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ABSTRACT

Long non-coding RNA prostate cancer associated transcript-1 ncRNA (IncRNA-PCAT-1) plays an important role
in the progression of prostate cancer. The present investigation was aimed to evaluate the potential roles of the
IncRNA-PCAT-1 gene expression changes in esophageal squamous cell carcinoma (ESCC) between Iranian pop-
ulation. In the case-control investigation, we have analyzed a total of 150 fresh tissue samples, compromising of
75 cancerous tissues and 75 adjacent normal tissues from patients with ESCC. We used quantitative Real-time
polymerase chain reaction (QRT-PCR) to evaluate the IncRNA-PCAT-1 gene expression levels in ESCC patients
and correlation between the IncRNA-PCAT-1 expression changes and clinical characteristics. Our findings showed
that the IncRNA-PCAT-1 gene was up-regulated in cancerous tissues compared with the adjacent non-cancerous
tissues (p=0.0016). In addition, the results revealed a significant correlation between up-regulating of /ncRNA-
PCAT-1 and hot liquid drinking (p =0.017). These findings offer the potential roles of /ncRNA-PCAT-1 in the
pathogenesis of ESCC and may consider as a candidate prognostic biomarker for ESCC in an Iranian population.
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INTRODUCTION the chromatin-modifying proteins, histone

Newer studies have revealed that thou- modification, RNA maturation, and transport

sands of long non-coding RNAs (IncRNAs) of proteins synthesized (Whitehead et al.,
: . :  2009; Wang and Chang, 2011). To date, the

characterized as transcripts bigger than two . . :

hundred nucleotides length, do not encode findings revealed that the IncRNAs involve in

. _— . most of the mammalian genome, while a few
protein, expressed in tissue-specific patterns . .
. . . functional IncRNAs have been characterized
and play crucial roles in aspects of several bi-

ological pathways (Bracken and Helin, 2009; (Wapinski and Chang, 201.1)'. Investlgathns
Faghihi and Wahlestedt, 2009). High- have been revealed that a significant associa-
. tion between deregulation of IncRNAs and

cancerogenesis, such as colorectal, breast,
lung, and hepatocellular carcinoma. Lnc-
RNASs can act as tumor suppressors or onco-

throughput sequencing of RNA shows that the
IncRNAs may influence in several cellular
pathways such as cell cycle regulation, tran-
scriptional gene silencing by cooperation with
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genes, which are down-regulated or up-regu-
lated in different tumors (Aalijahan and
Ghorbian, 2019; Shams and Ghorbian, 2019;
Sadeghpour and Ghorbian, 2019; Lu et al.,
2013). Hence, further attention has been en-
gaged to display the molecular mechanisms of
IncRNAs in progress of cancers. Previously,
PCAT-1 was characterized as a practical non-
coding RNA particle, which was involved in
progression of the subjects with prostate can-
cer. From the molecular viewpoint, it is deter-
mined that PCAT-1 was up-regulated in a
subset of metastatic and high-grade localized
prostate cancer (St Laurent et al., 2012;
Ponting et al., 2009). Noteworthy, it has been
confirmed that IncRNA-PCAT-1 also may
contribute to cell proliferation in other types
of carcinomas. Up to date, some investigators
revealed that up-regulation of IncRNA-
PCAT-1 was identified in advanced clinical
stage and poor prognosis of colorectal, hepa-
tocellular, and bladder cancers (Volders et al.,
2013; Struhl, 2007; Schmitt and Chang,
2016). Recently, some studies showed that
up-regulation of IncRNA-PCAT-1 in a sub-
group of aggressive cancers could play as a
predictive biomarker for tumor detection and
medication (Tseng et al., 2014). However, the
reliable association between IncRNA-PCAT-
1 expression and progress and advancement
of other neoplasia remains obscure. Within
this situation, the ongoing survey was planned
to analyze the gene expression pattern of
IncRNA-PCAT-1 in the subject with ESCC
and consider the relationship between
IncRNA-PCAT-1 expression and clinical
characteristics in an Iranian population.

MATERIALS AND METHODS

Patients and samples

In the current case-control study, we have
analyzed a total of 150 fresh tissue samples
consisting of 75 cancerous tissues and 75 ad-
jacent non-cancerous tissues from patients
with ESCC, which were referred to the Tabriz
International Hospital during September 2014

to November 2017. All samples were col-
lected after endoscopy, diagnosed and con-
firmed by histopathological surveys.

