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Upregulation of IncRNA Sox2ot indicates a poor prognosis for
patients with hepatocellular carcinoma and promotes cell invasion
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Abstract. Long non-coding RNA Sox2 overlapping tran-
script (IncRNA Sox2ot) expression has been demonstrated
to be upregulated in a number of types of tumor, and may
act as an oncogene. The present study aimed to evaluate the
clinical role of IncRNA Sox2ot and its association with the
epithelial-mesenchymal transition in hepatocellular carci-
noma (HCC). Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) was performed to determine the
expression of IncRNA Sox2ot in 86 cases of HCC tissues and
adjacent non-tumor tissues. Kaplan-Meier and log-rank test
was used to analyze the association between IncRNA Sox2ot
expression and disease-free (DFS) or overall (OS) survival
time. In addition, the capacity of HCC cells with IncRNA
Sox2ot knockdown for invasion was evaluated via transwell
cell invasion assays. RT-qPCR and western blot analyses were
also performed to determine the mRNA and protein expres-
sion of Twistl, E-cadherin and N-cadherin in the HCC cells.
It was indicated that IncRNA Sox2ot expression levels were
significantly higher in HCC tissues compared with adjacent
non-tumor tissues. Increased expression levels of IncRNA
Sox2ot were associated with the tumor size, the tumor number
and vein invasion in patients with HCC. An association was
observed between IncRNA Sox2ot and the DFS and OS of
patients with HCC. Furthermore, it was determined that cell
invasion was inhibited following the siRNA knockdown of
IncRNA Sox2ot in MHCC97H and SMCC-7721 cells via
transwell cell invasion assays. Furthermore, it was demon-
strated that knockdown of IncRNA Sox2ot downregulated the
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mRNA and protein expression of Twistl and N-cadherin, but
upregulated the E-cadherin expression levels in MHCC97H
and SMCC-7721 cells. Thus, it was indicated that IncRNA
Sox2ot may be a novel predictive biomarker and a potential
therapeutic target for HCC.

Introduction

Hepatocellular carcinoma (HCC) ranks as the third leading
cause of cancer-associated mortality, and accounts for ~80%
of primary liver cancers (1,2). Despite the development of
surgical techniques and advances in molecularly targeted
drugs, therapeutic approaches for the treatment of HCC
provide an unsatisfactory 5-year overall survival (OS) rate due
to late detection as a result of the lack of specific symptoms
in the early stages of the disease (3). Thus, the investigation
of potential predictive biomarkers and therapeutic targets is
required to improve the survival rate for patients with HCC.

Long non-coding RNAs (IncRNAs) are ~200 nt to 100 kb
long and have emerged as key regulators in the majority of
biological processes (4,5). Previous studies have demonstrated
that IncRNAs participate in a number of tumor processes
and may be suitable as therapeutic targets and biomarkers
for predicting the prognosis of patients (6,7). For example,
the expression of PCAT-1 was observed to be significantly
increased in HCC tissues, and was significantly associated
with the OS time of patients with HCC (8). ZFAS1 may
function as an oncogene in HCC progression, as it has
been demonstrated to bind miR-150 and abrogate its tumor
suppressive function, thus promoting the expression of ZEBI
and the matrix metalloproteinases MMP14 and MMP16 (9).
CARLo0-5 has been identified as an independent risk factor for
OS and disease-free survival (DFS) in HCC; it may promote
the proliferation and metastasis of HCC, and is a potential
novel therapeutic target (10). The decreased expression of
the IncRNA GASS indicates a relatively poor prognosis,
and promotes cell proliferation and invasion in HCC, via the
regulation of vimentin (11).

The association between IncRNA Sox?2 overlapping tran-
script (IncRNA Sox2ot; on human chromosome 3q26.33)
expression and the epithelial-mesenchymal transition (EMT) in
HCC was not previously examined. In the present study, it was
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determined that the expression level of IncRNA Sox2ot was
significantly higher in HCC tissues compared with adjacent
non-tumor tissues. Furthermore, it was demonstrated that cell
invasion was inhibited following the knockdown of IncRNA
Sox2ot in HCC cells. The knockdown of IncRNA Sox2ot in
the cells downregulated the expression levels of Twistl and
N-cadherin, but upregulated the E-cadherin expression level.
Thus, the results of the study indicated that Sox2ot could be a
novel biomarker and a potential therapeutic target for patients
with HCC.

