporter plasmids,
together with miR-101-3p mimics. Our data showed that
miR-101-3p overexpression significantly reduced the
luciferase activity of the wild-type 3-UTR of SNHGI,
but not the mutant 3-UTR of SOX9 in HEK293T cells
(Figure 5B; P < 0.05). To further confirm the regulation
of SOX9 by miR-101-3p, we determined examined
the protein expression of SOX9 when miR-101-3p
was overexpressed. Our results showed that increased
expression of miR-101-3p markedly decreased the protein
levels of SOX9 (Figure 5C; P < 0.05). These findings
suggested that SOX9 was a target gene of miR-101-3p.

To further explore whether SOX9 was regulated
by SNHG1. In A549 and SPC-A1 cells, our data showed
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Figure 1: LncRNA SNHG1 was up-regulated in NSCLC. (A) The expression of SNHG1 among Pan-Cancer including 14 cancer
types from The Cancer Genome Atlas (TCGA) Data Portal from starBASE v2.0. (B) The expression of SNHG1 in normal or NSCLC
(LUAC and LUSC) from TCGA Data Portal. (C) The expression of SNHG1 was determined by qRT-PCR in 68 pairs of NSCLC tissues
(T) compared with adjacent non-tumour tissues (N). (D) The expression of SNHG1 was examined by qRT-PCR in four NSCLC cell
lines (A549, SPC-A1, H23 and NCI-H520) and human bronchial epithelial cell line 16HBE. (E) The Kaplan-Meier analysis showed that
NSCLC patients with high SNHG1 expression had a poor overall survival compared to patients with low SNHG1 expression. LUAC: lung

adenocarcinoma; LUSC: lung squamous cell carcinoma. *P < 0.05.
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Table 1: Correlation between IncRNA SNHGI1 expression and clinicopathological features in
NSCLC patients

IncRNA SNHG1

Parameters Group Total Low High P value
Gender Male 41 23 18 0.215
ende Female 27 1 16
<60 30 16 14 0.625
A
ge (years) > 60 38 18 20
Tumor size (cm) <3 cm 26 17 9 0.046
Hmor stze (¢ >3 cm 42 17 25
Histolo Adenoma 32 18 14 0.331
gy Squamous 36 16 20
. .. Well 20 13 7 0.110
Differentiation Moderate-Poor 48 21 27
TNM stage I 31 22 9 0.002
T1-111 37 12 25
Lymph node metastasis Absence 41 26 15 0.006
ymp Presence 27 8 19
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Figure 2: LncRNA SNHG1 inhibition suppressed NSCLC cell proliferation in vitro. (A) Relative expression of SNHG1 after
NSCLC cells transfected with si-SNHG1 or si-NC. (B) Effect of si-SNHG1 on cell proliferation of A549 and SPC-A1 cells was detected
by CCK-8 assay. (C) Effect of si-SNHG1 on cell cycle of A549 and SPC-A1 cells was detected by flow cytometry. (D) Effect of si-SNHG1
on cell apoptosis of A549 and SPC-A1 cells was detected by flow cytometry. *P < 0.05.
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Figure 3: LncRNA SNHG1 depletion inhibited tumor growth in vivo. (A) Tumor growth curves determined after injection of
A549 cells transfected with sh-SNHG1 or sh-NC. The tumor volume was calculated every 7 days from 2 to 7 weeks. (B) Photographs of
tumors excised 49 days after sh-SNHG1 transfected A549 cells injected into nude mice. (C) Tumor weight of nude mouse at the end of
49 days. *P < 0.05.
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Figure 4: LncRNA SNHGI1 directly interacted with miR-101-3p. (A) Sequence alignment of miR-101-3p with the putative
binding sites with in the wild-type regions of SNHGI. (B) Dual-luciferase reporter assay showed that miR-101-3p mimics reduced the
intensity of fluorescence in HEK293T cells transfected with SNHG1-Wt, while had no effect on the SNHG1-mut vector. (C) The correlation
between SNHG1 mRNA and miR-101-3p expression in NSCLC tissues. (D) qRT-PCR analysis of miR-101-3p expression in A549 and
SPC-A1 cells transfected with si-SNHGI or si-NC. (E) qRT-PCR analysis of SNHG1 expression in A549 and SPC-A1 cells transfected
with miR-101-3p or miR-NC. *P < 0.05.
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that inhibition of SNHGI reduced the protein levels of
SOX9 (Figure 5D; P < 0.05). Furthermore, we found that
knockdown of SNHG1 was no longer able to reduce SOX9
protein expression when miR-101-3p was suppressed
(Figure S5E; P < 0.05). Thus, these results suggested that
the regulation of SOX9 by SNHG1 required the activity
of miR-101-3p.

