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Long noncoding RNA LINCO01296 is associated
with poor prognosis in ESCC and promotes
ESCC cell proliferation, migration and invasion
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Abstract. - OBJECTIVE: Recent studies have
reported that long intergenic non-protein-coding
RNA 1296 (LINC01296) regulates the tumorigenesis
and the progression of several tumors, but the role
of LINC01296 in esophageal squamous cell carci-
noma (ESCC) remains unclear. The purpose of this
study was to examine the expression, function, and
clinical significance of LINC01296 in ESCC.

PATIENTS AND METHODS: Expression of
LINC01296 was analyzed in 221 ESCC tissues and
three ESCC cell lines by Real-time quantitative RT-
PCR. The correlation between LINC01296 levels
and other clinical features, disease-free survival
(DFS), and overall survival (OS) was analyzed sta-
tistically. The function of LINC01296 on cell pro-
liferation, migration, and invasion was confirmed
in vitro through MTT assay and transwell assay.

RESULTS: We found that LINC01296 was upreg-
ulated in ESCC cell lines and cancerous tissues,
as compared with normal esophagus cells and
adjacent normal tissue samples. High LINC01296
expression was significantly correlated with differ-
entiation grade (p=0.000), lymph nodes metastasis
(p=0.002), distant metastasis (p=0.002), and TNM
stage (p = 0.015). Moreover, ESCC patients with
high LINC01296 expression experienced shorter
OS and DFS (p=0.0009 and p=0.0005, respective-
ly). In addition, univariate and multivariate analysis
showed that LINC01296 expression was an inde-
pendent predictor for both OS and DFS in ESCC.
Functionally, the results of in vitro assay indicated
that down-regulation of LINC01296 significantly
suppressed ESCC cells proliferation, migration,
and invasion, suggesting that LINC01296 contrib-
uted to tumorigenesis of ESCC.

CONCLUSIONS: Our findings indicate that
LINC01296 exerts a role in promoting the de-
velopment of human ESCC. Up-regulation of
LINC01296 could be considered as a predictor
for diagnosis and prognosis of ESCC patients.
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Introduction

Esophageal carcinoma is one of the most
common cancers of the digestive tract with a
metastatic potential'. In China, esophageal car-
cinoma is the eighth most common cause of
cancer-related mortality?. Esophageal squamous
cell carcinoma (ESCC) accounted for the most
common histological type of esophageal cancer’.
Despite treatment and perioperative manage-
ment have evolved in recent years, the five-year
survival rates for patients with ESCC remain
low at about 10%, due primarily to late diagnosis
and metastatic potential of ESCC*°. Therefore,
a better understanding of the molecular mecha-
nism of ESCC progression is needed to develop
highly sensitive molecular biomarkers with reli-
able clinical significance.

Long non-coding RNAs (IncRNAs) are a class
of RNAs longer than 200 nucleotides without pro-
teins encoding functions®. However, some stud-
ies have revealed that a number of IncRNAs can
regulate gene expression at various levels, includ-
ing in chromatin modification, transcription, and
posttranscriptional processing’. Of note, previous
functional studies indicated that IncRNAs regu-
late multiple physiological processes, including
differentiation, growth, and cell death®’. In tu-
mor research, evidence has shown that specific
IncRNAS serve as oncogenes or tumor suppressor
genes'®!". Given the important role of IncRNA and
its abnormal expression, the potential of IncRNAs
as tumor biomarkers for diagnosis and prediction
of prognosis in tumors draws researchers’ at-
tention'?. Up to date, many IncRNAs have been
reported to be associated with prognosis, tumor
cells growth and metastasis in various tumors,
including ESCCB-5, However, the expression and
function of most other IncRNAs remain to be elu-
cidated.
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LINCO01296, located at chromosome 14ql1.2,
has been shown to be dysregulated in several
tumors'®’. However, as a newly identified In-
cRNA, the function and molecular mechanism
of LINCO01296 in tumors remain largely unclear.
Recently, Dai et al'® reported that LINC01296 ex-
pression was significantly up-regulated in ESCC
tissues by microarray analysis. However, to our
best knowledge, the specific biological function
and clinical significance of LINC01296 have not
been investigated. Our present investigation, for
the first time, found that LINC01296 may be used
as a prognostic biomarker and a novel therapeutic
target for ESCC.

