European Review for Medical and Pharmacological Sciences

2017; 21: 1242-1247

LncRNA CCAT1 as the unfavorable prognostic
biomarker for cholangiocarcinoma
X.-M. JIANG1, Z.-L. LI1, J.-L. LI1, W.-Y. ZHENG1, X.-H. LI1, Y.-F. CUI1, D.-J. SUN2
Department of Hepatopancreatobiliary Surgery, Second Affiliated Hospital of Harbin Medical
University, Harbin, China
2
Center for Endemic Disease Control, Chinese Center for Disease Control and Prevention, Harbin
Medical University, Harbin, China
1

Xing-Ming Jiang and Zheng-Long Li contributed equally to this work

Abstract. – OBJECTIVE: To investigate the

expression of long noncoding RNA CCAT1 in
cholangiocarcinoma (CCA) and to assess the
CCAT1 expression as a prognostic biomarker
for CCA.
PATIENTS AND METHODS: The CCAT1 expression in tumor tissues and paired adjacent
normal tissues from 91 CCA patients was detected by quantitative real-time PCR. The association of the CCAT1 expression with clinicopathological features of CCA patients and the prognostic value of the CCAT1 expression for overall survival was also evaluated by Kaplan-Meier,
Cox regression model and ROC analysis.
RESULTS: The CCAT1 expression was significantly upregulated in CCA tumor tissues compared with adjacent normal tissues. The CCAT1
expression was obviously associated with histological differentiation, lymph node invasion, and
TNM stage. The overall survival of CCA patients
with high CCAT1 expression was worse. Furthermore, the CCAT1 expression could be considered as an independent prognostic factor in
predicting the overall survival for CCA patients.
CONCLUSIONS: Our study showed that lncRNA CCAT1, which was upregulated and associated with aggressive malignant behavior, may
serve as a novel prognostic biomarker and potential therapeutic target for cholangiocarcinoma.
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Introduction
Cholangiocarcinoma (CCA), originating from
the cholangiocytes malignant transformation, is
the second most common fatal primary hepato1242

biliary cancer and characterized by poor prognosis and growing incidence worldwide1. Without
typical symptoms or effective preventive measures, the majority of CCA patients were usually
diagnosed at an advanced stage with distant
metastasis. Because of resistance to traditional
chemotherapy or radiotherapy, the efficacy of
cholangiocarcinoma treatment is limited, and the
radical surgical resection is still the only possible curative intervention for this lethal disease2.
However, the 5-year survival rate of CCA patients
was less than 30%3,4. Therefore, the discovery of
novel biological markers and therapeutic targets
will be beneficial for the future treatment of cholangiocarcinoma including early diagnosis and
improved prognosis.
Long non-coding RNAs (lncRNA), whose
transcripts are longer than 200 nucleotides, are a
class of non-coding RNA without an open reading frame (ORF) or a protein-coding function5.
In the early decades, lncRNAs were considered
as the transcriptional noise during the genes
expression6. In recent years, many studies have
demonstrated that lncRNAs are involved in multiple pathophysiological processes of the human
body by regulating downstream genes expression
in epigenetic, transcriptional and post-transcriptional levels7-9. Furthermore, there is increasing
evidence that the dysregulation of lncRNAs is
closely associated with the occurrence and progression of various carcinomas including liver
cancer, gastric cancer and colon cancer through
modulating proliferation, dedifferentiation, anti-apoptosis and metastasis10-12. Meanwhile, detecting the expression of lncRNAs, which have
been recognized as oncogenes or tumor suppressors, could be used for diagnosis and prognosis
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prediction of cancers13-14. However, the emerging
functional roles of lncRNAs in cholangiocarcinoma still remains unclearly.
In the present study, we investigated the expression of lncRNA CCAT1 (colon cancer associated transcript 1) in cholangiocarcinoma and
evaluated the association between CCTA1 expression and clinicopathological characteristics
of CCA patients. Our results showed that lncRNA
CCAT1, which was significantly upregulated in
tumor tissues, could represent a promising prognostic biomarker and potential therapeutic target
for cholangiocarcinoma.

Patients and Methods
Patients and Tissues Samples
A total of 91 specimens including tumor
tissues and paired adjacent normal tissues were
obtained intraoperatively from CCA patients
who underwent surgical resection at Second
Affiliated Hospital of Harbin Medical University from August 2011 to October 2013.
The patients were all diagnosed with cholangiocarcinoma and confirmed pathologically.
None of the recruited patients, who received
the same medical care and follow-up, received
chemotherapy or radiotherapy preoperatively
or postoperatively. The tissues samples were
immediately frozen in liquid N2 and stored at
-80°C until use after the surgical resection. The
research protocols of this study were approved
by the Ethical Committee of Second Affiliated
Hospital of Harbin Medical University and
written informed consent was obtained from
each recruited patient for this study.
RNA Isolation and Quantitative
Real-Time PCR (qRT-PCR)
Total RNA was extracted from tissues by using
TRIzol reagent according to the manufacturer’s
protocol (Invitrogen Co, Carlsbad, CA, USA).
RNA was reverse transcribed into cDNA using
the Prime-ScriptTM one step RT-PCR kit (Takara,
Dalian, Liaoning, China). Quantitative real-time
PCR was conducted using SYBR Green Master
Mix (Biosystems, Foster City, CA, USA) to detect
the CCAT1 expression on the ABI 7500 system
(Biosystems, Foster City, CA, USA). GAPDH
was used as an endogenous control, and the
relative expression was calculated by the 2-ΔΔCt
method. The primers for CCAT1 and GAPDH
were as follows: CCAT1 forward 5’-TCACTGA-

