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Abstract: Background: Long non-coding RNAs (lncRNAs) play widespread roles in gene regulation and cellular processes. However, the functional roles of lncRNAs in hepatocellular carcinoma (HCC) are not yet well elucidated. The
aim of the present study was to measure the levels of lncRNA PCAT-1 expression in HCC and evaluate its clinical
significance in the development and progression of HCC. Methods: We examined the expression of PCAT-1 in 117
HCC tissues and adjacent non-tumor tissues using quantitative real-time-PCR and analyzed its correlation with the
clinical parameters. Results: Our data showed that PCAT-1 expression in HCC tissues was significantly increased
compared with adjacent non-tumor tissues (P<0.05). Up-regulated expression of PCAT-1 was significantly associated with TNM stage and metastasis (P<0.05), but not other clinical parameters. Moreover, Kaplan-Meier survival
analysis showed that a high expression level of PCAT-1 resulted in a significantly poor overall survival of HCC patients. The multivariate Cox regression analysis demonstrated that PCAT-1 expression level was an independent
prognostic factor for the overall survival rate of HCC patients. Conclusions: Our data suggested that the increased
expression of PCAT-1 was associated with advanced clinical parameters and poor overall survival of HCC patients,
indicating that PCAT-1 up-regulation may serve as a novel biomarker of poor prognosis in HCC patients.
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Introduction
Hepatocellular carcinoma (HCC) is the most
common primary hepatic malignancy and ranks
the fifth most prevalent malignant tumors
worldwide [1]. It is more prevalent in Central
Africa and parts of Asia, and half of the worldwide instances are reported in China [2].
Nowadays surgical resection is still the main
method of therapy, however, it does not have
favorable effect with 5 year overall survival rate
about 50% [3, 4]. This tragic situation stems
from a lack of early diagnosis, the deteriorated
condition of the cirrhotic liver from which most
HCC cases develop, and the high resistance of
HCC to chemotherapy [5]. Therefore, the identification of novel molecular mechanisms
involved in the development and progression of
HCC may provide new strategies for the diagnosis and treatment of this life threatening
disease.

Apart from about 2% protein coding genes, the
vast majority of the human genome is made up
of non-coding RNAs (ncRNAs), indicating that
ncRNAs could play significant regulatory roles in
complex organisms [6]. Among them, the long
non-coding RNA (lncRNA) is an RNA molecular
that is longer than 200 nucleotides and cannot
be translated into a protein [7]. Recent reports
suggested that lncRNAs could play an important role in cancer, such as the process of carcinogenesis, invasion, and metastasis of cancer
[8]. The deregulation of lncRNAs has been
found in many types of cancer. For example,
Deng et al showed lncRNA 91H expression was
significantly increased in colorectal cancer, the
elevated expression of 91H was associated
with poor prognosis and distant metastasis.
Moreover, they indicated that knockdown of
91H inhibited the proliferation, migration, and
invasiveness of colorectal cancer cells in vitro
[9]. Chen et al lncRNA HOTAIR was increased in
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Table 1. Correlation between PCAT-1 expression and clinicopathological features of HCC
Variable
Gender
Male
Female
Age
≤50
>50
Tumor size (cm)
≤5
>5
Tumor number
Solitary
Multiple
Serum AFP (ng/ml)
<20
≥20
Liver cirrhosis
Yes
No
Tumor differentiation
Well/Moderate
Poor
TNM stage
I-II
III-IV
Metastasis
Yes
No

N=117

PCAT-1 expression
High (n=59) Low (n=58)

68
49

31
28

37
21

52
65

24
35

28
30

44
73

25
34

19
39

86
31

40
19

46
12

39
78

17
42

22
36

74
43

39
20

35
23

62
55

28
31

34
24

42
75

17
42

35
23

24
93

17
42

7
51

P value
0.217

0.684

0.408

In the present study, we examined the expression of PCAT-1 in HCC tissues and analyzed the
correlation between PCAT-1 levels, clinical features, and patient overall survival to determine
whether PCAT-1 levels represent a prognostic

Materials and methods
Patients and tissue samples

1.152

esophageal squamous cell carcinoma tissues
and associated with poor prognosis.
Furthermore, they demonstrated that knockdown of HOTAIR reduced esophageal squamous cell invasiveness and migration in vitro
[10]. Shi et al revealed that GAS5 expression
was down-regulated in non-small cell lung cancer tissues and correlated with tumor size and
TNM stage, in addition, they indicated that
GAS5 over-expression increased tumor cell
growth arrest and induced apoptosis in vitro
and in vivo [11]. However, the emerging functional role of lncRNAs in HCC remains poorly
understood.
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χ2
1.521

factor for clinical outcomes in
HCC patients. These data
provide novel insights into
the role of PCAT-1 in the progression of HCC and identify
a potential therapeutic target
in HCC patients.