Patients and Methods

Patients and Clinical Specimens

221 primary ESCC tissue samples and the adja-
cent normal esophageal tissues were obtained from
patients who were treated at the Chinese PLA Gen-
eral Hospital between 2010 and 2013. The diagnosis
was based on clinical examination and histopatho-
logical analysis of the samples. None of the patients
had received preoperative chemotherapy. To clari-
fy the survival conditions, life-long follow-up was
available by direct telephone interview. American
Joint Committee on Cancer Staging Manual (7%
edition, 2010) was used to assess the tumor stage.
This study was approved by the Ethics Commit-
tee of Chinese PLA General Hospital. All patients
gave written informed consent to participate in the
present study. Detailed clinical characteristics of
all the patients are shown in Table II.

Cell Culture and Cell Transfection

Three human ESCC cell lines (ECa-109, EC-
9706, TE-1) and human esophageal epithelial
cells (HEEC) were provided by Chongqing Lon-
ghu Technology Co., Ltd. (Nanan, Chongqing,
China). All cells were cultured in Roswell Park
Memorial Institute-1640 (RPMI-1640) medium

Table I. The sequences of primers and siRNAs used in this study.

containing 10% fetal bovine serum (FBS; Gibco,
Haidian, Beijing), ampicillin and streptomycin, at
37°C in a humidified cell incubator with an atmo-
sphere of 5% CO,.

SiRNA-LINCO01296 (si-LINC01296) and si-
NC were purchased from Invitrogen (Carlsbad,
CA, USA). TE-1 cells cultured on six-well plate
were transfected with siRNA or negative control
using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s in-
structions. The sequences of si-LINC01296 were
shown in Table I.

Quantitative Real-Time PCR

Total RNA was extracted from ESCC tis-
sues and cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufac-
turer’s instructions. Reverse transcript PCR was
carried out using PrimeScript RT Master Mix
(TaKaRa, Dalian, Niaoling, China) according to
the manufacturer’s instructions. Quantitation of
LINCO01296 was performed using SYBR® Green
PCR Master Mix (Biosystems, Foster City, CA,
USA) on the ABI 7900 Sequence Detection Sys-
tem (Life Technologies, St. Louis, MO, USA).
The results were normalized to the expression
of glyceraldehydes-3-phosphate dehydrogenase
(GAPDH). The primers used were shown in Table
I. The relative quantitative value was expressed
by the 244 method. Independent experiments
were done in triplicate.

Cell Proliferation Assay

TE-1 cells were plated in a 96-well plate at a
density of 4x10° cells per well and incubated at
37°C in a 5% CO, humidified environment. At
different time points (24, 48, 72, or 96 h), the cul-
ture medium was removed and replaced with fresh
medium containing 0.5 mg/mL 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT). 150 ul of dimethyl sulfoxide (DMSO,
Macklin, Xuhui, Shanghai, China) was then added,
and the absorbance was measured at 450 nm.

Name Sequence

LINCO01296 Forward 5’-AAGTGGCACCAGCCTCACT-3’
Reverse 5’-CGGCCAAGT TCTTTACCATC-3’

GAPDH Forward 5’-ACT GTG CCG ACT TGA CGT TT-3’
Reverse 5’-ATC GTA GTG AAC GGT CGA TTGT-3’

si-LINC01296 5’-GGCUGGAGAAUAUUUCCUATTTT-3
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Table II. Correlation between LINC01296 expression and different clinicopathological features in ESCC patients.

