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Long non-coding RNA PANDAR correlates with poor prognosis and
promotes tumorigenesis in hepatocellular carcinoma
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A B S T R A C T

Hepatocellular carcinoma (HCC) is one of the most prevalent malignancies worldwide. Long non-coding

RNAs (lncRNAs) are new-found non-coding RNAs longer than 200 nucleotides, and have emerged as

important players in tumorigenesis. However, the clinical significance and molecular mechanism of

lncRNAs in HCC remain largely elusive. The aim of this study was to determine the expression pattern

and clinical value of PANDAR, a novel lncRNA, in HCC. qRT-PCR was conducted in tissues and cell lines.

Then, associations between PANDAR expression and clinicopathological features of HCC patients were

further analyzed. Next, ROC curve was constructed to evaluate diagnostic values. Finally, effects of

PANDAR on HCC cell phenotypes were verified. PANDAR was overexpressed in HCC tissues and cell lines.

Moreover, its expression level was significantly correlated with liver cirrhosis, HBsAg, AFP, tumor

nodule, vascular invasion and TNM stage. PANDAR overexpression was associated with poorer survival

and shorter recurrence. Importantly, the area under the ROC curve of PANDAR was up to

0.9564. Furthermore, PANDAR knockdown significantly repressed cell proliferation, colony formation

and cycle progression of HCC in vitro. PANDAR was a powerful tumor biomarker, which highlighted its

potential clinical utility as a promising prognostic biomarker and therapeutic target.

� 2015 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the most prevalent
malignancies worldwide, and both the mortality and morbidity
have been escalating in the past decades [1]. Although many
advances have been made in the diagnosis and treatment of HCC,
the prognosis of HCC patients remains poor due to progression,
development and resistance to conventional chemotherapy and
radiotherapy [2,3]. Even treated by surgery, more than 60% of the
patients suffer from metastasis and recurrence within one year
after operation [4]. Biomarker-based tumor recognition shows a
great promise for condition assessment to guide treatment, but up
to now, few biomarkers have been integrated into clinical practice
[5]. Therefore, it is critical for reducing the mortality to identify
novel biomarkers for early diagnosis and prognosis evaluation in
HCC patients.

Long non-coding RNAs (lncRNAs) have been attracted major
attention all over the world. LncRNAs are non-protein-coding
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transcripts longer than 200 nucleotides [6], and characterized by
the complexity and diversity of their sequences and mechanisms of
action [7]. More importantly, lncRNAs regulate gene expression at
transcriptional, post-transcriptional and epigenetic levels, and
play important roles in nearly all aspects of tumor biology
[7–9]. There are increasing numbers of reports implicating an
aberrant expression of certain lncRNAs, particularly HOTAIR,
MALAT1, MEG3, HULC and others, in a variety of tumors [8–12].
Thus, lncRNAs play important roles in carcinogenesis and
recurrence, and present a broad application prospects. However,
the role of lncRNAs in the prognosis of HCC remains largely elusive.

In the present study, we focus on lncRNA promoter of CDKN1A
antisense DNA damage activated RNA (PANDAR). PANDAR
(GenBank accession ID: 101154753) localized at 6p21.2, and
was firstly reported by Hung et al. [13]. They found that PANDAR
was induced in a p53-dependent manner and interacts with the
transcription factor NF-YA to limit the expression of pro-apoptotic
genes in normal human fetal lung fibroblasts [13]. Recently, Han
et al. showed that low expression of PANDAR predicts a poor
prognosis of non-small cell lung cancer and affects cell apoptosis
by regulating Bcl-2 [14]. However, the biological function and
underlying mechanism of action of PANDAR in HCC is hardly
clarified.
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Table 1
Associations of PANDAR expression with clinical pathological parameters of HCC

patients.

