Am J Cancer Res 2018;8(10):2020-2029
www.ajcr.us /ISSN:2156-6976/ajcr0061054

Original Article

Long non-coding RNA LINC01296 promotes esophageal
squamous cell carcinoma cell proliferation and

invasion by epigenetic suppression of KLF2

Luming Wang, Di Meng, Yiqing Wang, Jian Hu

Department of Thoracic Surgery, The First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou
3100083, Zhejiang Province, China

Received July 8, 2017; Accepted August 15, 2017; Epub October 1, 2018; Published October 15, 2018

Abstract: Dysregulated long non-coding RNAs (IncRNAs) are found in many types of tumors, including esophageal
squamous cell carcinoma (ESCC); however, the pattern of expression and function of LINCO1296 in esophageal
squamous cell carcinoma are unknown. In the current study we showed that LINCO1296 expression is significantly
higher in ESCC tissues when compared with corresponding adjacent normal tissues. Higher LINCO1296 expression
was associated with lymph node metastasis, TNM stage, and worse overall survival rate in ESCC patients. Further-
more, functional assays in vitro demonstrated that knockdown of LINCO1296 inhibited ESCC cell proliferation,
colony formation, migration, and invasiveness. Moreover, RNA immunoprecipitation (RIP) and chromatin immuno-
precipitation (ChlP) assays demonstrated that LINCO1296 promotes cell proliferation and invasion by epigenetic
suppression of KLF2 expression via an interaction with EZH2 in ESCC cells. We also demonstrated that knock-
down of LINCO1296 inhibited cell growth and up-regulated KLF2 expression in vivo. These results indicate that

LINCO1296 acts as an oncogene and may serve as a potential target in ESCC treatment.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is
a major histopathologic subtype of esophageal
cancer [1]. The incidence of ESCC is increasing,
and the recurrence rate after surgical resection
is extremely high [2]. Despite other advances in
chemotherapy, radiation therapy, or molecular
targeted therapy for ESCC, the 5-year overall
survival rate remains poor [3]. To improve the
understanding of the molecular mechanis-
ms underlying ESCC progression is thus
warranted.

Long non-coding RNAs (IncRNAs) are a new
class of non-coding RNAs without protein-cod-
ing capacity [4]. Recently, increasing evidence
has revealed that INcRNAs are dysregulated in
some cancer types, including ESCC [5]. Sever-
al IncRNAs, such as MALAT1 [6], HOTAIR [7],
AFAP1-AS1 [8], and BANCR [9], have been re-
ported to have aberrant expression in ESCC,
and therefore provide an understanding of

INncRNA involvement in the development of
ESCC.

The IncRNA, LINC01296, has been reported to
function as a tumor-promoting gene in some
tumors. For example, LINCO1296 is a potential
prognostic biomarker for colorectal cancer [10].
Profiling of IncRNAs has identified LINCO1296
as a candidate oncogene in bladder cancer
patients [11]. Silencing LINCO1296 suppresses
prostate cancer cell proliferation, migration,
and invasion via regulation of the PI3K-Akt-
mTOR signaling pathway [12]; however, the pat-
tern of expression and function of LINCO1296
in ESCC are unknown.

In the current study we showed that LINCO1296
is up-regulated in ESCC. Inhibition of LINCO1296
reduced cell proliferation, migration, and inva-
siveness in ESCC cells. Furthermore, we dem-
onstrated that LINCO1296 suppressed KLF2
expression by interacting with EZH2 in vitro and
in vivo in ESCC. Therefore, LINCO1296 acts as
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Figure 1. LINCO1296 expression was higher in ESCC and associated with
poor prognosis. A. The relative expression of LINCO1296 in ESCC tissues
(n=78) compared with corresponding non-tumor tissues (n=78). LINCO1296
expression was examined by qRT-PCR and normalized to GAPDH expression.
B. The relative expression of LINCO1296 in an immortalized human esopha-
geal epithelial cell line (SHEE) and three human ESCC cell lines (EC9706,
EC106, and TE-1) was examined by gRT-PCR and normalized to GAPDH ex-
pression. C. ESCC patients with higher LINCO1296 expression had a worse
overall survival time compared with lower LINCO1296 expression. Error bars

indicate the mean + S.D. *P<0.05, **P<0.01.

an oncogene and may serve as a potential tar-
get in ESCC treatment.

