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Abstract

Background: Long non-coding RNAs (LncRNAS) have been implicated in various biological
processes and tumorigenesis. PANDAR is one of the long non-coding RNAs implicated in the
development of multiple cancers, which has yet to be investigated for its clinical significance in
hepatocellular carcinoma (HCC). Therefore, this study aimed to investigate the clinical
significance of PANDAR in a cohort of Iranian patients with HCC.

Method: In this cross-sectional study, real-time quantitative polymerase chain reaction (PCR) was
employed to analyze the expression levels of PANDAR in 22 paired HCC and adjacent normal
tissues. Patients were subsequently stratified into high- and low-expression subgroups based on
PANDAR expression levels. The associations between PANDAR expression, clinicopathological
features, and overall survival were evaluated and analyzed using appropriate statistical tests.
Results: The results showed that PANDAR expression was significantly increased in HCC tumor
tissues compared with adjacent normal tissues (P = 0.03, fold change = 2.04). Although Kaplan-
Meier analysis did not reveal a significant difference in mean overall survival between the high-
and low-expression groups (P = 0.215), Cox regression analysis identified an independent
predictor role of PANDAR expression in HCC, both in univariate (hazard ratio (HR)=1.74, 95%
confidence interval (Cl): 1.10-2.99, P = 0.04) and multivariate (HR=1.74, 95%CI: 1.01-3.901, P
= 0.05) models.
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Conclusion: This study suggests that elevated PANDAR expression is associated with poor
prognosis in HCC patients, thereby highlighting its potential clinical utility as a promising

prognostic biomarker and therapeutic target.
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Introduction

Hepatocellular carcinoma (HCC) ranks
among the most common and lethal forms of
cancer, and its incidence and mortality rates
are currently increasing worldwide. 2
Although strides are made in diagnostic and
therapeutic strategies, prognosis remains
poor for HCC patients, commonly showing a
5-year survival of less than 20%.2 Many
believe that the poor outcome is due to the
incapability of ideal biomarkers that can help
in early detection, risk stratification, and
monitoring to minimize its burden and
associated mortality.®> Therefore, identifying
and developing genomic biomarkers could
vastly improve patient outcomes by making
early detection and treatment possible.* ®
Long non-coding RNAs (IncRNAs) are
undoubtedly the most hotly debated genomic
biomarker that has gained attention in recent
years. LncRNAs are long-chain transcripts,
over 200 nucleotide bases long, that do not
code for proteins. However, they are
involved in the regulation of gene expression
through mechanisms including interaction
with  RNA binding proteins, chromatin
modifying enzymes, and microRNAsS.
Moreover, studies have shown that IncRNAs
are potential biomarkers for various diseases,
including cancer, which involved in
biological  processes, such as cell
proliferation, differentiation, and apoptosis.®
® Also, some IncRNAs have been found to
function as  oncogenes,  promoting
tumorigenesis, while others act as tumor
suppressors, highlighting their potential as
diagnostic and therapeutic targets.

PANDAR - promoter of the cyclin dependent
kinase inhibitor 1A (CDKN1A) antisense

DNA damage-activated RNA - is a INCRNA
located at chromosomal region 6p21.2 and
spanned with 1506 nucleotides. There are
various types of cancer associated with
PANDAR including, gastric cancer, clear
renal cell carcinoma, non-small-cell lung
cancer, breast, bladder, colorectal, cervical,
and liver cancer.® %4 It has been reported that
PANDAR regulates gene expression by
sponging  microRNAs, inhibiting the
translation of tumor suppressor genes, and
promoting cell proliferation and migration. In
HCC, PANDAR expression levels have been
found to be significantly higher in tumor
tissues compared with adjacent non-tumor
tissues. However, the prognostic significance
of PANDAR expression levels in HCC
patients remains controversial, some studies
suggest that high PANDAR expression is
associated with poor overall survival and
disease-free survival, while others have
found no significant correlation between
PANDAR  expression and  clinical
outcomes.®®

To address this knowledge gap, we
conducted a cohort study to investigate the
prognostic  significance of PANDAR
expression levels in a group of Iranian
patients with HCC. Iran has one of the
highest rates of liver cancer incidence in the
world, with HCC being the most common
type of liver cancer.'® Specifically, our study
aimed to determine whether PANDAR
expression levels are associated with
clinicopathological  characteristics  and
patient outcomes in patients with HCC. By
exploring the relationship between PANDAR
expression and HCC prognosis, we hope to
provide valuable insights into the potential



utility of PANDAR as a biomarker for early
diagnosis and prognosis prediction in this
devastating disease.