Materials and methods

Human tissue samples. A total of 86 HCC tissue samples
paired with adjacent normal tissue samples were obtained
from patients who underwent surgical resection between
November 2009 and March 2014 at the Shandong Provincial
Hospital Affiliated to Shandong University (Jinan, China).
The fresh tissue samples were immediately frozen in liquid
nitrogen and stored at -80°C. The clinical stage was assessed
using the 2010 6th edition Tumor Node Metastasis (TNM)
system (International Union of Cancer Control/American Joint
Committee of Cancer (12). The present study was approved
by the Ethical Committee of Shandong Provincial Hospital
Affiliated to Shandong University, and written informed
consent was obtained from all patients.

Cell lines and culture. The MHCC97H and SMMC-7721
human HCC cell lines and the LO2 normal liver cell line were
purchased from the Cell Bank of Type Culture Collection
(Chinese Academy of Sciences, Shanghai, China). All cells
were cultured in Dulbecco's modified Eagle's medium (DMEM,;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
and supplemented with 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.) and 1% penicillin and strepto-
mycin in a humidified atmosphere containing 5% CO, at 37°C.

Cell transfection and RNAi. The cells were transfected with
siRNA against IncRNA Sox2ot purchased from Guangzhou
RiboBio Co., Ltd. (Guangzhou, China). The siRNA sequences
were as follows: siR-Sox2ot, 5'-CAAAAUAGGUCAUAG
CAAATT-3}; si-negative control, 5-UUCUCCGAACGUGUC
ACGUTT-3". Cells were seeded into 6-well plate and cultured
for 48 h, then transfected with Lipofectamine® 2000 (Thermo
Fisher Scientific, Inc.) as per the manufacturer's protocol.
At 48 h post-transfection, the efficiency of transfection was
assessed using reverse transcription-quantitative polymerase
chain reaction (RT-qPCR).

RT-gPCR. Total RNA was extracted from tissues and cells
using TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. RNA were reverse
transcribed into cDNA using a reverse transcription reagent
kit (Takara Biotechnology Co., Ltd., Dalian, China). qPCR
was performed using the SYBR® Green PCR kit (Takara
Biotechnology Co., Ltd.). The PCR reaction conditions were
as follows: Preliminary denaturation at 95°C for 30 sec,
followed by 40 cycles of 95°C for 5 sec and 60°C for 20 sec.
Primer sequences were as follows: IncRNA Sox2ot forward,
5'-GCTCGTGGCTTAGGAGATTG-3' and reverse 5-CTG
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GCAAAGCATGAGGAACT-3"; GAPDH forward, 5'-GTC
AACGGATTTGGTCTGTATT-3" and reverse, 5'-AGTCTT
CTGGGTGGCAGTGAT-3'". The relative quantification
(2°22¢Y method was used for calculating fold change (13).

Transwell invasion assay. Cell invasion was detected using
Transwell chambers (8-xm pore size; Corning, Inc., Corning,
NY, USA) with Matrigel (BD Biosciences, San Jose, CA,
USA). At 48 h post-cell transfection, 1x10° cells MHCC97H or
SMMC-7721 cells were added into the upper chamber in 400 p1
FBS-free culture medium. A total of 500 ul culture medium
containing 10% FBS was added to the lower chamber. Cells
were cultured for 48 h in a humidified atmosphere containing
5% CO, at 37°C. The invasive cells on the lower chamber were
fixed with 100% ethanol for 15 min at room temperature, then
stained with 0.1% crystal violet for 15 min at room tempera-
ture. Cells were counted under a light microscope in 5 random
fields (magnification, x200).

