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ABSTRACT
Most of gastric carcinoma (GC) is attributed to infection by Helicobacter pylori (H. pylori) but there is
increasing evidence that the positive H. pylori status correlates with better prognosis in GC. The H. pylori-
induced cellular immune response may suppress cancer and in this work, recombinant pcDNA3 plasmids
encoding various fragments of H. pylori virulence genes of cagA, vacA and babA are constructed and
combined into groups to immunize BALB/c mice. The activated splenic CD3+ T cells are purified and the
anticancer effects are investigated in vitro and in vivo. The H. pylori DNA vaccines induce a shift in the
response from Th1 to Th2 that mimicks the immune status in patients of GC with chronic H. pylori
infection. The stimulated CD3+ T cells inhibit the growth of human GC cells in vitro and adoptive
transfusions of the CD3+ T cells suppress the growth of GC xenograft in vivo. The effects may be caused
by the larger ratios of infiltrated CD8+/CD4+ T cells, reduced infiltration of regulatory FOXP3+ T cells, and
enhanced apoptosis induced by upregulation of Caspase-9/Caspase-3 and downregulation of Survivin.
Our results reveal the potential immunotherapeutic value of H. pylori vaccine-activated CD3+ T cells in
those with advanced GC.
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Introduction

Gastric carcinoma (GC) leads to high world-wide morbidity
and mortality rates and over 80% of the global GC burden is
attributed to infection of Helicobacter pylori (H. pylori) that
has been classified as a type 1 carcinogen by the International
Agency for Research on Cancer.1-3 The cytotoxin-associated
gene A (CagA) and vacuolating toxin A (VacA) are key
virulence factors of H. pylori and determine the infection
type I (CagA+, VacA+) or II (CagA−, VacA−).4 Another viru-
lence factor, the blood-group antigen-binding adhesin (BabA)
as an outer membrane protein, can mediate the adherence
and localization of H. pylori subsequently inducing mucosal
inflammation and preneoplastic lesions in the stomach.5,6 The
H. pylori strains with specific genotype of triple-positive
babA2, vacAs1, and cagA exhibit significant correlation with
intestinal metaplasia and prevalence of GC.7,8

The majority of data suggest that H. pylori causes inflam-
mation, ulcers, atrophy, and even carcinoma of the
stomach.9,10 However, there is new evidence of a new link
between H. pylori infection and better outcome in GC patients
and increasing interest to uncover the other role of H. pylori
being a friend rather than a foe.11-16 Besides participating in
pathogenesis, many virulence factors including CagA, VacA,

and BabA are still strong immunogens and stimulate persis-
tent nonsterile immunity in the host even throughout a -
lifetime.17,18 The H. pylori-activated immune responses have
been suggested to improve prognosis in patients with GC and
activated T cells may play more critical roles than antibodies
induced by activated B-cells in the battle against cancer.18-21

Herein, we mimick the immune status of chronic H. pylori
infection to study the H. pylori vaccine-induced immunother-
apeutic effects in GC. Plasmid vaccines encoding various
fragments of cagA, vacA and babA genes are constructed
and combined into groups to immunize BALB/c mice. The
activated CD3+ pan-T cells are purified from the spleen of
immunized mice and their anticancer effects are assessed
in vitro and in vivo. Our results show that the H. pylori
vaccine-activated CD3+ T cells inhibit the growth of cancer
cells and have large potential in immunotherapy of GC.

Results

Construction of H. pylori DNA vaccines

Since the cagA, vacA, and babA genes are toxic to animals, we
amplified the truncated fragments containing cagA 1–3 (c-1, c-2
and c-3), vacA 1–2 (v-1 and v-2), and babA 1–2 (b-1 and b-2) by
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the polymerase chain reaction (PCR) that was used to construct
the DNA vaccines (Figure 1(a)). All the gene fragments are
identifed by 1% agarose gel electrophoresis using molecular
weight marker standards (Figure 1(b)). After inserting into the
pMD18-T plasmid by the T-A cloning technique, the gene frag-
ments with the correct sequences confirmed byDNA sequencing
are sub-cloned into the pcDNA3 vector. The various recombi-
nant pcDNA3 plasmids are transiently transfected into HEK
293-T cells and the expression of target proteins encoded by
corresponding inserted genes is verified by Western blotting
analysis (Figure 1(c)). Therefore, the pcDNA3 plasmid vaccines
expressing the mentioned 7 fragments of H. pylori cagA, vacA
and babA genes are successfully constructed.

