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Abstract

Background
Gastric carcinoma (GC) is the third leading cause of malignancies-related deaths worldwide, and
Helicobacter pylori is one of the identi�ed causes of gastric cancer. The Cag pathogenicity island (cagA,
cagC, virB2) is one of the major pathogens of H. pylori, which increased the risk of gastric cancer
development. Some studies have shown that H. pylori signi�cantly alter some gastric epithelial cells
genes expression. This study aimed to investigate the expression of the GPR83, CA1, AWP1, and WTAP
genes in AGS cells transfected with the recombinant pIRES2-EGFP-cagC vector.

Materials and methods
The pIRES2-EGFP-cagC and pIRES2-EGFP plasmids (as control) were transfected into AGS cells by
lipofectamine 2000 solution. Then, RNA extraction and cDNA synthesis was performed. The expression
of GPR83, CA1, AWP1, and WTAP genes was evaluated using the Real-Time PCR method. Finally, the
expression of each gene was evaluated using SPSS software and t-test independent statistical tests.

Results
Our �ndings indicated that the expression of the GPR83 gene in AGS cells treated with cagC statistically
signi�cantly increased compared to control cells (P = 0.0327). On the contrary, the WTAP expression was
signi�cantly decreased (P = 0.0132), whereas the AWP1 and CA1 mRNA expression were not statistically
signi�cant.

Conclusion
This study shows that GPR83 and WTAP genes's expression in the host is signi�cantly altered through
cagC gene expression. Hence, it seems that the cagC gene's presence can explain some alterations in the
expression of gastric epithelial cell genes and the cause of gastric cancer pathogenesis caused by H.
pylori infection.

Introduction
Gastric cancer (GC) is one of the most critical public health issues, ranking �fth among the most
common cancers and is considered the third leading cause of death due to cancer (1). Asia and Latin
America are the two regions with the highest mortality rates for GC (2). Unfortunately, this disease's
symptoms appear in the advanced stages, and its survival rate is relatively varied in different countries,
which is probably increased by timely diagnosis and early tumor resection (3). Based on the Lauren
classi�cation, GC can be classi�ed into two major subtypes; diffuse and intestinal. The diffuse types
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arise from normal gastric mucosa, whereas the intestinal types of GC are associated with intestinal
metaplasia and chronic atrophic gastritis. The diffuse type is common among young patients (4). GC is
the result of a multifactorial process involving numerous environmental (Helicobacter pylori infection,
alcohol consumption, tobacco abuse, advanced age, and poor diets) and genetic factors (5), and its
global decline requires a healthy diet, early screening and, of course, the elimination of H. pylori (6, 7).
Helicobacter pylori is a microaerophilic, spiral, and gram-negative bacterium that usually founded in the
human stomach and induced gastroduodenal ulcer, gastritis, intestinal metaplasia, gastric atrophy, and
gastric cancer (8, 9). The pathogenicity of H. pylori could be increased by cag pathogenicity island (cag-
PAI) genes (10). Interestingly this pathogenicity island is not usually found in H. pylori strains isolated
from asymptomatic humans (11). H. pylori obtained cag-PAI through horizontal transfer from other
bacterial species and encode the secretory system type IV (TSS4). CagA oncoprotein enters into the
gastric epithelial cells via TSS4. It interacts with several cellular proteins, leading to dysfunction of actin
and cytoskeleton intracellular signaling, adherence to adjacent cells, increased cell motility (12), and
phenotypic alteration, and �nally leads to gastritis GC. (13, 14). TheCagC protein is one of the TSS4
components that localized to the surface of H. pylori and plays an essential role in the extracellular pilus
formation. The pilus interact with the integrin receptor on gastric epithelial cells and facilitate the
injection of H. pylori virulence factors into the gastric epithelial cell (15). Many studied have indicated
that some gastric epithelial cells's genes expression is signi�cantly altered after H. pylori adhesion, which
might explain the cause of gastritis due to H. pylori infection (16). A human gastric epithelial cell line AGS
(gastric adenocarcinoma) is one of the most common cell lines for the xenograft modeling of gastric
cancer, derived from a biopsy fragments specimen untreated human adenocarcinoma of the stomach
and established as a cell line by S.C. Barranco in 1983 (17, 18).This study aimed to investigate the
expression of the GPR83 (G Protein-Coupled Receptor 83), CA1 (Carbonic anhydrase 1), AWP1
(associated with PRK1), and WTAP (Wilms tumor1-associating protein) genes in AGS cells transfected
with the recombinant pIRES2-EGFP-cagC vector.