Materials and Methods

Patients and clinical tissue samples

This cross-sectional study was conducted
between 2018 and 2021 at Imam Reza and
Montaseriyeh hospitals in Mashhad, Iran.
Tumor and non-tumor tissues were obtained
from 24 patients with a definitive diagnosis
of HCC. The inclusion criteria were: being
newly diagnosed with HCC, as confirmed by
imaging and histopathological evaluations,
and having not received any preoperative
treatments. Patients with a history of
chemotherapy, radiotherapy, transarterial
chemoembolization (TACE), radiofrequency
ablation (RFA), or other locoregional
therapies before surgical intervention and
those  concurrently  diagnosed  with
malignancies in other organs were excluded
from the study. Tissue samples used in the
study were collected either from surgical
hepatectomy specimens or liver tru-cut
biopsies, depending on the patient's clinical
situation and treatment plan. After surgery,
all tissue specimens were immediately frozen
and stored in RNA later (Thermo Fisher
Scientific, Waltham, MA, USA) at 4 °C
overnight and then moved at -80 °C till the
extraction of RNA.

Informed consent was obtained from all
patients. The study was approved by the
organizational Ethics Committee of the
faculty of medicine at Mashhad University of
Medical Sciences
(IRRMUMS.MEDICAL.REC.1397.196) and
complied with the ethical standards outlined
in the 1964 Helsinki Declaration, and its later
amendments or equivalent ethical standards
were ensured.

Quantitative real-time reverse transcriptase
PCR

Total RNA was extracted from preserved
tissue samples using the Trizol Reagent

(Sangon Biotech Co., Ltd., Shanghai, China)
and the quality and concentration of the
extracted RNA were assessed using a
Nanodrop  spectrophotometer  (Thermo
Fisher Scientific, Waltham, MA, USA).
Subsequently, cDNA  synthesis  was
performed using a Reverse Transcription Kit
(Wizbiosolutions, Seongnam, Gyeonggi,
Korea) according to the manufacturer's
protocol. Specific primers were designed and
synthesized for the detection of PANDAR
and GAPDH mRNA expression levels. The
PANDAR  primers used were 5'-
CAATGCCTTGCTTCACAGTC-3
(forward) and 5'-
TGGGGTTCTTAGAAGTGGTGA-3'
(reverse), while those for GAPDH were 5'-
CTCCTCCTCGTCGCAGTAGA-3'
(forward) and 5'-
GCTGCTTAGACGCTGGATTT-3'
(reverse). The relative expression levels of
PANDAR and GAPDH were quantified
using quantitative real-time polymerase
chain reaction (QRT-PCR) with SYBR Green
dye (Takara) on a Roche LightCycler 96
Real-Time PCR System. The thermal cycling
conditions consisted of an initial denaturation
step at 95°C for 4 minutes, followed by 40
cycles of denaturation at 95°C for 15
seconds, annealing at 60°C for 1 minute, and
extension at 95°C for 10 seconds. The 274A¢
method was employed to analyze the data,
normalizing the results to the internal control
GAPDH.

Statistical analysis

IBM SPSS Statistics 22 software, was used to
analyze the data, and a P-value<0.05 was
considered statistically significant. The levels
of PANDAR expression in tumor and non-
tumor tissues were compared using a paired-
sample t-test. Patients were then divided into
two groups of high and low based on their
PANDAR expression levels. To explore the
relationship between PANDAR expression
and various patient characteristics, such as
age, gender, and cancer stage, the



independent t-test, Chi-square test, and
Fisher's exact test were applied. Kaplan—
Meier analysis and Log Rank (Mantel-Cox)
tests, were used to perform the overall
survival analysis. Finally, Cox proportional
hazard analyses both in univariate and
multivariate models were conducted to assess
the impact of PANDAR expression levels
and other variables on patients’ overall
survival.

Results

Baseline characteristics of patients

A total of 24 patients with a confirmed
diagnosis of HCC were initially enrolled in
this study. Of these, 22 patients reached the
final data analysis phase. The majority of
patients were male (86.36%), with a mean
age of 52.95+15.37 vyears. The detailed
clinicopathological features of patients are
summarized in Table 1.

PANDAR expression was up-regulated in
HCC tissues

Initially, we explored the relative expression
level of INcRNA PANDAR in HCC (n = 22)
compared with adjacent non-tumor tissue.
The expression level of the PANDAR gene in
tumor tissue was significantly higher than in
normal tissue (P = 0.04) (Figure 1). In terms
of fold change (AACT), the PANDAR gene
expression in tumor tissue is more than
double than in normal tissue (fold change =
2.04, P =0.04).