0.283

The study was approved by
the Research Ethics Committee of The First Clinical
1.991 0.158
Medical College of Fujian
Medical University, Fuzhou,
China. Informed consent was
obtained from all of the
1.094 0.296
patients. All specimens were
handled and made anonymous according to accepted
0.417 0.518
ethical and legal standards. A
total of 117 patients who presented with primary HCC and
1.463 0.226
underwent curative hepatectomy at The First Clinical
Medical College of Fujian
Medical University, Fuzhou,
China were included in this
11.777 0.001
retrospective study. All HCC
specimens and adjacent non5.029 0.025
tumor tissues were snap-frozen in liquid nitrogen and
stored at -80°C following surgery for quantitative real-time
PCR (qRT-PCR). The tissue samples used in this
study were retrieved from the tissue bank of
the Department of Pathology. The patients had
been diagnosed with HCC between 2006 and
2008. None of the patients recruited in this
study had undergone preoperative chemotherapy or radiotherapy. The diagnosis was confirmed by histopathological study. Tumor stage
was determined according to the 2002 International Union Against Cancer TNM classification system [12]. Tumor differentiation was
graded by the Edmondson grading system. The
clinicopathological features of the 117 patients
are summarized in Table 1.
RNA extraction and quantitative real-time PCR
analysis
Total RNA was extracted from tissues using
TRIzol reagent (Invitrogen). For qRT-PCR, RNA
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Figure 1. Relative PCAT-1 expression in HCC tissues and its clinical significance. A. Relative expression of PCAT-1
in HCC tissues in comparison with adjacent non-tumor tissues. PCAT-1 expression was examined by qRT-PCR and
normalized to GAPDH expression. Data was presented as fold-change in tumor tissues relative to normal tissues.
B. The 117 total HCC patients included in the study were divided into a low PCAT-1 group (n=58) and a high PCAT-1
group (n=59) according to the median value of relative PCAT-1 expression. *P<0.05.

was calculated and normalized using the 2-ΔΔCt method
relative to GAPDH.
Statistical analysis
All statistical analyses were
performed using SPSS version 18.0 software. The gene
expression levels in HCC
were compared with those in
adjacent non-tumor tissues
with the use of Wilcoxon
test. Measurement data
were analyzed using Student’s t-test, while categorical data were studied using
chi-square test. The postoperative survival rate was
analyzed with Kaplan-Meier
method, and differences in
Figure 2. Kaplan-Meier survival curves of patients with HCC based on PCAT-1
survival rates were assessed
expression status (P<0.05, log-rank test).
with log-rank test. To determine independent prognoswas reverse transcribed to cDNA by using a
tic factors, the Cox multivariate regression
Reverse Transcription Kit (Takara). Real-time
analysis was used. P values lower than 0.05
PCR analyses were performed with Power SYBR
were considered statistically significant.
Green (Takara). Results were normalized to the
Results
expression of GAPDH. The PCR primers for
PCAT-1 or GAPDH were as follows: PCAT-1
PCAT-1 expression is up-regulated in human
sense, 5’-TGAGAAGAGAAATCTA TTGGAACC-3’
HCC tissue
and reverse, 5’-GGTTTGTC-TCCGCTGCTTTA-3’;
GAPDH sense, 5’-GTCAACGGATTTGGTCTGTATTWe examined PCAT-1 expression level in 117
3’ and reverse, 5’-AGTCTTCTGGGTGGCAGTGATpaired HCC tissues and adjacent non-tumor tis3’. qRT-PCR and data collection were performed
sues by qRT-PCR, and normalized to GAPDH.
on ABI 7500. The relative expression of PCAT-1
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Table 2. Univariate and multivariate analyses of overall survival of HCC patients
Variable
Gender
Male vs Female
Age (years)
>50 vs ≤50
Tumor size (cm)
>5 vs ≤5
Tumor number
Multiple vs Solitary
AFP (ng/ml)
>20 vs ≤20
Liver cirrhosis
Yes vs No
Tumor differentiation
Poor vs Well/Moderate
TNM stage
III-IV vs I-II
Metastasis
Yes vs No
LncRNA PCAT-1
High vs Low