Materials And Methods
pIRES2-EGFP-cagC plasmid propagation & puri�cation

Recombinant plasmid pIRES2-EGFP- cagC gene and plasmid pIRES2-EGFP without foreign gene was
prepared from the Biotechnology Research Center of the Islamic Azad University of Shahrekord. The
pIRES2-EGFP-cagC vector encodes the full-length cagC in the �rst cistron and the green �uorescent
protein in the second cistron. Plasmid ampli�cation was performed at the �rst step by transferring it to a
bacterial host, mainly containing suitable strains of Escherichia coli (TOP10). In this regard, the
competent E. coli, TOP10, was transformed by a pIRES2-EGFP-cagC vector according to standard
protocol. Brie�y, 100 ng of the by pIRES2-EGFP-cagC was added to 1.5×108 of chloride calcium
competent cells and kept for 25 min on ice. The mixture was then incubated for 90 sec at 42 °C and
moved immediately on ice for 2 min. In the following step, 1000 µl LBBroth edium was added to
transformed cells and incubated at 37 °C for 1 hr. The transformed bacteria were selected on an LB-
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ampicillin (100ng/ml) agar plate. The pIRES2-EGFP-cagC vector was puri�ed from cultured transformed
using FavorPrep plasmid (Favorgen Biotech, Tiwan) extraction Mini Kit as per the manufacturer's
instructions, and then it was visualized by 1% agarose gel electrophoresis. The PCR technique was done
to con�rm the plasmid's accuracy extracted from the bacterium, and double digestion by restriction
enzymes SalI / SacII was used to con�rm the cagC gene's presence in the plasmid pIRES2-EGFP. 

AGC cell line expansion

A human gastric epithelial cell line AGS (gastric adenocarcinoma) were obtained from Pasteur institute of
Iran.and were grown under standard cell culture conditions (5% CO2, 37°C) in Dulbecco’s Modi�ed Eagle’s
Medium (DMEM) with 10% fetal bovin serum (FBS) and standard antibiotics (penicillin-streptomycin 1%).
 Every three days, the cells had examined by an inverted microscope, and when grown to 70-80%
con�uence, were trypsinized.  Viable cells were counted by trypan blue staining and Neubauer chamber.

Transfection of pIRES2-EGFP-cagC into AGS cells

The lipofectamine 2000 (thermo�sher, USA) was used to transfect the cell lines based on the
manufacturer's guidance. Brie�y, 2 µl of lpofectamine2000 and 2 µg of each plasmid (pIRES2-EGFP-cagC
or pIRES2-EGFP) were diluted separately in 100 µl of RPMI reduced serum medium and mixed gently.
Then, the Lipofectamine2000 and plasmid were mixed and incubated for 10 min at room temperature to
allow the DNA-Lipofectamine2000 complexes to form. The complexes were added to cells grown in RPMI
medium without serum and antibiotics. After 4 h., the medium was replaced with RPMI-1640
supplemented with 10% FBS. After 24r, 1%Pen/Strep beside 600 µg/ml neomycin were added to cells
grown in serum-containing medium. Finally, the transfected cells were detected. 

