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Abstract

Background: Gastric cancer is the second reason for cancer mortality worldwide, with a high capacity for metastasis. Long non-
coding RNAs (lncRNAs) are recently described as lengthy transcripts with no open reading frame. The lncRNAs play an important
role in critical cellular and molecular pathways, including cell cycle, growth, differentiation, and apoptosis. Therefore, it is not
surprising that abnormal expression of lncRNAs may be involved in human cancers. The HOX antisense intergenic RNA (HOTAIR) is
a highly cited lncRNAs whose altered expression has been reported in a variety of human cancers such as gastric cancer. Epithelial to
mesenchymal transition (EMT) is a cellular route in which an epithelial phenotype of the cells can be changed into the mesenchymal
state. The signaling pathways involved in EMT are related to cancer metastasis and recurrence of gastric cancer.
Methods: The present study was aimed to investigate the effect of HOTAIR gene silencing on expression levels of fibronectin 1 (FN1)
and claudin-4 (CLDN4) genes, two important markers of EMT, in AGS cellular model of gastric cancer. The AGS cells were exposed
to the HOTAIR-specific siRNA for 48 hours. The extracted RNAs were subjected to complementary DNA synthesis and real-time PCR.
Data were analyzed using 2-∆∆Ct method. Cells with no siRNA treatment were considered the control set. The P-value < 0.05 was
considered statistically significant.
Results: The observed data showed that the expression levels of two EMT markers FN1 and CLDN4, were significantly decreased after
HOTAIR silencing.
Conclusions: This study demonstrates that HOTAIR can regulate the EMT signaling pathway through critical EMT factors like FN1
and CLDN4 transcripts. However, a long way remains to apply this finding in therapeutic approach, and further experiments are
needed.
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1.Background

Gastric cancer is one the highly prevalent cancers in
the world, with a high rate of mortality (1). This cancer
was observed in developing countries, especially in East
Asia, mostly. The tumor was originated from the mucus-
producing cells in stomach. Since the early stages of the
disease are asymptomatic, the diagnosis is usually made at
the advanced stage of the tumor. This limits the success
and efficacy of surgery or chemotherapy (2, 3). In recent
decades, molecular targeted therapy for cancer has drawn
attention to enhance selective anticancer therapy. Molec-

ular targeted inhibitors efficaciously mark specific over-
expressed molecules in pathways related to tumorigene-
sis (4). Long non-coding RNAs (lncRNAs) are lengthy tran-
scripts and do not code functional proteins. LncRNA genes
are transcribed in a variety of human tissues and have
been connected with vital biological pathways such as cell
growth and death (5). It has been well established that dys-
regulated expression of lncRNAs may be connected with
human diseases (6-8). These lengthy and non-coding tran-
scripts drive tumorigenesis as well (5, 6).

HOX antisense intergenic RNA (HOTAIR) is one of the
well-cited lncRNAs whose expression has been changed
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in some of the human cancers like breast, liver, ovarian,
and pancreas (9). Previously published studies reported
that HOTAIR is highly upregulated in gastric cancer and
promotes metastasis. The HOTAIR expression promotes
epithelial-mesenchymal transition (EMT), and its inhibi-
tion can reverse the EMT signaling (10). In gastric cancer
cells, HOTAIR silencing negatively affects cell proliferation
and invasion in vitro and in vivo (11). Although the essence
and relevance of HOTAIR with cancers have been discov-
ered in many studies, the underlying molecular mecha-
nisms are mostly unidentified. Accordingly, the present
study evaluated the consequence of HOTAIR silencing on
the expression of fibronectin 1 (FN1) and claudin-4 (CLDN4)
in AGS cellular model of gastric cancer. Both proteins me-
diate cells to the extracellular matrix adhesion and cell mi-
gration, growth and differentiation as well. Increased ex-
pression levels of FN1 andCLND4 are linked with poor prog-
nosis in gastric cancer. It is necessary to mention that this
is the first time that the effect of HOTAIR silencing was stud-
ied on expression levels of two critical factors of EMT.

