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Abstract

Background: CCAT1 has been reported to be linked with pathogenesis of malignancies including colon cancer
and gastric cancer. However, the regulatory effect of CCAT1 in hepatocellular carcinoma (HCC) remains unclear.
The purpose of this research was to identify any role of CCAT1 in the progression of HCC. Materials and Methods:
Real time-PCR was performed to test the relative expression of CCAT1 in HCC tissues. A computation screen
of CCAT1 promoter was conducted to search for transcription-factor-binding sites. The association of c-Myc
with CCAT1 promoter in vivo was tested by Pearson correlation analysis and chromatin immunoprecipitation
assay. Additionally, Kaplan-Meier analysis and Cox proportional hazards analyses were performed. Results:
c-Myec directly binds to the E-box element in the promoter region of CCAT, and when ectopically expressed
increases promoter activity and expression of CCAT1. Moreover, Kaplan-Meier analysis demonstrated that the
patients with low expression of CCAT1 demonstrated better overall and relapse-free survival compared with the
high expression group. Cox proportional hazards analyses showed that CCAT1 expression was an independent
prognostic factor for HCC patients. Conclusions: The findings demonstrated CCAT1, acting as a potential

biomarker in predicting the prognosis of HCC, is regulated by c-Myc.
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Introduction

As one of the most common malignancies in the
world, hepatocellular carcinoma (HCC) has a very high
morbidity and mortality (Cao et al., 2015). It is a major
global health challenge that affects almost 500000 people
worldwide every year (Flemming, Yang, Vittinghoff,
Kim, and Terrault, 2014). Despite recent improvements in
surgery and chemotherapy, the prognosis for HCC remains
grim. Therefore, there is a pressing requirement to identify
new prognostic biomarkers and therapeutic targets for
HCC. Additionally, the underlying pathophysiological
mechanisms of HCC development remain unclear.

In recent years, long non-coding RNAs (IncRNAs),
which are defined as transcripts of greater than 200
nucleotides with no or little protein coding function,
have drawn more and more attention in many research
fields (Spizzo et al., 2012; Fang et al., 2014). The
long non-coding RNA Colon Cancer Associated
Transcript 1 (CCAT1) with abnormal expressions in many
malignancies (Alaiyan et al., 2013; Yang et al., 2013; He
et al., 2014; Kam et al., 2014; Xiang et al., 2014) have
been documented to be involved in the pathogenesis of
malignant tumors including colon cancer and gastric

cancer. However, the role of CCAT1 in the development
of HCC still remains unclear.

In our study, we found the un-normal up-regulation
of CCAT1 in the tumor tissues of patients with HCC
compared with corresponding adjacent. The HCC cell lines
confirmed the aberrant expression of CCAT1 compared the
normal liver cell line. In addition, our results validated that
CCAT1 acted as a crucial role in the development of HCC.
The promoting-cancer effect of CCAT1 was demonstrated
in vitro. We also found that c-Myc directly binds to the
E-box element in the promoter region of CCAT1, and
when ectopically expressed increased promoter activity
and expression of CCAT1. Nucleotide substitutions in the
E-box element in the promoter region abrogated c-Myc-
dependent promoter activation. The expression of CCAT1
and c-Myc shows strong association in HCC. Moreover,
Kaplan-Meier analyses and Cox proportional regression
analysis suggest that CCAT1 may be a potential biomarker
for predicting the survival of HCC patients.

Materials and Methods

Clinical samples and cell culture
86 cases of patients who underwent liver cancer
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radical resection during December 2010 to May 2012
were recruited from the Provincial Hospital Affiliated
to Shandong University (Jinan, China). Specimens
were obtained immediately after surgical resection and
stored at -80°C for further analysis. All patients had
negative histories of exposure to either chemotherapy or
radiotherapy before surgery, and there was no other co-
occurrence of diagnosed cancers. This study was approved
by the Ethical Committee of Provincial Hospital Affiliated
to Shandong University and every patient had written
informed consent.