For all cases, demographic information
such as age, sex, clinical condition, and fam-
ily history of esophageal cancer was indi-
cated. Individuals who underwent chemother-
apy, radiotherapy or proposed therapy were
excluded. The sample was obtained according
to protocols confirmed by the ethics commit-
tee of the Tabriz University of Medical Sci-
ences and signed informed consent and ques-
tionnaire were received from each case. After
sampling, all tissue specimens were instanta-
neously transferred to the microtubule con-
taining RNA, later solution and stored at
—80 °C until total RNA extraction.

RNA isolation and complementary DNA
synthesis

RNA extraction was carried out by the
TRIzol reagent (Invitrogen) following the
manufacturer’s instructions. Quality and
quantity of the extracted RNAs were evalu-
ated by standard gel electrophoresis with 1 %
agarose and UV spectrophotometry at
260/280 nm (using the NanoDrop™ ND-
1,000, NanoDrop Technology, Wilmington,
DE, USA), respectively. The total RNA was
reverse transcribed into cDNA using Prime-
Script RT-PCR Kit (Takara, Japan) according
to the manufacturer’s protocols. The cDNA
was synthesized by reverse transcription from
200 ng of RNA in a 20 pl solution containing
1 pl ANTP mixture (10 mM each), 4 pul
5xPrimeScript Buffer, 0.5 ul RNase Inhibitor,
I pl random hexamer primer, 0.5 pl Prime-
ScriptRTase. cDNA synthesis was performed
at 42 °C for 30 min, and the reaction was
stopped by heating at 95 °C for 5 minutes.

Quantitative real-time PCR

The IncRNA-PCAT-1 gene expression
changes was evaluated by quantitative real-
time polymerase chain reaction (q-real-time
PCR), which was performed with 2.0 pl of
cDNA, 1.0 pl of each primer and 10 pl of
SYBR green Real-time PCR Master Mix
(TaKaRa, Japan). QRT-PCR was performed
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using the ABI7500 System (Applied Biosys-
tems, CA, USA). A total of 35 amplification
cycles were performed at 94 °C for 15 sec-
onds and 58 °C for 30 seconds. The gene en-
coding human f-actin was amplified as an in-
ternal control to verify equal loading of
cDNA. The forward primer sequences used
for IncRNA-PCAT-1 gene was, 5 -TTGTG-
GAAGCCCCGCAAGGCCTGAA-3" and re-
verse, 5-TGTGGGGCCTGCACTGGCAC-
TT-3" (Shi et al., 2015).

[-actin gene was also included as an inter-
nal control with primer sequences, forward:
5'-AAGGCCAACCGCGAGAAG-3’, re-
verse 5'-ACAGCCTGGATAGCAAC-
GTACA-3". All experimental assays were
performed in triplicate. The relative amount
of IncRNA-PCAT-1 to f-actin was calculated
using equation 2722,

Statistical analysis

All statistical analyses were done using
the SPSS version 22.0 (IBM Corp., Armonk,
USA). The gene expression levels of /ncRNA-
PCAT-1 in cancerous tissues and non-cancer-
ous tissues were measured using the two-
sided Student’s t-test. The associations of
IncRNA-PCAT-1 gene expression with clini-
cal features were evaluated by chi-square test.
A two-tailed p<0.05 was considered to indi-
cate a significant difference.

RESULTS

From a total of 75 patients with confirmed
ESCC, 47 patients (62.6 %) were male and 28
patients (37.4 %) were female. We calculated
the mean age of 64.7+£2.023 years (ranging
from 39 to 66 years).

Our findings revealed that the /ncRNA-
PCAT-1 gene expression was up-regulated in
ESCC patients (Figure 1). The I[ncRNA-
PCAT-1 gene expression change was meas-
ured using real-time PCR in 75 paired tissues
of ESCC. Our findings revealed the /ncRNA-
PCAT-1 was up-regulated in cancerous tis-
sues compared with the adjacent non-cancer-
ous tissues (p<0.0016) (Figure 1). We divided
patients into high and low expression levels

groups by a cut-off value determined based on
the median cancerous/adjacent non-cancerous
tissue ratio. The median amount of relative
IncRNA-PCAT-1 expression was 2.49 con-
forming to interpreting QRT-PCR in 75 spec-
imens of ESCC. We calculated the median
amount >2.49 of [ncRNA-PCAT-1 gene ex-
pression level was considered as a high-ex-
pression group and a median amount <2.49
selected as a low-expression group. Our eval-
uation revealed that the /ncRNA-PCAT-1 gene
expression change in ESCC was correlated
with the hot liquid drinking (p=0.017) (Table
1). Moreover, the findings did not show a pos-
itive correlation between [ncRNA-PCAT-1
gene expression change and other clinical fea-
tures such as lymph node metastasis, age, al-
cohol drinking, sexuality, tumor stage, smok-
ing status, and socioeconomic status (Table

1.