Parameters Number LINCO1296 expression p-value
Low High

Gender
Male 134 64 70 0.809
Female 87 43 44

Age (years) 0.271
<60 99 52 47
> 60 122 55 67

Tumor location 0.715
Middle 104 49 55
Lower 117 58 59

Differentiation grade 0.000
Gl 130 76 54
G2+G3 91 31 60

Lymph nodes metastasis 0.002
Absence 138 78 60
Presence 83 29 54

Distant metastasis 0.002
Yes 91 33 58
No 130 74 56

TNM stage 0.015
I+10 152 82 70
I+ 1V 69 25 44

Transwell Assay Results

For migration assay, a total of 1x10* transfected
cells in serum-free medium were seeded in the up-
per chamber. Medium containing 10% fetal bovine
serum was added to the lower compartment as a
chemo-attractant. For invasion assay, chambers
were coated with Matrigel (BD Biosciences, San
Jose, CA, USA). After 24 h, the cells moving to the
other side were stained with the dye crystal violet.
Then, cells that had migrated across the membrane
and were counted from five randomly chosen fields
in each well using a light microscope.

Statistical Analysis

All statistical analyses were carried out using
GraphPad Prism, version 5 (GraphPad Software,
Inc., La Jolla, CA, USA). All experiments were
independently repeated at least triplicate. The
significance of differences between groups was
estimated by the Student’s #-test and the x’-test.
Disease-free survival (DFS) and overall survival
(OS) curves were determined by the Kaplan-Mei-
er method, and the survival differences of patients
were evaluated by the log-rank test. The influence
of each variable on survival was examined by the
Cox regression analysis. p < 0.05 was considered
statistically significant.
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LINCO1296 was Upregulated
in ESCC Tissues and Cell lines

Previous results from microarray data revealed
that LINCO01296 expression was up-regulated in
ESCC tissues. To demonstrate dysregulation of
LINCO01296 in ESCC patients, we further detect-
ed the expression levels of ESCC tissues from the
patients in our hospital. As shown in Figure 1A,
the results showed that LINC01296 expression
was significantly increased in ESCC tissues than
in matched normal tissues (p < 0.01). In addition,
we also determined the expression of LINC01296
in three ESCC cell lines (ECa-109, EC-9706, TE-
1) and human esophageal epithelial cells (HEEC).
As shown in Figure 1B, it showed that LINC01296
expression was markedly upregulated in all ESCC
cell lines compared to that in HEEC.

Correlation Between LINCO1296
Expression and Clinicopathological
Features

Next, we explored the association of LINC01296
expression level with the clinical pathological fac-
tors in ESCC patients. All ESCC patients were
subsequently divided into two groups (high ex-
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Figure 1. Upregulation of LINC01296 in ESCC tissues and cells. A, The expression of LINC01296 was analyzed in ESCC tis-
sues and matched normal tissues by qRT-PCR. B, Expression of LINC01296 in ESCC cells (ECa-109, EC-9706, TE-1) and normal

esophageal cell line NEEC. **p<0.01.

pression group and low expression group) based
on the mean expression of LINC01296. As shown
in Table II, the result of chi-square test revealed
that high LINCO01296 expression was positively
correlated with differentiation grade (p = 0.000),
lymph nodes metastasis (p = 0.002), distant metas-
tasis (p = 0.002), and TNM stage (p = 0.015) in
ESCC patients. However, there were no significant
correlations between LINC01296 expression and
other clinicopathologic features including gender,
age, tumor location (p > 0.05).

Upregulation of LINCO1296 Was
Correlated With Poor Prognosis in ESCC
Subsequently, Kaplan-Meier and log-rank test
analyses were performed to investigate the cor-
relation between LINC01296 expression and pa-
tients’ OS or DFS. As shown in Figure 2, ESCC
patients with high LINCO01296 expression had
significantly shorter OS (p = 0.009) and DFS
(Figure 3, p = 0.005) time than those with low
LINCO01296 expression. Then, we used Cox re-
gression to investigate the association between
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Figure 2. ESCC patients with high LINC01296 expres-
sion showed shorter OS compared with patients exhibiting
low LINCO01296 expression by Kaplan-Meier survival curve
(p=0.0009).

