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Abstract. — OBJECTIVE: Long non-coding
RNAs (IncRNAs) have recently been identified
as crucial regulators in colorectal cancer (CRC)
progression. The aim of the study is to inves-
tigate the clinical role and biological effects of
long non-coding RNA EWSAT1 in CRC.

PATIENTS AND METHODS: The expression
of IncRNA EWSAT1 was detected in 106 cas-
es of fresh CRC tissues and matched adjacent
normal tissues by qRT-PCR analyses. The Ka-
plan-Meier analysis and log-rank test were used
to assess the association between IncRNA EW-
SAT1 expression and overall survival (OS) rate
of CRC patients. Cell proliferation and invasion
capacity were evaluated by CCK8 assay, colony
formation, and transwell invasion assays. The
protein expression was detected using western
blot analysis.

RESULTS: LncRNA EWSAT1 expression was
abnormally higher in CRC tissues compared
to matched adjacent normal tissues. Higher In-
cRNA EWSAT1 expression significantly asso-
ciated with depth of invasion, lymph node me-
tastasis, and advanced tumor-node-metastasis
(TNM) stage in CRC patients. Patients with high-
er EWSAT1 expression exhibited shorter OS
compared with patients with lower EWSAT1 ex-
pression. Furthermore, IncRNA EWSAT1 knock-
down significantly suppressed cell prolifera-
tion and invasion in CRC. In addition, IncRNA
EWSAT1 knockdown suppressed cell epitheli-
al-mesenchymal transition (EMT) through re-
ducing Snaill, Snail2, and N-cadherin expres-
sion, but increasing E-cadherin expression in
CRC cells.

CONCLUSIONS: Downregulation of IncRNA
EWSAT1 suppressed cell proliferation and inva-
sion of CRC, which indicated that EWSAT1 may
be a potential target of CRC treatment.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer and the fourth leading cause of can-
cer-associated mortality worldwide!. More than
1.2 million cases are diagnosed with colorectal
cancer every year, and about 600,000 cases die
from the disease’. Death often occurs due to tu-
mor relapse and metastasis®’. CRC carcinogenesis
significantly associated with various alterations
of oncogenes or tumor suppressor genes*. Thus,
to explore a novel understanding of the genomic
landscape involved in CRC and therapeutic tar-
gets of CRC is needed.

Long non-coding RNAs (IncRNAs) have been
found to play comprehensive roles in a series of
diseases including cancer®. Some IncRNAs func-
tion as oncogenes Or tumor suppressor genes in
CRC development, and participate in CRC car-
cinogenesis®. Such as, IncRNA ANCR down-reg-
ulation suppresses invasion and migration of col-
orectal cancer cells by regulating EZH2 expres-
sion’. Up-regulated NNT-ASI contributes to pro-
liferation and migration of colorectal cancer cells
in vitro and in vivo®. Silencing of long non-cod-
ing RNA SBDSPI1 suppresses tumor growth and
invasion of colorectal cancer’. HOTAIRMI is
identified as a potential biomarker for diagnosis
of colorectal cancer'”. LncRNA-UCAI enhances
cell proliferation and S5-fluorouracil resistance
in colorectal cancer by inhibiting miR-204-5p'".
These previous study indicated that IncRNAs
play crucial roles in CRC. However, the clini-
cal significance and biological functions of long
non-coding RNA EWSATI in colorectal cancer
is little known.

We demonstrated that IncRNA EWSATT is sig-
nificantly higher expressed in CRC tissues. CRC
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patients with higher IncRNA EWSATI expres-
sion levels exhibited a poor prognosis. LncRNA
EWSATI knockdown inhibited cell proliferation,
invasion, and epithelial-mesenchymal transition
process of CRC. Thus, our results suggested that
IncRNA EWSATI1 may be a potential target of
CRC treatment.

