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System with Helicobacter pylori pIRES2-DsRed-Express-ureF
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Abstract

Most gastric cancers (GC) are thought to be caused by Helicobacter pylori (H. pylori) infections. However, there is mounting evidence that GC patients with posi-
tive H. pylori status have improved prognoses. The H. pylori-induced cellular immune reaction may inhibit cancer. In this study, BALB/c mice were immunized
using recombinant plasmids that encode the ureF gene of H. pylori. Purified functional splenic CD3* T lymphocytes are used to study the anticancer effects
in vitro and in vivo. The immunological state of GC patients with ongoing H. pylori infection is mimicked by the H. pylori DNA vaccines, which cause a change in
the reaction from Th1 to Th2. Human GC cells grow more slowly when stimulated CD3* T lymphocytes are used as adoptive infusions because they reduce GC
xenograft development in vivo. The more excellent ratios of infiltrating CD8*/CD4* T cells, the decreased invasion of regulatory FOXP3* Treg lymphocytes, and
the increased apoptosis brought on by Caspase9/Caspase-3 overexpression and Survivin downregulation may all contribute to the consequences. Our findings

suggest that in people with advanced GC, H. pylori pIRES2-DsRed-Express-ureF DNA vaccines may have immunotherapeutic utility.
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1. Introduction

Gastric adenocarcinoma is the second most prevalent cancer-
related cause of death globally, coming in at number four after
lung, breast, and colorectal cancers, particularly in low- and
middle-income nations like Asia (Ranjbar and Chehelgerdi
2018). morbidity and death rates are caused by gastric cancer
(GC), and Helicobacter pylori (H. pylori) infection, a category
one carcinogen according to the National Agency for Research
on Cancer, is responsible for >80% of the global GC burden.
The H. pylori strain strongly correlates with intestinal metaplasia
and GC prevalence. The bacteria H. pylori, which lives in the
stomach, causes chronic gastritis, the primary cause of most
cases of GC (Chehelgerdi and Doosti 2020). Approximately, half
of humanity is affected by the bacterium, a flagellar microaero-
philic Gram-negative bacillus (O’Connor et al. 2020). In Western
nations, the frequency of infections ranges 10-60%, but in
underdeveloped nations, it can reach up to 90% during maturity
(Mezmale et al. 2020).

In addition, research has revealed that the most common way
that H. pylori infections are spread is from mother to child.
This is especially true for young children under 5 years
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(Fakharian et al. 2022). H. pylori can colonize and remain in
a particular biological niche inside the gastric lumen, where
it may live in the acidic conditions of the stomach (Zhang
et al. 2022). The helical structure of this human infection
causes the bacteria to enter and stay in the stomach lining,
behind the mucus, and it manages to evade the host immune
system’s defenses (Kusters et al. 2006; Tilahun et al. 2022).
According to several lines of evidence, H. pylori infections
are linked to the etiology of chronic proximal gastroenteritis,
chronic gastritis, and GC (Malfertheiner et al. 2022; Tempera
et al. 2022). However, a combination of proton pump inhibi-
tors and various antibiotic treatments is typically used to treat
H. pylori pathogens. The rapid spread of antibiotic-resistant
isolates and some observed side effects necessitate substi-
tuting such an expensive treatment with a different therapeu-
tic strategy (Nagaraja and Eslick 2014). The majority of the
H. pylori-associated pathogenicity factors have been identi-
fied, making the development of vaccines a potential strategy
(Sharndama and Mba 2022).

Vaccines not only offer long-lasting defense, but also lessen
the harmful effects of widespread antibiotic use on strains of
H. pylori that are good for human health (Malfertheiner et al.
2022). However, H. pylori infection and serious problems can
still occur in patients receiving pharmacological therapy for
symptoms and those who are asymptomatic, and vaccina-
tions may be able to solve this issue (Shatila and Thomas
2022). There have been significant efforts in recent years
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to increase the number of H. pylori vaccines based on the
organism’s essential virulence factors, such as the flagellum
receptors, vacuolating enterotoxin, cytotoxin-associated anti-
gen, urease, the pathogenic organisms island, and neutro-
phil-activating protein, whether in their native or recombinant
configurations. Although the associated processes remain
unexplained, these methods protect the laboratory mouse
model (Maleki Kakelar et al. 2019). Nowadays, possible H.
pylori antigens encoded via vector-based vaccines have also
been considered; however, the methods mentioned above
have yet to shield the host from infection (Park et al. 2022).
Since DNA vaccines are generally safe and stable and gener-
ate cellular and humoral immunity, researchers have recently
focused more on vector-based vaccinations than recombi-
nant protein vaccines. Additionally, incorporating DNA encod-
ing the pathogen’s antigen onto a bacterial plasmid may
create these vaccines just as simply as polyvalent vaccina-
tions (Maleki Kakelar et al. 2019). In this method, discovering
the optimal vaccine against this prevalent human infection
might arise from targeting conserved and essential genes of
H. pylori to introduce in the vector (Kang et al. 2012; Xue
et al. 2019). Studies now indicate that urease is a crucial ele-
ment in the colonization of H. pylori in the host and the devel-
opment of severe infection (Gupta et al. 2019). Urease is a
potent immunogen that triggers a robust immune response
and is essential for H. pylori metabolism and virulence. It
is also required for the colonization of the gastric mucosa.
This enzyme is a potential vaccine candidate for diagno-
sis, follow-up after therapy, and taxonomic identification. An
intriguing paradigm for metallo-enzyme investigations is ure-
ase (Kafarski and Talma 2018). Prior to the identification of
H. pylori, it was believed that humans produced “gastric ure-
ase.” It is now understood that this bacteria, which inhabits
the human stomach mucosa, is the source of this noteworthy
protein. According to the previous papers, the current study’s
objectives were cloning and developing the H. pylori-derived
urease gene encoding into the eukaryotic expression vec-
tor and assessing the immunomodulatory activity of such a
recombinant construct in an animal model.