SOX9 activates the Wnt/p-catenin signaling
pathways

Recent studies showed that SOX9 playing crucial
roles in cancer cell proliferation, migration, angiogenesis
and survival [15]. To figure out the molecular mechanisms
of SOX9 oncogenic functions, the activities of Wnt/[-
catenin signaling pathway was detected in the A549 and
SPC-AT1 cell lines. Western blot showed that the protein
expression levels of B-catenin and c-Myc were markedly
reduced in the si-SOX9 transfected A549 cells compared

~

A

to si-NC group (Figure 6), indicating Wnt/B-catenin
signaling pathway was involved in SOX9 oncogenic
functions. Our data suggested that the SNHG1/miR-101-3p
/SOX9/Wnt/B-catenin axis play an important role in
NSCLC progression and development (Figure 7).

DISCUSSION

Accumulating evidence suggested that IncRNAs
were associated with tumor invasiveness and metastatic
potential, and were thought of as being diagnostic and
prognostic markers for several types of cancer, including
lung cancer [16]. For example, Chen et al. showed that
low expression IncRNA TUBA4B was a poor predictor of
prognosis and regulated cell proliferation in NSCLC [17].
Nie et al. found that IncRNA ANRIL promoted NSCLC cell
proliferation and inhibited apoptosis by silencing KLF2 and
P21 expression [18]. However, the function and underlying
mechanism of IncRNAs in NSCLC remain unclear.
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Figure 5: SOX9 is a target of miR-101-3p and is suppressed by SNHG1 inhibition. (A) A schematic illustration of wt and Mut
3'-UTR of SOX9. (B) Dual-luciferase reporter assay revealed that miR-101-3p inhibited wt SOX9 3'-UTR luciferase activity, while it had
no effect on Mut SOX9 3’-UTR luciferase activity in HEK293T cells. (C) Expression of SOX9 was determined by western blot in A549
and SPC-A1 cells transfected with miR-101-3p mimics or miR-NC. (D) Protein levels of SOX9 in A549 and SPC-A1 cells transfected with
si-SNHGT or si-NC explored by Western blot. (E) Protein levels of SOX9 expression in A549 and SPC-A1 cells transfected with si-SNHG1
or si-NC in the presence or absence of miR-101-3p inhibitor. *P < 0.05.
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Recent reports showed that SNHGT1 play important roles
in tumor progression. For example, Zhang et al. showed that
SNHGI was up-regulated in hepatocellular carcinoma (HCC)
and correlated with HCC progression, furthermore, they found
that SNHG1 promoted HCC cells proliferation through inhibiting
p53 and p53-target genes expression [19]. Sahu et al. indicated
that SNHGI acted as a novel predictor for event-free survival in
neuroblastoma [20]. Recently, You et al. showed that SNHG1
could promote cell proliferation in NSCLC [21]. However, the
clinical significance and underlying mechanism are still unclear.

In the present study, we found that SNHGI
expression in NSCLC tissues was significantly increased
compared to adjacent non-tumor tissues. High expression
of SNHG1 in NSCLC patients was associated with larger
tumor size, advanced TNM stage, lymph node metastasis
and poor overall survival. Furthermore, we explored the
biological function of SNHG1 in NSCLC. Our results
showed that SNHGI inhibition markedly suppressed
NSCLC cell proliferation both in vitro and in vivo. In
addition, flow cytometric analysis revealed that the
inhibitory effect of SNHG1 on NSCLC cell proliferation
by causing G1/GO phases arrest and inducing cell
apoptosis. These data suggested that SNHG1 acted as a
tumor oncogene in NSCLC progression.

In recent years, IncRNA has been shown to be
a sponge for regulating the expression and activity of
miRNA [13]. For example, Shao et al. reported that

A549

-catenin . -

IncRNA RMRP promoted carcinogenesis by acting
as a miR-206 sponge and is used as a novel biomarker
for gastric cancer [22]. Li et al. suggested that IncRNA
UCA1 promoted glutamine metabolism by targeting miR-
16 in human bladder cancer [23]. Liu et al. suggested
that IncRNA RSUIP2 contributed to tumorigenesis
by acting as a ceRNA against let-7a in cervical cancer
cells [24]. However, limited knowledge is available
concerning the relationship between IncRNA and miRNA
in the carcinogenesis of NSCLC, which needs to be well
documented. In this study, we identified miR-101-3p as an
inhibitory target of SNHG1 by sequence complementarity
analysis and luciferase reporter assay. Pearson correlation
analysis showed a remarkably negative correlation between
SNHGI1 expression and miR-101-3p in NSCLC tissues.
In addition, reduction of SNHG1 expression increased
miR-101-3p expression and increased miR-101-3p
expression was not able to affect the SNHG1 expression.
Thus, these results suggested that miR-101-3p is a direct
target of SNHGI.

