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Long non-coding RNA CCAT2 is up-regulated in gastric
cancer and associated with poor prognosis
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Abstract: Introduction: Dysregulation of long non-coding RNAs (IncRNAs) play important roles in tumor progression.
The aim of our study was to explore the clinicopathologic and prognostic significance of IncRNA CCAT2 expression
in human gastric cancer. Methods: Expression levels of INcRNA CCAT2 in 85 pairs of gastric cancer and adjacent
non-tumor tissues were detected by quantitative real-time PCR (qRT-PCR). In order to determine its prognostic val-
ue, overall survival and progression-free survival were evaluated using the Kaplan-Meier method, and multivariate
analysis was performed using the Cox proportional hazard analysis. Results: Expression levels of IncRNA CCAT2 in
gastric cancer tissues were significantly higher than those in adjacent non-tumor tissues. By statistical analyses,
high IncRNA CCAT2 expression was observed to be closely correlated with higher incidence of lymph node metas-
tasis and distance metastasis. Moreover, patients with high IncRNA CCAT2 expression had shorter overall survival
and progression-free survival compared with the low INcRNA CCAT2 group. Multivariate analyses indicated that high
IncRNA CCAT2 expression was an independent poor prognostic factor for gastric cancer patients. Conclusions: Our
results suggested that up-regulation of IncRNA CCAT2 was correlated with gastric cancer progression, and IncRNA

CCAT2 might be a potential molecular biomarker for predicting the prognosis of patients.
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Introduction

Gastric cancer is the fourth most common
human malignant disease and the second lead-
ing cause of cancer-related death worldwide
[1]. Despite the significant achievements that
have been made in the treatment of early gas-
tric cancer, the long-term survival rate for
advanced gastric cancer is still quite low [2]. In
China, the b5-year overall survival rate of
patients with gastric cancer is lower than 40%,
although recent advances in chemotherapy
and surgical techniques [3]. This is primarily
attributed to the following reasons: lack of diag-
nostic markers for early detection, weak prog-
nostic value of histological indicators, limited
efficiency of current treatment for advanced
disease and lack of molecular markers utilized
for targeted therapy [4, 5]. Therefore, identifica-
tion of novel effective molecular markers is of
great significance for the improvement of diag-
nostic and prognostic techniques, and for the
development of more efficient therapeutic
strategies for patients with gastric cancer.

With the development of whole-genome
sequencing technology, it was determined that
less than 2% of the mammalian genome is in
protein-encoded regions and the remainder is
in non-coding RNAs (ncRNAs) [6]. Among them
are long non-coding RNAs (IncRNAs), which are
more than 200 nucleotides in length and
unable to be translated into proteins [7].
Recently, many IncRNAs are known to play
important roles in the regulation of gene tran-
scription and translation, cell differentiation,
ontogenetic, genetic, and epigenetic and other
cellular activities [8-10]. LncRNAs have been
considered to be new approaches of tumor bio-
markers for early cancer diagnosis and progno-
sis. They may play roles in the development and
progression of cancers similar to those played
by oncogenes or tumor suppressor genes.
Recent studies have identified a number of
INcRNAs with aberrant expression in tumors.
For example, Lai et al found that MALAT1 was
up-regulated in both hepatocellular carcinoma
cell lines and clinical tissue samples. Patients
with high expression level of MALAT1 had a sig-
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Figure 1. LncRNA CCAT2 expression in 85 pairs of
gastric cancer and adjacent non-tumor tissues de-
tected by qRT-PCR. *P < 0.05.

nificantly increased risk of tumor recurrence
[11]. Kogo et al showed that HOTAIR expression
levels were higher in colorectal cancer tissues
than in corresponding noncancerous tissues
and high HOTAIR expression correlated tightly
with the presence of liver metastasis [12]. Sun
et al found that GAS5 expression was markedly
down-regulated in gastric cancer and associat-
ed poorer disease-free survival and overall sur-
vival of gastric cancer patients. Moreover, ecto-
pic expression of GAS5 was demonstrated to
decrease gastric cancer cell proliferation and
induce apoptosis in vitro and in vivo [13]. Yang
et al revealed that IncRNA H19 were markedly
increased in gastric cancer cells and gastric
cancer tissues compared with normal controls.
Moreover, ectopic expression of H19 increased
cell proliferation [14]. However, to our knowl-
edge, the expression pattern and prognostic
role of INcRNA CCAT2 expression has not been
reported in gastric cancer yet.