2. Materials and Methods
2.1. Vectors, cell lines, and animals

Invitrogen produced the pIRES2-DsRed-Express plasmid
(Carlsbad, CA, USA). The human GC cell lines MKN28 and
AGS, as well as the HEK 293-T cells, were bought from
the Iranian Biological Resource Center (Iran) and cultured
in DMEM (Hyclone, Logan, UT, USA) with 10% fetal bovine
serum, 100 U/mL penicillin, and 100 mg/mL streptomy-
cin (Sigma-Aldrich, USA). Female BALB/c mice that were
6 weeks old and normal and nude (nu/nu) were acquired
from the Biotechnology Research Center of Islamic Azad
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University, Shahrekord branch (Shahrekord, Iran) and kept
under specified pathogen-free conditions. The Biotechnology
Research Center of Shahrekord Islamic Azad University’s
Ethics Committee’s instructions for the correct use and care
of laboratory animals were followed when conducting the ani-
mal research.

2.2. Construction of H. pylori DNA vaccines

The BGI Genomics Company produced the ureF gene inde-
pendently (Shenzhen, China). The ureF gene was subse-
quently inserted into the plasmids pIRES2-DsRed-Express
(Invitrogen, USA) to generate pIRES2-DsRed-Express-ureF,
which was verified by DNA sequencing and endonucle-
ase digestion assays using BamHI| (GGATCC) and EcoRV
(GATATC). The constructs have 20 repeats of the CpG ODN
C274 motif (5'- TCGTCGAACGTTCGAGATGAT -3') and a
Kozak nucleotide at the N-terminus to boost immunological
response. Lipofectamine 2000 was used to transiently trans-
fect the generated plasmids into HEK 293-T cells to confirm
the eukaryotic expression vector (Invitrogen). After 48 h of
transfection, the cells were collected and lysed. The total cel-
lular proteins were then analyzed using a Western blot kit
and a rabbit anti-H. pylori polyclonal antibody (pAb) from
LifeSpan BioSciences in Seattle, Washington, USA, follow-
ing the manufacturer’s instructions.

2.3. Immunization of mice by DNA vaccines

Randomly selected BALB/c mouse groups (Table S1 in
Supplementary Material) received a DNA immunization (100
ug of plasmid) and an injection of the immunogen combina-
tion into the double hind thigh (0.3 mL per mouse). For three
rounds, 0.3 mL of orbital blood was obtained from each of the
animals (five per group), who had immunizations at days 0,
15, and 30. The empty vector served as the vehicle control,
and orbit blood tests were also collected 2 weeks after the
most recent vaccine. To make the single-cell suspensions,
the animals’ spleens were removed after cervical disloca-
tion sacrifice. Before separating and transferring the splenic
T cells, the related immunological response was first ascer-
tained using the splenic cells and blood samples.

2.4. Enzyme-linked immunosorbent assay (ELISA)

The appropriate Mouse ELISA Quantitation Kit (Montgomery,
USA) was used to measure the levels of IgG1 and IgG2a
in the serum of vaccinated mice. Using mouse Quick
EIATM kits, the quantities of interleukin (IL)-4, IL-17, inter-
feron (IFN)-y, and tumor necrosis factor (TNF)-o. were mea-
sured using the double-antibody sandwich ELISA technique
(Dakewe Biotech, China). Following the manufacturers’ sug-
gested practices, each test was run twice.
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2.5. Real-time PCR assay

The spleen and small intestine of the mice were removed
under aseptic conditions and kept in liquid nitrogen at
—198°C. Then, tissues were processed using the YTA kits’
instructions for RNA extraction and cDNA synthesis (Yekta
Tajhiz, Iran). The GAPDH gene was utilized as an internal
control during real-time PCR using the YTA SYBR Green
master mix (Yekta Tajhiz, Iran). For real-time PCR, a reaction
volume of 15 uL, composed of 0.5 uL cDNA, 0.5 uL forward
primer, 0.5 ulL rivers primer, 10 uL master mix, and 3.5 uL of
double sterile distillation water, was employed. Primers are
listed in Table 1. Along with initial denaturation for 10 min, the
temperature cycle program also included 40 cycles at 95°C
for 20 sec, annealing at 53°C for 1 min, and elongation at
72°C for 1 min, followed by the final elongation at 72°C for
10 min. The relative gene expression of IFN-y, TNF-a, IL-17,
and IL-4 were calculated by using the 2-22°T method and nor-
malized to GAPDH levels in each sample.