Materials and methods
Patient tissue samples and ESCC cell lines

Seventy-eight fresh ESCC tissues and paired
normal tissues were collected in the De-
partment of Thoracic Surgery, The First Af-
filiated Hospital, College of Medicine, Zhejiang
University between 2013 and 2015. All of the
patients were diagnosed with ESCC. The clini-
copathologic data are shown in Table 1. The
patients had no treatment of ESCC, including
chemotherapy or radiotherapy, before surgery.
The study was approved by the Ethics Com-
mittee of The First Affiliated Hospital, College of
Medicine, Zhejiang University. All of the patients
signed the informed consent. The immortalized
human esophageal epithelial cell line, SHEE,
and three human ESCC cell lines (EC9706,
E106, and TE-1) were purchased from the Ch-
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inese Academy of Sciences
* (Shanghai, China). Cells were
cultured in RPMI-1640 medi-

* um supplemented with 10%
fetal bovine serum [FBS] (Hy-
clone, Logan, UT, USA). Cells
were maintained at 37°C in a

0‘3"06 oS humidified chamber with 5%

CO,,.
RNA extraction and qRT-PCR

Total RNA was extracted from
tissues and cells using Trizol
reagent (Invitrogen, Carlsb-
ad, CA, USA) according to the
manufacturer’'s protocol. The
RNA was transcribed into cD-
NAs using a Prime-Script on-
e-step RT-PCR kit (TaKaRa,
Dalian, China). The level of LI-
NC01296 mRNA was detect-
ed on a 7500 real-time PCR
system (Applied Biosystems,
USA). The relative level of mR-
NA expression was deter-
mined using the 222 meth-
od. GAPDH was used as an
internal control. The primer
sequences were as follows:
LINCO1296 forward, 5-AAG-
TGGCACCAGCCTCACT-3" and LINCO1296 rever-
se, 5-CGGCCAAGTTCTTTACCATC-3’; and GAP-
DH forward, 5-AGAAGGCTGGGGCT-CATTTG-3’
and GAPDH reverse, 5-AGGGGCCATCCACAGT-
CTTC-3.

Cell Counting Kit-8 assay

Cell viability was analyzed using a Cell Counting
Kit-8 kit (CCKS8; Dojindo, Tokyo, Japan) accord-
ing to the manufacturer’s instructions. Briefly,
2000 cells/well were seeded in 96-well plates.
Cell viability was tested at 1, 2, 3, 4, and 5
days. The absorbance was read at 450 nm
under a microplate reader.

Cell transfection

Two specific siRNA oligonucleotides targeting
LINC01296 and negative control siRNA (si-NC)
were purchased from GenePharma (Shanghai,
China). The target sequences for siRNA-LI-
NC01296 were as follows: siRNA-LINCO12-
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Table 1. Correlation between LINCO1296 expression and clini-

copathologic factors

and plated in the upper chamber
with free FBS medium. Medium

supplemented with 10% FBS

LINCO1296 .
Clinicopathologic Number of __ expression ) was in the Iower. chamber. After
factors patients Lower Higher X*value p-value 48 h, cells were fixed and stained
(n=38) (n=40) using 0.1% crystal violet solution
Age (vears) 0.641° 0423 for 20 min and counted.
<60 52 27 25 Western blot assay
>60 26 11 15
Gender 0.015*  0.901 The protein was extracted from
Male 60 29 31 cells and lysed with radioimmu-
Female 18 9 9 noprecipitation assay buffer (Si-
Tumor size 3335 0.068 gma-Aldrich, USA). The protein
<5 cm M 24 17 extractiop was separated using
-5 om 37 14 23 10% sodium dodecyl! sulfate po-
s lyacrylamide-gel electrophoresis
Infiltration depth 0.195° 0.658 (SDS-PAGE), then transferred to
T1+T2 37 19 18 polyvinylidene difluoride (PVDF)
T3+T4 41 19 22 membranes. The membranes
Histologic grade 0.4122 0.521 were incubated with antibodi-
High and middle 50 23 27 es to KLF2 (Santa Cruz Bio-
Low 28 15 13 technology, Inc., Santa Cruz, CA,
Lymph node invasion 6.0220 0014*  USA) and GAPDH (Santa Cruz
Negative 51 30 o1 B'lotechnology, Inc.) at 4°C over-
Positive o7 8 19 nlgh_t. Then, the membranes vs{e-
re incubated with HRP-conju-
TNM stage 6.837°  0.009* gated secondary antibody for 2
-l 48 29 19 h. The blot was detected by
-1v 30 9 21 enhanced chemiluminescence