Patients and Methods

Tissue Sample Collection

A total of 106 cases of fresh CRC tissues
and pair-matched adjacent normal tissues were
obtained from the Department of Colorectal Sur-
gery, Cancer Hospital of China Medical Univer-
sity between March 2008 and April 2011. All
of the tumor tissues derived from surgery were
immediately stored in liquid nitrogen for further
RNA analysis. All of the patients do not receive
preoperative treatment including radiation or che-
motherapy. A five-year follow-up was performed
after surgery in CRC patients. The written in-
formed consents were signed from all subjects.
This research was approved by the Review Board
and Ethics Committee of Cancer Hospital of Chi-
na Medical University.

Cell Culture

Three human CRC cell lines (SW480, HT29,
and SW620) and an intestinal epithelial cell line
(NCM460) used in this study were purchased
from the Institute of Biochemistry and Cell
Biology of the Chinese Academy of Sciences
(Shanghai, China). CRC cell lines were incubated
in Roswell Park Memorial Institute-1640 (RP-
MI-1640) medium (Gibco; Thermo Fisher Scien-
tific, Inc., Waltham, MA, USA) containing 10%
fetal bovine serum (FBS; Thermo Fisher Scien-
tific, Waltham, MA, USA). Cells were maintained
at 37°C in a humidified atmosphere with 5% CO,.

Quantitative Real Time-PCR (QRT-PCR)
Analysis

Total RNA was extracted from CRC tissues
or cells using TRIzol Reagent (Takara Biotech-
nology Co., Ltd, Dalian, China). The 1 ug of
total RNA was reversed to complementary DNA
(cDNA) by using Prime Script RT reagent kit
with gDNA Eraser (TaKaRa Biotechnology Co.,
Ltd, Dalian, China). QRT-PCR was performed on
an ABI 7500 Real Time-PCR system (Applied
Biosystems, Foster City, CA, USA) by using a
SYBR Premix EX Taq™ Kit (TaKaRa Biotech-

nology Co., Ltd, Dalian, China). The reaction
condition was as follow: pre-denaturation at 95°C
for 32 sec, followed by 40 cycles of 95°C for 5
sec, 55°C for 30 sec, and 72°C for 31 sec. The
primers used in the study are as follows: IncRNA
EWSATI  forward, 5-GTGTCTGGCAAG-
GAACACTA-3’, and IncRNA EWSATI reverse,
5>-GGTGGAGAAGAGGGACAATAAG-3".
GAPDH forward, 5°’-AGCCACATCGCTCAGA-
CAC-3’, and GAPDH reverse, 5-GCCCAATAC-
GACCAAATCC-3’. The mRNA expression was
determined using 224" methods.

Cell Transfection

Lentivirus expressing shRNAs against In-
cRNA EWSATI and negative control shRNA
were synthesized and purchased from Shang-
hai GenePharma Co., Ltd (Shanghai, China).
Cells were transfected using Lipofectamine 2000
(Thermo Fisher Scientific, Waltham, MA, USA).
The sequences of the two designed IncRNA EW-
SAT1 shRNAs were as follows: shRNA-IncRNA
EWSATI-1 (sh-1), 5-TTGGGCTCTCAATGG-
TATCAT-3" and shRNA-IncRNA EWSAT1-2 (sh-
2), 5>~ AAGGGAGGGTTACTAACTTTA-3".

Cell Proliferation Assay

Cell viability was evaluated using Cell Count-
ing Kit-8 (CCK-8, Dojindo, Kumamoto, Japan)
according to the manufacturer’s instruction.
Briefly, transfected cells (2000 cells/per well)
were seeded in 96-well plates. After cells were
cultured at 1, 2, 3, and 4 days, the CCK-8 solution
was added to each well and were maintained for
2 h at 37°C in a humidified atmosphere with 5%
CO,. The absorbance was measured at 450 nm by
a microplate reader victor (BioTek Instruments,
Inc., Winooski, VT, USA).