Western blot analysis. The total protein was extracted from
cells using radioimmunoprecipitation assay lysis buffer
(Nanjing KeyGen Biotech Co., Ltd., Nanjing, China). Protein
concentration was measured using a bicinchoninic acid
protein assay kit (EMD Millipore, Billerica, MA, USA). Equal
quantities of protein (40 pg/lane) were separated via 10%
SDS-PAGE and then transferred onto a polyvinylidene fluoride
membrane (EMD Millipore). The membranes were blocked
using 5% non-fat milk at room temperature for 1 h. The blotted
membranes were incubated with antibodies against Twistl (cat.
no. sc-6269; dilution, 1:1,000), E-cadherin (cat. no. sc-21791;
dilution, 1:1,000), N-cadherin (cat. no. sc-31031; dilution,
1:500) and GAPDH (cat. no. sc-69778; dilution, 1:2,000; all
from Santa Cruz Biotechnology, Inc., Dallas, TX, USA) anti-
bodies and were incubated at 4°C overnight. The membrane
was incubated with a secondary goat anti-rabbit horseradish
peroxidase-conjugated antibody (cat no. CW0102S; dilution,
1:2,000; Jiangsu Kangwei Century Biotechnology Co., Ltd.,
Beijing, China) for 1 h at room temperature. The protein bands
were detected using an enhanced chemiluminescence system
(Pierce; Thermo Fisher Scientific, Inc.).

Statistical analysis. All data were analyzed using SPSS 18.0
(SPSS, Inc., Chicago, IL, USA). All continuous variable values
were represented as the mean + standard deviation from =3
independent experiments. Differences between two groups
were analyzed using Student's t-test, and data from multiple
groups were analyzed with a one-way analysis of variance
(ANOVA). The Student-Newman-Keuls test was used as a
post-hoc test following ANOVA. The associations between
IncRNA Sox2ot expression and clinicopathological factors
were analyzed by the %* test. The Kaplan-Meier method and
a log-rank test were used to analyze the association between
IncRNA Sox2ot expression and DFS or OS time. P<0.05 was
considered to indicate a statistically significant difference.

Results
IncRNA Sox2ot is upregulated in HCC tissues and associated

with a poor prognosis for patients with HCC. To investigate
whether IncRNA Sox2ot affected hepatocarcinogenesis,
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Table I. The association between IncRNA Sox2ot expression and clinicopathological features.
IncRNA Sox2ot
expression, n
Clinicopathological features All Low High ¥ test P-value
Total 86 41 45
Sex 0.255¢ 0.059
Female 23 12 11
Male 63 29 34
Age, years 0.100* 0.752
<60 56 26 30
>60 30 15 15
Tumor size, cm 7.274% 0.007*
<5 50 30 20
=5 36 11 25
Hepeatitis B infection 0.081* 0.776
Positive 60 28 32
Negative 26 13 13
Histological grade 1.325% 0.250
Well 32 20 12
Moderate 24 12 12
Low 30 9 21
Tumor number 2.628" 0.036"
Single 49 26 23
Multiple 37 15 22
a-fetoprotein, ng/ml 2.098* 0.148
<400 31 18 13
=400 55 23 32
Vein invasion 6.539° 0.011°
Negative 34 22 12
Positive 52 19 33
AJCC stage 0.078* 0.780
I-1I 49 24 25
HI-1v 37 17 20

a2 test. °P<0.05. JACC, American Joint Committee on Cancer.

the expression level of IncRNA Sox2ot was measured in HCC
tissues and adjacent normal tissues using RT-qPCR. The results
demonstrated that IncRNA Sox2ot was upregulated in HCC
tissues compared with the adjacent normal tissues (Fig. 1A;
P<0.05). HCC tissue samples were divided into higher- and
lower-expression groups based on the mean expression level
for all the samples. The patients with the higher expression
of IncRNA Sox2ot had a significantly increased tumor size
(P=0.007), tumor number (P=0.036) and vein invasion rate
(P=0.011; Table I; Fig. 1B-D). There was no significant asso-
ciation between the expression of IncRNA Sox2ot and other
clinicopathological features, including age, sex, hepatitis B
infection status, histological grade and serum a-fetoprotein
level (Table I). Furthermore, it was demonstrated that higher
IncRNA Sox2ot expression was predictive for a relatively poor

DFS and OS time (Fig. 1E and F; log-rank, 8.567, P<0.05 and
log-rank, 8.339, P<0.05, respectively) compared with lower
IncRNA Sox2ot expression.

