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Abstract: Introduction: Long non-coding RNAs (IncRNAs) have been investigated as a new class of regulators of
cellular processes, such as cell growth, apoptosis, and carcinogenesis. INCRNA GAS5 has recently been identified
to be involved in tumorigenesis of several cancers such as breast cancer, lung cancer and renal cancer. However,
the regulation of GAS5 in hepatocellular carcinoma (HCC) has not yet been reported before. Methods: Expression
of GAS5 in tumor and their normal matched tissues was determined by quantitative real-time PCR in n = 71 HCC
patients, and its association with overall survival of patients was analyzed by statistical analysis. Results: The ex-
pression level of GAS5 was reduced in HCC in comparison to normal matched tissues (P < 0.05). It is also proved
that GAS5 expression was to be associated with HCC tumor size, lymphnode metastasis and clinical stage (P <
0.05). In addition, the Kaplan-Meier survival curves revealed that low GAS5 expression was associated with poor
prognosis in HCC patients. GAS5 expression was an independent prognostic marker of overall HCC patient survival
in a multivariate analysis. Conclusions: The study proved for the first time that GAS5 down regulated in a majority
of HCC patients. Our results indicated that GAS5 expression was an independent prognostic factor for patients with

liver cancer, which might be a potential valuable biomarker for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common cancer worldwide and the third
cause of cancer-related deaths [1]. Despite
recent advances in cancer treatment with
respect to surgery, chemotherapy and biolog-
ics, majority of HCC remains incurable once it
has become metastatic and has a poor progno-
sis [2]. The major causes of HCC are viral infec-
tions, alcohol and tobacco use. While efforts
have been made to identify appropriate prog-
nostic markers for HCC, including primary
tumor size, elevated AFP levels, and gene
expression markers in the primary tumor, these
method have not proven adequate to predict
the prognosis of all HCC patients [3, 4]. Thus, it
is important to find a reliable clinical marker for
HCC diagnosis and prediction of clinical
outcome.

Long non-coding RNA (LncRNA) is an RNA mol-
ecule that is longer than 200 nucleotides and is

not translated into a protein [5]. Although these
long non-coding transcripts were once consid-
ered to be simply tran-scriptional “noise” or
cloning artifacts [6]. Recent evidence showed
that IncRNAs play important roles in diverse
biological processes, such as transcriptional
regulation, cell growth and tumorigenesis [7, 8].
In this regard, highlighting the potentially wide-
spread functional roles of IncRNAs in human
cancer is important. For example, SRA (steroid
receptor RNA activator), a coactivator for nucle-
ar receptors (NRs), which Increased expression
may alter ER/PR activity, leading to cell prolif-
eration and breast tumorigenesis [9]. In addi-
tion to SRA, Geng showed that HOTAIR (HOX
transcript antisense RNA) gene was significant-
ly overexpressed in HCC tissues compared with
adjacent non-tumor tissues and patients with
high HOTAIR gene expression in their tumors
had an increased risk of recurrence after hepa-
tectomy [10]. Unfortunately, the emerging func-
tional role of IncRNAs in hepatocellular carci-
noma remains largely unknown.
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. 15- Figure 1. Clinical significance of expression of IncRNA
i GAS5 in the human hepatocellular carcinoma (HCC). A.
- Lower relative GAS5 IncRNA levels were detected in tu-
o - mours than in adjacent normal tissues in patients with
T J HCC (*P < 0.05). B. Kaplan-Meier curves estimating
% the 5-year recurrence-free survival rates according to
a 1.0- the level of expression of the GAS5 in patients with HCC
a who underwent hepatic resection.
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GAS5 (growth arrest-specific transcript 5) was
identified using a functional screen through its
ability to suppress apoptosis in a mouse thy-
moma cell line [11]. This gene is encoded at
1925, a chromosomal locus which has been
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associated with lymphoma [12]. A large num-
ber of studies demonstrate that GAS5 is a
tumor-suppressor INcCRNA. Qiao indicated that
a decrease in GAS5 expression is associated
with renal cell carcinoma genesis and progres-
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Table 1. Association of GAS5 with clinicopathological charac-