Figure 3. ESCC patients with high LINC01296 expression
showed shorter DFS compared with patients exhibiting low
LINCO1296 expression by Kaplan-Meier survival curve
(p=0.0005).
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Table Ill. Univariate and multivariate analysis of prognostic factors in for overall survival.

Variables Univariate analysis Multivariate analysis

Risk ratio 95% ClI P Risk ratio 95% ClI P
Gender 0.783 0.533-1.648 0.423 - - -
Age 0.856 0.637-1.899 0.371 - - -
Tumor location 1.231 0.834-2.123 0.189 - - -
Differentiation grade 4.323 1.893-9.452 0.001 3.894 1.673-7.673 0.001
Lymph nodes metastasis 3.673 1.563-6.677 0.004 2.783 1.277-4.263 0.008
Distant metastasis 3.251 1.256-5.783 0.006 2773 1.039-4.563 0.012
TNM stage 2.893 1.348-4.763 0.012 2.563 1.138-3.774 0.025
LINCO01296 expression 3.783 1.669-7.693 0.001 2.893 1.253-5.563 0.004

LINCO01296 expression and prognosis further.
The results of univariate analysis indicated that
differentiation grade, lymph nodes metastasis,
distant metastasis, TNM stage, and LINC01296
expression were significantly associated with OS
(Table 111) and DFS (Table IV) of ESCC patients.
In addition, multivariate Cox regression analysis
enrolling above-mentioned significant parameters
confirmed that LINC01296 expression was an in-
dependent prognostic marker for OS (Table 111, p
= 0.004) and DFS (Table IV, p = 0.003) of ESCC
patients.

Effect of LINCO1296 Lower
Expression on Tumor Growth
and Metastasis in vitro

To further assess the biological function of
LINCO01296 on proliferation, migration, and inva-
sion of ESCC cells, TE-1 cells were transfected
with si-LINC01296 or NC. As shown in Figure
4A, the expression of TUGI was significantly
downregulated in si-LINCO01296 transfected cells.
Then, we performed MTT to explore the effect
of LINCO01296 on TE-1 cells proliferation. The

results showed that after si-LINC01296 transfec-
tion, the viability of the TE-1 cells was evidently
decreased at 96 h time-point (Figure 4B). Fur-
thermore, we investigated whether LINC01296
affected migration and invasion of TE-1 cells us-
ing transwell. We observed that the cell migration
and invasion capacity of TE-1 cells transfected
with si-LINCO01296 was significantly decreased
compared with the control group (Figure 4C).
These results revealed that LINC01296 promoted
ESCC cell growth and metastasis, and served as a
tumor oncogene in ESCC tumorigenesis.

Discussion

Although diagnosis and therapy of ESCC have
been greatly advanced for decades, the incidence
and mortality rates remain very high". An ac-
curate prognostic assay is extremely critical for
planning ESCC treatment strategies®®. Although
several clinicopathological features have been
used for prognosis prediction for ESCC patients,
this classification scheme is not accurate for an in-

Table IV. Univariate and multivariate analysis of prognostic factors in for disease-free survival.

Variables Univariate analysis Multivariate analysis

Risk ratio 95% CI P Risk ratio 95% CI P
Gender 0.934 0.732-2.136 0.163 - - -
Age 1.267 0.845-2.325 0.117 - - -
Tumor location 1.644 0.548-2.783 0.213 - - -
Differentiation grade 4.783 1.932-9.132 0.001 4.219 1.563-8.223 0.001
Lymph nodes metastasis 4.023 1.677-6.745 0.001 3.251 1.352-5.764 0.006
Distant metastasis 3.563 1.793-5.273 0.006 3.211 1.352-4.139 0.009
TNM stage 3.261 1.893-4.732 0.008 2.673 1.564-4.023 0.013
LINCO01296 expression 4213 1.389-8.784 0.001 3.263 1.193-6.763 0.003
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Figure 4. LINCO01296 down-regulation suppressed ESCC cells proliferation, migration, and invasion. A, Expression of
LINC01296 was determined in TE-1 cells transfected with si-LINC01296 or NC. B, Cell proliferation was measured by MTT
assays in TE-1 cells transfected with si-LINC01296 or NC. C, The migration and invasion abilities of TE-1 cells transfected with
si-LINCO01296 or NC were evaluated by transwell assays. **p<0.01.

