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Abstract: Objective: To explore the predictive value of CCAT2 expression for patients survival and tumor metastasis 
in Gastric Cancer (GC). Methods: In this study, we measured the levels of CCAT2 mRNA expression in gastric cancer 
tissue samples by RT-qPCR assay. The correlation among CCAT2 levels, pathological types, and survivals of GC pa-
tients were also explored using the Kaplan-Meier method. We also researched the effects of CCAT2 on GC cell migra-
tion/invasion and the molecular mechanisms were also explored primarily. At the same time, the predictive value 
of CCAT2 on metastasis of GC was detected by ROC curve. Results: The levels of CCAT2 expression in gastric cancer 
patients are higher than the normal ones (P<0.01). Thus, the CCAT2 silencing inhibited the cell migration and inva-
sion in three gastric cancer cell lines (P<0.01). After that, the result of test for the predictive value showed that the 
levels of CCAT2 expression have an effective value (P<0.05). Conclusion: Level of CCAT2 expression is higher in GC 
patients and overexpression of CCAT2 promotes gastric cancer cell migration and invasion by regulating the MMPs 
and key EMT markers. In addition, the level has a predictive value on the diagnosis of GC metastasis.
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Introduction

Gastric cancer (GC) is a frequent malignant dis-
ease all over the world and it is a public health 
problem because it results in high mortality [1]. 
Although the digestive endoscopy technologies 
develop quickly in early diagnosis of gastric 
cancer, a large portion of patients is diagnosed 
in advanced period which leads to a low sur-
vival rate [2].

Lacking of reliable molecular biomarker, which 
leads to lots of gastric cancer patients missing 
the early diagnosis, is responsible for the 
unsatisfactory survival of gastric cancer 
patients. The TNM staging system and patho-
logical type is the most two vital predictive fac-
tors for prognosis and survival of gastric cancer 
patients. Thus, it is necessary to find novel pre-
dictive biomarkers of prognosis and survival for 
gastric cancer [3, 4].

Long non-coding RNAs (lncRNAs) are RNAs lon-
ger than 200 nucleotides in length. The non-

coding RNAs (ncRNAs) were sought to be use-
less in the cellular activities. However, evidence 
has showed that lots of lncRNAs have meaning-
ful secondary structures, and it is important for 
specific binding. To date, more and more 
lncRNAs with biological functions have been 
reported [5-9]. These researches of new func-
tions in the ncRNAs are causing a paradigm 
change in our understanding of gene regulation 
and its role in cancer development. However, 
recent researches had greatly changed our 
understanding to lncRNAs. Many evidences 
had showed that lncRNAs participate in  
mangy cellular activities including the tumor 
metastasis.

For example, knockdown of HOTAIR expression 
in the three highly metastatic epithelial ovarian 
cancer cell lines (SKOV3.ip1, HO8910-PM, and 
HEY-A8) significantly reduced cell migration and 
invasion which mediated by the regulation of 
certain matrix metalloproteinases (MMPs) and 
epithelial-to-mesenchymal transition (EMT)-
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related genes [10]. Recently, Li et al revealed 
that the lncRNA H19 was up-expressed in gas-
tric cancer samples than normal tissues. They 
also showed that the effect of H19 in gastric 
cancer is mediated by upregulation of ISM1 
and the suppression of CALN1 expression via 
miR-675 [8].

CCAT2 is an lncRNA that locates the highly con-
served 8q24 region and involved in different 
cancer cell developments. Ling et al reported 
that CCAT2 overexpressed in colorectal cancer 
and promotes tumor growth, metastasis [11, 
12].

However, there is few study reporting the rela-
tionship between CCAT2 expression and gastric 
cancer. 

In our research, we measured the levels of 
CCAT2 in gastric cancer tissue samples. The 
correlation between CCAT2 levels, pathological 
types, and survivals of GC patients were also 
explored. We also researched the effects of 
CCAT2 on GC cell migration and invasion and 
the molecular mechanisms were also explored 
primarily. At the same time, the predictive value 
of CCAT2 on metastasis of GC was detected by 
ROC curve. 