RNA preparation and real-time RT-PCR

In the present study, the real-time reverse transcription-polymerase chain reaction (RT-PCR) technique was
used to evaluate the altered expression of GPR83, CA1, AWP1, and WTAP genes in AGS cells transfected
with pIRES2-EGFP-cagC vector. First, Total RNA was extracted from the cells with RNX-Plus solution
(Bioidea, Iran), and using quantitative (Nano drop) and qualitative (agarose gel) methods, the quality of
extracted RNA was examined. Total RNA was reverse transcribed into cDNA by cDNA synthesis kit (yekta
tajhiz, Iran). PCR method was used to con�rm the extracted plasmid's accuracy and evaluate the cloned
gene (cagC), using speci�c primers (Table 1). PCR cycling was performed in  SYBR Green PCR Master Mix
(Yekta tajhiz, Iran) using 25 ng of cDNA. The internal standard GAPDH housekeeping gene was co-
ampli�ed with the speci�c genes. At the end of proliferation, the melting curve analysis was carried out
on the PCR product to con�rm the propagated original product's speci�city and identity. The reaction
solution for real-time PCR was prepared by mixing 25ng/ µl of synthesized cDNA solution with 7.5 µl
TaqMan Universal PCR Master Mix. Real-time PCR was carried out at 64°C for 25 sec, 95°C for 3 min,
followed by 45 cycles at 95°C for 20 s, and at 72°C for 20-sec min and Melting Curve, from 55ºC to 95ºC,
read every 0.3ºC, hold 3 sec. Each assay was done in triplicate. The expression of GAPDH was used to
normalize that of the target genes. Before using the comparative threshold cycle (Ct) method for the
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relative quanti�cation, a validation experiment was performed according to the manufacturer’s
instructions to verify that the target and GAPDH genes’ e�ciencies were approximately equal. The
change in the Ct (ΔCt) of the target genes was calculated as ΔCt = (Ct of target genes)–(Ct of GAPDH).
We calculated the ratio of the target genes to GAPDH as 2−ΔCt, expressed as 2−ΔCt × 105; this ratio was
used to evaluate each target gene’s expression level in each gastric carcinoma cell the unstimulated state.
The abundance of the target genes relative to that of GAPDH was calculated as ΔΔCt = (ΔCt of target
genes)–(ΔCt of GAPDH). The ratio was calculated as 2−ΔΔCt to evaluate the alteration of the target
genes 12 h after co-culture with the gastric cancer cells and H. pylori.

Statistical analysis

Using SPSS version 22 software and an independent t-test, each gene expression was examined and
compared. P-value ≤0.05 was considered statistically signi�cant.

Results
Plasmid con�rmation by PCR and enzymatic digestion

The cagC gene-speci�c primers ampli�ed PCR products with 360 bp size. Double digestion was used to
con�rm the cagC gene's presence in the plasmid pIRES2-EGFP by restriction enzymes SalI / SacII, and in
the following, the 5308 bp fragment vector and a 360 bp cagC gene fragment were observed (Figure1).

Real time RT-PCR and statistical analysis results

After cDNA synthesis, a real-time RT-PCR reaction was performed for GPR83, CA1, AWP1, and WTAP
genes using their speci�c primers. Ct of each sample (desired gene and internal control) was obtained
separately, and after normalizing the data with the housekeeping gene and obtaining the amount of
expression, the results were analysed graphically. The results indicate that GPR83 gene expression was
signi�cantly increased (P = 0.0327), and WTAP gene expression was signi�cantly decreased (P = 0.0132)
in the experimental group (cagC gene recipient) compared to the pIRES2-EGFP and AGS groups and was
statistically signi�cant (Figure2). On the other hand, AWP1 gene expression was decreased (P = 0.2915),
and CA1 gene expression was increased (P = 0.1952) compared to the pIRES2-EGFP and AGS groups but
were not statistically signi�cant. 

Discussion
Gastric carcinoma is a malignant disease with a generally poor prognosis. The majority of GCs are
sporadic subtypes that are strongly associated with environmental risk factors. Helicobacter pylori
infection is identi�ed as the primary etiologic factor in gastrointestinal problems that persistently
colonizes gastric mucosa in about 50 percent of the world's adult population, but most persons remain
asymptomatic (15). Only a limited number of people infected with H. pylori experience a severe
in�ammatory response in their gastric mucosa and develop severe diseases such as peptic ulcer disease
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(15% -10%) or gastric malignancy (1% -3%). H. pylori's virulence strain contains a 40-kb chromosomal
region known as the cag pathogenicity island (PAI) (19). It encodes about 31 genes that form a type IV
secretion system (T4SS) and a needle-like structure (pilus) for connecting to the cytoplasm of the
epithelial gastric cell and injection of virulence factors (20). Approximately 95% of H. pylori isolated from
East Asia are cag PAI-positive. The cagC is one of the cagPAI genes required for T4SS function, and T4SS
causes numerous alterations in gastric epithelial cells (21). The cagC interact with integrin α5β1 receptor
on gastric epithelial cells via CagL, guiding proper positioning of the T4SS and facilitating translocation
of cagA to the cytoplasm of the gastric epithelial cell (15). Lim et al. used the AGS cell line infected with
H. pylori to monitor gene expression changes associated with H. pylori adhesion to gastric cancer cells.
They showed that H. pylori increased or decreased the expression of genes involved in metabolism,
transcription factors, and structural proteins, as well as known growth factor receptors, oncogenes, and
tumor suppressor genes are involved (22). On the other hand, Guillemin et al. have shown that the cag
T4SS has an essential role in proin�ammatory activation of gastric epithelial cells and results in
upregulated expression of multiple cytokines, including the proin�ammatory cytokine interleukin 8 (IL-8)
(23).