The human HCC cell lines, HepG2 and 97H, were
purchased from Liver cancer institute, Fudan University,
Shanghai. They were maintained in an atmosphere of 5%
CO2 in DMEM medium (Thermo, San Jose, CA, USA)
supplemented with 10% fetal bovine serum (Thermo, San
Jose, CA, USA). Cell line authentication was performed
by STR profiling before initiation of this project.

Real-time PCR

Total RNA from frozen samples and cell lines was
extracted by Invitrogen (Invitrogen, California, USA)
according to the manufacturer’s protocol. cDNAs from
all samples were synthesized from 1ug of total RNA
by Prime Script RT Master Mix kit (Takara, Japan).
The expression of CCAT1 was analyzed by qRT-PCR
using Quantifast SYBR Green PCR Kit (Qiagen,
Dusseldorf, Germany) at 95°C for 5 min, followed by
40 cycles of 95°C for 10 s and 60°C for 30 s. Primer
sequences were as follows: CCAT1 forward primer: 5°
CATTGGGAAAGGTGCCGAGA 37, reverse primer: 5°
ACGCTTAGCCATACAGAGCC 37; GAPDH, forward
primer: 5 GGGAGCCAAAAGGGTCAT 37, and reverse
primer: 5 GAGTCCTTCCACG ATACCAA 3°. Data
analyses for the gene expression were performed using
the 2-24 method.

RNA interference

Short interfering RNA specifically targeting c-Myc
and a corresponding scrambled siRNA control (Santa
Cruz Biotechnology, Santa Cruz, USA) were transfected
into cells in 6-well plates using Lipofectamine 2000
reagent (Invitrogen, Carlsbad, USA) according to the
manufacturer’s instructions.

Western blotting

Whole cells were washed in PBS and lysed in
RIPA lysis buffer supplemented with protease inhibitor
cocktail (Roche, Mannheim, Germany). The proteins
in each sample were resolved with sodium dodecyl
sulfate—polyacrylamide gel electrophoresis, transferred
onto polyvinylidene difluoride membranes. The blots
were blocked in BSA (5% w/v in PBS + 0.1% Tween 20)
for 30min at room temperature. The following primary
antibodies were used according to the manufacturer’s
instructions. Antibodies against c-Myc, and GAPDH were
purchased from Cell Signaling Technology (CST, Beverly,
MA, USA). The appropriate secondary antibodies (Santa
Cruz Biotechnology, Santa Cruz, USA) were used at
1:1,000-1:2,000 (v/v) dilutions in PBS + 0.1% Tween 20
for 1 h at room temperature, and the signals were revealed
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using ECL kit(Thermo Scientific Pierce, Thermo Fisher
Scientific, Rockford, USA).

Chromatin immunoprecipitation

HepG2 and 97H cells were treated with formaldehyde
and incubated for 10 min to generate DNA-protein cross-
links. Cell lysates were then sonicated to generate chromatin
fragments of 200-300 bp and immunoprecipitated with
c-Myc (CST, Beverly, MA, USA) or IgG as control.
Precipitated chromatin DNA was recovered and analyzed
by PCR.

Statistical methods

All experiments were independently repeated at least
triplicate. Data were expressed as mean+SD. Differences
between two independent groups were tested with the
student t test. All statistical analyses were carried out using
SPSS version 18.0 and presented with Graph Pad prism
software. Kaplan-Meier survival curves were plotted
and log rank test was done. The significance of various
variables for survival was analyzed by Cox proportional
hazards model in a multivariate analysis. The results were
considered to be statistically significant at P<0.05.

