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CCAT1 promotes hepatocellular
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Abstract: It has been reported that CCAT1 is involved in the development of malignancies including colon cancer
and gastric cancer. However, the role of CCAT1 in HCC still remains unknown. Real-time PCR was performed to test
the relative expression of CCAT1 in HCC tissues and cell lines. We performed Chi-Square Analysis to study the cor-
relation between clinical characteristics and CCAT1 expression. Based on the correlation, cell proliferation assay,
cell invasion assay, wound healing assay and cell apoptosis assay were conducted in two HCC cell lines to examine
the regulatory effect of CCAT1 on the HCC cells. The results indicated that the expression of CCAT1 was significantly
increased in HCC tissues and cells compared with controls. We also found that the abnormally expressed CCAT1
could promote cell proliferation, migration and invasion. Taken together, our findings demonstrated that the aber-
rant expression of CCAT1 promotes hepatocellular carcinoma in vitro.
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Introduction

Hepatocellular carcinoma (HCC) is the second
leading cause of cancer related deaths world-
wide [1, 2]. Because of the high incidence of
chronic hepatitis B infection and liver cirrhosis,
China accounts for more than half of the world’s
cases each year [2-5]. Although great advances
in surgical technique and chemotherapy have
been achieved over the last two decades, long-
term survival of HCC is still low due to the high
rate of recurrence and metastasis [6, 7].
Additionally, most HCC patients present with
advanced metastatic disease at the initial diag-
nosis [8, 9]. It has been reported that the devel-
opment of HCC are facilitated by multiple
abnormal biological processes, such as gene
mutations, epigenetic alterations, and dysregu-
lation of both coding and non-coding genes [8,
10-13]. For accurate diagnosis and adequate
treatment of HCC, there is a pressing need to
understand the precise molecular mechanisms
underlying HCC pathogenesis [14].

Based on the size, non-coding RNAs (ncRNASs)
are subdivided into two major classes: small
ncRNAs (< 200 nt) and long ncRNAs (IncRNAs,

> 200 nt) [15, 16]. Recently, microRNAs have
been identified as oncogenes or tumor suppres-
sor genes to influence biological function of
cancer cells through post-transcriptional regu-
lation of protein expression. On the contrary,
IncRNAs were once thought to be transcription-
al noise [17]. However, it has become increas-
ingly clear that IncRNAs exert significant func-
tions at various levels, including X chromosomal
inactivation, chromatin remodeling, and tran-
scriptional repression. The long non-coding
RNA colon cancer associated transcript 1
(CCAT1) with abnormal expressions in many
malignancies has been reported to be involved
in the pathogenesis of malignant tumors includ-
ing colon cancer and gastric cancer [18, 19].
However, the role of CCAT1 in the development
of HCC still remains elusive.

In our study, we demonstrated that CCAT1 was
aberrantly increased in the HCC tissues and
cells compared with the controls. The correla-
tion between clinical characteristics and CCAT1
expression was confirmed by Chi-Square corre-
lation analysis. Based on the correlations
between clinical characteristics and CCAT1
expression, we performed in vivo experiments
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Figure 1. CCAT1 is up-regulated in HCC tissues and cell lines. A. The expression levels of CCAT1 in human HCC tumor
tissues and paratumor tissues relative to GAPDH were determined by real-time PCR (n = 86, P < 0.05). B. CCAT1
expression levels in HCC cell lines were verified by real-time PCR. Data are represented as mean + SEM. *Indicates
P < 0.05, independent experiment was performed three times. C. CCAT1 expression levels in HepG2 and MHCC-
97H cell lines transfected with CCAT1 siRNA were verified by real-time PCR. Data are represented as mean + SEM.
*Indicates P < 0.05, independent experiment was performed three times.

and demonstrated the promoting-cancer effect
of CCAT1 via cell proliferation assay, cell inva-
sion assay and wound healing assay.

Materials and methods
Clinical samples and cell culture

86 cases of patients who underwent liver can-
cer radical resection during December 2010 to
May 2012 were recruited from the Provincial
Hospital Affiliated to Shandong University
(Jinan, China). Specimens were obtained imme-
diately after surgical resection and stored at
-80°C for further analysis. All patients had neg-
ative histories of exposure to either chemother-
apy or radiotherapy before surgery, and there
was no other co-occurrence of diagnosed can-
cers. 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: L-02, HepG2,
SNU423, SMMC-7721, Hep3B were obtained
from the American Type Culture Collection
(ATCC, USA) and 97H, 97L were purchased from
Liver cancer institute, Fudan University,
Shanghai. They were maintained in an atmo-
sphere of 5% CO, 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.
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RNA preparation, reverse transcription and
real-time PCR

Total RNA from frozen samples and cell lines
was extracted by Invitrogen (Invitrogen, Califor-
nia, USA) according to the manufacturer’s pro-
tocol. cDNAs from all samples were synthesized
from 1 pg of total RNA by PrimeScript RT Master
Mix kit (Takara, Japan). The expression of
CCAT1 was analyzed by real-time PCR using
Quantifast SYBR Green PCR Kit (Qiagen,
Dusseldorf, Germany) at 95°C for 5 min, fol-
lowed by 40 cycles of 95°C for 10 s and 60°C
for 30 s. Primer sequences were as follows:
CCAT1 forward primer: 5-CATTGGGAAAGGTG-
CCGAGA-3’, reverse primer: 5’-ACGCTTAGCCAT-
ACAGAGCC-3’; GAPDH, forward primer: 5’-GGG-
AGCCAAAAGG GTCAT-3’, and reverse primer:
5-GAGTCCTTCCACG ATACCAA-3. Data analy-
ses for the gene expression were performed
using the 222t method.