Immune response induced by H. pylori DNA vaccines

All the recombinant H. pylori DNA vaccines are inoculated
into the BALB/c mice and the strength and subtypes of the
corresponding immune responses are evaluated. The enzyme-
linked immunosorbent assay (ELISA) was adopted to detect
both the IgG subclasses and the levels of interleukin (IL)-2,
IL-4, IL-6, IL-10, IL-12, interferon (IFN)-γ, and tumor necro-
sis factor (TNF)-α in the serum of immunized mice. After the
last immunization, the IgG1 and IgG2a levels are elevated
notably by 2.1 to 3.1 times and 4.2 to 5.4 times in the
vaccinated groups, respectively. The IgG1/IgG2a ratio
decreases by about 50% following immunization of the
H. pylori DNA vaccines indicating a stronger IgG2a response
induced by the DNA vaccines (Figure 2(a)). The cytokine
response to the vaccines is also evaluated. The serum IL-2
and IFN-γ concentrations are reduced by nearly 50% and
95%, respectively, in all vaccinated groups. After vaccination,
the TNF-α levels increase by 3.4 to 6.8 times compared to the

baseline. The IL-4 and IL-10 levels of the 7 immunized groups
also increase by 1.4 to 2.1 and 3.4 to 13.3 times, respectively.
The IL-12 levels increase only in C1, C3 and V2 groups by 2.6
to 4.1 times. However, serum levels of IL-6 in all groups and
IL-12 in C2, V1, B1 and B2 groups show no significant
changes (Figure 2(a)). Based on the IgG1 and IgG2a responses
and dynamic changes of IL-2, IL-10 and IL-4 concentrations,
the major immune response subtype is likely a mixed pattern
of T helper (Th) 1 and 2 cells but with polarization to the Th2
pattern following vaccination (Figure 2(b)).

To identify the peripheral T-cell subpopulations, blood
samples taken from animals after the last vaccination were
subjected to flow cytometry. Compared to the group of vehi-
cles, the proportions of CD3+, CD4+, and CD8+ T-cell sub-
groups in the immunized mice are elevated by the DNA
vaccines except the c-1 group (Figure 2(c)).

Therefore, H. pylori DNA vaccination activates the Th cell
response and converts the Th1 pro-inflammatory to Th2 anti-
inflammatory response. This basically mimics the immune
status of hosts with chronic H. pylori infection and also
promotes TNF-α secretion and T-cell proliferation.

In vitro anticancer effect of H. pylori vaccine-activated
CD3+ T cells

To verify the in vitro anticancer effect, H. pylori vaccine-activated
splenic CD3+ T cells were purified from the immunized mice by
immunomagnetic beads and used as the effector cells and co-
cultured with two kinds of GC cells, SGC 7901 and MGC 80–3
cell lines, respectively. Considering the close relationship between
GC and H. pylori infection of type 1 (CagA+, VacA+), various
CD3+ T cells were combined at equal ratios into 4 experimental
groups: c + b (c − 1 + c −2 + c − 3 + b-1 + b − 2), v + b

Figure 1. Construction of H. pylori DNA vaccines. (a). Schematic diagram of H. pylori virulence genes of cagA, vacA and babA and truncated fragments with the loci of
corresponding primer pairs. (b). Electrophoretic analysis of the PCR products of the 7 target fragments by separation of a 1% agarose gel. (c). Western blot analysis of
the expression of recombinant plasmid vaccines including pcDNA3-c1, pcDNA3-c2, pcDNA3-c3, pcDNA3-v1, pcDNA3-v2, pcDNA3-b1, and pcDNA3-b2, in transiently
transfected HEK 293-T cells.
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(v−1+v−2+b−1+b−2), c+v(c−1+c−2+c−3+v−1+v−2)
and c + v + b (c − 1 + c − 2 + c − 3 + v − 1 + v − 2 + b − 1 + b − 2).
The SGC 7901 and MGC 80–3 cell lines are co-cultured in vitro
with differently combinedCD3+T cells fromgroups of c + b, v + b,
c + v and c + v + b, respectively.