Results

CCATI was significantly associated with prognosis of
HCC

We performed Kaplan-Meier analysis to test whether
the CCAT1 expression levels were associated with
overall survival and relapse-free survival of the HCC
patients. 86 HCC samples were divided into CCAT1
low expression group (n=43) and high expression group
(n=43), median was used as cut off. Patients with high
CCAT1 expression had a worse relapse-free survival
(RFS) than the low expression group. The difference was
statistically significant (P=0.002) (Figure 1A). Similarly,
a statistically significant association of CCAT1 with
overall survival (OS) was also obtained (P=0.003) (Figure
1B). Additionally, Cox proportional regression analysis
suggested that CCAT1 were independent prognostic factor
for the HCC patients (adjusted hazard ratio (AHR): 7.17
[95% Confidence Interval (CI): 3.20-16.05]; P=0.001)
(Table 1).

c-Myc promotes CCAT 1 transcription and upregulates its
expression in HCC cells

Recently, many important transcript factors are found
to be involved in regulating IncRNA transcription. To
explore which transcript factors would activate CCAT1
expression, we analyze the potential transfect factor
binding sites in the promoter region of CCAT1 and found
that there is one E-box element that could be recognized
by c-Myc. To further determine whether c-Myc could
be directly binding to CCAT1 promoter regions and
lead to the upregulation of CCAT1, we assessed CCAT1
expression after HCC cells transfected with c-Myc siRNA.
The results demonstrated that c-Myc expression levels
were significantly down regulated in HCC cells after
c-Myc siRNA transfection (Figure 2A). Additionally,
results showed that CCAT1 expression was obviously



Table 1. Cox proportional Hazards Analyses

A

Clinical factor P value Univariable analysis
HR 95% CI
CCAT1 0.002* 333 1.60-6.96
AGE 0.58 1.21 0.62-2.34
GENDER 0.96 1.02 0.52-1.97
CIRHOSIS 0.51 1.80 0.41-2.55
ALT 0.94 1.03 0.51-2.07
AFP 0.19 1.63 0.78-3.38
GRADE 0.001 327 1.65-6.52
B
Clinical factor P value Multivariable analysis
HR 95% CI
CCAT1 0.002* 333 1.60-6.96
AGE 0.58 1.21 0.62-2.34
GENDER 0.96 1.02 0.52-1.97
CIRHOSIS 0.51 1.80 0.41-2.55
ALT 0.94 1.03 0.51-2.07
AFP 0.19 1.63 0.78-3.38
GRADE 0.001 327 1.65-6.52

*Indicates P <0.05; HR: Hazard ratio; AHR: Adjusted hazard ratio; CI:
Confidence interval
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Figure 1. Association of CCAT1 Expression with
Relapse-Free Survival and Overall Survival of the
Patients with HCC. Kaplan-Meier curves for (A) RFS, and
(B) OS stratified according to low or high expression of CCAT1
in HCC. P values were calculated using the log-rank test

decreased in c-Myc siRNA transfected HCC cells (Figure
2B). Moreover, chromatin immunoprecipitation assays
indicated that c-Myc could directly bind to the promoter
of CCAT1 (Figure 2C). Our data indicated that c-Myc
was involved in CCAT1 regulation and contributed to
HCC development.

Asian Pacific Journal of Cancer Prevention, Vol 16, 2015

DOI:http:/ldx.doi.org/10.7314/APJCP.2015.16.13.5181
c-Myc regulates Aberrant Expression of CCAT1 in HCC.

A & « < . B s [ scramble
& o & 3 W sic-Myc
o0 Wil o o :
<34 Qo ~2~’"’ ~2~"°
o F N N 1.0
C-MyC | — —— —

e
@

GAPDH | e e S

Relative CCAT]1 expression

S
°

HepG2 97H

97H
1gG Input  scramble sic-Myc

Fold changes

Input scramble sic-Mye

Figure 2. c-Myc Promotes CCAT1 Transcription and
Upregulates its Expression in HCC Cells. (A) Both
HepG2 and 97H cells were transfected with siRNA/c-Myc. The
siRNA/scramble cells were used as the control. The transfection
efficiency was verified by using western blotting assays. (B)
The mRNA expression levels of CCAT1 in HepG2 and 97H
cells transfected with siRNA/c-Myc and siRNA/scramble were
measured by qRT-PCR. The mRNA expression level of GAPDH
was served as control. Data are represented as mean+SD. *
indicates P<0.05. Every independent experiment was performed
three times. (C) Immunoprecipitation of chromatin from 97H
either siRNA/scramble treated or siRNA/c-Myc treated using
anti-c-Myc antibodies. As control, no antibody was used.
Precipitated chromatin was PCR-amplified using CCAT1
primers. Data are represented as mean+SD. * indicates P<0.05.
Every independent experiment was performed three times