Identi�cation of the pathogen-host interactions at the gene level could improve our understanding of host
and organism roles during pathogenesis. Hence, in the present study, the expression of GPR83, CA1,
AWP1, and WTAP genes in AGS cells transfected with the recombinant pIRES2-EGFP-cagC vector were
analysed. Our results showed that the cagC gene's presence could lead to signi�cant expression change
in GPR83 and WTAP genes of AGS cells. The WTAP gene encodes the Wilms tumor1-associating protein,
which has a ubiquitous expression pattern. WTAP and WT1 are distributed in the nucleoplasm and
nuclear speckles where they were partially co-localized with splicing factors(24), regulating both the cell
cycle and alternative splicing by form a protein complex Based on the downregulated expression of the
WTAP gene in AGS cell, we suggested that reduced WTAP likely leads to alteration of RNA processing and
post-transcriptional regulation of multiple cellular proteins, thus might be involved in the pathophysiology
of GC. On the other side, GPR83 is a member of the G-protein coupled receptors superfamily, which are
responsible for the initiation of intracellular signaling cascades (25). Increased expression of the GPR83
gene probably leads to increased distribution of GPR83 on the surface of gastric epithelial cells. It likely
can lead to the out-of-control launch of its related intracellular signaling cascades and disruption of cell
physiological balance. Overall, these results suggest that GPR83 and WTAP could be considered a new
therapeutic target for H. pylori-induced gastric malignancy and opens new insight into cancer treatment.

Conclusion
These results suggest that H. pylori adhesion to AGS cells leads to the altered expressions of multiple
cellular proteins, which trigger the in�ammatory reactions. The study of these changes in the pathogen's
presence can provide an accurate description of the pathogenesis and new therapies based on these
genetic changes.
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Table
Table 1. Speci�c primer sequence to con�rm the extracted plasmid's accuracy and evaluate the cloned
gene (cagC)

 (bp) SizesequencePrimer

 

360

5 - TTAGGGCTAGTGATGACAACCAATC -3Forward

5 - CCTAAAGCACAACCACCTACGATC -3Reverse

 

Table 2.  Speci�c primer sequence to AWP1, CA1, GPR83, WTAP and GAPDH for real-time PCR

Product sizeAnealingprimer sequencegene

226 bp64F: 5'- GCTCAAGAAACTAATCACAGCCAAG -3

R: 5' - CTGACTGGGCTTCTGGCACAC -3

AWP1

180 bp64F: 5'- TGAAACCAAACATGACACCTCTCTG-3 

R: 5'- TGAAAATGGAACTGAAAGAGCCTG -3

CA1

171 bp64F: 5'- TTTCACTCCCACATGCTATCTGC -3

R: 5'- CAGAGATGATGAGGAGGGGCAG -3

GPR83

172 bp 63F: 5 - GAACAAGCCCAAAATGAACTGAG -3

R: 5 - ATTTCTTCTGTAAAGCCAACTCTGC -3

WTAP

183 bp65F: 5  - AAATCCCATCACCATCTTCCAG -3

R: 5  - CAGAGATGATGACCCTTTTGGC -3

GAPDH
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Figures

Figure 1

Enzymatic digestion of vector containing cagC gene. The 5308 bp heavy fragment belongs to the vector,
and the 360 bp fragment belongs to the cagC gene.
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Figure 2

The statistical results obtained from this study show that the expression of GPR83 and WTAP genes in
AGS cells were affected by the presence of Helicobacter pylori cagC gene and showed increased and
decreased expression, respectively. On the other hand, AWP1 and CA1 gene expression were not
statistically signi�cant.