Colony Formation Assay

The transfected cells (500 cells/per well) were
seeded in 12-well plates. Then, cells were main-
tained at 37°C in a humidified atmosphere with
5% CO, for 14 days. The cells were then fixed
with methanol, stained using crystal violet, and
the colonies number was counted. The experi-
ments were performed at least three times.

Transwell Invasion Assay

Cell invasion ability was evaluated using a
24-well transwell chamber (Costar, MA, USA)
with Matrigel (1 mg/ml) (BD Biosciences, Frank-
lin Lakes, NJ, USA). 1x10° transfected cells in
serum-free medium were seeded on the upper
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chambers. Medium with 10% fetal bovine serum
(FBS) was added on the lower chamber con-
tained. Then, cells were maintained at 37°C in
a humidified atmosphere with 5% CO, for 24h.
The cells on the lower chamber were fixed and
stained using crystal violet and counted using a
microscope (Olympus Corp., Tokyo, Japan).

Western Blot Analysis

Transfected cells were lysed in Radio-Immu-
noprecipitation Assay (RIPA) buffer (Beyotime
Institute of Biotechnology, Haimen, China). The
equal quantity (40 pg) protein was separated by
10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and then electro-
phoretic transferred onto polyvinylidene diflu-
oride (PVDF) membrane (Bio-Rad, Hercules,
CA, USA). The membranes were blocked with
5% skim milk and then were incubated with
specific primary antibodies with Snaill (1:500,
Santa Cruz Biotechnology, Santa Cruz, CA,
USA), Snail2 (1:500, Santa Cruz Biotechnolo-
gy, Santa Cruz, CA, USA), E-cadherin (1:1000,
Cell Signaling Technology, MA, USA, 1:1000),
N-cadherin (1:1000, Cell Signaling Technolo-
gy, Danvers, MA, USA), and B-actin (1:2000,
Cell Signaling Technology, Danvers, MA, USA).
Following by incubation with horseradish per-
oxidase (HRP)-linked secondary antibodies
(1:1000, Cell Signaling Technology, Danvers,
MA, USA), the proteins were visualized using
the enhanced chemiluminescence (ECL) detec-
tion system (Bio-Rad, Hercules, CA, USA). The
density of the blots was quantified using Image
J software with the ChemiDoc Imaging Sys-
tem (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). The expression of B-actin was used as a
control for normalization.

Statistical Analysis

Statistical analysis was carried out using SPSS
software (version 20.0; IBM Corp., IBM SPSS
Statistics for Windows, Armonk, NY, USA). The
results are presented as the mean + standard
deviation. Differences between two groups were
analyzed using the Student’s t-test. Differences
among more than two groups were analyzed
using one-way analysis of variance (ANOVA)
and post-hoc test (Student-Newman-Keuls meth-
od) were used following the performance of
ANOVA. Kaplan-Meier analysis and log-rank test
were used for survival analysis. A p <0.05 was
considered to indicate a statistically significant
difference.

Results

Expression of IncRNA EWSATI1 is Higher
in Human CRC Tissues and Cell Lines

The relative expression of IncRNA EWSATI1
was examined by qRT-PCR assay in 106 CRC
tissue and pair-matched adjacent normal tissues
samples. The IncRNA EWSAT1 mRNA expres-
sion normalized to GAPDH. As shown in Figure
1A, the results showed that the expression of
IncRNA EWSATI1 was significantly higher in
CRC tissues compared with matched adjacent
normal tissues samples (p < 0.01). Furthermore,
we detected the expression of IncRNA EWSATI
in three human CRC cell lines (SW480, HT29,
and SW620) and an intestinal epithelial cell line
(NCM460). Results analysis showed that IncRNA
EWSATI expression was notably higher in hu-
man CRC cell lines than that in NCM460 cell line
(p < 0.05, Figure 1B). Additionally, we analyzed
the association between expression of IncRNA
EWSATI and clinicopathological data. As listed
in Table I, the results showed that higher IncRNA
EWSATI1 expression associated with depth of
invasion (p = 0.011), lymph node metastasis (p =
0.014), and tumor-node-metastasis (TNM) stage
(p = 0.008) in CRC patients. Patients with high-
er EWSATI expression levels exhibited shorter
overall survival rates compared with patients
with lower EWSATI expression levels (log-rank=
8.931, p < 0.05, Figure 1C).