Discussion

HCC is a worldwide disease with a high incidence,
especially in China. The five-year survival rate for HCC is
very low, and more than 500,000 people die of it each year
despite advanced therapeutic treatments such as surgery,
chemotherapy and radiotherapy (Chen, Therneau, Orsini,
and Qiao,2011; Cai et al.,2014). Therefore, it is essential
to thoroughly explore the pathogenesis and develop novel
and effective means for the treatment of HCC (G. J. Li
et al., 2013). Lots of evidences have indicated that long
non-coding RNAs played an vital role in carcinogenesis
and cancer progression (Gibb, Brown,and Lam,2011; Zhu
etal.,2012; Uvaetal.,2013; Arase et al.,2014; Hu et al.,
2014;7Z.Liand Rana,2014; Xing et al.,2014; Haerty and
Ponting, 2015). It has been well documented that CCAT1
was involved in pathogenesis of several malignancies via
its interaction with c-Myc (Alaiyan et al., 2013; Yang et
al., 2013; He et al., 2014; Kam et al., 2014; Xiang et al.,
2014; Ma et al., 2015; Mizrahi et al., 2015) , but the role
of CCAT1 in development of HCC still remains unknown.

Our results indicated that the expression pattern of
CCAT1 was significantly associated with clinical features
of HCC patients. However, the regulators that contribute
to misregulated CCAT1 and the biological function of
CCAT1 in HCC is not well documented. Recently, more
and more evidence indicated that the IncRNA transcription
can be regulated by both some key transcript factors and
epigenetic modifications (Wu, Kallin, Zhang, 2010; Zhu
et al., 2012; Engreitz et al., 2013; Kallen et al., 2013;
Uva et al., 2013; Flemming et al., 2014; Xiang et al.,
2014; Xing et al., 2014; Haerty and Ponting, 2015). For
example, pS3 could promote IncRNA-p21 transcription
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and E2F1 regulates IncRNA ERIC expression (Bao et
al., 2015), while the core catalytic subunit of polycomb
repressive complex 2 (PRC2) EZH2 could repress IncRNA
SPRY4-IT1 transcription via epigenetic maintenance of
the H3K27me3 (Sun et al., 2014). In the present study,
we demonstrated that there are some transcription factor
c-Myc-binding sites in the promoter of CCAT1, and up-
regulation of c-Myc could promote CCAT1 expression
in HCC cell lines. Additionally, the ChIP assays further
indicated that c-Myc could bind to the CCAT1 promoter
region directly, which suggested that c-Myc could
activate IncRNA CCAT1 expression in HCC cells and
contribute to HCC development. Moreover, we performed
Kaplan-Meier analysis to determine whether the CCAT1
expression levels were associated with overall survival
and relapse-free survival of the HCC patients. 86 HCC
samples were divided into CCAT1 low expression group
and high expression group, median was used as cut
off. Patients with high CCAT1 expression had a worse
relapse-free survival (RFS) than the low expression group.
The difference was statistically significant. Similarly,
a statistically significant association of CCAT1 with
overall survival (OS) was also obtained. Additionally, Cox
proportional regression analysis suggested that CCAT1
were independent prognostic factor for the HCC patients.

In conclusion, our results also illuminated that CCAT1
could be a potential biomarker for predicting the survival
of HCC patients. Additionally, our results indicated that
c-Myc contribute to the upstream regulation of CCAT1 in
HCC. These findings may attribute to a better understand
of the upstream regulation mechanism of CCAT 1. Taken
together, our data indicated a c-Myc/CCAT axis signaling
might be involved in HCC development, which may play
a vital role in the tumorgenesis of HCC and could also
serve as potential prognosis markers and potential targets
for therapy in the future.
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