*p-value <0.05. °RC table chi-square test.

96-1(S1),5-GGCUGGAGAAUAUUUCCUATTTT-3’;
and siRNA-LINC01296-2 (S2), 5-CUGAAACA-
UAUU CCGUGGUTT-3". The full-length coding
sequence for KLF2 was chemical synthesized
and sub-cloned into the pcDNA3.1(+) vector
(Realgene, Shanghai, China).

Colony formation assay

For the cell colony formation assay, 300 cells/
well were plated into 12-well plates and cul-
tured at 37°C in a humidified chamber with 5%
CO,. After 14 days, the cell colonies were fixed
with methanol and stained with 0.1% crystal
violet for 20 min. Then, the cell colonies were
counted after twice-washing with H,0.

Transwell migration and invasion assays

Transwell invasion assays were performed us-
ing Transwell chambers with (invasion) or with-
out (migration) Matrigel (BD Sciences, Sparks,
MD, USA). Briefly, ESCC cells were resuspended

2022

(ECL) according to the manufac-
turer’s protocol.

RNA immunoprecipitation (RIP) assay

RIP assay was performed as previously de-
scribed [13]. A RNA-Binding Protein Immun-
oprecipitation Kit (Millipore, USA) and specific
antibody to EZH2 (Millipore) or anti-H3K27me3
(Millipore) were used according to the manufac-
turer’s instructions. Briefly, cells were lysed and
incubated with protein A Sepharose beads and
the immunoprecipitated RNA was purified and
analyzed by qRT-PCR.

Chromatin immunoprecipitation (ChIP) assay

Chromatin immunoprecipitation (ChIP) was per-
formed according to the method described in a
previous study [14]. The EZ-ChIP Chromatin
Immunoprecipitation Kit (Millipore) was used
according to the manufacturer’s instructions.
Anti-EZH2 (Cell Signaling Technology, USA) or
anti-H3K27me3 antibodies (Millipore) were
used in the study.

Am J Cancer Res 2018;8(10):2020-2029
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tailed Student’s t-test. The ov-
erall survival rate was ana-
lyzed by a Kaplan-Meier curve
and the log-rank test method.
Pearson correlation analysis
was used to assess the cor-
relation between LINCO1296
and KLF2 expression. A P<
0.05 was considered statisti-
cally significant.

Results

LINCO1296 expression is spe-
cifically up-regulated in ESCC
tissues and cells

Initially, we performed qRT-

PCR to analyze the relative
T expression of LINCO1296 in
78 paired samples (ESCC and
adjacent normal tissues). As
shown in Figure 1A, the re-
sults demonstrated that LIN-

EC9706

Figure 2. LINCO1296 knockdown inhibited ESCC cell proliferation and colo-
ny formation ability in vitro. A, B. QRT-PCR analysis of the level of LINCO1296
expression following treatment with si-NC, si-LINCO1296-1 (S1), or si-
LINCO1296-1 (S2) in EC106 and EC9706 cells and normalized to GAPDH
expression. C, D. CCK8 was performed to assess the cell proliferation rate
following treatment with si-NC, si-LINC01296-1 (S1), or si-LINC01296-1 (S2)
in EC106 and EC9706 cells. E, F. Cell colony formation assays were per-
formed to assess cell proliferation following treatment with si-LINC0O1296-1
(S1) or si-LINC01296-1 (S2) in EC106 and EC9706 cells. Error bars indicate

the mean + S.D. *P<0.05.