Decreased IncRNA EWSAT1 Suppresses
CRC Cell Growth and Colony Formation

Furthermore, we assessed the effects of In-
cRNA EWSATI expression on cell prolifera-
tion. The SW480 and SW620 cell lines were
transfected with sh-EWSATI1-1 and sh-EW-
SATI-2 in order to induce IncRNA EWSATI
silencing. The sh-EWSATI1-1 could marked-
ly reduce IncRNA EWSATI expression (89%)
and used in the following experiments (Figure
2A-2B). Growth curves determined by CCKS8
analysis showed that IncRNA EWSAT1 knock-
down significantly repressed cell proliferation
rate, compared with control group in SW480
and SW620 cells (p < 0.05, Figure 2C-2D).
Moreover, the cell colonies assay revealed that
colony formation rates were significantly re-
duced, when compared with control group in
SW480 and SW620 cells (p < 0.05, Figure
2E-2F). Thus, these results indicated that de-
creased IncRNA EWSATI exerted the potential
to inhibit cell proliferation of CRC.
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Table I. Correlation with EWSAT]1 expression and clinical characteristics in 106 CRC patients.

Figure 1. Expression of
IncRNA EWSATI is higher
in human CRC tissues and cell
lines. A, The relative expression
of IncRNA EWSAT1 was
examined by qRT-PCR assay
in 106 CRC tissue and pair-
matched adjacent normal
tissues samples, with mRNA
expression normalized to
GAPDH, **» < 0.01. B, The
overall survival time of the
higher IncRNA EWSATI
expression group (n = 50) of
CRC patients was significantly
shorter compared with the
lower expression group (n =
56). C, The relative expression
of IncRNA EWSAT1 was
examined by qRT-PCR assay
in three human CRC cell lines
(SW480, HT29, and SW620)
and an intestinal epithelial cell
line (NCM460) used in this
study, *p < 0.05.

IncRNA EWSAT1 expression
Case number
Characteristics (n = 106) Lower (n = 56) Higher (n = 50) p-value
Gender 0.958
Female 40 21 19
Male 66 35 31
Age 0.092
<60 72 34 38
> 60 34 22 12
Tumor size 0.102
<5cm 47 29 18
>5cm 59 27 32
CEA (ng/ml) 0.090
>5 43 27 16
<5 63 29 34
Tumor location
Rectum 52 26 26 0.567
Colon 54 30 24
Depth of invasion
T1-T2 41 28 13 0.011*
T3-T4 65 28 37
Lymph node metastasis 0.014*
Negative 64 40 24
Positive 42 16 26
Differentiation 0.092
Well, moderate 72 34 38
Poor 34 22 12
TNM stage 0.008*
I-11 67 42 25
111 39 14 25

TNM, tumor-node-metastasis, *represents the p-values < 0.05.
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Figure 2. Decreased IncRNA EWSAT]1 suppresses CRC cell growth and colony formation, *p <0.05. 4-B, The relative
expression of IncRNA EWSAT1 was examined by qRT-PCR assay following treatment with sh-NC and sh-EWSAT1-2 (sh-2)
in SW480 and SW620. C-D, A CCK8 assay was performed to determine the proliferation rate of SW480 and SW620 following
treatment with sh-NC and sh-EWSAT1-2 (sh-2). E-F, A colony formation assay was performed following treatment with sh-
NC and sh-EWSAT1-2 (sh-2) in SW480 and SW620. The data represent the means + SD from three independent experiments,
*p < 0.05.
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LncRNA EWSAT1 Regulates CRC Cell
Invasion and Epithelial-Mesenchymal
Transition (EMT)