2.6. Flow cytometry

The peripheral T-cell subpopulations were identified using
flow cytometry in blood samples collected from each group’s
immunized animals. Red blood cell (RBC) lysis was performed
on 100 uL of fresh total blood under anticoagulation in 1x
RBC Lysis Solution (eBioscience, USA). Following the man-
ufacturer’s instructions, the company’s CD3e PE-Cy5, CD4
PE, and CD8a FITC antibody cocktail were used to stain the
cell surface. The cells were cleaned before being examined
using FlowJo 7.6.5 tools and an LSRII flow cytometer from
BD Pharmingen in San Diego, California (Tree Star, USA).

2.7. Purification of splenic CD3* pan-T cells
Following the removal of the spleens from the vacci-

nated mice, single spleen cell suspensions were gener-
ated. Following the suggested methods, the MiniMACSTM

Table 1. Sequence of specific primers for real-time PCR reaction
Gene Size Primer sequence
IFN-y 188 bp F: 5'- GCCTAGCTCTGAGACAATGAACG -3’
R: 5- GCCAGTTCCTCCAGATATCCAAG -3’
IL4 263 bp F: 5- TCACAGGAGAAGGGACGCCATG -3
R: 5- TGGACTTGGACTCATTCATGGTGC -3’
L1z 246 bp F: 5'- CTACAGTGAAGGCAGCAGCGATC -3’
R: 5- CTTTCCCTCCGCATTGACACAG -3’
GAPDH 250 bp F: 5- ACCTTGGAAATAAATGGGAAG -3'
R: 5-CTTCTGTGTTGCTGTAGTTGC -3’
ureF 802 bp F: 5- GTTGATAAAAGTTCCTGGCT -3'

R: 5'- ACATGCATCGAAATATGATGTGCA -3

IFN, interferon; IL, interleukin.

Separator and Pan T Cell Purification Kit Il (Miltenyi Biotec,
USA) were utilized. By eliminating non-T cells such as B
cells, natural killer (NK) cells, dendritic cells, macrophages,
granulocytes, endothelium, and erythroid cells, pure CD3*
pan-T cells were generated. The extracted CD3* T cells were
submitted to flow cytometry using a combination of CD3e
PE-Cy5, CD4 PE, and CD8a FITC antibodies from eBiosci-
ence in San Diego, California, and analyzed using FlowJo
7.6.5 software from Tree Star in the United States.

2.8. Cell viability assay

MTT analysis (Sangon Biotech, China) was used following
the manufacturer’s instructions to evaluate the in vitro anti-
cancer activity of H. pylori vaccine-activated CD3* T cells.
The effector cells were cocultured in 96-well plates with
MKN28 and AGS cells for 24 h at a ratio of 1:25. The negative
control was created using the splenic CD3* T cells from the
mice who had received the vehicle immunization. The follow-
ing formula was utilized to determine the inhibitory efficiency
of effector cells:

Inhibitory rate (%) = [(1 — optimum A of experimental group)/
optimum A of control] x 100%.

Three duplicates of each experiment were run.
2.9. Analyze the colony growth and proliferation of CCK-8

With the aid of a CCK-8 detection kit, the CCK-8 assess-
ment was completed (Dojindo Japan). Before the cell lines
received the CCK-8 chemical treatment, the transfected cells
were seeded into culture plates and grown for 10 h. 450 nm
was used to measure absorbance.

2.10. Transwell invasion screenings

Cancer cells were placed on a pre-coated plate with adherent
cells in a 24-well transwell tube (Corning) (BD Biosciences,
San Jose, CA, USA). After 24 h of treatment, the top surfaces
were brushed, and the invaded regions were fixed with 4%
paraformaldehyde and stained with Giemsa. Afterward, the
optical microscope was used to observe the cells.

2.11. In vivo anticancer efficacy evaluation

The H. pylori-activated CD3* T cells were administered
through adoptive transfusion to a nude BALB/c animal model
with GC xenograft. Briefly, 1 x 107 MKN28 cells were injected
into the right forelimb armpit of female mice 6 weeks old.
Every 3 days for three rounds, 2 x 107 CD3* T cells were
infused into the caudal vein after the subcutaneous cancer
nodules reached a size of roughly 100 mm?. Every 2 days,
the tumor volume (V) was measured using calipers and



computed using the formula: V = a b%2, where a and b stand
for the main and minor axes of cancer, respectively. Two
weeks following the last T-cell infusion, the mice were killed
by cervical dislocation, and the cancer nodules were excised
and employed in later research.

2.12. Imnmunohistochemistry (IHC)

The EnVision approach was used to use IHC to identify
the subset of infiltrating immune cells in the tumor tissue
sections. The segments were briefly cleaned with xylene,
rehydrated with alcohol, and then cleaned once more with
PBS. Anti-CD4 (Santa Cruz Biotechnology, USA), anti-
CD8 (Santa Cruz, USA), anti-FOXP3 (Abgent, USA), anti-
CD56 (Dako, USA), anti-CD68 (Dako, USA), anti-CD86
(Dako, USA), and anti-CD163 (Dako, USA) pAbs were
incubated with the samples overnight at 4°C. After remov-
ing the main antibodies, Dako applied the Envision-plus
detecting system’s components. Hematoxylin was used as
a counterstain, and an aqueous mounting media was used
as a cover slip. Optical microscopy was used to evaluate
the slides, and the positive index was derived using the
ratio of stained cells.