Materials and methods

Patients and tissue samples

Sixty-two human tissue samples of gratric 
tumors and 30 vicinal non-tumor samples were 
acquired at the Department of General Surgery, 
XX Hospital during XX to XX. Tissue samples 
were frozen immediately in liquid nitrogen after 
operations and stored at -80°C until experi-
ment. The 62 tumor tissue samples were 
acquired from patients diagnosed gastric can-
cer and accepted radical gastrectomy for can-
cer. All the patients included had not accepted 
preoperative radiotherapy or neoadjuvant che-
motherapy. Thirty non-tumor tissue samples 
were gathered from patients diagnosed with 
gastric ulcer who suffered subtotal gastrecto-
my. The histopathological type, grade and stage 
of gastric cancer were confirmed according to 
the criteria of the World Health Organization 
(WHO). Furthermore, the nodal status regarding 
lymphatic metastasis was obtained from the 
histopathological reports. The clinical data of 
following up was acquired by our clinical follow-

up chats. Our research was approved by the 
Ethics Committee of XX University, China. 

Cell lines and transfection

Cell lines (MKN28, AGS and MKN45) were 
obtained from XXX. The MKN28, AGS and 
MKN45 respectively represent well-differenti-
ated, middle-differentiated and low-differenti-
ated gastric cancer. MKN28, AGS and MKN45 
cell lines were cultured in RPMI 1640 supple-
mented with 10% FBS. All cells were incubated 
in a 37°C atmosphere of 5% CO2. 

The transfections were carried out using 
LipofectamineTM 2000 (Invitrogen, Shanghai, 
China) in direction of the manufacturer’s 
instructions. Two different CCAT2-siRNA and 
negative control plasmid were transfected into 
all cell lines. The siRNA sequences were as fol-
lows: 5’-UUAACCUCUUCCUAUCUCATT-3’ (sense) 
and 5’-UGAGAUAGGAAGAGGUUAATT-3’ (anti-
sense) for siRNA1; 5’-AGGUGUAGCCAGAGUU- 
AAUTT-3’ (sense) and 5’AUUAACUCUGGCUAC- 
ACCUTT-3’ (antisense) for siRNA2.

RNA isolation and RT-qPCR

Total RNA of all cell lines and tissue specimens 
were extracted using the Trizol reagent 
(Invitrogen, USA) in direction of the manufac-
turer’s protocols. The PrimeScript RT Master 
Mix (Takara, Dalian, China) was used to reverse 
transcribe RNA into cDNA. Then, the quantita-
tive real-time PCR were carried out using the 
ABI 7900 system (Applied Biosystems, USA) 
and the SYBR Green PCR Master Mix (Takara, 
Dalian, China). The relative mRNA expressions 
of CCAT2 gene were detecting using real-time 
PCR with specific primers. Primers used are 
listed as below. GAPDH was used as an internal 
control for all the cell lines and tissue speci-
mens. The used sequences of primers were as 
follow: 5’-CCACATCGCTCAGACACCAT-3’ (sense) 
and 5’-ACCAGGCGCCCAATACG-3’ (antisense) 
for GAPDH and 5’-CCCTGGTCAAATTGCTTAAC- 
CT-3’ (sense) and 5’-TTATTCGTCCCTCTGTTT- 
TATGGAT-3’ (antisense) for CCAT2.

Wound healing assay

The wound healing assay was used to detect 
the ability of cell migration and performed as 
previous paper described [4, 13]. Forty-eight 
hours after transfection, after cells reaching 
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60% density, the plastic micropipette tip was 
used to make a cell-blank scratch. Then, the 
cells were washed using PBS in order to wipe 
off the trashy cells and then cultured in medi-
um for another 24 h. The gaps of the wounds 
were measured 24 h later. The distances that 
the cells moved were observed and recorded.

Transwell assay

The transwell assay was carried out to detect 
the invasion ability of gastric cancer cells [14]. 
Twenty-four hours post-infection, the MNK28, 
AGS and MNK45 cell lines were gathered after 
infection 24 h later. Cell suspensions (1×105 
cell/well) were then plated in the upper cham-
ber of Transwell inserts (BD, USA). The inserts 
were then placed into the bottom chambers 
were filled in RPMI1640. examined, counted, 
and imaged using digital microscopy. After incu-
bation at 37°C in a 5% CO2 incubator for 24 h, 
the transwell inserts was wiped using tampons 
to sweep away the useless cells. After that, the 
polycarbonate membranes were washed using 
PBS for twice. Cells that cross through the 
membranes were strained with trypan flue. The 
cell number in 8 random fields was calculated 
and analyzed.

Protein extraction and Western blotting

Western blotting assays were used to verify the 
downstream expressions of CCAT2 gene. All 
cells were lysed in lysis buffer (2% deoxycholic 
acid, 5 mM EDTA, 150 mM NaCl, 0.1% SDS, 
0.5% Triton X-100, 10 mM Tris-HCl, pH 7.2). The 
lysates were then separated on SDS-PAGE gels. 