HR
1.317

Univariate analysis
95% CI
0.692-2.156

P

0.894

0.447-1.538

0.377

1.502

0.615-2.753

0.215

1.208

0.731-1.871

0.269

1.487

0.642-3.175

0.185

1.912

0.548-3.219

0.087

1.684

0.862-2.825

0.033

1.513

0.716-2.629

0.027

3.617

1.218-8.391

0.012

3.275

1.116-7.948

0.009

4.319

1.478-9.247

0.007

4.168

1.395-8.738

0.003

3.372

1.268-8.548

0.002

2.977

1.107-7.912

0.001

Figure 1A showed that the PCAT-1 expression
was significantly increased in HCC tissues compared with adjacent non-tumor tissues
(P<0.05). In tumor tissues, PCAT-1 expression
was at a level higher than that of non-tumor tissues, with the median ratio of 2.79 compared
with normal counterparts. These data indicated that abnormal PCAT-1 expression may be
related to HCC pathogenesis.
Relationship between PCAT-1 expression and
clinicopathological features in HCC patients
The clinical pathology findings of 117 HCC
patients are shown in Table 1. According to the
median ratio of relative PCAT-1 expression
(2.79) in tumor tissues, the 117 HCC patients
were divided into two groups: relative high
PCAT-1 group (PCAT-1 expression ratio ≥ median ratio) and relative low PCAT-1 group (PCAT-1
expression ratio < median ratio) (Figure 1B).
Clinicopathologic features were compared
between the two groups (Table 1). The PCAT-1
expression level in HCC was associated
advanced TNM stage and metastasis (P<0.05),
but not with other parameters such as gender,
age, tumor size, tumor number, serum AFP, liver
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P
0.473

Multivariate analysis
HR
95% CI

cirrhosis and tumor differentiation (P>0.05)
(Table 1).
Correlation between PCAT-1 expression and
patients’ survival
We further examined whether PCAT-1 expression level correlated with outcome of HCC
patients. Overall survival curves were plotted
according to PCAT-1 expression level by the
Kaplan-Meier analysis and log-rank test. As
shown in Figure 2, the HCC patients with high
PCAT-1 expression had shorter overall survival
than those with low PCAT-1 expression (P<0.05).
The univariate and multivariate analyses were
also performed to identify factors related to
patient prognosis. As shown in Table 2, the univariate analysis showed that tumor differentiation, TNM stage, metastasis and PCAT-1 expression were significantly related to postoperative
survival (P<0.05). Moreover, the multivariate
Cox regression analysis indicated that tumor
differentiation, TNM stage, metastasis and
PCAT-1 expression were independent predictors for overall survival of HCC patients
(P<0.05). These findings support the hypothesis that increased PCAT-1 expression play a key
role in HCC development and progression.
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Discussion
LncRNAs dysregulation may affect epigenetic
information and provide a cellular growth
advantage, resulting in progressive and uncontrolled tumor growth [13, 14]. Effective control
of both cell survival and cell proliferation is critical to the prevention of oncogenesis and to
successful cancer therapy. Therefore, identification of cancer associated lncRNAs and investigation of their clinical significance and functions may provide a missing piece of the wellknown oncogenic and tumor suppressor network puzzle.
PCAT-1 (prostate cancer-associated ncRNA
transcripts 1), a lncRNA, has been discovered
by RNA sequence recently that implicated in
disease progression of patient with prostate
cancer. Prensner et al showed that PCAT-1
increased in prostate cancer and promoted
prostate cancer cell proliferation through association with polycomb repressive complex 2
(PRC2) and cMyc protein, indicating that PCAT-1
can be used as potential therapeutic target of
prostate cancer [15, 16]. Recently, they reported that PCAT-1 could produce a functional deficiency in homologous recombination through
its repression of the BRCA2 tumor suppressor,
which imparts a high sensitivity to small molecule inhibitors of PARP1, indicating that PCAT-1
could regulate cell response to genotoxic stress
[17]. Ge et al revealed that PCAT-1 expression
was increased in colorectal cancer tissues and
was highly related to distance metastasis.
Furthermore, they demonstrated that colorectal cancer patients with PCAT-1 higher expression have a shorter overall survival than those
with lower PCAT-1 expression [18]. Those studies indicated that PCAT-1 play a critical role in
tumor progression. However, the relationship
between PCAT-1 expression and HCC development and/or progression is still unknown.
Our study was designed to investigate the
expression and prognostic significance of PCAT1 in HCC patients. PCAT-1 expression was retrospectively analyzed in 117 HCC patients.
Results were assessed for association with
clinical features and overall survival of HCC
patients after surgery. Prognostic values of
PCAT-1 expression and clinical outcomes were
also evaluated by Cox regression analysis. Our
results showed that PCAT-1 expression was
elevated in HCC tissues and associated with
4130

TNM stage and metastasis. More importantly,
we found that PCAT-1 expression was significantly associated with overall survival of HCC
patients. In support of this, Kaplan-Meier analysis of overall survival revealed that HCC
patients with high PCAT-1 expression tend to
have a poorer overall survival, indicating that
high PCAT-1 expression is a marker of poor
prognosis for overall survival of patients with
HCC. Multivariate Cox regression analysis
proved that PCAT-1 was an independent prognostic factor for HCC. Taken together, our study
demonstrated that over-expression of PCAT-1 in
HCC is associated with more malignant phenotypes and a worse prognosis implies that it
could play a oncogenic role in hepatocellular
carcinogenesis.
In summary, to the best of our knowledge, the
present study is the first to report that lncRNA
PCAT-1 expression was up-regulated in HCC tissues and associated with biological aggressiveness and poor prognosis. Our study indicated that PCAT-1 was an independent prognostic factor of HCC patients. These findings
suggested that PCAT-1 could be a potential
diagnostic and therapeutic target in patients
with HCC.
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