Gene silencing of CCAT1 in cells

To knockdown the CCAT1 expression, we pur-
chased siRNA from RioboBio (Guangzhou,
China). The negative control hairpin siRNA with
no sequence homology to human genes pro-
vided by the same manufacturer was used as
the negative control. A total of 1.5 x 10° cells
were seeded in 35 mm tissue culture dishes for
24 h, followed by transfection with 2 ug of each
respective plasmid with Lipofectamine 2000
Reagent (Invitrogen, California, USA) for 24 h.
Transfection efficiency was monitored by real
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Table 1. Correlation between CCAT1 expression and clinico-
pathological characteristics of HCC patients (n = 86)

V-FITC Apoptosis Detection kit
(KeyGen Biotech, Shanghai, China),

and apoptosis rates were analyzed

- All ba CCAT1 Ipw CCAT1 h.igh .‘?value ) !
Characteristics P8 pression  expression  Chi-squared using a flow cytometer (FACS Calibur,
tients (< Median®) (= Median?) test BD Biosciences, San Jose, USA)
2; years) 86 43 43 0194 Wound healing assay
<60 67 31 36 Cells were seeded at 4 x 10* cells/
260 19 12 7 cm?. At day 3, a straight scratch was
Gender 0.417 made with a 200 L pipette tip and
Male 69 36 33 the wound was photographed under
Female 17 7 10 the microscope. After 48 h, cells
HbeAg 0.820 were photographed under the micro-
Negative 29 14 15 scope and the area of the remaining
Positive 57 29 8 scratch was calculated.
Cirrhosis 0.639 Cell invasion assay
Absent 26 12 14
Present 60 31 29 A cell suspension of in 0.2 ml RPMI-
ALT (U/L) 0.514 1640 medium with 5% FBS was
<45 49 23 26 seeded into each well of the upper
transwell chamber (8 um pore size,
> 45 s7 20 = Corning Costar Corp, USA), which
AFP (ng/mi) 0.763 was pre-coated with Matrigel. In the
<136 13 6 7 lower chamber, 0.6 ml RPMI 1640
>13.6 73 37 36 with 20% FBS was added. After incu-
Tumor size (cm) 0.004* bating for 28 h 37°C in a humidified
<5 31 22 9 incubator with 5% CO,, chambers
>5 55 21 34 were disassembled and the mem-
Vascular invasion 0.725 branes were stained with 2% crystal
Absent 77 38 39 violet for 10 min and placed on a
Present 9 5 4 glasg slide. The number of cells pen-
Edmondson grade 0.000% etrating across membrane was
’ counted under a microscope in ten
I+l gi 349 23 random visual fields.
H+1V

aThe median expression level of CCAT1 was used as the cutoff. *Indicates P

value < 0.05.

time-PCR. The cells were then subjected to RNA
extraction or functional assays.

Cell proliferation assays

HCC cells proliferation was monitored using
Cell Proliferation Reagent Kit | (MTT) (Roche
Applied Science). siRNA-CCAT1 and empty vec-
tor-transfected HepG2 and SNU423 cells
(3,000/well) were allowed to grow in 96-well
plates. Cell proliferation was measured every
24 h following the manufacturer’s protocol.

Cell apoptosis assay

Cell apoptosis was measured according to the
manufacturer’s instructions using an Annexin
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Statistical methods

All experiments were independently

repeated at least triplicate. Data
were expressed as mean + SEM. Differences
between two independent groups were tested
with the student’s test. All statistical analyses
were carried out using SPSS version 18.0 and
presented with Graph pad prism 5.0 software.
The results were considered to be statistically
significant at P < 0.05.

Results

Expression of CCAT1 was up-regulated in the
primary HCC tissues and human HCC cell
lines.