teristics of HCC patients

2009 were included in the study.
None of the patients received pre-

GAS5 expression

operative chemotherapy or radia-

Parameters Group  Total Low High P value tion therapy. Cancer tissue speci-
Gender Male 40 28 12 0.697 mel.‘]s were coIIecFeFi ﬂ.’om the
patients after obtaining informed
Female 31 23 8 consent, which was in accordance
Age (years) <60 42 30 12 0928 with the institutional guidelines of
260 29 21 8 The People’s Hospital of Zheng-
Tumor size (cm) <5cm 29 15 13 0.003 zhou. All tumors were fixed in for-
>5¢cm 42 33 5 malin and embedded in paraffin.
Tumour number Solitary 47 34 13 0.894 Clinical charts were reviewed, and
Multiple 24 17 7 follow-up data were collected.
HBsAg Postive 45 32 13 0.859 Patien.ts were only inc!uded iq the
Negative 26 19 7 study if they ha?d. prow.ded written
AEP <20 22 12 10 0.030 consent to.p.art|0|pate in the gtudy
after receiving oral and written
>20 49 39 10 information regarding its course
Lymphnode metastasis Absence 39 23 16 0.008 and purpose. Approval for the study
Presence 32 28 4 was received from the Ethics

Clinical stage -l 43 25 18 0.001 Committee of the host institution.

-1V 28 26 2

sion and overexpression of GAS5 can act as a
tumor suppressor for renal cell carcinoma [13].
Shi’s studies showed that GAS5 is a tumor sup-
pressor in non-small-cell lung carcinoma, and
the action of GAS5 is mediated by p53-depen-
dent and p53-independent pathways [14].
Williams identified that GAS5 transcript levels
were significantly reduced in breast cancer
samples relative to adjacent unaffected normal
breast epithelial tissues and GAS5 as critical to
the control of mammalian apoptosis and cell
population growth [15]. However, the clinical
and prognostic significance of IncRNA GAS5
expression in hepatocellular carcinoma has not
been reported yet.

In this study, we aimed to investigate the
expression of INcRNA GAS5 in HCC specimens
and adjacent normal tissues, and investigated
whether GAS5 is a useful prognostic indicator
in HCC patients.

Materials and methods
Patients and specimens

Patient data were accessed from the databank
of the Department of Oncology of The People’s
Hospital of Zhengzhou (Henan, China). 71 con-
secutive patients (40 male and 31 female) with
HCC and who underwent surgery from 2005 to
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Quantitative real-time PCR assay

Total RNA was isolated tissue using TRIZOL
reagent according to the manufacturer’s proto-
col (Invitrogen). RNA was reverse transcribed
using Super Script First Strand cDNA System
(Invitrogen) according to the manufacturer’s
instructions. The PCR amplification were per-
formed for 40 cycles of 94°C for 30 s, 60°C for
30s,and 72°Cfor30s, onaApplied Biosystems
7900HT (Applied Biosystems) with 1.0 pl of
cDNA and SYBR Green Real-time PCR Master
Mix (Takara). Data was collected and analyzed
by SDS2.3 Software (Applied Biosystems). The
expression level of each candidate gene was
internally normalized against that of the GAPDH.
The relative quantitative value was expressed
by the 222°t method. Each experiment was per-
formed in triplicates and repeated three times.

Statistical analysis

All computations were carried out using the
SPSS software version 17.0 for Windows (IBM
Corporation, NY, USA). The significance of dif-
ferences between two groups was estimated
using the Student’s t-test. Overall survival
curves were plotted according to the Kaplan-
Meier method. Variables with a P-value of <
0.05 by univariate analysis were used in subse-
quent multivariate analysis on the basis of the
Cox proportional hazards model. All differences
were considered statistically significant when P
< 0.05.
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Table 2. Prognostic factors in Cox proportional hazards model