IncRNA Sox2ot promotes cell invasion in MHCC97H and
SMCC-7721 cells. It was determined that IncRNA Sox2ot
expression was higher in MHCC97H and SMCC-7721 HCC
cells compared with LO2 non-cancer cells (Fig. 2A). IncRNA
Sox2ot was knocked down with siRNA in MHCC97H and
SMCC-7721 cells. It was verified that the expression of
IncRNA Sox2ot was reduced by the transfection with the
IncRNA Sox2ot siRNA compared with a control oligo-
nucleotide (Fig. 2B and C). Transwell cell invasion assays
demonstrated that the cell invasion ability was inhibited
following the knockdown of IncRNA Sox2ot in MHCC97H
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Figure 1. IncRNA Sox2ot was upregulated in HCC tissues and associated with the poor prognosis of patients with HCC. (A) IncRNA Sox2ot expression was
measured via reverse transcription-quantitative polymerase chain reaction in HCC tissues and adjacent normal tissues (n=86). (B) Association between IncRNA
Sox2ot expression and tumor size (=5 ¢cm) or tumor size (<5 cm). (C) Association between IncRNA Sox2ot expression and tumor number. (D) Association
between IncRNA Sox2ot expression and vein invasion. Kaplan-Meier survival analysis and the log-rank test were performed to analyze the (E) DFS and
(F) OS time of patients with HCC in higher and lower IncRNA Sox2ot expression groups. "P<0.05. IncRNA Sox2ot, long non-coding RNA Sox2 overlapping
transcript; HCC, hepatocellular carcinoma; DFS, disease-free survival; OS, overall survival.
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Figure 2. Knockdown of IncRNA Sox2ot inhibited cell invasion ability in hepatocellular carcinoma. (A) IncRNA Sox2ot expression level, as determined with
RT-qPCR, for LO2,SMCC-7721 and MHCC97H cells. IncRNA Sox2ot expression was measured via RT-qPCR following IncRNA Sox2ot silencing in (B) MHCC97H
or (C) SMCC-7721 cells, compared with the si-NC group. (D) Cell invasion ability was analyzed via transwell cell invasion assays following Sox2ot silencing by
si-Sox2ot in MHCC97H or SMCC-7721 cells, compared with the si-NC group. (E) Quantification of MHCC97H cell invasion. (F) Quantification of SMCC-7721 cell
invasion. The mean values and standard deviation were calculated from triplicates of the representative experiment. “P<0.05. IncRNA Sox2ot, long non-coding RNA
Sox2 overlapping transcript; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; si-NC, small interfering RNA negative control.
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Figure 3. Knockdown of IncRNA Sox2ot suppressed the epithelial-mesenchymal transition in HCC cells. The mRNA expression levels of Twistl, E-cadherin
and N-cadherin were analyzed via reverse transcription-quantitative polymerase chain reaction following IncRNA Sox2ot silencing in (A) MHCC97H or
(B) SMCC-7721 cells, compared with the si-NC group. Data are presented as the means + standard deviation from three independent experiments. The protein
expression levels of Twistl, E-cadherin and N-cadherin were analyzed via western blot analysis following IncRNA Sox2ot silencing in (C) MHCC97H and
(D) SMCC-7721 cells, compared with the si-NC group. GAPDH was used as an internal control. 'P<0.05. IncRNA Sox2ot, long non-coding RNA Sox2 overlap-
ping transcript; HCC, hepatocellular carcinoma; si-NC, small interfering RNA negative control.

and SMCC-7721 cells (Fig. 2D-F). Thus, the results indicated
that IncRNA Sox2ot promoted invasion by HCC cells.

IncRNA Sox2ot promotes cell EMT in MHCC97H and
SMCC-7721 cells. Furthermore, to evaluate the association
between IncRNA Sox2ot expression and the EMT process, the
expression of EMT-associated factors was assessed. It was iden-
tified that the mRNA level of E-cadherin was upregulated, and
those of Twistl and N-cadherin downregulated following the
knockdown of IncRNA Sox2ot in MHCC97H or SMCC-7721
cells (Fig. 3A and B). In addition, the protein expression was
detected following the knockdown of IncRNA Sox2ot in
MHCC97H or SMCC-7721 cells. It was demonstrated that the
protein level of E-cadherin was upregulated, whereas Twistl
and N-cadherin were downregulated (Figs. 3C, D and 4). Thus,
these results indicate that IncRNA Sox2ot may promote EMT
in HCC cells.