2.13. Western blotting

Following adoptive transfusions of CD3* T cells, a Western
blot analysis was done to identify apoptosis and antiapop-
tosis mechanisms in the GC xenograft. Following 12%
SDS-PAGE separation and electrophoretically transfer to
PVDF membranes, identical quantities of molecules from
the tumor tissues were isolated. After the membranes
had been blocked with 5% non-fat milk, individuals were
probed with specific antibodies, including anti-Survivin rab-
bit polyclonal antibodies from Santa Cruz Biotechnology,
anti-Caspase 9 mouse monoclonal antibodies from Cell
Signaling Technology in Beverly, Massachusetts, and anti-
Cleaved Caspase 3 mouse monoclonal antibodies (Cell
Signaling Technology, 1:1000). The immunoreactive pat-
terns were detected by enhanced chemiluminescence on
the SuperSignal substrate platform (Rockford, USA) after
the membranes had been washed and treated with HRP-
conjugated goat anti-rabbit/mouse IgG (Cell Signaling
Technology, 1:20,000).

2.14. Statistical analysis

Every study was conducted twice, and the data were pre-
sented as mean = SD. The group variations were examined
using one-way ANOVA and independent variables t-tests.
The analysis was done with SPSS software, and the graph-
ics were made with Graph-Pad Prism. A P-value of <0.05 was
used to indicate significance.
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3. Results

3.1. The DNA vaccine against H. pylori was constructed
correctly

The ureF gene was inserted into the eukaryotic expression
vector pIRES2-DsRed-Express to construct the DNA vaccine
structure depicted in Figure S1 in Supplementary Material.
The recombinant plasmid’s genetic composition was used to
measure the success of the cloning process. Moreover, DNA
examination revealed that the virulence gene sequence of the
recombinant plasmid was 100% similar to that of the H. pylori
bacteria (Figure S2 in Supplementary Material). The gener-
ated plasmid was digested with BamH| and EcoRV. Single
colonies of transformed bacteria containing a plasmid with
ureF gene are shown in Figure S3 in Supplementary Material.
The effectiveness of the recombinant plasmid synthesis was
shown by electrophoretic separation of the digestion frag-
ments around 802 bp, encoding the ureF gene (Figures 1a
and 1b). Blast was used to look over the recombinant plas-
mid sequencing outcomes. Recombinant plasmids with an
E-value of 8e-94 and Per.ldent was 98.57%, similar to the
target bacterium. The expression of target proteins encoded
by relevant inserted genes is confirmed by Western blotting
assay after the recombinant vector is reversibly transfected
into HEK 293-T cells (Figure 1c). The plasmid vaccines con-
taining the aforementioned H. pylori ureF gene fragments
have thus been effectively created.

3.2. H. pylori DNA vaccines’ induction of an immune
response

The effectiveness and subtypes of the corresponding immune
function are assessed after administering all recombinant
H. pylori DNA vaccines to BALB/c mice. The concentrations
of IL-4, IL-17, IFN-y, and TNF-a in the blood of vaccinated
mice were also detected using the ELISA. The 1gG1 and
IgG2a concentrations noticeably increased by 1900 ng/mL
to 3900 ng/mL and 4300 ng/mL to 6900 ng/mL, respectively,
after the last vaccination in the vaccinated groups. 1gG1/
IgG2a ratio dropped from 2.26 to 1.76 fold after receiving H.
pylori DNA vaccinations, showing that DNA vaccines were
more effective at eliciting an IgG2a response (Figure 2a).

In the pIRES2-DsRed-Express-ureF group, the levels of
IL-4 and IFN-y in the blood dropped from 2800 ng/mL to
250 ng/mL and 3500 ng/mL to 980 ng/mL, respectively. The
concentration of TNF-o. and IL-17 in the pIRES2-DsRed-
Express-ureF group increased significantly. So the concen-
tration of TNF-a increased from 2500 ng/mL to 7870 ng/mL
(three folds), and the concentration of IL-17 increased from
1800 ng/mL to 19,800 ng/mL (11 folds). However, there are no
appreciable increases in IL-4 serum levels across all groups
(Figure 2). The primary immune reaction subtype is probably
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Fig 1. (A) Single colonies of transformed bacteria containing plasmid with uref gene; Non-growth of vector-free cells in agar medium contain-
ing the antibiotic kanamycin (negative control); Preparation of matrix from a number of selected colonies. (B) Validation of 805 base
pairs of ureF gene in H. pylori genome by PCR test, 1: DNA markerlll, 2: 805 base pairs of ureF gene, 3: Negative control; (C) the
successful production of the recombinant plasmid. 1: DNA markerlll, 2: recombinant plRES2-DsRed-Express-ureF before digestion,
3: recombinant pIRES2-DsRed-Express-ureF after digestion; (D) Expression of recombinant pIRES2-DsRed-Express-ureF in protein
level. 1: Protein marker, 2: Negative control; 3 and 4: pIRES2-DsRed-Express-ureF.

a combined pattern of T helper (Th)1 and 2 cells, but with
polarization to the Th2 profile after vaccination, according to
the IgG1 and IgG2a reactions and dynamic changes in cyto-
kine levels (Figure 2).