Parameters n PANDAR

expression

P value

Low High

Gender 0.289

Male 378 127 251

Female 104 29 75

Age (years) 0.478

� 60 310 104 206

> 60 172 52 120

Liver cirrhosis 0.000*

No 305 26 279

Yes 177 130 47

HBsAg 0.000*

Negative 130 89 41

Positive 352 67 285

HCV 0.078

Negative 354 123 231

Positive 128 33 95

AFP (ng/mL) 0.000*

� 20 143 102 41

> 20 339 54 285

Tumor size (cm) 0.200

� 5 282 98 184

> 5 200 58 142

Tumor nodule 0.002*

Single 172 71 101

Multiple 310 85 225

Tumor differentiation 0.419

Well/moderate 371 124 247

Poor 111 32 79

Tumor encapsulation 0.763

None 179 56 123

Complete 303 100 203

Vascular invasion 0.001*

No 203 83 120

Yes 279 73 206

TNM stage 0.000*

I–II 177 37 140

III–IV 305 119 186

* Statistically significant (P < 0.05).
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The aim of this study is to identify and characterize the
expression pattern and clinical significance of PANDAR in HCC and
further explore the biological functions and molecular mechanism
of PANDAR. We first investigated the expression pattern of
PANDAR in human HCC tissues and cell lines, and then explored
the association between PANDAR expression and clinicopatholog-
ical characteristics. And PANDAR could be used as an independent
predictor for overall survival and time to recrudesce in HCC.
Moreover, knockdown of PANDAR could inhibit cell proliferation of
HCC by arresting cell cycle. Our results suggest that PANDAR may
represent a novel biomarker of poor prognosis and be used as a
potential therapeutic target for the diagnosis and gene therapy of
HCC.

2. Materials and methods

2.1. Patients and clinical tissue samples

This study was reviewed and approved by the Ethics Committee
of Jiangsu Cancer Hospital. All patients signed informed consent.
Paired PC tissues and their paired normal tissues were obtained
from 482 patients with HCC from January 2004 to December
2009 at Jiangsu Cancer Hospital or First People’s Hospital of
Yunnan Province. The diagnoses were confirmed by histological
reviewers. Tissue specimens were immediately frozen and stored
in liquid nitrogen after surgery until the extraction of total RNA. All
patients recruited in this study did not receive any preoperative
treatments. The clinical characteristics of all patients are shown in
Table 1.

2.2. Quantitative real-time reverse transcriptase PCR

Total RNA was extracted by TRIzol reagent (Invitrogen, CA, USA)
following the manufacture’s instruction. Then, 2 mg RNA reversely
transcribed from each sample to synthesis cDNA by the Prime-
Script RT reagent Kit with gDNA Eraser (Takara, Dalian, China).
Real-time PCR was employed to determine the relative expression
level of target genes by the SYBR Premix ExTaq II kit (Takara,
Dalian, China) on the ABI7300 real-time PCR detection system
(Applied Biosystems, Waters, USA). All reactions were run in
triplicate using PANDAR-specific primers. Primers were designed
and synthesized by Sangon Biotech (Sangon, Shanghai, China).
Their sequences were as follows: 50-CAATGCCTTGCTTCACAGTC-30

(sense) and 50-TGGGGTTCTTAGAAGTGGTGA-30 (antisense) for
PANDAR; 50-CTCCTCCTCGTCGCAGTAGA-30 (sense) and 50-
GCTGCTTAGACGCTGGATTT-30 (antisense) for GAPDH. The ampli-
fication profile was 95 8C for 5 min, followed by 40 cycles of
denaturation at 95 8C for 15 s, annealing at 56 8C for 30 s, and
extension at 72 8C for 30 s. The data from RT-PCR were analyzed by
the DCt method. The DCt value was determined by subtracting the
GAPDH Ct value from the target lncRNA Ct value. All results are
expressed as the mean � SD of three independent experiments.

2.3. Cell lines and cell culture

The human HCC cell lines HCCLM3, Hep3B, HepG2, Huh-7,
MHCC97H, PLC, SMMC-7402, and SMMC-7721, and a normal
hepatocyte cell line LO2 were obtained from the Chinese Academy
of Sciences Committee on Type Culture Collection Cell Bank
(Shanghai, China). All the cells were cultured in RPMI-1640
medium (Invitrogen, CA, USA) or Dulbecco’s modified Eagle’s
medium (DMEM) (Invitrogen) supplemented with 10% fetal bovine
serum (FBS) (Gibco, NY, USA), 100 U/mL penicillin, and 100 mg/mL
streptomycin (Invitrogen) in an incubator (Thermo Scientific, DE,
USA) at 37 8C with 5% CO2.
2.4. Lentivirus vectors for PANDAR siRNA

siRNA of human PANDAR lentivirus vector carrying GFP
sequence was provided by GenePharma (Shanghai, China). The
sequences of the siRNA for PANDAR were sense: 50-TTTCGAACG-
GAACAGAGACUUAUACAGATT-30 and reverse 50-CACCGUUAU-
CUCCTAAUUAUUGUGAGTCG-30. The recombinant lentivirus of
PANDAR siRNA and the control lentivirus (GFP lentivirus) were
prepared and titered to 108 TU/mL.