Univariate analysis

Multivariate analysis

Variable

Risk ratio 95% ClI P Risk ratio 95% Cl P
Gender 1.042 0.874-1.611 0.674
Male vs Female
Age (years) 1.294 0.574-1.814 0.513
<60vs>60
Tumour number 2.024 1.476-4.113 0.089
Solitary vs Multiple
HBsAg 1.486 0.971-2.481 0.407
Postive vs Negative
AFP 2.174 1.365-5.118 0.107
<20vs>20
Tumor size 2.342 1.784-3.921 0.006 1.787 1.169-3.274 0.035
<bcmvs=5cm
Lymphnode metastasis 4.428 2.714-7.625 0.007 3.548 2.169-4.783 0.011
Absence vs Presence
Clinical stage 3.164 1.761-8.131 0.003 2.614 1.114-5.628 0.006
Il vs HI-IV
GAS5 0.297 0.149-0.518 <0.001 0.417 0.244-0.617 0.002
low vs high

Abbreviation: Cl, confidence interval.

Results
Down-regulation of GAS5 in HCC tissues

To ascertain whether INCRNA GAS5 was differ-
entially expressed in the HCC tissues, a total of
71 paired clinical HCC tissues and adjacent
normal tissues were analyzed for GAS5 expres-
sion using real-time quantitative PCR. GASbH5
expression was significantly down-regulated in
clinical HCC specimens compared to adjacent
normal liver tissues (P < 0.05, Figure 1A). The
results indicated that GAS5 might play an
tumor suppressor role in HCC. HCC patients
who expressed GAS5 at levels less than the
cutoff value were assigned to the low expres-
sion group (mean expression value 0.19, n =
51), and those with expression above than the
cutoff value were assigned to the high expres-
sion group (mean expression value 0.68, n =
20).

Relationship between GAS5 expression and
the clinicopathologic features of HCC

Table 1 summarizes the association between
GAS5 expression and clinicopathologic fea-
tures in HCC. Low expression of GAS5 was
found to significantly correlate with tumor size
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(P=0.003), lymphnode metastasis (P = 0.008),
and clinical stage (P = 0.001). However, GAS5
expression was not significantly related to gen-
der, age, tumor number, HBsAg and AFP (P >
0.05).

Low GAS5 expression predicts poor prognosis
in patients with HCC

In univariate survival analyses, cumulative sur-
vival curves were calculated according to the
Kaplan-Meier method. First, to confirm the rep-
resentativeness of the HCC in our study, we
analyzed established prognostic predictors of
patient survival. Kaplan-Meier analysis demon-
strated a significant impact of well-known clini-
cal pathological prognostic parameters, such
as tumor size, lymphnode metastasis and clini-
cal stage on patient survival (P < 0.05, Table 2).
Assessment of survival in HCC patients revea-
led that lower expression of GAS5 was corre-
lated with adverse survival of HCC patients (P <
0.001, Table 2, Figure 1B).

Independent prognostic factors for HCC: multi-
variate Cox regression analysis

Since variables observed to have a prognostic
influence by univariate analysis may covariate,
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the expression of GAS5 and those clinica-
lopathological parameters that were significant
in univariate analysis (clinical stage, lymphnode
metastasis and tumor size) were further exam-
ined in multivariate analysis. Our results
showed a significant correlation between low
expression levels of GAS5 and adverse dis-
ease-specific survival (relative risk: 0.417, Cl:
0.244-0.617, P = 0.002, Table 2). With regard
to other parameters, the clinical stage, lym-
phnode metastasis and tumor size were also
shown to be an independent prognostic factor
for overall survival (P < 0.05, Table 2).

Discussion

Hepatocellular carcinoma (HCC) is one of the
most common malignant diseases with a poor
prognosis. Although several clinicopathologic
features have been the standard for determin-
ing the clinical outcome of HCC patients, this
classification scheme is probably an imprecise
predictor of the prognosis of an individual
patient [16]. Therefore, it is necessary to iden-
tify novel and effective biologic markers which
are associated with advanced tumor progres-
sion for the early diagnosis and the discovery of
a therapeutic target.