In the present study, we investigated the
expression level of IncRNA CCAT2 in clinical
gastric cancer and adjacent non-tumor tissues,
as well as analyzed its association with overall
survival and progression-free survival of gastric
cancer patients.

Materials and methods
Patients and specimens
Human gastric cancer and adjacent non-tumor
tissues were obtained from 85 patients who
underwent gastrectomy at the Department of

General Surgery, Huaihe Clinical College of
HeNan University, between January 2005 and
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December 2008. All patients did not receive
chemotherapy or radiotherapy prior to surgery.
After resection, the specimens were immedi-
ately frozen in liquid nitrogen and then stored in
-80°C until use. The histopathological type and
stage of gastric cancer were determined
according to the criteria of the World Health
Organization classification and the TNM stage
set out by the Union for International Cancer
Control. Data were retrieved from their opera-
tive and pathological reports, and follow-up
data were obtained by our clinical database.
The written informed consent had been
obtained from all the patients, and this study
was approved by the Ethical Committee of
Huaihe Clinical College of HeNan University.

Quantitative realtime PCR (qRT-PCR)

Total RNA from tissues was extracted using
Trizol reagent (Invitrogen). RNA was reversed
transcribed into cDNAs using the Primer-Script
one step RT-PCR kit (TaKaRa). The cDNA tem-
plate was amplified by real-time PCR using the
SYBR Premix Dimmer Eraser kit (TaKaRa).
Glyceraldehyde-3-phos-phate dehydrogenase
(GAPDH) was used as an internal control, and
IncRNA CCAT2 values were normalized to
GAPDH. gRT-PCR reactions were performed by
the ABI7900 system (Applied Biosystems). The
relative expression fold change of mRNAs was
calculated by the 22T method. The PCR prim-
ers used were as follows: 5-CCACATCGC-
TCAGACACCAT-3’ (sense) and 5-ACCAGGCGC-
CCAATACG-3’ (antisense) for GAPDH; and
5-CCCTGGTCAAATTGCTTAACCT-3’ (sense) and
5-TTATTCGTCCCTCTGTTTTATGGAT-3’  (antise-
nse) for CCAT2.

Statistical analysis

All statistical analyses were performed using
SPSS version 18.0 software (IBM). The data
were presented as the mean + SD. The Chi-
squared test was used to investigate the signifi-
cance of IncRNA CCAT2 expression as correlat-
ed with clinicopathologic features in gastric
cancer. Overall survival and progression-free
survival curves were plotted using the Kaplan-
Meier method and were evaluated for the sta-
tistical significance using a log-rank test. The
significance of different variables with respect
to survival was analyzed using the univariate
and multivariate Cox proportional hazards
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Table 1. Association between IncRNA CCAT2 expression
and clinicopathological features of human gastric cancer

Association between IncRNA CCAT2
expression and clinicopathologic fea-

Clinicopathological

LncRNA CCAT2 expression

Total

tures of gastric cancer

Table 1 summarized the association

features Low High
Age (years) 0.605
<60 39 20 19
>60 46 21 25
Gender
Male 41 18 23
Female 44 23 21
Tumor size (cm)
<5 51 24 27
>5 34 17 17
Differentiation 0.345
Well 27 11 16
Moderate + Poor 58 30 28
TNM stage
I+ 43 24 19
I+ 1v 42 17 25
Depth of invasion
T1+T2 38 20 18
T3+ T4 47 21 26
Lymph node metastasis 0.000
No 49 33 16
Yes 36 8 28
Distant metastasis
No 71 38 33
Yes 14 3 11

between IncRNA CCAT2 expression
and clinicopathologic features in gas-
tric cancer. LncRNA CCAT2 expression
0.440 was observed to be closely correlated

with higher lymph node metastasis

and distance metastasis (P < 0.05).
0.790 However, there were no significant cor-
relations between IncRNA CCAT2
expression and other clinicopathologic
features including age, gender, tumor
size, differentiation, TNM stage and
depth of invasion (P > 0.05).

0.157 Correlations of IncRNA CCAT2 expres-
sion with overall survival and progres-
sion free survival of gastric cancer

0.466 patients

To further investigate the correlation
of IncRNA CCAT2 expression with sur-
vival of gastric cancer patients,
Kaplan-Meier analyses were per-
formed. As shown in Figure 2A, the
0.028 5-year overall survival of high IncRNA

CCAT2 expression group was signifi-

cantly shorter than that of low IncRNA

model. Differences were considered statisti-
cally significant when P was less than 0.05.