2.5. Cell proliferation assays

The cell proliferation was assessed using Cell proliferation
Reagent Kit (MTT) (Beyotime, Haimen, China). Transfected cells
were plated in each well of a 96-well plate and assessed every 24 h
according to the manufacturer’s instructions. For colony formation
assay, a certain number of transfected cells were placed in each
well of a six-well plate and maintained in proper media containing
10% FBS for about 14 days, replacing the medium every 3 days. The
colonies were then fixed with methanol and stained with 0.1%
crystal violet (Beyotime, Haimen, China) in PBS for 10 min, and the
colony formation was determined by counting the number of
stained colonies.

2.6. Flow cytometric analysis of cell cycle

Transfected cells were harvested after transfection. Cells for cell
cycle analysis were stained with propidium oxide by Cell Cycle
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Analysis Kit (Beyotime, Haimen, China) following the protocol and
analyzed by FACScan (BD Biosciences, USA). The percentage of the
cells in G1–G0, S, and G2–M phase were counted and compared.

2.7. Statistical analysis

Statistical analysis was performed using the SPSS 19.0 statistical
software package (IBM, NY, USA). The gene expression levels of
PANDAR in tumor were compared with normal adjacent mucosa
by Wilcoxon test, while the associations between PANDAR
expression and clinical characteristics were evaluated by one-
way analysis of variance and t-test. Survival curves were estimated
by the Kaplan–Meier method. The log-rank test was used to
estimate the statistical differences between survival curves. Cox
proportional hazards analysis was performed to calculate the
hazard ratio (HR) and the 95% confidence interval (CI) to evaluate
the association between PANDAR expression and survival. In
addition, a multivariate Cox regression was performed to adjust for
other covariates. Receiver operating characteristic (ROC) curve was
established to evaluate the diagnostic value for differentiating
between HCC and non-tumorous diseases. A two-tailed P value of
0.05 or less was considered statistically significant. All graphs were
plotted using GraphPad Prism 5 (GraphPad, CA, USA).

3. Results

3.1. PANDAR expression is upregulated in HCC tissues and cell lines

As shown in Fig. 1A, we examined the expression levels of
PANDAR in HCC tissues and found that PANDAR expression in
cancer tissues from patients with HCC was significantly higher
than that in adjacent normal tissues by qRT-PCR (n = 482,
P < 0.0001). Levels of PANDAR in the HCC cell lines, HCCLM3,
MHCC97H, SMMC-7402, Huh-7, SMMC-7721, Hep3B, PLC and
HepG2 were also higher than that in normal hepatocyte cell line
LO2 (P < 0.001, Fig. 1B).

3.2. PANDAR upregulation was correlated with clinical features of

HCC

To verify the functions of PANDAR, we tested the correlation of
PANDAR expression in 482 samples with 12 widely recognized
clinicopathological parameters. Statistical analysis indicated that
high PANDAR expression was associated with liver cirrhosis
(P = 0.000), HBsAg (P = 0.000), AFP (P = 0.000), tumor nodule
Fig. 1. The expression levels of PANDAR in HCC tissues and cell lines. A. Comparing differe

tumor tissues (N) (n = 482, P < 0.0001). B. Levels of PANDAR in HCC cell lines with di

Mean � SD represents three independent experiments.
(P = 0.002), vascular invasion (P = 0.001) and TNM stage
(P = 0.000) (Table 1).

3.3. PANDAR overexpression was associated with patient poor

survival

To determine the factors responsible for patient survival,
univariate and multivariate analyses were performed. PANDAR
expression levels were obtained from the qRT-PCR data of the
cohort of 482 patients mentioned above. Univariate analysis of
overall survival (OS) revealed that PANDAR expression (P = 0.002),
liver cirrhosis (P = 0.041), HBsAg (P = 0.049), AFP (P = 0.036), tumor
nodule (P = 0.009), vascular invasion (P = 0.006) and TNM stage
(P = 0.009) were prognostic indicators, and univariate analysis of
time to recurrence (TTR) indicated that PANDAR expression
(P = 0.005), liver cirrhosis (P = 0.043), HBsAg (P = 0.040), AFP
(P = 0.031), tumor nodule (P = 0.038), vascular invasion
(P = 0.018) and TNM stage (P = 0.012) were prognostic indicators
(Table 2). Multivariate analysis showed that PANDAR expression
was an independent prognostic indicator for OS (P = 0.005) and TTR
(P = 0.016) of patients with HCC (Table 2). Furthermore, Kaplan–
Meier analysis demonstrated significant difference in prognosis
between patients with low and high PANDAR expression (Fig. 2).