In 2012, the GENCODE IncRNAs catalog con-
sists of 14,880 transcripts grouped into 9,277
gene loci in the human genome [17]. Dysre-
gulated expression of INcCRNAs in cancer marks
the spectrum of disease progression and may
serve as an independent predictor for patient
outcomes. Ge's study suggested that high
expression of IncRNA PCAT-1 is involved in
colorectal cancer progression and could be a
novel biomarker of poor prognosis in patient
with colorectal cancer [18]. Kogo found that
IncRNA HOTAIR regulates polycomb-dependent
chromatin modification and is associated with
poor prognosis in colorectal cancers [19].
However, the role of IncRNAs in HCC is yet to be
fully elucidated. In the present study, our atten-
tion focused on the IncRNA GAS5. Pickard
found that GAS5 promotes the apoptosis of
prostate cancer cells and abnormally low levels
of GAS5 expression may reduce the effective-
ness of chemotherapeutic agents [20]. Shi
reported for the first time that GAS5 down-reg-
ulation is involved in non-small-cell lung carci-
noma tumorigenesis and progression, and
GAS5 overexpression can dramatically induce
apoptosis and growth arrest in vitro and reduce
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tumor growth in vivo, In addition, although they
found that p53 and E2F1 are key downstream
mediators of GAS5 [14]. Mourtada indicated
that GAS5 plays a crucial role in normal growth
arrest in both T-cell lines and non-transformed
lymphocytes and GAS5 overexpression results
in both an increase in apoptosis and a reduc-
tion in the rate of progression through the cell-
cycle, whereas GAS5 knockdown inhibits apop-
tosis and maintains a more rapid cell cycle [21].
Other studies showed that the genetic aberra-
tions of GAS5 have relationship with many
other types of tumors including melanoma, glio-
blastoma and renal cancers [22].

However, there have been no reports on the
clinical relevance of IncRNA GAS5 to HCC, In
the present study, we sought to determine
whether there was any difference in GASH
expression between HCC specimens and adja-
cent normal tissues which had not been stud-
ied previously. This study showed that GAS5
were down-regulated in the HCC, and explored
available evidence of close correlation of GAS5
expression and the total patients’ survival dur-
ing a 5-year follow-up survey.

To directly address the potential roles for GAS5
in the occurrence and development of HCC, an
elaborate experiment was conducted and a rig-
orous analysis was performed of human GAS5
expression on a HCC samples. Our results
revealed that the GAS5 expression in HCC
specimens was remarkably lower than that in
adjacent normal tissues (P < 0.05). In the pres-
ent study, we found the expression level of
GAS5 was significantly associated with tumor
size (P = 0.003), lymphnode metastasis (P =
0.008) and clinical stage (P = 0.001). It is sug-
gested that GAS5 may play important roles in
liver cancer carcinogenesis and progression.

Ultimately, A total of 71 patients histologically
proven liver cancer with follow-up information
were conducted a systematically analysis to
confirm the relationship of GAS5 and outcome
of patient initially. Our finding demonstrated
that patients with lower expression of GAS5 in
tumor tissue had a worse overall survival than
patients with higher expression (P < 0.05,
respectively), providing an evidence that
reduced expression of GAS5 in hepatocellular
cancer might facilitate an increased malignant
and worse prognostic phenotype. It is notewor-
thy that by multivariate Cox analysis combining
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expression of GAS5 with other parameters,
GAS5 was found as an independent prognostic
factor (P = 0.002) for patient survival. The aber-
rant expression of GAS5 linked to a poor prog-
nosis of patients has never been investigated
in hepatocellular cancer before.

In conclusion, our data indicated that GAS5
expression was decreased in human HCC and
was associated with advanced tumor progres-
sion. Furthermore, GAS5 expression was dem-
onstrated for the first time to be an indepen-
dent marker for predicting the clinical outcome
of patients with HCC. Apparently, a further
understanding of the molecular mechanism by
GAS5 in human HCC would help in the discov-
ery of novel targeted agents and might also
lead to the development of new approaches for
effective therapy of human HCC.
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