Cell invasion and EMT process correlated with
CRC metastasis'?>. Next, we detected whether In-
cRNA EWSATI1 expression affected cell inva-
sion and EMT pathway. Transwell invasion assay
showed that the number of invading cells was
significantly reduced when IncRNA EWSATI1 was
knocked down compared with control group in
SW480 and SW620 cells (p < 0.05, Figure 3A-3B).
Western blot was performed to analyze the ex-
pression of EMT-related markers in SW480 and
SW620 cells after IncRNA EWSATI knockdown.

As showed in Figure 3C-3D, IncRNA EWSATI
knockdown markedly reduced the expression of
Snaill, Snail2, and N-cadherin, meanwhile greatly
increased the expression of E-cadherin in SW480
and SW620 cells. Thus, these results indicated that
the decreased IncRNA EWSAT1 suppressed cell
invasion and EMT pathway.

Discussion
LncRNAs, an important ncRNA, have been

reported to aberrantly express in human CRC
and are involved in CRC carcinogenesis”. The
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Figure 3. LncRNA EWSATI regulates CRC cell invasion and epithelial-mesenchymal transition (EMT). A-B, A transwell
invasion assay was performed to determine the cell invasion ability of SW480 and SW620 following treatment with sh-NC
and sh-EWSATI-2 (sh-2). C-D, The relative protein expression of Snaill, Snail2, N-cadherin and E-cadherin were detected by
western blot following treatment with sh-NC and sh-EWSAT1 in SW480 and SW620. The data represent the means + SD from
three independent experiments, *p < 0.05.
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underlying functions and molecular mecha-
nisms of some IncRNAs have been found pre-
viously™. However, little known molecular and
biological functions were reported for IncRNA
EWSATI in CRC. In this study, we demon-
strated that IncRNA EWSATI expression was
significantly higher in CRC tissues when com-
pared to adjacent tissues, and associated with
depth of invasion, lymph node metastasis, and
tumor-node-metastasis (TNM) stage in CRC pa-
tients. Patients with higher EWSAT1 expression
levels exhibited shorter overall survival rates
compared with patients with lower EWSATI1
expression levels.

In the previous research, the long non-cod-
ing RNA EWSATI had been reported to as-
sociate with tumor progression. Analysis of
RNAseq data from primary human Ewing sar-
coma further supported a role for EWSATI in
mediating gene repression to facilitate Ewing
sarcoma oncogenesis””. The long non-coding
RNA EWSATI1 promotes human nasopharyn-
geal carcinoma cell growth in vitro by target-
ing miR-326/-330-5p'’. The long ong non-cod-
ing RNA EWSATI1 promotes osteosarcoma cell
growth and metastasis through suppression of
MEGS3 expression'”. We demonstrated that cell
proliferation and invasion ability were sig-
nificantly suppressed when IncRNA EWSATI
knockdown compared with the control group in
SW480 and SW620 cells. Due to little is known
for the underlying molecular mechanism of In-
cRNA EWSATI, here, we investigated wheth-
er IncRNA EWSATI1 expression affected the
EMT pathway, which is an essential process for
tumor invasion and metastasis'®. The Western
blot analysis results demonstrated that IncRNA
EWSATI1 knockdown could suppress CRC cell
epithelial-mesenchymal transition through in-
hibiting Snaill, Snail2, and N-cadherin expres-
sion and increasing the expression levels of
E-cadherin.

Conclusions

We demonstrated that IncRNA EWSATI1 is
significantly higher in CRC tissues and cells, and
higher IncRNA EWSATI expression predicted a
poor outcome. Moreover, inhibition of IncRNA
EWSATI1 expression inhibited cell proliferation,
invasion epithelial-mesenchymal transition pro-
cess. Thus, EWSAT1 may be a potential target of
CRC treatment.
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