PANDAR expression and
clinicopathological characteristics in HCC
To further assess the correlation between
PANDAR expression and
clinicopathological features, patients were
divided into high (n = 10) or low (n = 12)
expression groups based on the Log2 fold
changes of PANDAR expression in tumors
and non-tumor tissues (Figure 2). As shown
in Table 1, there was no significant difference
in most clinicopathological features between
the groups, except for liver status. Patients in
the high PANDAR expression group were

significantly more likely to have undergone
liver transplantation compared with those in
the low expression group (90% vs. 10%; P =
0.045). This difference shows a potential
relationship between the expression of
PANDAR and liver transplantation
specimens.

PANDAR expression and prognosis of HCC
patients

All patients’ overall mean and median
survival was 32.14 + 3.31 months and 36
months,  respectively. The  prognostic
significance of PANDAR expression was
further evaluated in the context of liver
transplant specimens. While Kaplan-Meier
analysis showed that there was no significant
difference in the mean overall survival
between patients with high and low
PANDAR expression group (33.47 + 6.13
and 41.10 + 4.77 months, Log-rank test, P =
0.21), univariate and multivariate Cox
regression analyses identified PANDAR
expression as an independent prognostic
factor (hazard ratio (HR)=1.74, 95%
confidence interval (Cl): 1.01-3.01, P =
0.05). This suggests that PANDAR
expression could play a role in predicting
survival outcomes of patients (Table 2 and
Figure 3).

Discussion

This study investigated the role of PANDAR
in patients with HCC. Expression of
PANDAR was significantly upregulated in
the HCC tissues compared with adjacent
normal tissues. Moreover, we found that
patients with higher PANDAR expression
were more likely to have undergone liver
transplantation, and PANDAR was identified
as an independent prognostic factor for
overall survival.

HCC remains one of the leading causes of
cancer-related mortality worldwide.
LncRNAs have emerged as important players
in cancer biology, influencing tumor
initiation, progression, and prognosis.® 1718



The role of PANDAR in cancer is
multifaceted and previous studies have
explored both upregulation and
downregulation of PANDAR expression in
various types of cancer. In line with our
findings, Peng W et al.*® reported that
PANDAR is remarkably upregulated in HCC
samples and associated with poor prognosis,
and it has diagnostic value as a biomarker for
screening of HCC patients. Similarly, in
cervical and colorectal cancer, studies have
reported overexpression of the PANDAR
gene, correlating with adverse of clinical
outcomes, including shorter overall survival
and aggressive tumor characteristics such as
advanced tumor-node-metastasis (TNM)
stage, histological grade, and tumor size.® 8
Furthermore, a comprehensive meta-analysis
conducted by Mehrad-Majd H revealed that
high PANDAR expression is significantly
associated with poor prognosis in patients
with different types of cancer.!® On the other
hand, there is conflicting evidence with our
findings. Puvvula et al.'® and Peng C et al.?°
reported that the PANDAR  was
downregulated in HCC patients compared
with normal tissues. These studies suggested
the lower PANDAR expression might be
conducive to tumorigenesis by down-
regulating the transcription of pro-
inflammatory cytokines like IL8. Such
discrepant observations further solidify the
versatile aspect that PANDAR may have in
different tumor types and attest to the
requirement for more detailed clarifications
regarding that dual nature of malignancies.
Our study indicates that PANDAR
expression may serve as a promising
biomarker for predicting prognosis and
clinical pathology including measurable
aspects of tumor behavior and tumor
progression, including the tumor size,
histological differentiation, vascular
invasion, and metastatic potential in cancer
patients. Specifically, high expression levels
of PANDAR showed an association with

poor survival outcomes and a status of liver
transplantation, suggesting its possible
functionality as a marker of an advanced
disease or a poor prognosis. PANDAR
expression in previous studies was also
linked with lymph node metastasis, TNM
stage, and aggressiveness of the tumor in
several cancers, indicating its relevance in
making treatment decisions and predicting
the outcome of patients.

However, despite the strengths of the present
study, including the use of well-characterized
patient cohorts and statistically robust
analyses, an area of limitation remains open
for discussion. A selection bias might have
affected our findings. For instance, there
were many patients with advanced HCC
requiring liver transplantation who had high
PANDAR  expression.  Secondly, the
exclusion of patients without complete
medical records may have contributed to a
smaller subpopulation size of some clinical
groups. Thirdly, the whole selection could
have been biased because of limited access to
a proper evaluation of the microvascular
invasion and histological grade by liver
biopsy. All these limitations may have
introduced some bias since  these
histopathological parameters are well-known
for their significant role in the prognosis of
the disease and expressivity as a biomarker.
We hope that this study may pave the way for
more extensive research involving many
different patient populations, so as to closely
incorporate a correct pathological assessment
and deal with the issues of future selection
bias. Only through this will PANDAR be
better situated, first to define its role, and then
to become a possible candidate for clinical
mastication.