All the immunotherapy groups exhibit enhanced inhibitory
effects compared to the pcDNA3 vehicle control
(23.5 ± 10.3%; 19.2 ± 10.8%) in both GC cell lines
(P < 0.01) (Figure 2(d)). The combined CD3+ T cells from
the c + v + b group show the highest inhibitory effects in both
SGC 7901 (77.6 ± 4.7%) and MGC 80–3 (63.9 ± 11.0%) cells.

Moreover, the CD3+ T cells from the c + v (70.7 ± 5.5%;
61.2 ± 8.1%), c + b (53.9 ± 7.4%; 47.2 ± 5.4%), and v + b
(50.7 ± 5.6%; 49.8 ± 7.4%) groups exhibit significant antic-
ancer effects in the two GC cell lines.

In vivo anticancer effect of H. pylori vaccine-activated
CD3+ T cells

The nude BALB/c mice are burdened with SGC 7901 cells and
undergo adoptive CD3+ T-cell transfusion. Tumor growth in the

Figure 2. Evaluation of the immune responses and inhibitory effects of splenic T-cells elicited by H. pylori DNA vaccines. (a). Serum IgG1 and IgG2a levels and the
relative ratios and concentrations of TNF-α, IFN-γ, IL-2, IL-4, IL-6, IL-10 and IL-12 assessed by ELISA in various groups of immunized mice. (b). Dynamic changing
curves of serum IL-2 and IL-4 from 0 to 6 weeks after vaccination determined by ELISA. (c). Subpopulations of peripheral CD3+, CD4+ and CD8+ T-cells in immunized
mice evaluated by flow cytometry. (d). Inhibitory rates of H. pylori-activated splenic T-cells on SGC 7901 and MGC 80–3 cell lines cultured in vitro. **, P < 0.01 and *,
P < 0.05.
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immunotherapy groups is suppressed with more tumor necrosis
as well as smaller tumor volume and weight than the vehicle
control (Figure 3(a-c)). In all the groups, the mouse body weight
does not change significantly (Figure 3(d)). The anti-GC effects of
theH. pylori vaccine-activatedT-cells are discernible asmanifested
by the change in the tumor volume early at day 8 after CD3+ T-cell
transfer and continue to be enhanced for at least one more week
(Figure 3(b)). The decrease in the tumor weight in the groups of
c + v and c + v + b is significant compared to the vehicle control
(Figure 3(c)).

The mean tumor inhibition rates of the c + v, c + v + b, c + b,
and v + b groups based on the changes in the tumor volume

at day 14 reach 72.3%, 66.8%, 45.0%, and 35.8%, respectively,
which are significantly higher than that of the vehicle control
group (Figure 3(e)). The results suggest that adoptive transfu-
sions of CD3+ T cells activated by the H. pylori DNA vaccines
effectively inhibit the growth of GC in vivo.

Subpopulation of tumor-infiltrated immune cells after
CD3+ T-cell transfusion

The subgroups of infiltrated CD3+, CD4+ and CD8+ T cells in
the subcutaneous xenograft of GC are examined by immuno-
histochemistry (IHC) and the positivity index and the tumor-

Figure 3. In vivo anticancer effects of splenic T-cells activated by H. pylori vaccines. (a). Representative tumor nodules excised from GC-bearing mice after adoptive
T-cell transfusions. (b). Volume curves of tumor nodules in mice from 0 to 14 days after T-cell transfusions. (c). Average weights of tumor nodules removed from the
mice. (d). Curves of body weight change of mice from 0 to 14 days after adoptive transfusions. (e). Tumor inhibition rates in the different experimental groups. **,
P < 0.01.
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infiltrated CD4+ T cells in all immunotherapy groups show
decreased levels (P < 0.01) (Figure 4(a)). However, infiltration
of the CD8+ T cells in the cancerous tissues appears to be
almost unaltered by adoptive transfusions of the H. pylori
DNA vaccine-activated CD3+ T cells. Correspondingly, the
ratios of the infiltrated CD8+/CD4+ T cells of all the immu-
notherapy groups increase significantly (Figure 4(b)). In addi-
tion, staining of the regulatory FOXP3+ T (Treg) cells in the
experimental groups decreases compared to the vehicle con-
trol (Figure 4(c,d)). Notably, neither the infiltrations of
CD56+ natural killer (NK) cells (Figure 4(e,f)), CD68+ macro-
phages, and CD86+ M1 and CD163+ M2 macrophages nor the
ratios of infiltrated CD163+/CD86+ macrophages show signif-
icant changes (Figure 4(g,h)).