Results

LncRNA CCAT2 up-regulation in human gastric
cancer

LncRNA CCAT2 expression was detected in 85
pairs of gastric cancer and adjacent non-tumor
tissues by gRT-PCR. As shown in Figure 1, after
normalization to GAPDH expression levels, the
expression level of IncRNA CCAT2 in gastric
cancer tissues was significantly higher than
that in adjacent non-tumor tissues. The mean
expression level of IncRNA CCAT2 (4.3) was
used as a cutoff point to divide all 85 patients
into two groups: gastric cancer patients who
express IncRNA CCAT2 at levels less than the
cutoff value were assigned to the low expres-
sion group (n = 41), and those with expression
above the cutoff value were assigned to the
high expression group (n = 44).
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CCAT2 expression group (P < 0.05).
Moreover, the 5-year progression-free
survival of high IncRNA CCAT2 expression group
was significantly shorter than that of low IncRNA
CCAT2 expression group (P < 0.05) (Figure 2B).
These data demonstrated that overexpression
of IncRNA CCAT2 might be associated with poor
survival of gastric patients

Univariate and multivariate determination of
prognostic factors in gastric cancer patients

Univariate analyses performed to evaluate the
expression of INcRNA CCAT2 and other clinico-
pathologic features on prognosis of gastric can-
cer patients. As shown in Table 2, it was
observed that INcRNA CCAT2 expression, along
with lymph node metastasis and distance
metastasis, was responsible for efficacy of sur-
gical treatment in gastric cancer patients, by
indicating that status of IncRNA CCAT2 expres-
sion was significantly correlated with overall
survival (P < 0.05) and progression-free surviv-
al (P < 0.05) of gastric cancer patients.
Furthermore, multivariate analyses were per-
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overall survival (P < 0.05)
and progression-free surviv-
al (P < 0.05) in gastric can-
cer (Table 2).

Lo 7 Discussion

As different cancer thera-
pies are effective in different
subgroups of patients, there
is a tremendous need for
novel predictive and prog-
+—b nostic markers to improve
the outcomes of cancer
patients [15]. Gastric cancer
is a group of heterogeneous
diseases that show various
biological and clinical char-
acteristics. Patient manage-
ment is currently based on

<0 50 easily identifiable clinical
and pathological character-
istics [16]. In recent years,
many molecules have been
used for the prediction of the
prognosis of gastric cancer
patients [17], but their roles
in determining the individual
risk level of the patient are
quite limited. Therefore, fur-
ther identification of new
prognostic markers remains
important for the prevention
and treatment of gastric
cancer.

Previously study showed that
almost 50% of transcribed
RNA has no protein-coding
potential [18]. Early research
proposed that IncCRNAs may

1.0 -
1 ‘ l
| - )
- —
0.8+
| +
"
2 087
>
e
3
@
"
—
> 04
8 2
0.27
IncRNA CCAT2
MLow expression
I"1High expression
~f=Low expression-censored
0.0+ | High expression-censored
I i 1 1 1 I I
0 10 20 30 40
Months
19— -
&
1
L——
l
08 *‘—Lﬁ—v—\_‘
- i o+
>
>
-
3
w 06 -
1) +
2
*
c
9
0
4
@ 0
=
d +
a
029 IncRNA CCAT2
~ILow expression
IHigh expression
~4= Low expression.censored
~+= High expression-censored
00

simply represent transcrip-

T T
0 10 20 0 40
Months

Figure 2. Kaplan-Meier survival curves for gastric cancer patients according to
the expression of INcCRNA CCAT2. A. Overall survival B. Progression-free survival.

formed to evaluate those clinicopathogic fea-
tures significant in univariate analyses (lymph
node metastasis, distance metastasis and sta-
tus of INcRNA CCAT2 expression). It was shown
that IncRNA CCAT2 expression was an indepen-
dent molecular biomarker for the predicting of
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T T tional noise [19]. However, in
= - recent years, INCRNAs have
been implicated as having
oncogenic and tumor sup-
pressor roles and can be
used to develop as biomark-
ers and prognosis factors
[20]. So In this study, we focused on IncRNA
CCAT2 in gastric cancer.