2. Methods

The current study was part of an M.Sc. thesis written by
P.B., which was approved by Ethical Committee of Islamic
Azad University Tehran Medical Sciences, Research Affairs,
Tehran, Iran University (Codding number: 13621930802269
and code of ethics: IR.IAU.PS .REC.1396.72).

2.1. Cell Lines and Culture Condition

An AGS cell line was considered a cellular model of gas-
tric cancer purchasing from the National Cell Bank of the
Pasteur Institute, Tehran, Iran. The AGS cells were fed with
RPMI-1640 medium (Life Technologies, Carlsbad, CA, USA)
containing 10% fetal bovine serum (FBS), 100 U/mL peni-
cillin, and 100 mg/mL streptomycin (Life Technologies). All
cells were incubated at 37°C and 5% CO2. The AGS cells were
sub-cultured every 2 - 3 days.

2.2. HOTAIR siRNA Transfection

Human HOTAIR (ID, 100,124,700) was silenced by
means of specific siRNAs (GenePharma, China) as follows:
HOTAIR, 5′-UAACAAGACCAGAGAGCUGUU-3′; negative con-
trol (NC), 5′-TTCTCCGAACGTGTCACGT-3′. The AGS cells were
seeded in 12-well plates (12 × 104 cell/well) and transfected
with 50 ng siRNA duplexes using Lipofectamine 2,000 (In-
vitrogen, USA) based on user guide. Cells were transfected
with Lipofectamine without siRNA were considered mock.
Cells were harvested for RNA extraction following 48 h of
transfection.

2.3. RNA Extraction and Real-time Polymerase Chain Reaction
(RT-PCR)

Total RNA was extracted using RNX-Plus solution (Sina-
Clon, Iran) followed by DNase I digestion (Thermo Fisher
Scientific, USA). The pull-out RNAs were reverse tran-
scribed into the complementary DNA (cDNA) through
Prime ScriptTM RT reagent kit (Takara, Japan). The informa-
tion about primers for specific genes and internal control
gene glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
is summarized in Table 1. Real-time PCR was done using the
SYBR green Premix Ex TaqTM II (Takara, Japan). The relative
gene expression was calculated with 2-∆∆Ct method.

2.4. Statistical Analysis

Statistical analyses were done using GraphPad Prism
version 5 software (GraphPad Software, USA) and one-way
analysis of variance followed by Newman–Keuls multiple
comparison test or student t-test. The P < 0.05 was consid-
ered statistically significant. The results were expressed as
Mean ± SD.

3. Results

To scan the success of siRNA on silencing of HOTAIR, the
expression level of the genes was assessed by real-time PCR.
As indicated in Figure 1, in normal culture environments,
HOTAIR was robustly expressed in AGS cells. Following 48
h of treatment with 50 ng of HOTAIR - siRNA, the expres-
sion level of this lncRNA was significantly diminished in
AGS cells. The fold-change was 0.325 ± 0.02379 (P-value <
0.001) (Figure 1). Similarly, the expression levels of FN1 and
CLDN4were also measured by qRT - PCR to address the ques-
tion of whether the HOTAIR silencing could affect the ex-
pression levels of these EMT-associate genes. As illustrated
in Figures 2 and 3, before silencing of HOTAIR, both FN1 and
CLDN4were noticeably expressed in AGS cells. However, fol-
lowing HOTAIR specific siRNA post-treatment, the expres-
sion levels of FN1 (Figure 2) and CLDN4 (Figure 3) were sig-
nificantly decreased in comparison to non-treated cells (P
< 0.001). The CLDN4 fold-change was 0.5568 ± 0.0971, and
the corresponding value forFN1was 0.252±0.0599. In fact,
the amount of CLDN gene was reduced by half, and also FN1
gene was reduced by almost five times following the trans-
fection.