3.3. The transcription level of cytokines increased in the
spleen and small intestine

The quantity of cytokine transcription in the spleen and
small intestine was assessed using a quantitative real-time
PCR technique. In the spleen of pIRES2-DsRed-Express-
ureF vaccination groups, the IL-17 and TNF-a transcription
levels were significantly higher than those in other groups
(Figure 3a). Also, in small intestine tissue, real-time PCR

findings from the pIRES2-DsRed-Express-ureF vaccina-
tion groups showed significantly different levels of IL-17 and
TNF-a gene expression from the other groups, and these
results were also consistent with ELISA (Figure 3b). IL-4 and
IFN-y transcription levels were not considerably different in
the pIRES2-DsRed-Express-ureF group and other groups.
After the final immunization, blood samples from the animals
were obtained and submitted to flow cytometry to determine
the peripheral T-cell subpopulations. The DNA vaccines,
except for the pIRES2-DsRed-Express-urefF group, increase
the proportions of CD3*, CD4*, and CD8* T-cell subgroups in
the inoculated mice compared to the other group. As a result,
the H. pylori DNA vaccine stimulates the Th cell response
and changes the Th1 pro-inflammatory response into the Th2
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Fig 2. An analysis of the immunological responses and suppressive effects of splenic T-cells induced by H. pylori DNA immunizations.
(A) ELISA measured serum IgG 1 and IgG2a concentrations in several groups of vaccinated mice. (B) ELISA measurements of TNF-aq,

IFN-y, IL-4, and IL-17 relative levels and concentrations in different mouse immunization groups. *P<0.05, **P<0.01, ***P<0.001 and
ns: not significant.
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Fig 3. Cytokine levels were found in the small intestine (A) and spleen (B) of the control and immunized groups. (C) Peripheral CD3*, CD4",
and CD8" T-cell subpopulations in vaccinated mice were analyzed by flow cytometry. The immunization against pIRES2-DsRed-
Express-ureF suppresses the invasion and growth of cancerous cells in the culture. (D) The MTT test examined the growth indices
of three groups of AGS and MKN28 cells. Compared to the control group, the growth rate in the pIRES2-DsRed-Express-ureF group
was considerably reduced. (E) Cell cycle regulation in cells was investigated using flow cytometry. Compared to the control group, the
pIRES2-DsRed-Express-ureF vaccination group showed an increase in GO/G1 reduction in the proportion of the S phase to the G2/M
phase. (F) The proportion of apoptotic cells was higher in the pIRES2-DsRed-Express-ureF vaccination group. *P<0.05, **P<0.01,

and ns: not significant.

anti-inflammatory reaction. This imitates the immunological
state of animals with chronic H. pylori infection while encour-
aging TNF-a production and T-cell proliferation (Figure 3c).

3.4. The pIRES2-DsRed-Express-ureF vaccine
suppresses malignant cell proliferation and invasion

The impact of pIRES2-DsRed-Express-uref vaccination on
AGS and MKN28 cell proliferation was assessed using MTT.
All pIRES2-DsRed-Express-ureF vaccine groups showed a
substantial reduction in the growth rate of AGS and MKN28

cancer cells (P < 0.001), and there was a significant variation
between the growth percentages of the control and pIRES2-
DsRed-Express-ureF vaccine groups (Figure 4a). An Annexin
V-PI staining procedure was utilized to look at any differences
in apoptosis between the experimental groups. Accelerated
cell proliferation was related to cell cycle progression. Cell
cycle control in the groups that had received vaccinations was
investigated using flow cytometry. Compared to the control
groups, pIRES2-DsRed-Express-ureF-vaccinated cells had
higher GO/G1 and lowered S phase to G2.M phase ratios.
These results showed that pIRES2-DsRed-Express-ureF
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vaccination prevented cell cycle progression (Figure 4b). The
ratios of early, late, necrotic, and surviving cells are shown in
Figures 4c and d. The percentage of necrosis, late apoptosis,
and early apoptosis in the control cells was <10%. Over 90%
of the rates in control groups had viable cells. In AGS cells,
the apoptosis percentages for pIRES2-DsRed-Express-ureF
and pIRES2-DsRed-Express were 57.18% and 17.18%,
respectively. In MKN28 cells, pIRES2-DsRed-Express-uref
and pIRES2-DsRed-Express triggered 54.82% and 12.12%
apoptosis (Figures 4c and d).

AGS and MKN28 cell proliferation was decreased by
pIRES2-DsRed-Express-ureF vaccination, as shown by
colony formation assay and CCK-8 test (Figures 4e and
f). According to the transwell invasion test analysis, the
pIRES2-DsRed-Express-ureF vaccination decreased the
amount of invading AGS and MKN28 cells, while con-
trol groups had the opposite impact (Figures 4g and h).
As a result, in vitro immunization using pIRES2-DsRed-
Express-ureF prevented AGS and MKN28 malignant cells
from proliferating and invading.

3.5. In vitro and in vivo anticancer effect of H. pylori
pIRES2-DsRed-Express-ureF vaccine

Immunomagnetic beads were utilized to separate the
H. pylori pIRES2-DsRed-Express-ureF vaccine from the
inoculated mice. These effector cells were co-cultured with
two different types of GC cells (the MKN28 and AGS cell
lines) to confirm the in vitro anticancer impact. Since GC and
H. pylori infection are closely related, different CD3* T lym-
phocytes were mixed in equal amounts. In vitro co-cultures of
CD3* T cells of various compositions are performed with the
MKN28 and AGS cell lines. Figure 5a shows that pIRES2-
DsRed-Express-ureF immunotherapy groups had more
potent inhibitory effects in both GC cell lines when compared
to the control (P < 0.01). The most considerable inhibitory
effects on MKN28 (81.6 + 1.3%) and AGS (88.9 + 2.3%)
cells are shown by the combined CD3* T cells from the target
group. Additionally, the CD3* T cells from the pIRES2-DsRed-
Express-urefF group significantly inhibit cancer growth in the
two GC cell lines.