CAACATCGACTTTGAAG-3’, CCAT1 reverse
5’-GGAGAAAACGCTTAGCCATACAG-3’ and
GAPDH forward 5’-CCCATCACCATCTTCCAGGAG-3’, GAPDH reverse 5’-GTTGTCATGGATGACCTTGGC-3’.
Statistical Analysis
The SPSS 17.0 software (SPSS Inc., Chicago,
IL, USA) was applied for the statistical analysis.
Data was expressed as mean ± SD. The statistical
differences between groups were analyzed by
Student’s t-test or chi-square test. Survival curves
were estimated with Kaplan-Meier method, and
the significance was determined by log-rank test.
The univariate and multivariate analysis were
performed using the Cox proportional-hazards
regression model. The association of CCAT1
expression with overall survival and prognostic
value of CCAT1 expression was evaluated by
Pearson correlation and receiver operating characteristic (ROC) curve analysis. The p<0.05 was
considered to be statistically significant.

Results
LncRNA CCTA1 Expression is
Upregulated in Cholangiocarcinoma
We detected the expression of CCAT1 in 91
pairs of CCA tumor tissues and matched adjacent
normal tissues by qRT-PCR. The results data
showed that the expression level of CCTA1 in
CCA tumor tissues was significantly increased
than that in adjacent normal tissues (Figure 1).
This suggested that CCAT1 might act as an oncogene in cholangiocarcinoma.

Figure 1. The expression of lncRNA CCAT1 was detected
by qRT-PCR in 91 paired CCA tumor tissues and adjacent
normal tissues. ***p < 0.0005.
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Correlation Between CCAT1
Expression and Clinicopathological
Features of CCA Patients
To explore the oncogenic function of lncRNA
CCAT1, the relationship between the clinicopathological characteristics of CCA patients and
CCAT1 expression was analyzed. According to
the median value of CCAT1 expression level,
the all 91 patients were divided into low CCAT1
expression group (n=44) and high CCAT1 expression group (n=47). As shown in Table I, the
CCAT1 expression was significantly associated
with histological differentiation, TNM stage, and
lymph node invasion. However, there were no
obvious correlations between CCAT1 expression
and other clinicopathological features. The relative CCAT1 expression of CCA patients with different clinicopathological features including histological differentiation, TNM stage, and lymph
node invasion was shown in Figure 2.

Prognostic Value of CCAT1 Expression
For CCA Patients
To assess the prognostic value of the CCAT1
expression for CCA, survival curves were analyzed by Kaplan-Meier method and compared
by log-rank test. The results data indicated that
the low CCAT1 expression group patients had
longer overall survival (p < 0.0001, Figure 3) and
the correlation analysis between the CCAT1 expression and overall survival of the CCA patients
was shown in Figure 4. We also performed univariate and multivariate analysis to evaluate the
prognostic value of the CCAT1 expression and
other clinicopathological features for the overall
survival of the CCA patients. The univariate analysis showed that the lymph node invasion, histological differentiation, TNM stage and CCAT1
expression were significantly correlated with the
overall survival, and the CCAT1 expression was
confirmed as an independent prognostic factor

Table I. Correlation between CCTA1 expression and clinicopathological characteristics of CCA patients.
			
Variables

Cases (n = 91)

CCAT1 expression
Low

High

p-value

Gender				0.875
  Male
53
26
27
  Female
38
18
20
Age (years)				
0.413
  < 60
35
15
20
   ≥ 60
56
29
27
T umor location				
0.930
  Intrahepatic
21
11
10
  Perihilar
38
17
21
  Distal
32
16
16
Differentiation				0.01
  Well+Moderate
58
34
24
  Poor
33
10
23
Histological type				
0.636
  Adenocarcinoma
80
39
41
  Mucinous adenocarcinoma	 6	 2	 4
  Papillary carcinoma	 5	 3	 2
TNM stage				
0.005
  I+II
38
25
13
  III+IV
53
19
34
Lymph node invasion				
0.01
  Positive
52
19
33
  Negative
39
25
14
HBV infection				
0.909
  Positive
44
21
23
  Negative
47
23
24
Serum CEA				
0.851
   > 5 ng/ml
34
16
18
   ≤ 5 ng/ml
57
28
29
Serum CA199				
0.490
   > 37 u/ml
63
32
31
   ≤ 37 u/ml
28
12
16
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Figure 2. The relative expression level of CCAT1 in CCA patients with various histologic differentiation (A), different TNM
stage (B), with or without lymph node invasion. *p < 0.05, ***p < 0.0005.

for CCA patients by multivariate analysis (Table
II). Also, Figure 5 showed the sensitivity and
specificity of CCAT1 expression as a prognostic
factor in predicting the overall survival by ROC
analysis (sensitivity: 81.8%, specificity: 74.5%).