5. Discussion

This is the first study that showed silencing of HOTAIR
transcript can affect the expression levels of two impor-
tant factors of EMT (including fibronectin 1 and claudin-
4). The findings showed that both genes were downregu-
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Table 1. The FN1, CLDN4, HOTAIR, and GAPDH Primer Sequences

Primer Forward Sequence 5’–3’ Reverse Sequence 5’–3’ Amplicon Size (bp)

FN1 TCAACTCACAGCTTCTCCAA CACGACCATTCCCAACACAC 153

CLDN4 TGTACCAACTGCCTGGAGGATG GACACCGGCACTATCACCATAAG 147

HOTAIR AGGCCCTGCCTTCTGCCT TGCTCTCTTACCCCCACGGA 174

GAPDH GTGAACCATGAGAAGTATATGACAAC CATGAGTCCTTCCACGATACC 215

1.5

1.0

0.5

0.0

Contro
l (

M
ock)

Contro
l (

siR
NA-)

Targ
et (

HOTAIR
+)

R
el

at
iv

e 
m

R
N

A
 E

xp
re

ss
io

n
 o

f H
O

TA
IR

(F
o

ld
 C

h
an

g
e 

to
 C

o
n

tr
o

l)

Figure 1. Effects of HOTAIR specific siRNA on suppressing HOTAIR transcript after
treatment with 50 ng siRNA after 48 hours of treatment. Data are presented as mean
± SD. The*** shows the P-value of less than 0.001.

lated following the silencing of HOTAIR transcript. As in-
dicated previously, during the EMT, the polarity of epithe-
lial loses, and cells are capable of migrating and metasta-
sis. Cytoskeletal remodeling and resistance to apoptosis
are two fundamental consequences of EMT (12). As previ-
ously confirmed, HOTAIR can stimulate the EMT and can-
cer stem cell phenotype in several human cancers (13). HO-
TAIR silencing significantly reduced the expression levels
of EMT players such as fibronectin and claudin in some hu-
man cancers, but no data were available about gastric can-
cer.

Claudin proteins are resided in tight junctions of all ep-
ithelia and endothelial cells and regulate the permeabil-
ity of these cells (14). Claudin-4 (CLDN4) is a 209-amino-
acid member of this family, encoding four putative trans-
membrane fragments (14). The increased expression of
cldn4 was firstly observed in pancreatic cancer (15). Con-
sequently, altered expression of this protein was demon-
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Figure 2. Effects of HOTAIR specific siRNA on suppressing FN1 transcript after treat-
ment with 50 ng HOTAIR-siRNA after 48 hours of treatment. Data are presented as
mean± SD. The*** shows the P-value of less than 0.001.

strated in many cancers such as bladder, renal, prostate,
endometrial esophageal, and ovarian cancer, in which the
expression of CLDN4 has increased (14). Although sev-
eral claudin isoforms have been structured and studied in
mammals, the function of CLDN4 is not well studied; so
this variant was considered in this study. Increased expres-
sion of CLDN4was observed in gastric cancer, which was as-
sociated with tumor invasion and metastasis (16). This is
partly due to the modulatory effect of Claudin-4 on met-
alloproteinase (MMP) activation and increased expression
levels of matrix MMP-2 and MMP-9 (17). Silencing of CLDN4
induced apoptosis in some cancer cells like breast (18). Sim-
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Figure 3. Effects of HOTAIR specific siRNA on suppressing CLDN4 transcript after
treatment with 50 ng HOTAIR-siRNA after 48 hours of treatment. Data are presented
as mean± SD. The*** shows the P-value of less than 0.001.

ilarly, siRNA-mediated silencing of this protein efficiently
promoted colorectal cancer cell motility (19).

Similarly, fibronectin 1 (FN1) plays an important role
in cell adhesion and its interaction with extracellular ma-
trix (20). High expression of fibronectin is a poor prognos-
tic factor in gastric cancer (21). Along with neuropilin, fi-
bronectin 1 regulates EMT in gastric cancer (22). Forced ex-
pression of fibronectin 1, inhibits apoptosis and migration
in nasopharyngeal carcinoma (23). Fibronectin 1 knock-
down increases the mitochondrial-dependent apoptosis in
rat mesenchymal cells (24) In conclusion, this research for
the first time showed that silencing of HOTAIR can affect
the expression levels of two critical elements of EMT, in-
cludingCLND4 and FN1. However, a long way remains to ap-
ply this finding in therapeutic approach and further exper-
iments are needed, including the evaluation of the effect of
this silencing on mice models of gastric cancer.
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