Fold change of IncRNA-PCAT-1

Canceroustissue

Adjacent non-cancerous tissue

Figure 1: The expression level of IncRNA-PCAT-
1 gene in cancerous tissues and adjacent non-
cancerous tissues

DISCUSSION

Up to date, various IncRNA molecules
have been demonstrated to contribute to tu-
mor development and progression in many
cancer types, which can be used as a powerful
diagnostic and prognostic biomarker for the
diseases (Volders et al., 2013; Struhl, 2007).
Increasing evidence reveals some IncRNAs
with various types of malignancies. Several
investigators declared that the IncRNA mole-
cules can perform compound processes on
many crucial cancer phenotypes through their
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Table 1: Correlation between INCRNA-PCAT-1
gene expression and clinicopathological charac-
teristics of ESCC patients.

Clinico- INcRNA-PCAT-1 P
pathological gene value
characteristics Low ex- High
pres-  expres-
sion sion
median  median
value value
<2.49 22.49
Age (n) 0.055
<50 years 16.0 28.0
>50 years 5.0 26.0
Sexuality (n) 0.559
Male 20.0 27.0
Female 10.0 18.0
Stage (n) 0.774
land Il 27.0 17.0
Il and IV 18.0 13.0
Smoking (n) 0.449
Yes 22.0 12.0
No 23.0 18.0
Alcohol 0.166
drinking (n)
Yes 18.0 11.0
No 21.0 25.0
Hot liquid 0.017
drinking (n)
Yes 22.0 25.0
No 21.0 7.0
Socioeconomic 0.072
status (n)
Good 38.0 15.0
Poor 11.0 11.0
Lymph node 0.141
metastasis (n)
Yes 14.0 25.0
No 19.0 17.0

interactions with other cellular macromole-
cules consisting of DNA, protein, and RNA
(Schmitt and Chang, 2016). Accordingly, it
has been indicated that IncRNA-PVTI,
IncRNA-PCAT-1, IncRNA-CCAT?2,
IncRNA-PTCSC3, and IncRNA-HULC are
associated with colorectal, prostate, thyroid,
and hepatocellular cancers, respectively
(Tseng et al., 2014; Shi et al., 2015; Ling et
al., 2013; Jendrzejewski et al., 2012; Liu et
al., 2012). Some investigations were con-
ducted on prostate-specific IncRNA-PCAT-1
as a novel prostate-specific regulator of cell

proliferation and prostate cancer biomarker,
which was found in the chromosome 8q24 lo-
cated upstream of the myc gene (Shi et al.,
2015).

In our survey, findings revealed that the
IncRNA-PCAT-1 was overxpressed in ESCC
cancerous tissues. Similarity to our results,
Prensner et al. (2013) declared that the
IncRNA-PCAT-1 was significantly overex-
pressed in a subset of prostate cancer, pre-
dominantly metastases, and can contribute to
the cell proliferation as a tumorigenesis factor
(Prensner et al., 2013). Moreover, the results
indicated that the IncRNA-PCAT-1 deregula-
tion was correlated with a subgroup of acute
types of prostate malignancies, especially me-
tastases (Shi et al., 2015).

Based on previous data, the IncRNA-
PCAT-1 has also been overexpressed in other
cancerous tumors such as lung, colorectal,
gastric and hepatocellular carcinoma (Zhao et
al., 2015; Liu et al., 2015; Yan et al., 2015;
Zhang et al., 2017; Ren et al., 2017).

Zhao et al. (2015) reported that overex-
pression of IncRNA-PCAT-1 may stimulate
proliferation and progression in non-small
cell lung cancer cells (NSCLC). The findings
recommended the IncRNA-PCAT-1 act as an
oncogenic in NSCLC progression and may be
applicable as a novel curative approach for
lung cancer (Zhao et al., 2015).

Liuetal. (2015) showed that the IncRNA-
PCAT-1 was down-regulated in bladder ma-
lignancy due to suppressing of IncRNA-
PCAT-1 reduced bladder tumor cell prolifer-
ation and promoted apoptosis.