The BALB/c mice are transfused with adoptive CD3* T
cells after being overburdened with GC cells. Compared
to the PBS control, tumor growth is inhibited in the immu-
notherapy treatments with increased tumor necrosis
and decreased tumor size and weight (Figure 5b). The
mice’ body weight did not differ considerably across the
groups (Figure 6a). Early on day 9 following CD3* T-cell
transfer, the tumor size changed, indicating the anti-GC
impacts of the H. pylori vaccine-activated T cells. These
effects persisted for at least another week (Figure 6b).

When compared to the control group, the tumor volume
in the plIRES2-DsRed-Express-ureF group has signifi-
cantly decreased (Figure 6¢). According to the changes in
tumor size at day 15, the average tumor suppression rates
for the pIRES2-DsRed-Express-ureF, plIRES2-DsRed-
Express, and PBS groups were 82.3%, 20.1%, 5.2%, and
35.8%, respectively (Figure 6d). The findings indicate that
GC development in vivo may be successfully inhibited
by adoptively transferred CD3* T cells stimulated by the
H. pylori pIRES2-DsRed-Express-ureF DNA vaccine.

3.6. Subpopulation of immune cells infiltrating tumors
after CD3* T-cell infusion

IHC was used to analyze the subtypes of infiltrated CD3*,
CD4*, and CD8* T cells in the intramuscular xenograft of
GC. The positive index and the tumor-infiltrating CD4* T-cell
concentrations in all treatment groups reveal lower levels
(P < 0.01) (Figure 7a). However, adoptive infusions of the H.
pylori DNA immunization CD3* T cells have little effect on the
infiltration of CD8* T cells in the malignant tissues. In line with
this, the ratios of infiltrating CD8*/CD4* T cells rise dramatically
across the board for all immunotherapy groups (Figure 7b).
Additionally, compared to the PBS control, labeling of the reg-
ulating FOXP3* T (Treg) lymphocytes in the pIRES2-DsRed-
Express-ureF group is lower (Figures 7c and d). Notably,
neither the proportions of infiltrating CD86* macrophages nor
the infiltrations of CD68* macrophages (Figures 7c and d),
CD86* M1 macrophages (Figures 7e and f), CD56* NK cells
(Figures 7e and f), or CD68* macrophages, indicate signifi-
cant alterations.

3.7. Apoptosis and anti-apoptosis mechanisms promot-
ed by H. pylori pIRES2-DsRed-Express-ureF vaccine

Several essential signaling molecules that are strongly con-
nected with the apoptosis and anti-apoptosis mechanisms
in GC are identified by Western blotting to recognize fur-
ther the molecular intermediaries implicated in the antican-
cer activity of adoptive immunotherapy using the H. pylori
pIRES2-DsRed-Express-ureF vaccine. Comparatively,
to the controls, Survivin is considerably down-regulated
in all pIRES2-DsRed-Express-urefF groups. Caspase-9
and Caspase-3 were dramatically upregulated in the
cplRES2-DsRed-Express-ureF group. Infusion of the H.
pylori pIRES2-DsRed-Express-ureF DNA vaccine has no
discernible effect on Caspase-8 expression (Figure 8),
indicating that upregulation of Caspase-9/Caspase-3 and
downregulation of Survivin following adoptive transfusions
of the H. pylori pIRES2-DsRed-Express-ureF vaccine may
improve cellular apoptosis.
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overall surviving (OS) in curatively excised GC. These stud-
ies show that the median RFS and OS for patients with H.
pylori-GC are 57 months and 62 months, respectively, as
opposed to 19 months and 20 months for patients without
H. pylori-GC. Patients with H. pylori-GC and those without it
had 5-year survival rates of 57.0% and 24.0%, respectively
(Meimarakis et al. 2006; Marrelli et al. 2009). Some retrospec-
tive investigations support the importance of the presence of
H. pylori as a helpful predictive factor, whereas others do not
(Li et al. 2013; Kolb et al. 2017).

The pooled relative risk for OS in patient populations with H.
pylori-GC compared to those with non-H. pylori-GC is 0.71
(95% CI:0.57-0.87; P=0.001), as demonstrated by the meta-
analysis of 12 studies involving 2454 sick people. This finding
suggests that H. pylori infection plays a defensive function in
the prognosis of GC (Wang et al. 2013). Additionally, in the
later stages, individuals with H. pylori-GC had longer median
OS and a more significant response to chemotherapy than
patients without H. pylori-GC (Choi et al. 2012).