Discussion

IncRNAs participate in the progression of a range of tumor
types and may be suitable as biomarkers for predicting prog-
nosis (14). For example, HOTAIRMI may function as a tumor
suppressor, and is a potential biomarker for the diagnosis of
colorectal cancer (15). The high expression of IncRNA HULC
is a predictor of a relatively poor prognosis and promotes cell
proliferation in glioma (16). The high expression of IncRNA

Sox2ot is associated with the aggressive progression of gastric
cancer, and poor OS and DFS times (17). The increased expres-
sion of IncRNA Sox2ot has been demonstrated to promote cell
proliferation and motility in colorectal cancer via promoting
Cyclin Bl and CDC25C expression (18).

In the present study, it was determined that IncRNA Sox2ot
was upregulated in HCC tissues, and that higher IncRNA
Sox2ot expression was associated with the tumor size, tumor
number and vein invasion. The patients with a higher level of
IncRNA Sox2ot expression had a reduced DFS and OS time.
A previous meta-analysis of the prognostic value of various
abnormally expressed IncRNAs in HCC demonstrated that the
transcription level of various IncRNAs was significantly associ-
ated with the tumor size, microvascular invasion and portal vein
tumor thrombus, and may serve in the prognostic evaluation
of patients with HCC (6). In another previous study, IncRNA
Sox2ot expression was associated with T stage, distant metas-
tasis, differentiation and a poorer OS and DFS time in breast
cancer (17). Tang et al (19) reported that IncRNA Sox2ot was
overexpressed in breast cancer tissues, and that a higher expres-
sion of IncRNA Sox2ot increased the risk of breast cancer for
Chinese women. Shi et al (20) determined that the high expres-
sion of IncRNA Sox2ot was associated with the histological
grade, the Tumor-Node-Metastasis stage, vein invasion and a
relatively poor 5-year OS time in HCC, which was consistent
with the results from the present study. Thus, IncRNA Sox2ot
may be a prognostic biomarker for patients with HCC.
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Figure 4. The protein expression of Twistl, E-cadherin and N-cadherin were shown. The protein expression levels of Twistl, E-cadherin and N-cadherin were
analyzed via western blot analysis following IncRNA Sox2ot silencing in=MHCC97H and SMCC-7721 cells, compared with the si-NC group. GAPDH was
used as an internal control. Presenting the mean + SD of three quantified experiments, "P<0.05. NC, negative control.

Various IncRNAs were previously determined to serve
crucial roles in cancer invasion and metastasis via regulating
critical biological events, particularly the EMT. Increased
expression of IncRNA ZFASI is associated with EMT in gastric
cancer progression (21). IncRNA HULC may promote the EMT,
tumorigenesis and metastasis of HCC via the mediation of the
miR-200a-3p/ZEBI signaling pathway (22). IncRNA CPSI-IT1
may inhibit HCC invasion and metastasis via regulating
HIF-1a activity and suppressing EMT (23). The upregulation of
H19 may indicate a poorer prognosis in gallbladder carcinoma
and promote EMT via upregulating Twistl expression (24).
Overexpression of prostate IncRNA-1 significantly increases
cell proliferation, migration and invasion via enhancing EMT
signaling (25). In the present study, it was determined that
the knockdown of IncRNA Sox2ot inhibited the cell invasion
ability and the EMT process via upregulating E-cadherin
expression and downregulating Twistl and N-cadherin
expression. In the EMT process, activating Twist upregulates
N-cadherin expression and downregulates E-cadherin expres-
sion, which are considered hallmarks of EMT (26). Thus,
IncRNA Sox2ot may have promoted cell invasion and the EMT
process via promoting Twistl and N-cadherin expression. As
the underlying molecular regulatory mechanisms between
IncRNA Sox2ot and Twist or N-cadherin are unknown, further
investigation is required.

In conclusion, the results of the present study demonstrated
that IncRNA Sox2ot expression was increased in HCC tissue,
and higher IncRNA Sox2ot expression was predictive of a poorer
prognosis in patients with HCC. Furthermore, it was determined
that the knockdown of IncRNA Sox2ot inhibited cell invasion
and the EMT; thus, IncRNA Sox2ot may be a novel biomarker
of HCC prognosis and a potential target for HCC treatment.
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