Conclusion

Our study demonstrates that PANDAR
expression is remarkably associated with the
prognosis and overall survival of HCC
patients. PANDAR is capable of being



applied as a biomarker to reveal the prognosis
and progression of disease in HCC patients.
However, while our findings highlight its
clinical relevance. Further research is needed
to fully understand the mechanisms
underlying PANDAR's role in HCC
development and progression.
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Table 1. Clinicopathological characteristics of patients with HCC based on PANDAR gene

expression

Variable

Age (years)
Tumor size (cm)
Alpha-fetoprotein (ng/ml)

Gender**

Cirrhosis **

Hepatitis B virus
(%)
Hepatitis C virus
(%)
Tumor
differentiation
(%)

TNM stage (%)

Tumor nodule
(%)

Liver status (%0)

Tumor
encapsulation (%)
Vascular invasion

(%)
Patient outcome
(%)

Male (%)
Female (%0)
Yes
No
Yes
No
Yes
No
Well
Moderate
Poor
T1
T2
T3
T4
Single
Multiple
Recipient
Lobectomy
Complete
Perforated
Yes
No
Alive
Expired

PANDAR expression
Low (n=12) High (n = 10)
50.42 + 16.63 56.0 + 13.91
5.13+2.88 5.23+2.36
3.86+2.29 3.08+1.61
9 (75.00) 10 (100.00)
3(25.00) 0 (0)
6 (50.00) 8 (80.00)
6 (50.00) 2 (20.00)
5 (41.67) 5 (50.00)
7 (58.33) 5 (50.00)
1(8.33) 1 (10.00)
11 (91.67) 9 (90.00)
5 (41.67) 5 (50.0)
4 (33.33) 4 (40.00)
3(25.00) 1 (10.00)
6 (50.00) 2 (20.00)
1(8.33) 2 (20.00)
1 (8.00) 3(30.00)
4 (33.33) 3(30.00)
10 (83.33) 5 (50.00)
2 (16.67) 5 (50.00)
6 (50.00) 9 (90.00)
6 (50.00) 1 (10.00)
8 (66.67) 7 (70.00)
4 (33.33) 3(30.00)
3(25.00) 2 (00.00)
9 (75.00) 8 (80.00)
10 (83.33) 5 (50.00)
2 (16.67) 5 (50.00)

P-value

0.41
0.93
0.38

0.22

0.20

0.70

0.09

0.73

0.41

0.09

0.04

0.87

0.78

0.09

T-test (*), Chi-square test (**), and Fisher's exact test (***) were used to compare the two groups; HCC: Hepatocellular carcinoma; PANDAR:
Promoter of the cyclin dependent kinase inhibitor LA (CDKN1A) antisense DNA damage-activated RNA



Table 2. Univariate and multivariate analyses for variables associated with the overall survival

of HCC patients
Variables Univariate analysis Multivariate analysis
HR (95 % CI) P-value HR (95 % CI) P-value
PANDAR 1.74 (1.10-2.99) 0.04 1.74 (1.01-3.01) 0.05
Age 1.02 (0.96-1.08) 0.62 - -
Gender 0.04 (0.01-771.52) 0.52 - -
Hepatitis B 1.27 (0.28-5.75) 0.76 i i
virus
Hepatitis C virus 0.66 (0.07-5.72) 0.71 - -
Alpha-
fetoprotein 0.99 (0.97-1.01) 0.28 - -
(ng/ml)
Cirrhosis 0.42 (0.05-3.71) 0.44 - -
Tumor nodule 2.69 (0.59-12.20) 0.20 - -
TNM stage 1.37 (0.71-2.64) 0.35 - -
Tumor
differentiation 0.79 (0.26-2.39) 0.68 - -
Tumor, 1,57 (0.28-8.69) 0.60 : .
encapsulation
Vascular 0.58 (0.12-3.20) 0.54 : :
invasion

HCC: Hepatocellular carcinoma; HR: Hazard ratio; Cl: Confidence interval; PANDAR: promoter of the cyclin dependent kinase inhibitor 1A
(CDKN1A) antisense DNA damage-activated RNA
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Figure 1. This figure shows the PANDAR expression levels in 22 HCC tissues and their

corresponding non-tumor tissues.
HCC: Hepatocellular carcinoma; PANDAR: promoter of the cyclin dependent kinase inhibitor 1A (CDKN1A) antisense
DNA damage-activated RNA
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Figure 2. The Log?2 fold changes of PANDAR expression based on tumors non-malignant

samples in each of 22 HCC patients.
HCC: Hepatocellular carcinoma; PANDAR: promoter of the cyclin dependent kinase inhibitor 1A (CDKN1A) antisense
DNA damage-activated RNA
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