After that, proteins were transferred onto nitro-
cellulose membrane. The membranes were 
blocked with 5% BSP and incubated with pri-
mary antibodies at 4°C for a night. The primary 
antibodies used in the western blots were as 
follow: MMP-2 (1:1000 dilution), MMP-9 
(1:1000 dilution), E-cadherin (1:1000 dilution) 
and GAPDH (1:1000 dilution). This was followed 
by incubation with secondary antibody (1 hour 
at room temperature). The relative densities of 
the target proteins to GAPDH bands was record-
ed and analyzed.

Statistical analysis

The GraphPad Prism 6 (GraphPad Software 
Inc., USA) was used for statistical analysis and 
drawing. The data was presented as the mean 
± SD. The one-way ANOVA as used for multiple 
comparisons, while the independent t test was 
used to test the differences between two 
groups and chi-square test was performed to 
analyze the categorical data. Over survival 
curve was drew according to the Kaplan-Meier 
method. P<0.05 was considered as a statisti-
cally significant result. 

Results

Up-expression of CCAT2 is associated with the 
poor prognosis of gastric cancer patients

RT-qPCR assay was performed to explore the 
CCAT2 expressions in sixty-two gastric cancer 
and twenty-night normal tissue specimens. As 
we can see in Figure 1, the levels of CCAT2 
expression in gastric cancer patients are higher 
than the normal ones (P<0.01, Figure 1).

Figure 1. Relative CCAT2 expressions in tissue samples and their predictive effects. A. Relative CCAT2 expressions 
in gastric cancer samples compared to normal tissue samples. B. The overall survival of gastric cancer patients with 
different level of CCAT2 expression. *P<0.01.
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Next, the correlations between CCAT2 expres-
sion and the prognosis of the patient with gas-
tric cancer were discussed. The overall survival 
curse was drawn according to the Kaplan-Meier 
method. The CCAT2 expressions were related 
to the overall survival. Figure 2 displays that 
the patients with high CCAT2 expressions have 

poor prognosis. (P<0.05, Figure 2). Multivariate 
Cox regression analysis was also performed 
and revels that the level of CCAT2 expression 
(P<0.01), TNM-stage (P<0.05), and lymph node 
metastasis (P<0.05) were influential factors of 
overall survival.

Our results revel that up-expression of CCAT2 
has a correlation with a poor prognosis of gas-
tric patient. Furthermore, the levels of CCAT2 
expression may have a predictive value for the 
prognosis of gastric cancer patients.

Knocking down of CCAT2 expression weakens 
gastric cancer cell migration and invasion 

The results showed that the migration distanc-
es in CCAT2 silencing groups were significantly 
decreased than the negative control group 
(P<0.01, P<0.01; Figure 2). Then, the transwell 
assays were carried out to explore the effects 

Figure 2. Effects of CCAT2 on cells migration and invasion in MNK28, AGS, MNK45 cell lines by means of wound 
healing assay transwell assay. The cells number cross through the membrane were counted and recorded. *P<0.01.

Figure 3. The ROC curves of the test for predictive 
efficiency of CCAT2.
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of CCAT2 expressions on invasive ability of gas-
tric cancer cells. Similarly, the results showed 
that the numbers of invasion cells in CCAT2 
silencing w groups were decreased than the 
negative control (Figure 3). Our results showed 
that the CCAT2 silencing could inhibit migration 
and invasion of the gastric cancer cells. These 
results revealed that the levels of CCAT2 
expression may have a predictive value for gas-
tric cancer metastasis.

explore the predictive efficacy of CCAT2. As we 
can see in Figure 4, the levels of CCAT2 expres-
sion have a effective value for the prediction.

CCAT2 impresses gastric cancer cell migra-
tion and invasion via MMP family and key EMT 
markers

Our results above showed that the up-regulat-
ed expression of CCAT2 could promote the 
migration and invasion of gastric cancer cell. 

Figure 4. The protein expression of MMP family and key ETM markers. Detection of MMP3, MMP9, E-cadherin, 
vimentin were carried out by means of western bolt in MNK28, AGS, and MNK45 cell lines which being transfected 
using CCAT2-siRNAs or siRNA negative control. (A-D) Relative expression of MMP family and key EMT markers. 

Figure 5. The results of western bolting.