dividual patient®'. Thanks to the advances in mo-
lecular and cellular biology of tumors, molecular
technique has been regarded as an ideal method for
prognosis prediction in ESCC*. Recently, several
research groups reported that functional IncRNAs
may be applied for ESCC diagnosis and progno-
sis, and also may serve as potential therapeutic tar-
gets. Various molecular mechanisms were identi-
fied. For instance, Xu et al* reported that IncRNA
HOTAIR was highly expressed in ESCC patients
and accelerated the proliferation and metastasis of
ESCC cells via acting as a miR-148a sponge. Ren
et al** reported that the down-regulation of IncRNA
MIR31HG was found in ESCC, which often led to
a poor prognosis. On the other hand, the diagnostic
value of IncRNA POU3F3 was also demonstrated
in ESSC patients. Those results encouraged us to
identify more IncRNAs.

The possible role and associated molecular
mechanism of LINCO01296 in several human tu-
mors have been studied. Qiu et al* reported that
up-regulation of LINC01296 was observed in col-
orectal cancer, and patients with high expression
of LINCO01296 have significantly poorer prognosis
than those with low expression. Wu et al?’ found
that LINC01296 was highly expressed in prostate
cancer and its overexpression promoted the prolif-
eration and metastasis of prostate cancer cells by
modulating PI3K-Akt-mTOR signaling pathway.
Qin et al®® showed that LINC01296 was up-regu-
lated in GC tissue and correlated with poor prog-
nosis. In addition, functional and mechanistic
assay revealed that forced LINC01296 expression
promoted gastric cancer cells proliferation, mi-
gration, and invasion through targeting miR-122.
Those results suggested LINC01296 as a tumor
promoter in tumor progression. Dai et al'® report-

ed that LINCO01296 expression was significantly
up-regulated in ESCC tissues by microarray anal-
ysis. However, to our best knowledge, whether
LINCO01296 was associated with prognosis of
ESCC patients, and its function in ESCC cells
growth and metastasis had not been reported.

In the present work, we detected the expres-
sion level of LINC01296 in ESCC tissues from
the patients of our hospital to further demonstrate
whether LINCO01296 expression was up-regulat-
ed in ESCC patients. Our data were in agree-
ment with the findings of microarray analysis. In
addition, up-regulation of LINC01296 was also
observed in ESCC cells lines compared to nor-
mal esophagus cells. Those results were strong-
ly suggesting the possibility that LINC01296
can be used as a potential biomarker to detect
ESCC. Furthermore, the high expression of
LINCO01296 conferred malignant clinical param-
eters of ESCC patients including differentiation
grade, lymph nodes metastasis, distant metasta-
sis, and advanced TNM stage. More important-
ly, Kaplan-Meier survival curves revealed that
the higher expression level of LINC01296 was
closely related to a shorter OS and DFS. Subse-
quently, both univariate and multivariate anal-
ysis confirmed that LINCO01296 expression was
an independent prognostic marker for DFS and
OS in ESCC patients. To investigate the function
of LINCO01296 in ESCC cells behavior, a loss-
of-function experiment was performed in vitro.
Our data showed that LINCO01296 down-reg-
ulation suppressed tumor growth by reducing
ESCC cell proliferation, migration, and invasion
ability. These results supported that LINC01296
was involved in the development and progres-
sion of ESCC.
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Conclusions

We showed that decreased expression of
LINCO01296 was associated with poor clinical fea-
tures of ESCC patients. Functionally, knockdown
of LINCO01296 expression in ESCC cells leads to
inhibition of ESCC cells proliferation and me-
tastasis. These findings suggest that LINC01296
may be a potential candidate for anti-cancer ther-
apy and a prognostic marker for ESCC.
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