Cholangiocarcinoma is the second most common primary hepatobiliary malignancy with less
than 30% 5-year survival15. Lack of effective
preventive measures and obvious symptoms, the
CCA patients were usually diagnosed at the advanced clinical stage with local and/or distant
metastasis16. Therefore, it is of great importance
to identify the efficient biomarkers for diagnosis,
prognostic prediction, and therapeutic strategies.
LncRNAs, which are more than 200 nucleotides in length, are a group of RNA molecules
without ORF or protein-coding capacity5. It has
been confirmed that lncRNAs are involved in diverse pathophysiological processes of the human

body through regulating genes expression by
means of different mechanisms17. Mounting evidence suggest that dysregulated lncRNAs, acting
as oncogenes or tumor suppressors, have critical
roles in the regulation of development and progression of various cancers18. These aberrantly
expressed lncRNAs could be tracked in malignant biological behaviors including proliferation,
cell cycle, anti-apoptosis, and metastasis, which
indicate the biomarkers and therapeutic targets
potential of lncRNAs19,20. However, the dysregulation and function of lncRNAs in cholangiocarcinoma are still poorly explored.
The lncRNA CCAT1 (colon cancer associated
transcript 1), with 2795nt in length, is a discovered lncRNA and located on chromosome 8q24.1.
The expression of CCAT1 was found upregulated
in colorectal carcinoma at first, and the upregulation of CCAT1 promoted the carcinogenesis
of colon cancer21. Moreover, CCTA1 has been
found to be consistently upregulated in many
cancers and enhanced the tumor occurrence and
progression including proliferation, dedifferenti-

Figure 3. Kaplan-Meier curves for overall survival of
CCA patients with high and low CCTA1 expression ( p
< 0.0005).

Figure 4. The correlation analysis between relative CCAT1
expression level and overall survival of CCA patients.

Discussion
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Table II. Univariate and multivariate analysis for overall survival by Cox regression model.
			
Variables

HR

Univariate analysis			 Multivariate analysis
95% CI

p value

HR

95% CI

p-value

Gender						
  Male vs. Female
0.970
0.618-1.493
0.857			
Age (years)						
   ≥ 60 vs. < 60
1.273
0.814-1.991
0.290			
HB V infection						
  Positive vs. Negative
1.203
0.776-1.864
0.408			
Lymph node invasion						
  Positive vs. Negative
2.546
1.600-4.051
0.005
1.925
1.193-3.107
0.007
Differentiation						
  Poor vs. (Moderate+Well)
5.450
3.106-9.565
0.008
2.750
1.524-4.960
0.001
TNM stage						
  (I+II) vs. (III+IV)
5.596
3.260-9.605
0.009
4.331
2.428-7.725
0.003
CCAT1 expression						
  Low vs. High
3.139
1.968-5.008
0.005
2.250
1.395-3.630
0.001

ation, and chemoresistance22-24. And these studies
indicated that there was a close relationship between aberrant expression of CCAT1 and human
cancers. However, the expression and functional
roles of lncRNA CCTA1 in cholangiocarcinoma
are still not clear.
In the present study, we investigated the expression and prognostic biomarker potential of
lncRNA CCAT1 in cholangiocarcinoma for the
first time. The results showed that the expression
of CCAT1 in CCA tumor tissues was significantly higher than that in paired adjacent normal tis-

sues and the upregulated expression of CCAT1
was associated with poor histological differentiation, lymph node invasion, and advanced TNM
stage. The overall survival of patients with low
CCAT1 expression was longer than that with
high CCAT1 expression. Furthermore, we applied multivariate and ROC analysis to confirm
that lncRNA CCAT1 expression could be considered as an independent prognostic factor for
CCA patients with acceptable sensitivity and
specificity.

Conclusions
The expression of lncRNA CCTA1 was significantly upregulated in CCA and the high expression of CCAT1 was closely associated with poor
histological differentiation, lymph node invasion,
advanced TNM stage and worse overall survival.
Our findings revealed that lncRNA CCAT1 could
serve as the independent prognostic biomarker
and potential therapeutic target for cholangiocarcinoma, and further studies will be needed to
focus on the underlying regulatory mechanisms
of CCAT1 in cancers.
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