CCAT2 levels have a predic-
tive value of a biomarker 
for gastric cancer metas-
tasis

Although our results sug-
gested that the levels  
of CCAT2 expression may  
have a predictive value  
for gastric cancer metasta- 
sis, the predictive efficien- 
cy remains unclear. Receiv- 
er operating characteristics 
(ROC) curve was used to  
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However, the molecular mechanisms were not 
clear. Thus, to explore the molecular mecha-
nisms of the promoting effects of CCAT2 
expression for gastric cancer cell migration and 
invasion, the western blot analysis was carried 
(Figure 5). Western blot analysis has showed 
that the CCAT2 silencing groups have a 
decreased expression in MMP-3 and MMP-9 
protein. The results suggested that the CCAT2 
promote the gastric cancer cell migration and 
invasion via MMPs family protein (Figure 4A, 
4B). We also explore the key EMT makers which 
important role in cancer cell migration and 
invasion. Our results showed that knockdown 
of CCAT2 lead to increased expressions of 
E-cadherin (Figure 4C, 4D). At the same time, 
decreased expressions of vimentin were 
observed in CCAT2 silencing groups (Figure 4).

Discussion

The early diagnosis of gastric cancer remains a 
problem worldwide, which leads to quiet a low 
5-year overall survival rates (OS) [15]. The over-
all survival are no more than 25% though the 
advance in therapeutic techniques for GC 
recently [16]. So, we attempted to find out a 
novel biomarker that can predict the prognosis 
of GC. The biomarker may be a risk factor of the 
poor prognosis of GC patients.

Most of the previous studies focused on the 
encoding genes which encode proteins [6]. The 
non-coding RNAs (ncRNAs) were sought to be 
useless in the cellular activities. To date, more 
and more lncRNAs with biological functions 
have been reported. These researches of new 
functions in the ncRNAs are causing a para-
digm change in our understanding of gene reg-
ulation and its role in cancer development [17]. 
Up tp now, well-known discovered ncRNAs are 
the rRNAs, tRNAs, piRNAs, miRNAs and 
lncRNAs. There are many studies reveling the 
relationship between miRNAs and cancer 
developments [18-21]. It makes us to wander if 
the lncRNA also correlate with the cancer diag-
nosis and prognosis. As we had expected, 
recent evidences has revealed that lncRNAs 
also play important roles in cancer develop-
ment and metastasis. For example, Qiu et al 
examined the HOTAIR expressions in epithelial 
ovarian cancer tissue samples. Their results 
suggested that HOTAIR plays a vital role in EOC 
metastasis and could represent a novel prog-
nostic marker and potential therapeutic target 

in patients with epithelial ovarian cancer tissue 
samples [22]. However, the predictive applica-
tion of lncRNAs on GC metastasis and progno-
sis needs further research.

In our research, we measured the levels of 
CCAT2 in gastric cancer tissue samples. The 
levels of CCAT2 was higher in GC tissue sam-
ples compared to normal ones (P<0.01). The 
correlation between CCAT2 levels, pathological 
types, and survivals of GC patients were also 
explored. Our results revel that up-expression 
of CCAT2 has a correlation with a poor progno-
sis of gastric patient. Furthermore, the levels of 
CCAT2 expression may have a predictive value 
for the prognosis of gastric cancer patients. We 
also researched the effects of CCAT2 on GC cell 
migration and invasion and the molecular 
mechanisms were also explored primarily. The 
CCAT2 silencing could inhibit migration and 
invasion of the gastric cancer cells. These 
results revealed that the levels of CCAT2 
expression may have a predictive value for gas-
tric cancer metastasis At the same time; the 
predictive value of CCAT2 on metastasis of GC 
was detected by ROC curve. Our results showed 
that the levels of CCAT2 expression have an 
effective value for the prediction.

Previous researches had reported that lncRNAs 
promote tumor developments by encoding 
genes. Preceding evidences attempted us to 
explore whether CCAT2 affects GC metastasis 
by dyregulating the proteins related metastasis 
[6, 11, 22-24]. Thus, the western blotting 
assays were used to verify the metastasis-
related gene by which CCAT2 effect the GC 
metastasis. Our results showed that knock-
down of CCAT2 lead to increased expressions 
of E-cadherin. At the same time, decreased 
expressions of vimentin were observed in 
CCAT2 silencing groups. 

In summary, the level of CCAT2 expression is 
high in GC patients and overexpression of 
CCAT2 promotes gastric cancer cell migration 
and invasion by regulating the MMPs and key 
EMT markers. In addition, the level has a pre-
dictive value on the diagnosis of GC 
metastasis.
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