3.4. PANDAR is a potential screening biomarker for HCC

To determine whether PANDAR can serve as a biomarker to
distinguish HCC from normal tissue, we constructed a ROC curve
by grouping all tumor and normal samples into one class. PANDAR
expression levels were obtained from the qRT-PCR data from the
cohort of 482 patients. The area under the ROC curve was 0.9564
(P < 0.0001) (Fig. 3), suggesting that PANDAR has potential
diagnostic value in HCC.

3.5. PANDAR silencing impairs HCC cell growth

To investigate the role of PANDAR in HCC, firstly, we examined
the impact of PANDAR knockdown on HCC cell lines. As shown in
Fig. 4A, 48 h after transfection of PANDAR siRNA, qRT-PCR assays
revealed that PANDAR expression was significantly reduced in
both HCCLM3 and MHCC97H cells. After transfection, MTT and
colony formation assays were conducted. Compared to the control,
transfection with PANDAR siRNA resulted in a significant decrease
in HCCLM3 and MHCC97H cell viability as monitored by an MTT
(Fig. 4B). The colony numbers of HCCLM3 and MHCC97H cells
transfected with PANDAR siRNA were also lower than the control
nces in the expression levels of PANDAR between tumor (T) and corresponding non-

fferent metastatic potentials and the normal hepatocyte cell line LO2 (P < 0.001).



Table 2
Univariate and multivariate analysis of prognostic factors for overall survival and time to recurrence in HCC patients.

Risk factors Univariate analysis Multivariate analysis

HR P value 95% CI HR P value 95% CI

Overall survival

Gender (male vs. female) 1.193 0.449 0.205–4.002

Age (� 60 vs. > 60) 1.928 0.257 1.592–2.633

Liver cirrhosis (no vs. yes) 1.764 0.041* 0.779–3.625 2.408 0.464 1.425–4.227

HBsAg (negative vs. positive) 1.793 0.049* 0.741–3.878 2.625 0.294 1.430–5.051

HCV (negative vs. positive) 2.263 0.053 0.740–5.951

AFP (� 20 vs. > 20) 3.860 0.036* 0.946–13.434 4.476 0.497 1.966–10.691

Tumor size (� 5 vs. > 5) 1.476 0.210 0.444–4.054

Tumor nodule (single vs. multiple) 0.295 0.009* 0.202–0.600 3.505 0.089 1.787–7.163

Tumor differentiation (well/moderate vs. poor) 2.471 0.271 1.147–4.980

Tumor encapsulation (none vs. complete) 1.443 0.102 0.395–4.004

Vascular invasion (no vs. yes) 0.442 0.006* 0.028–1.332 2.278 0.032* 1.296–3.657

TNM stage (I–II vs. III–IV) 0.687 0.009* 0.063–2.304 1.990 0.062 1.187–3.493

PANDAR expression (low vs. high) 0.253 0.002* 0.058–0.687 1.658 0.005* 0.842–3.633

Time to recurrence

Gender (male vs. female) 2.022 0.091 1.102–3.649

Age (� 60 vs. > 60) 2.612 0.068 1.389–4.843

Liver cirrhosis (no vs. yes) 2.465 0.043* 1.328–4.510 1.265 0.083 1.142–1.192

HBsAg (negative vs. positive) 2.043 0.040* 1.115–3.682 0.801 0.705 0.400–1.551

HCV (negative vs. positive) 4.669 0.073 2.352–9.179

AFP (� 20 vs. > 20) 2.564 0.031* 1.171–5.488 0.523 0.099 0.264–1.114

Tumor size (� 5 vs. > 5) 1.839 0.061 1.004–3.309

Tumor nodule (Single vs. Multiple) 2.398 0.038* 1.128–4.985 4.446 0.062 1.974–9.872

Tumor differentiation (well/moderate vs. poor) 4.322 0.068 2.302–8.044

Tumor encapsulation (none vs. complete) 1.192 0.052 1.102–1.312

Vascular invasion (no vs. yes) 4.446 0.018* 1.974–9.872 1.118 0.045* 1.004–1.050

TNM stage (I–II vs. III–IV) 2.616 0.012* 1.419–4.757 1.169 0.057 1.145–1.193

PANDAR expression (low vs. high) 2.663 0.005* 1.277–5.449 0.955 0.016* 0.509–1.783

HR: hazard ratio, CI: confidence interval.
* Statistically significant (P < 0.05).

Fig. 2. Overall survival (OS) and time to recurrence (TTR) rates of HCC patients with high versus low tissue PANDAR levels.

Kaplan–Meier survival curves for OS (P < 0.0001) (A) and TTR (P < 0.0001) (B).