The causes of the disparate outcomes between H. pylori-GC
and non-H. pylori-GC individuals are yet unknown. Some
researchers have hypothesized that the increased microsat-
ellite instability brought on by H. pylori infection may enhance
the prognosis of GC (Kim et al. 2016; Piri-Gharaghie et al.
2022c). Additionally, H. pylori infection has been shown to
inhibit constitutive production of the monocyte migration inhib-
itory factor, a possible risk factor for poor survival rates and
advanced tumor phases in GC (He et al. 2015). Anti-urease
antibodies may facilitate the death and even limit the spread-
ing of cancerous cells in an autoimmune response because
urease mimics and binds to specific ligands or surface pro-
teins on gastric epithelial cells and platelets (Scopel-Guerra
et al. 2017). Along with increasing the ability to promote
antigen processing and presentation, T-cell stimulation and
proliferation, and improved antitumor reaction, H. pylori infec-
tion stimulates monocytes, macrophages, and dendritic cells.
Furthermore, it has been suggested that H. pylori-GC may
boost the anticancer immune reaction (Larussa et al. 2015).

Here, DNA vaccines targeting the primary virulence genes
(ureF) of H. pylori are developed and utilized to immunize
mice against H. pylori-GC. To guarantee good imitation, many
techniques are used (Piri-Gharaghie et al. 2022a, 2022b).
First, DNA vaccines containing the ureF gene are introduced
into a vector to prevent product toxicity. Second, to assess
the kind and potency of the immune response brought on by
the H. pylori vaccines, both the IgG subclasses and the Th1
and Th2 reactions are dynamically assessed after vaccina-
tion. ureF is only one of several H. pylori virulence factors that
might cause the development of related antibodies. However,
compared to the humoral immune reaction by B cells, the
T-cell response often has a more significant anticancer effect.
Since H. pylori infection is most directly related to the devel-
opment of GC, the splenic CD3* T cells generated by DNA

vaccines are categorized and employed for adoptive transfu-
sion to simulate that immunological condition.

A Th1-type response is often induced by acute H. pylori
infection. It is primarily responsible for the increased release
of IFN-y, which causes severe inflammation and cellular
damage in the stomach. Despite some contradicting results
on the allegedly protective effect of the Th1 reaction, the
Th2 response suppresses gastritis generated by pro-inflam-
matory cytokines and regulates H. pylori infection, showing
the favorable involvement of the Th2 response in avoiding
H. pylori-related illnesses (Wang et al. 2007; Xue et al. 2019).
Although polarization from the Th1 to Th2 responses has a
more significant role during chronic infection, carcinogen-
esis, and the development of H. pylori-GC, the Th1-biased
immune reaction is known to be produced early by H. pylori
infection. Previous identification in H. pylori-GC patients sup-
ports the growth tendency of IL-4 and IL-10 secretion and
the lowering trend of the 19G1/IlgG2a proportion (Wang et al.
2007; Xue et al. 2019).

As a result, DNA vaccination causes a switch from Th1 to
Th2 responses, which closely resembles the host’s shifting
immunological state in GC with persistent H. pyloriinfection.
In order to imitate the changes in TNF expression brought
on by H. pylori infection in patients with chronic gastroen-
teritis, intestinal metaplasia, dysplasia, and GC, the raised
TNF level is seen following vaccination (Martinez-Becerra
et al. 2012; Ghajari et al. 2021). Additionally, H. pylori
DNA vaccines cause regional CD3*CD4* and CD3*CD8*
T lymphocytes to proliferate significantly in mice. This
increased proliferation and the effector functions of stimu-
lated CD3* T cells likely reduce tumor development and
improve the prognosis for H. pylori-GC. In a mouse model
with tumors, the vaccine-activated splenic CD3* T cells are
separated, co-cultured with GC cell lines, and given adop-
tive transfusions. The mean tumor inhibition percentages
are 35.8-72.3% in vivo and 77.6—4.7% in vitro, confirm-
ing the anticancer activity of the H. pylori pIRES2-DsRed-
Express-ureF vaccine.

Several pathways have been proposed to explain the anti-
GC functions of CD3* T lymphocytes generated by H. pylori
vaccinations. Investigations have been made on the modifi-
cations in the immune response of the infiltrating T-cell sub-
populations (van den Engel et al. 2006; Xue et al. 2019). In
this research, adoptive T-cell transfusions resulted in a con-
siderable reduction in the infiltration of CD4* T cells while
leaving little to no change in the infiltration of CD8* T cells,
CD56* NK cells, CD68* monocytes, or CD86* M1 macro-
phages. Accordingly, the proportions of the infiltrating CD8*/
CD4* T cells rise, indicating that CD8* T-cell-dominated
polarization is generated and that the particular antitumor
actions help improve prognosis. The identification and inter-
action between antigens and T cell ligands also play a crucial
role in T cells’ proliferation and anticancer actions (TCRs).
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Therefore, it may be assumed that the previously described
cross-reaction among GC and H. pylori proteins exists.
Enhanced cancer cell death by the homed-activated lympho-
cytes may potentially be caused by an autoimmune pathway,
although further research is required to confirm this (Baldari
et al. 2005; Xue et al. 2019). The FOXP3* Treg cells, which
can block a range of immunological responses, are crucial
intermediaries of tumor cell tolerance (Shen et al. 2010).
Since adoptive immunotherapy reduces the percentages
of FOXP3* T cells in this research, transfusion of CD3*
T cells triggered by the H. pylori vaccinations likely lowers
the growth or infiltration of Treg cells and, consequently, the
Treg-induced immunological tolerance as well (Zhang et al.
2014). Additionally, apoptosis is encouraged following CD3*
T-cell transfusion, probably due to an increase in Caspase-9/
Caspase3 and a decrease in Survivin, two factors strongly
related to the development, infiltration, and migration of GC
(Li et al. 2017).