To explore the expression pattern of CCAT1 in
the tissues of patients with hepatocellular car-
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Figure 2. Effects of CCAT1 on proliferation and apoptosis in HCC cell lines. A. CCK-8 cell proliferation assays show
that CCAT1 knock-down significantly weakened proliferation in HepG2 and MHCC-97H cells. Data are represented
as mean + SEM. *Indicates P < 0.05, independent experiment was performed three times. B. Representative flow
cytometric plots of cell apoptosis. Cells were stained with both Annexin V and Pl before analysis by flow cytometry.
Numbers represent the frequency in each quadrant. Data are represented as mean + SEM. *Indicates P < 0.05,

independent experiment was performed three times.

cinoma, we performed real-time PCR assay.
The results indicated that the basal levels of
CCAT1 in 86 pairs of human HCC tissues were
obviously up-regulated compared with the
paratumor tissues (Figure 1A). CCAT1 expres-
sion in the six human HCC cell lines: HepG2,
SNU423, SMMC-7721, 97H, 97L, Hep3B was
then studied. Similarly, CCAT1 expression of
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HCC cell lines was up-regulated in comparison
with human LO2 normal liver cells (Figure 1B).
To examine the correlations between CCAT1
and clinical characteristics, all HCC samples
were divided into CCAT1 high-expression group
(n = 43) and low-expression group (n = 43) via
using the median value as cut-off. The correla-
tions between CCAT1 expression and the clini-
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Figure 3. Effects of CCAT1 on migration and invasion capability in HCC cells. A. Knock-down of CCAT1 attenuated the
migration ability of HCC cells. The quantifications of cell migration were presented by the histogram. All experiments
were performed in triplicate and presented as mean + SEM. *Indicates significant difference compared with control
group (P < 0.05). B. Transwell chamber with matrigel assay indicated that knock-down of CCAT1 weakened HepG2
and MHCC-97H cells invasion. The quantifications of cell invasion were presented by the column chart. All experi-
ments were performed in triplicate and presented as mean + SEM. *Indicates significant difference compared with

control group (P < 0.05).

copathological characteristics are presented.
No positive correlation with age, gender, HbeAg,
cirrhosis, ALT, AFP, however, significantly corre-
lations with tumor size (P = 0.004) and
Edmondson grade (P = 0.000) were achieved
(Table 1).

CCAT1 promoted proliferation but have no ef-
fect on apoptosis

The significant correlation between CCAT1
expression and clinicopathological characteris-
tics suggested that CCAT1 exert a vital effect
on the development of HCC. Based on the
expression pattern of CCAT1, the effects of
suppression of CCAT1 on cell proliferation,
apoptosis were investigated in human HCC cell
lines: HepG2 and 97H. The cell lines were trans-
fected with siRNA which could inhibit the
expression of CCAT1 (Figure 1C). The results
showed that down-regulation of CCAT1 inhibit-
ed the activity of proliferation compared with
negative control (Figure 2A). But down-regula-
tion of CCAT1 had no effect on the apoptosis in
HCC cells (Figure 2B) which is consistent with
the previous studies.

CCAT1 promoted migration and invasion in two
HCC cell experiments

We then perform in vivo experiments to explore
whether CCAT1 affects migration and invasion
of the two HCC cell lines. The results showed
that down-regulation of CCAT1 inhibited the
migration ability in cells (Figure 3A) and inhib-
ited CCAT1 also suppressed invasion ability in
the cells (Figure 3B). In other words, CCAT1 pro-
moted migration and invasion in the two HCC
cell experiments.

Discussion

Long noncoding RNAs represent a novel class
of noncoding RNAs that are longer than 200
nucleotides without protein-coding potential.
Recently, IncRNAs were found to be dysregu-
lated and involved in various cancer biological
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processes, such as proliferation, apoptosis,
mobility, and invasion [17, 20-25]. However, the
role and precise molecular mechanism of
IncRNAs in cancer development and progres-
sion still remain elusive [26-31]. In the previous
study, CCAT1 was found to be involved in the
development and progression of colon cancer
and gastric cancer, but the functional effect of
CCAT on development of HCC has not been
reported.

In our study, we demonstrated that CCAT1 was
aberrantly increased in tissues of patients with
hepatocellular carcinoma compared with the
corresponding non-tumor tissues. And the
expression of CCAT1 in HepG2 and 97H cells
further confirmed the above results. Addi-
tionally, Chi-Square correlation analysis was
performed to demonstrate the correlation
between CCAT1 expression levels and clinical
characteristics. Due to the positive correlation
between CCAT1 and clinical characteristics, we
also performed cell proliferation assay, cell
invasion assay, wound healing assay and apop-
tosis assay. The results suggested that down-
regulation of CCAT1 suppressed cell prolifera-
tion, migration and invasion, which meant that
CCAT1 could promote hepatocellular carcino-
ma. The results we obtained were consistent
with that of He et al. [19] and Huang et al. [20],
which may indicated that CCAT1 do have a vital
role in the founcational regulation of many
magligancies.

In summary, our findings suggested that CCAT1
was un-normally increased in the HCC tissues
and cells compared with the controls. The cor-
relation between clinical characteristics and
CCAT1 expression was proved by Chi-Square
correlation analysis. Based on the correlation
between clinical characteristics and CCAT1
expression, we also demonstrated the promot-
ing-cancer effect of CCAT1 via cell proliferation
assay, cell invasion assay and wound healing
assay. Taken together, our findings demonstrat-
ed that CCAT1 promotes HCC in vivo.

Int J Clin Exp Pathol 2015;8(5):5427-5434
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