Subcutaneous xenograft in nude mice

EC109 cells (2 x 107/ml) were stably transfe-
cted with lentivirus-control or lentivirus-sh
LINC01296 plasmid. The cells were injected
into either side of the posterior flank of 3-week-
old athymic BALB/c mice. The tumor volumes
(length x width? x 0.5) were measured every 7
days in the Iv-control or Iv-sh LINCO1296
groups. Four weeks after injection, the mice
were sacrificed and the tumor weights were
measured.

Statistical analysis

The data are shown as the mean + SD from
three independent experiments. Differences
between groups were analyzed using the two-

2023

C01296 expression is specifi-
cally higher in tumor tissues
compared with adjacent nor-
mal tissues (52/78). Then, we
analyzed three ESCC cell lines
(EC109, EC9706, and TE-1)
and a human esophageal ep-
ithelial cell line (SHEE). Com-
pared with normal cells, LINC-
01296 expression was also
significantly up-regulated in
ESCC cells (Figure 1B).

According to the median expression of LIN-
C01296 (2.65-fold), we classified the patients
into the following two groups: higher LINCO1296
expression (LINCO1296 expression>median
expression rate); and lower LINCO1296 expres-
sion (LINCO1296 expression<median expres-
sion rate). The association analysis results
showed that higher LINCO1296 expression was
positively correlated with lymph node metasta-
sis (P=0.014, Table 1) and advanced tumor
stage (P=0.009, Table 1). To further verify the
prognostic value of LINCO1296 expression, a
Kaplan-Meier curve and the log-rank test meth-
od were performed. Indeed, elevated LINCO-
1296 expression predicted a poor outcome
compared with lower LINCO1296 expression in
ESCC patients (Figure 1C).

Am J Cancer Res 2018;8(10):2020-2029
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Figure 3. LINCO1296 knockdown inhibited ESCC cell migration and invasion
in vitro. A, B. Cell migration assays were performed to assess cell migra-
tion following treatment with si-NC, si-LINC01296-1 (S1), or si-LINC01296-1
(S2) in EC106 and EC9706 cells. *P<0.05. C, D. Cell invasion assays were
performed to assess cell invasion following the treatment with si-NC, si-
LINC01296-1 (S1), or si-LINC01296-1 (S2) in EC106 and EC9706 cells. Er-

ror bars indicate the mean + S.D. *P<0.05.

LINCO1296 mediates ESCC cell proliferation,
migration, and invasion in vitro

Furthermore, transient transfection was perfo-
rmed using two specific siRNAs targeting LI-
NC01296 to silence LINCO1296 expression in
EC109 and EC9706 cells (Figure 2A, 2B). As
shown in Figure 2C, 2D, cell viability was signifi-
cantly reduced after LINCO1296 was knocked
down compared with the si-NC group in EC109
and EC9706 cells. In addition, compared with
the si-NC group, cell colonies were dramatically
decreased in EC109 and EC9706 cells (Figure
2E, 2F). Next, we assessed the effect of
LINCO1296 on cell migration and invasion by
Transwell assays. The results showed that cell
migration and invasion was significantly re-
duced after LINCO1296 knockdown compared
with the si-NC group in EC109 and EC9706
cells (Figure 3A-3D). These results indicated
that LINCO1296 promotes cell proliferation,
migration, and invasion of ESCC.

LINCO1296 binds to EZH2 and epigenetically
silences KLF2 expression in ESCC cells

Recent studies demonstrated that some In-
cRNAs, such as HOXA-AS2 [15] and AGAP2-AS1

2024

NC

[16], bind to PRC2 enhancing
tri-methylation of histone H3
on lysine 27, which causes
< epigenetic silencing of target
genes. To assess whether or
* not EZH2 is associated with
the function of LINC01296
& in ESCC cells, we determined
& the distribution of LINCO1296
expression in EC109 and EC-
9706 cells, and found that
LINCO1296 was located in
the nucleus and cytoplasm
(Figure 4A, 4B). According to
the knockdown efficiency for
LINCO1296, we chose siRNA-
LINCO1296-1 for further si-
lencing experiments. We an-
alyzed several targets of EZH2
(LATS1, P15, P21, KLF2, P57,
and E-cadherin) and mRNA
level changes after LINCO-
1296 knockdown in EC109
and EC9706 cells. The results
showed that KLF2 mRNA ex-
pression was significantly up-
regulated after LINCO1296
silencing in EC109 and EC9706 cells (Figure
4C, 4D). Protein expression was consistently
and dramatically increased when LINCO1296
was knocked down in EC109 and EC9706 cells
(Figure 4E, 4F).