Wnt/B-catenin signaling is known to regulate a
broad range of cellular processes, such as proliferation,
invasion, differentiation and other signaling pathways,
through regulating the ability of the multifunctional
B-catenin protein, which is a crucial signaling molecule
in the Wnt/B-catenin pathway [25, 26]. Recent studies
showed a significant correlation between Wnt/B-catenin

SPC-A1

e
ok |

GAPDH D GEER K TR T

si-NC

si-SOX9

si-NC  si-SOX9

Figure 6: SOX9 activated the Wnt/B-catenin signaling pathway in A549 and SPC-A1 cells.
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Figure 7: The cartoon of the mechanism underlying the SNHG1-miR-101-3p-SOX9 axis in NSCLC.

www.impactjournals.com/oncotarget

17791

Oncotarget



signaling pathway and SOX9 in tumor progression. For
example, Santos et al. found that SOX9 elevation acted
with canonical Wnt signaling to drive gastric cancer
progression [27]. Ma et al. reported that SOX9 drived
Wnt pathway activation in prostate cancer [28]. Prévostel
et al. showed that SOX9 was an atypical intestinal tumor
suppressor controlling the oncogenic Wnt/B-catenin
signaling [29]. In our study, we identified that SOX9 could
act as a target of miR-101-3p, and found that SOX9 played
the oncogenic role in NSCLC progression by activating
Whnt/B-catenin signaling pathway. Our study expanded the
function of SOX9 in NSCLC progression.

In conclusion, our study showed that SNHGI
act as an oncogenic IncRNA that promoted NSCLC
tumorigenesis and progression via miR-101-3p/SOX9/
Wnt/B-catenin axis. Therefore, these findings suggested
that IncRNA SNHGI could act as a potential therapeutic
target for the treatment of NSCLC.

MATERIALS AND METHODS

Cell culture

Four NSCLC cell lines (A549, SPC-Al, H23
and NCI-H520) and human bronchial epithelial cell
line (16HBE) were purchased from the Institute of
Biochemistry and Cell Biology of the Chinese Academy
of Sciences (Shanghai, China). Cells were maintained in
RPMI-1640 with 10% fetal bovine serum (FBS, GIBCO),
100 U/ml penicillin and 100 mg/ml streptomycin in
humidified air at 37°C with 5% CO,.

Tissue samples collection

Sixty eight paired NSCLC tissues and adjacent
non-tumor tissues were obtained from patients who had
undergone surgery at Henan Provincial Cancer Hospital,
between 2010 and 2011 and who were diagnosed with
NSCLC based on histopathological evaluation. No local or
systemic treatment had been conducted in these patients
before the operation. All the tissue samples were collected,
immediately snap frozen in liquid nitrogen, and stored at
—80°C until RNA extraction. The study was approved by
the Research Ethics Committee of Henan Provincial Cancer
Hospital. Informed consent was obtained from all patients.

Cell transfection

The small interfering RNAs (siRNAs) specifically
targeting SNHG1 were purchased from Invitrogen.
The miR-101-3p mimics and miR-101-3p inhibitors
were purchased from Guangzhou RiboBio Co. Ltd.
The siRNA sequences for SNHG1 were si-SNHGI,
5'-CAGCAGTTGAGGGTTTGCTGTGTAT-3' [19].

NSCLC cells were transfected with siRNA
oligonucleotides, miR-101-3p mimics or miR-101-3p
inhibitors wusing Lipofectamine 2000 (Invitrogen),
according to the manufacturer’s protocol.

Cell proliferation assay

Cell proliferation was measured using the cell
proliferation reagent WST-8 (Roche Biochemicals). After
plating cells in 96-well microtiter plates (Corning Costar)
at 1.0 x 10%/well, 10 pl of CCK-8 was added to each well
at the time of harvest, according to the manufacturer’s
instructions. 2 h after adding CCK-8, cellular viability was
determined by measuring the absorbance of the converted
dye at 450 nm.

Cell cycle analysis

The transfected cells were harvested and then fixed
with 500 pl of 70% cold ethanol for 2 h. The cells were
added with 100 ul of RNase and incubated at 37°C for
30 min. Then, 400 pl of PI was added, and the cells were
incubated at 4°C for 30 min away from light. The samples
were immediately subjected to flow cytometer (FACScan,
BD Biosciences). The results were analyzed using CELL
Quest 3.0 software.