Fig. 3. The ROC curve.
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(Fig. 4C). Next, flow cytometric analysis was performed to further
examine whether the effect of PANDAR siRNA on proliferation of
HCC cells by altering cell cycle progression. The results revealed
that the cell cycle progression of HCCLM3 cells transfected with
PANDAR siRNA was significantly stalled at the G1–G0 phase
compared with the control. Similar results were also observed in
MHCC97H cell line (Fig. 4D). Taken together, these results showed
that PANDAR knockdown could obviously suppress tumor growth
of HCC cells.

4. Discussion

Hepatocellular carcinoma (HCC) is one of the most prevalent
malignant tumors and ranks the third leading cause of cancer
mortality worldwide [1]. Improved therapy result in a disease



Fig. 4. Effect of PANDAR knockdown on HCC cell growth in vitro. A. The relative expression level of PANDAR knockdown in HCCLM3 and MHCC97H cells, transfected with

empty vector (control) or PANDAR siRNA, was tested by qRT-PCR. B. At 48 h after transfection, MTT assay was performed to determine the proliferation of HCCLM3 and

MHCC97H cells. C. Representative results of colony formation of HCCLM3 and MHCC97H cells transfected with empty vector (control) or PANDAR siRNA. D. At 48 h after

transfection, cell cycle of HCCLM3 and MHCC97H was analyzed by flow cytometry. The bar chart represents the percentage of cells in G1–G0, S, or G2–M phase, as indicated.
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remission, yet prognosis remains unsatisfactory and treatment
outcome depends primarily on early detection [4,5]. Thus,
characterization of identifiable molecular markers should play
central roles in the occurrence–progression of HCC. However,
identification of the molecular markers that contribute to
diagnostic, prognostic and therapeutic use in the management
of HCC still remains a challenge.
LncRNAs play important roles in the development of human
diseases, including tumors [15]. To date, several associations
between altered lncRNAs in cancers and clinical significance were
observed. Increasing lines of evidence show that some lncRNAs can
be used as biomarkers for the prediction of prognosis of or as tumor
therapeutic targets in human cancer [9–12]. However, role of
lncRNAs in HCC is largely unknown.
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In the present study, we focused on the lncRNA PANDAR. Based
on real-time PCR data from sizable samples, we showed for the first
time that lncRNA PANDAR was frequently upregulated in HCC
tissues than in normal tissues. Consistently, similar results were
obtained from HCC cell lines. We investigated the association
of PANDAR expression with clinicopathological characteristics.
Moreover, large sample statistical analysis showed that PANDAR
was correlated with a complement of traditional biomarkers,
such as liver cirrhosis, HBsAg, AFP, tumor nodule, vascular invasion
and TNM stage. These observations indicate that PANDAR may
function as an oncogenic factor in HCC, and activation of PANDAR
leads to HCC initiation and progression.

To determine the relationship between PANDAR expression
and prognosis of HCC patients, we attempted to evaluate the
correlation between PANDAR expression and clinical outcomes.
Kaplan–Meier analysis showed that patients with high levels of
PANDAR expression had remarkably shorter survival time than
those with low levels. Multivariate analysis further revealed that
PANDAR expression was a significant independent predictor of
poor survival of HCC patients. These results suggested that
PANDAR might involve in the tumorigenesis and the development
cascade of HCC. To our best knowledge, this is the first report
showed that PANDAR is dysregulated expression, and may be a
predictor of survival in HCC in a large group of HCC patients.

An ROC curve was constructed for differentiating HCC tissues
from normal tissue, and the results demonstrated that the AUC was
0.9564. We believed that this correlation would strengthen the
clinical value of PANDAR.

In vitro, we performed MTT and colony formation assays to
investigate the biological function of PANDAR in HCC cells.
PANDAR knockdown showed low cell viability compared with
the control group in both HCCLM3 and MHCC97H cell lines. In
addition, flow cytometric analysis showed PANDAR knockdown
would lead to arrest of cell cycle. Our results have identified
an important role for PANDAR in HCC and clarified the potential
application of PANDAR knockdown in HCC progression and
development.

There are still some limitations to generalize results mentioned
above in this study. HCC is a multi-factorial, multi-steps,
complicated disease and numerous genes, including non-coding
and protein-coding RNAs involved in cancer development and
progression. The precise molecular mechanism behind the altered
expression of PANDAR in HCC still needs further study.

In conclusion, the results of present study, for the first time,
demonstrated that PANDAR was high expressed in HCC tissues,
and served as an independent prognostic marker of patients with
HCC. PANDAR knockdown could inhibit cell proliferation in vitro.
Our study may supply a strategy and facilitate the development
of lncRNA-targeted diagnostics and therapeutics against this
deadly disease.
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