In addition, Yan et al. (2015) reported that
the IncRNA-PCAT-1 may present as a new
biomarker for poor prognosis in hepatocellu-
lar carcinoma. However, other investigations
proposed that the IncRNA-PCAT-1 gene
overexpression was correlated with the clini-
cal characteristics and poor overall survival of
hepatocellular carcinoma (HCC) subjects
(Zhang et al., 2017; Ren et al., 2017).

Zhang et al. (2017) revealed that the
IncRNA-PCAT-1 stimulated HCC invasion
and metastasis by competitively binding to
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miR-129-5p, which in turn suppressed the ex-
pression of high mobility group box 1
(HMGBI). In addition, the IncRNA-PCAT-1
played as a ceRNA against miR-122, and that
inhibition of IncRNA-PCAT-1 suppressed the
advancement of ECC by decreasing Wnt/f3-
catenin signaling pathway by miR-122 re-
pression and Wnt group member 1 (WNTI)
expression (Zhang et al., 2017).

Zhen et al. (2018) reported that up-regula-
tion of IncRNA-PCAT-1 enhanced the prolif-
eration and growth of esophageal cancer cells
and cisplatin chemosensitivity. The genetic
procedures regulating the chemoresistance of
ESCC remained unknown. The findings
showed that up-regulation of IncRNA-PCAT-
1 could trigger cell growth and proliferation
of esophageal cells. Because of IncRNA-
PCAT-1 knockdown leads to suppression of
cell growth and proliferation. In addition,
IncRNA-PCAT-1 knockdown increased the
chemosensitivity of esophageal cells on cis-
platin by inhibiting tumor cell expansion and
proliferation and promoting tumor cell apop-
tosis. Findings from in vivo xenograft model
demonstrated that knockdown of IncRNA-
PCAT-1 significantly suppressed tumor ex-
pansion and evolution. These data present
personal and significant molecular purposes
for the investigation and management of
ESCC (Zhen et al., 2018). Our results indicate
that the IncRNA-PCAT-1 was significantly
overexpressed in tumor tissues compared
with the adjacent non-cancerous tissues.
These findings support the data reported by
Shi et al. (2015), in which IncRNA-PCAT-1
was up-regulated in cancerous tissues of
ESCC.

The findings declared that the /ncRNA-
PCAT-1 overexpression in patients with
ESCC was significantly correlated with the
overall survival time (Shi et al., 2015). The
molecular process of IncRNA-PCAT-1 has
been declared that the /ncRNA-PCAT-1 is
straight linked to polycomb repressive com-
plex 2 (PRC2), a methyltransferase which
controls histone H3 methylation at lysine 27
(K27) to inhibit transcription and that
IncRNA-PCAT-1 up-regulation contributes to

cell proliferation activated in vitro by target of
the PRC2 and is correlated with tumor aggres-
siveness in prostate malignancy (Shi et al.,
2015).

Our investigation is a preliminary obser-
vational study that could open to new ques-
tions regarding the effect of aberrant expres-
sion of -PCAT-1 on ESCC development of
Iranian patients. The practical implication of
our findings is that the IncRNA-PCAT-1 might
be proposed as a novel candidate gene, which
is involved in the development and progres-
sion of ESCC. In addition, targeting [ncRNA-
PCAT-1 molecule may be considered as po-
tential therapeutic element in ESCC. The
finding revealed a positive association be-
tween up-regulation of the /ncRNA-PCAT-1
and clinical stage and poor prognosis of can-
cers. However, our results showed that aber-
rant expression of IncRNA-PCAT-1 was con-
sistent with the previous report in prostate
cancer and ESCC. There are still several lim-
itations in our investigation. The number of
sample size is not adequate for subgroup anal-
ysis of several clinical features. This small
number may have led to the result that
IncRNA-PCAT-1 expression level had no sig-
nificant impact on lymph node metastasis.

However, their results reinforce a notable
appearance of /ncRNA-PCAT-1 in pathogene-
sis of ESCC and recommends that the cancer-
specific functions of this IncRNA in tumor-
igenesis was assessed in future investigations.
In addition, future studies are needed to clar-
ify the clinical significance of the /ncRNA-
PCAT-1 expression level in other types of ma-
lignancies. In addition, the molecular mecha-
nisms of the IncRNA-PCAT-1 in tumor pro-
gression and development needs to be deter-
mined in the next study.

In conclusion, our findings suggested that
the /ncRNA-PCAT-1 could be involved in the
development and progression of ESCC, as a
candidate prognostic biomarker in patients
with ESCC to improve clinical management.
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