5. Conclusion

The DNA vaccines presented here differ from most previ-
ously reported vaccinations used to prevent infection since
they are deliberately designed to imitate the immunological
status generated by chronic H. pylori infection. This is done to
overcome the limitations. Although they may not provide the
highest immunological response, our vaccines and combina-
tion vaccination techniques are explicitly developed for this
reason. To study how the H. pylori-induced T cell reactions
affect the development of GC, activated CD3* T cells are
infused into GC-bearing mice models. It is not comparable
to the more challenging condition of a naturally occurring H.
pylori-GC. Therefore, further research is required to examine
the host as well as the immunogens of H. pylori. To confirm
the molecular basis of the particular anticancer actions of
activated T cells, it is first necessary to identify the TCR gene
spectrum of lymphocytes infiltrated by tumors and compare it
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TK_PA_terminator

ORF frame 3
NeoR/KanR
ORF frame 1

Narl (3288)
Clal (3128)
SV40pro_F_primer
SV40_origin
SV40_promoter
SV40_snhancer
pBABE_3_primer
AmpR_promoter

Fig S1. Schematic illustration of plRES2-DsRed-Express plasmid.
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Smal (358)
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Pmil (883)

dsRed1_N_primer
ORF frame 1
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DsRed_Express
dsRed1_C_primer
Notl (1932)

Xbal (1942)

Hpal (2051)
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TAGCGGTTTG
TGGGAGTTTG
ACAACTCCGC
GTCTATATAA
CCGGACTCAG
TGAAAAGCAC
GACAATAATG
CAATGATGCG
AAACTTATAT
TATTTAAAAG
CTTGAAATTA
TAGGGGTTGA
TTAGCCAATC
GAACGAATTA
AAGATCCCAC
ATGGAATTGA
CATGGTGATC
AAAAAATCTT
ACCCTAGAAC
CATTAAGGCG
GAATTTTAGA
CGGGATCCGC
GCTTGGAATA
TTGCCGTCTT
GACGAGCATT
TGTTGAATGT

ACAACGTCTG
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ACTCACGGGG ATTTCCAAGT CTCCACCCCA TTGACGTCAA
TTTTGGCACC AAAATCAACG GGACTTTCCA AAATGTCGTA
CCCATTGACG CAAATGGGCG GTAGGCGTGT ACGGTGGGAG
GCAGAGCTGG TTTAGTGAAC CGTCAGATCC GCTAGCGCTA
ATCTCGAGGA AAAATAACAG AATGGATAAA GGAAAAAGCG
TGAAAAAAGC GTGGGTATGC CCCCAAAAAC CCCAAAGACA
TCAATAGTCA TGTAGATAAT GAATTTCTGA TCTTGCAAGT
GTGTTCCCCA TTGGATCTTA CACACATTCT TTTGGGCTAG
CCAGCAAAAA AAGGTTAGCA ATAAAGAAAG CGCTTTAGAG

CCAATCTTTC TAGCCAGTTC CTTTACACGG AAATGCTGAG

ACCTATGAAA
AGAAATGGTT
AAAAGCTAGG

GACATGGGTG

GCACCCTCCA ACAAGATTTA AAAAAAATCT
AGGCTATCCA CAAGCCCCAT GGAATTACGA
CAATCGTTTC ATTAAAACCT TACAAGCCAT

CATTTTTTAA CGTTACGCT CAACAAACCA

CCATGCCACT AGCTATGGCG TTTTTGCGGC GAGTTTGAAT

AAAAGGCTTT AAGGCATTAT CTTTATGCAC AAACTTCTAA

AACTGCGTTA AAAGCGTCCC ACTATCTCAA AACGACGGGC
ATTGAGCTTG CAAACCCTT TTAACCAGCT CATAGAAAAA
TAGACGAAAG CCACCTATGC GCGGCAAGCG TTCAAAACGA
ATGCAGCATG AGAGTTTATA CTCGCGCCTT TATATGTCTT
GCTCAAGCTT CGAATTCTGC AGTCGACGGT ACCGCGGGCC
CCCTCTCCCT CcCcccccCcCC TAACGTTACT GGCCGAAGCC
AGGCCGGTGT GCGTTTGTCT ATATGTTATT TTCCACCATA

TTGGCAATGT GAGGGCCCGG

AAACCTGGCC CTGTCTTCTT

CCTAGGGGTC TTTCCCCTCT CGCCAAAGGA ATGCAAGGTC
CGTGAAGGAA GCAGTTCCTC TGGAAGCTTC TTGAAGACAA

TAGCGACCCT TTGCAGGCAG CGGAACCCCC CACCTGGCGA

Fig S2. DNA sequence of ureF target gene inserted into pIRES2-DsRed-Express vector.
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Fig S3. Single colonies of transformed bacteria containing plasmid with ureF gene; Non-growth of vector-free cells in agar medium contain-

ing the antibiotic kanamycin (negative control); Preparation of matrix from a number of selected colonies.

Table S1. The number of mice used in this experiment

Group number

Injection composition

Number of mice

Average weight of mice

Type of injection

Time of injection (Day)

1 pIRES2-DsRed-Express-ureF 20 19.7+0.5 IM 0,15,30
2 pIRES2-DsRed-Express 20 182+0.7 IM 0,15,30
3 PBS 20 19.4+0.68 M 0,15,30
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