- S1 m S2

The RNA immunoprecipitation assay with EHZ2
or H3K27me3 antibody demonstrated that
LINC01296 binds to EZH2 and H3K27me3 in
EC109 and EC9706 cells (Figure 5A, 5B). KLF2
was previously reported to be an EZH2 targ-
et gene and was epigenetically silenced by
H3K27-trimethylation [17]. Furthermore, we
assessed the levels of KLF2 mRNA and protein
expression when EZH2 was knocked down by
gRT-PCR and Western blot analysis. The results
demonstrated that the KLF2 mRNA and protein
levels were significantly higher compared with
the control group (Figure 5C, 5D). To investi-
gate whether or not LINCO1296 repressed
KLF2 expression by binding to EZH2 and
H3K27-trimethylation, we performed the CHIP
assay. The analysis showed that EZH2 occu-
pancy and H3K27me3 binding in the promoter
regions of KLF2 were significantly reduced
when LINC01296 was knocked down in EC109
and EC9706 cells (Figure 5F, 5G). Therefore,

Am J Cancer Res 2018;8(10):2020-2029
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Figure 4. LINCO1296 bound to EZH2 and epigenetic silencing KLF2 expression in ESCC cells. A, B. QRT-PCR was
used to analyze LINCO1296 expression in the nuclei and cytoplasm of EC106 and EC9706 cells. U6 was used as a
nucleus marker, and GAPDH was used as a cytosol marker. C, D. QRT-PCR was used to analyze mRNA expression of
LATS1, P15, P21, P16, KLF2, P57, and E-cadherin following treatment with si-NC or si-LINC01296-1 (S1) in EC106
and EC9706 cells. E, F. Western blot was used to analyze the expression of KLF2 protein following treatment with
si-NC or si-LINC01296-1 (S1) in EC106 and EC9706 cells. Error bars indicate the mean + S.D. *P<0.05.

the above findings indicated that LINCO1296
repressed KLF2 expression by binding to EZH2.

Overexpression of KLF2 partially mediates
the oncogenic function of LINCO1296 in ESCC
cells

To determine whether or not KLF2 participates
in LINCO1296-induced promotion of ESCC cell
proliferation and invasion, CCK8, colony forma-
tion, and cell invasion assays were performed.
KLF2 was overexpressed in EC109 cells by
transfecting pcDNA3.1-KLF2 (Figure 6A). The
CCK8 and colony formation analysis results
demonstrated that si-LINCO1296 significantly
inhibits cell proliferation, while co-transfection
with si-LINC0O1296 and pcDNA3.1-KLF2 par-
tially rescue si-LINCO1296-inhibited prolifera-
tion in EC109 cells (Figure 6B, 6C). Moreover,
the Transwell invasion assay demonstrated
that si-LINC01296 significantly inhibits cell
invasion, while co-transfection with si-LINC-
01296 and pcDNA3.1-KLF2 partially rescue si-
LINCO1296-inhibited invasion in EC109 cells
(Figure 6D, 6E). These results suggest that
overexpression of KLF2 partially mediate the
oncogenic function of LINC0O1296 in ESCC
cells.

2025

Knockdown of LINCO1296 inhibits tumor
growth and regulates KLF2 expression in vivo

To further detect whether or not LINCO1296
expression affects ESCC tumor growth in vivo,
Iv-sh-LINC01296 or Iv-control was inoculated
subcutaneously into mice. After 4 weeks, the
results demonstrated that the tumor size in the
Iv-sh-LINC0O1296 group was dramatically small-
er compared with the Iv-control group (Figure
7A). The median tumor growth rate and weight
in the sh-LINCO1296 group was consistently
and dramatically reduced compared to the Iv-
control group (Figure 7B, 7C). Moreover, we
showed that KLF2 expression in the sh-
LINC01296 group was significantly up-regulat-
ed compared to the Iv-control group by Western
blot analysis (Figure 7D). Thus, these results
indicated that LINCO1296 regulates KLF2 in
vivo.