Cell apoptosis analysis

The transfected cells were harvested after
transfection by trypsinization. After the double staining
with FITC-Annexin V and PI was done by the FITC-
Annexin V Apoptosis Detection Kit (BD Biosciences)
according to the manufacturer’s protocol. The cells
were analyzed with a flow cytometry (FACScan, BD
Biosciences) equipped with a Cell Quest 3.0 software.
Cells were discriminated into viable cells, dead cells, early
apoptotic cells, and apoptotic cells.

Tumor formation assay in a nude mouse model

5-week-old female athymic BALB/c mice were
maintained under specific pathogen-free conditions
and manipulated according to protocols approved
by the Shanghai Medical Experimental Animal Care
Commission. A549 cells transfected with sh-SNHG1 or sh-
NC were harvested at a concentration of 2 x 107 cells/ml.
Of the suspending cells, 0.1 ml was subcutaneously
injected into either side of the posterior flank of the nude
mouse. Tumor volumes were examined every 7 days when
the implantations were starting to grow bigger. Tumor
wights were measured. All mice were killed 49 days after
injection and tumors were weighed.
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Reporter vectors construction and luciferase
reporter assay

The fragment from SNHGI1 containing the predicted
miR-101-3p binding site was amplified by PCR and then
cloned into a pmirGlO Dual-luciferase miRNA Target
Expression Vector (Promega) to form the reporter vector
SNHG1-wild-type (SNHG1-Wt). To mutate the putative
binding site of miR-101-3p in the SNHGI, the sequence
of putative binding site was replaced as indicated and was
named as SNHG1-mutated-type (SNHG1-Mut). Similarly,
the fragment from SOX9 3’-UTR sequences were amplified
by PCR and cloned into a pmirGlo Dual-luciferase miRNA
Target Expression Vector to form the reporter vector
SOX9-wild-type (SOX9-Wt) (GenePharma). To mutate
the putative binding site of miR-101-3p in the 3'-UTR
containing vector, the sequence of putative binding site was
replaced as indicated and was named as SOX9-mutated-
type (SOX9-Mut). Then the vectors and miR-101-3p
mimics were co-transfected into HEK293T cells, and the
Dual-luciferase reporter assay system (Promega) was used
for testing the luciferase activity.

Quantitative realtime-PCR

Total RNA was extracted from tissues or cultured
cells using TRIzol reagent (Invitrogen). For qRT-PCR,
RNA was reverse transcribed to cDNA by using a Reverse
Transcription Kit (Takara). Real-time PCR analysis was
performed with SYBR Green (Takara). Results were
normalized to the expression of GAPDH (for IncRNAs) or
U6 (for miRNAs). QRT-PCR reactions were performed by
the ABI7500 system (Applied Biosystems). The relative
expression fold change of mRNA was calculated by the
2744¢ method. The primer sequences were as follows:
SNHGI, forward: 5'-AGGCTGAAGTTACAGGTC-3" and
reverse: 5-TTGGCTCCCAGTGTCTTA-3"; GAPDH,
forward: 5-GTCAACGGATTTGGTCTGTATT-3’ and
reverse: 5-AGTCTTCTGGGTGGCAGTGAT-3'". MiR-
101-3p, forward: 5-UACAGUACUGUGAUAACUGA
A-3" and reverse: 5'-CAGUUAUCACAGUACUGUAU
U-3'; U6, forward: 5'-GCUUCGGCAGCACAUAUACUA
AAAU-3"and reverse: 5'-CGCUUCACGAAUUUGCGU
GUCAU-3".

Western blot

Cells were lysed using RIPA protein extraction
reagent (Beyotime) supplemented with PMSF (Riche).
Approximately 25 pg of protein extracts were separated
by 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE), transferred onto
nitrocellulose membranes (Sigma), and were probed
with primary antibodies against SOX9, B-catenin,
c-myc (Abcam) or GAPDH (Abcam). Membranes were
incubated at 4°C overnight, followed by incubation with

AP-conjugated secondary antibodies and detected by
enhanced chemiluminescent (ECL).

Statistical analysis

All statistical analyses were performed using SPSS
20.0 software. Data was presented as mean = SD. The
significance of differences between groups were estimated
by Student’s #test, x* test or Wilcoxon test as appropriate.
Cumulative overall survival was evaluated by Kaplan-
Meier method with the log-rank test applied for comparison.
P <0.05 was considered statistically significant.
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