CCAT2, a novel long non-coding RNA transcript

encompassing the rs6983267 SNP, was highly
over-expressed in microsatellite-stable colorec-
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Table 2. Univariate and multivariate analysis of overall survival and progression-free survival

Overall survival and

Progression-free survival

Clinicopathological features

HR 95% Cl P HR 95% Cl P
Univariate analysis
Age (years) (= 60 vs. < 60) 1.461 0.742-2.517 0.306 1.304 0.692-2.304 0.418
Gender (Male vs. Female) 0.924 0.537-1.648 0.351 0.884 0.497-1.526 0.289
Tumor size (=5 cmvs. < 5cm) 1.391 0.647-2.016 0.273 1.212 0.588-1.946 0.266
Differentiation (Moderate + Poor vs. Well)  1.588 0.515-2.76  0.227 1.794 0.571-3.368 0.297
TNM stage (Ill + IV vs. | +11) 2.806 0.475-4.476 0.119 2.671 0.418-4.185 0.138
Depth of invasion (T3 + T4 vs. T1 + T2) 2.263 0.697-3.754 0.197 2.374 0.713-3.962 0.244
Lymph node metastasis (Yes vs. No) 3.267 1.218-7.264 0.017 3.152 1.211-6.754 0.009
Distant metastasis (Yes vs. No) 3.872 1.592-8.174 0.008 3.226 1.478-7.361 0.012
LncRNA CCAT2 (High vs. Low) 2.631 1.3485.672 0.021 2574 1.201-5.476 0.011
Multivariate analysis
Lymph node metastasis (Yes vs. No) 3.017 1.0186.694 0.021 2.944 1.131-6.438 0.015
Distant metastasis (Yes vs. No) 3.615 1.407-7977 0.013 3.136 1.294-7.066 0.008
LncRNA CCAT2 (High vs. Low) 2.405 1.194-5.417 0.003 2.315 1.097-5.283 0.001

Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence interval.

tal cancer and promotes tumor growth, metas-
tasis, and chromosomal instability. They further
identify the physical interaction between CCAT2
and TCF7L2 resulting in an enhancement of
WNT signaling activity [20]. Redis et al found
that IncRNA CCAT2 was up-regulated in breast
cancer tissues compare to non-tumor tissues.
Additionally, they found that CCAT2 up-regulat-
ed cell migration [21]. Qiu et al found that
CCAT2 was significantly over-expressed in non-
small cell lung cancer tissues and correlated
with lymph node metastasis. Silencing CCAT2
by siRNA could inhibit the proliferation and
invasion ability of lung cancer cells [22].
However, the status of INcRNA CCAT2 expres-
sion in gastric cancer and its prognostic roles
are still unclear. Thus, the aim of this study was
to investigate the correlations of IncRNA CCAT2
expression with clinicopathologic features and
prognosis of gastric cancer patients.

In the present study, we explored the clinical
significance of INcRNA CCAT2 in gastric cancer
patients. Our results showed that IncRNA
CCAT2 expression was significantly higher in
gastric cancer compared with that in adjacent
non-tumor tissues. In addition, high IncRNA
CCAT2 expression was also proved to be asso-
ciated with lymph node metastasis and dis-
tance metastasis, suggesting that up-regula-
tion of IncRNA CCAT2 played an important role
in gastric cancer progression. Then, we ana-
lyzed the correlation of IncRNA CCAT2 expres-
sion with prognosis of gastric cancer patients,
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and found that patients with high IncRNA CCAT2
expression showed shorter overall survival and
progression-free survival than those with low
INcRNA CCAT2 expression. More importantly,
both the univariate and multivariate survival
analyses demonstrated that high IncRNA
CCAT2 expression was correlated with shorter
overall survival and progression free survival in
gastric cancer patients, which proved that
IncRNA CCAT2 was an independent prognostic
marker for gastric cancer. Our data suggested
that IncRNA CCAT2 might be an important mod-
ulator involved in gastric cancer development.

In conclusion, our results offer the convincing
evidence that IncRNA CCAT2 could play key
roles in the progression of gastric cancer and
that the increased expression of IncRNA CCAT2
might be independently associated with short-
er overall survival and progression-free survival
of patients, indicating that IncRNA CCAT2 might
be a potential marker for further risk stratifica-
tion in the treatment of this cancer. However,
further studies are needed to elucidate the
mechanisms of IncRNA CCAT2 in gastric
cancer.
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