Discussion

Recent studies have shown that IncRNAs func-
tion as crucial regulators in several different
biologic processes during tumorigenesis, in-
cluding ESCC. For example, the IncRNA, RP11-

Am J Cancer Res 2018;8(10):2020-2029
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766N7.4, functions as a tumor suppressor by
regulating the epithelial-mesenchymal transi-
tion in ESCC [18]. The IncRNA, UCA1, inhibits
ESCC growth by regulating the Wnt signaling
pathway [19]. Up-regulation of the IncRNA,
SPRY4-IT1, promotes metastasis of ESCC via
induction of the epithelial-mesenchymal transi-
tion [20]; however, little is known about the
expression of LINC01296 associated with ES-
CC progression. In the current study, we dem-
onstrated that LINCO1296 is notably up-regu-
lated in ESCC tissues and cells. Higher LI-
NC01296 expression was shown to be associ-
ated with lymph node metastasis, advanced
TNM stage, and worse prognosis. Furthermore,
knockdown of LINC01296 inhibited cell prolif-
eration, cell colony formation, cell migration,
and cell invasion in ESCC cells.

The clinical significance and biologic function of
LINCO1296 in several tumors has been report-

2026

ed; however, the mechanism underlying LIN-
C01296 in tumors remains unknown. In the
current study, we demonstrated that LIN-
C01296 interacts with EZH2. LncRNAs have
been shown to bind EZH2, which causes epi-
genetic silencing of target genes. For example,
the IncRNA, BLACAT1, predicts a poor outcome
of colorectal cancer and promotes cell prolifer-
ation by epigenetic silencing of p15 [21]. TUG1
regulates the expression of LIMK2b, a splice
variant of LIM-kinase 2, by binding with enhanc-
er of zeste homolog 2 (EZH2), then promotes
cell growth and chemoresistance of NSCLC
[22]. The IncRNA, XIST, acts as an oncogene by
epigenetic repression of KLF2 in non-small cell
lung cancer [23]. Zhang et al. [24] reported that
P53-regulates the IncRNA, TUG1, which affects
cell proliferation in human non-small cell lung
cancer partly through epigenetic regulation of
HOXB7 expression. Furthermore, our results
demonstrated that KLF2 is a downstream tar-

Am J Cancer Res 2018;8(10):2020-2029
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cells by gRT-PCR and Western blot analysis. B. CCK8 was performed to assess the cell proliferation rate following
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or si-LINCO1296-1 (S1) or pcDNA3.1-KLF2 (KLF2) and si-LINC01296-1 (S1) in EC106 and EC9706 cells. E, F. Cell
invasion assays were performed to assess cell invasion following treatment with si-NC or si-LINCO1296-1 (S1) or
pcDNA3.1-KLF2 and si-LINC01296-1 (S1) in EC106 and EC9706 cells. Error bars indicate the mean £ S.D. *P<0.05.
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get of LINCO1296 and LINC01296 is bound to
EZH2 and epigenetic silencing of KLF2 expres-
sion in ESCC cells.

KLF2 exhibits tumor suppressor features and
down-regulated KLF2 expression promotes cell
proliferation and invasion of NSCLC [25]. With
respect to ESCC progression, we demonstrated
that down-regulation of LINC01296 significant-
ly inhibits cell proliferation and invasion; how-
ever, co-transfection with si-LINCO1296 and
pcDNA3.1-KLF2 partially rescue si-LINCO1296
inhibition of proliferation and invasion in ESCC
cells. These findings indicated that KLF2 par-
tially mediates the oncogenic function of LIN-
C01296 in ESCC cells.

In conclusion, we demonstrated that LINC-
01296 is significantly up-regulated in ESCC
tissues and cells. Knockdown of LINCO1296
inhibited cell proliferation and invasion. Fur-
thermore, LINC01296 interacted with EZH2
and suppressed KLF2 in ESCC cells. These
results indicate that LINCO1296 acts as an
oncogene and may be a potential target of
ESCC treatment.
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