Apoptosis and antiapoptosis pathways induced by
H. pylori vaccine-activated CD3+ T cells

To further identify the molecular mediators involved in the
anticancer effects of adoptive immunotherapy using H. pylori
vaccine-activated CD3+ T cells, several major signaling mole-
cules known to be closely associated with the apoptosis and
antiapoptosis pathways in GC are detected by Western
blotting.22-24 Caspase-9 and −3 in the c + v + b and c + v
groups are significantly up-regulated, while Survivin in all the
immunotherapy groups is significantly down-regulated com-
pared to the vehicle control. The expression of Caspase-8 is
not influenced significantly by infusion of the H. pylori DNA
vaccine-activated CD3+ T cells (Figure 5), suggesting that
cellular apoptosis in the xenograft of GC may be enhanced

Figure 4. Assessment of infiltrated immune cell subpopulations in the xenograft tumor after adoptive T-cell transfusions. (a). Representative stains of the infiltration
of CD4+ and CD8+ T cells. Magnification, 20 × . (b). Positivity index and CD8+/CD4+ ratios of the infiltration of T cells in various groups. (c). Representative stains of
the infiltration of FOXP3+ T cells. Magnification, 20 × . (d). Positivity index of the infiltration of FOXP3+ T cells. (e). Representative stains of the infiltrated CD56+ NK
cells. Magnification, 40 × . (f). Positivity index of the infiltration of CD56+ NK cells. (g). Representative stains of the infiltrated CD68+ macrophages (Magnification,
20 ×), and CD86+ M1 and CD163+ M2 macrophages (Magnification, 40 ×). (h). Positivity index of the infiltrations of CD68+, CD86+ and CD163+ macrophages and
CD163+/CD86+ ratios of the infiltration of macrophages in various groups. **, P < 0.01 and *, P < 0.05.
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by upregulation of Caspase-9/Caspase-3 and downregulation
of Survivin after adoptive transfusions of the H. pylori vac-
cine-activated CD3+ T cells.

Discussion

Clinical data show that GC patients with positive H. pylori
infection (Hp-GC) tend to have better outcome than those
with negative H. pylori infection (nHp-GC), regardless of
whether they receive surgery or not.11-16,25-27 The chronic
infection status and immune response induced by H. pylori
may favorably affect progression and prognosis of GC after
the bacteria have initially led to carcinogenesis.20,21,28 The
objective of this study is to verify this possibility and explore
the associated molecular mechanisms.

The association between seronegative H. pylori status and
poor outcome in resected GC patients by univariate analysis
was reported in 1995.29 In 2006 and 2009, two large prospec-
tive trials performed in Germany and Italy confirmed the
beneficial prognostic role of the positive H. pylori status for
longer relapse-free survival (RFS) and overall survival (OS) in
curatively resected GC. According to these studies, the med-
ian RFS and OS in Hp-GC patients are 56.7 and 61.9 months,
respectively, compared to 19.2 and 19.2 months in nHp-GC
patients. The 5-year survival rates are 57.0% versus 24.0% for
Hp-GC and nHp-GC patients, respectively.14,15 Some retro-
spective studies confirm the role of the positive H. pylori
status as a beneficial predicative factor, but several reports
do not.11-13,16,25,30-35 As shown by the meta-analysis of 12
studies including 2454 patients, the pooled hazard ratio is
0.71 (95%CI: 0.57–0.87; P = 0.001) for OS in patients with
Hp-GC compared to those with nHp-GC, thereby suggesting
a protective role for H. pylori infection in the prognosis of
GC.27 In addition, patients with Hp-GC in the advanced
stages show better response to chemotherapy besides longer
median OS compared to those with nHp-GC.26

However, the reasons for the different outcome of Hp-GC
and nHp-GC patients are still unclear. Some investigators

have suggested that the increased microsatellite instability
caused by H. pylori infection may improve the prognosis of
GC but others have presented conflicting findings.36-39

Furthermore, H. pylori infection has been reported to sup-
press constitutive secretion of the macrophage migration inhi-
bitory factor (MIF), a potential negative prognostic factor
associated with the advanced tumor stages and poor patient
survival in GC.40,41 Because CagA, VacA, and BabA mimic
and bind to specific receptors or surface molecules on gastric
epithelial cells and platelets, anti-CagA, anti-VacA, and anti-
BabA antibodies may mediate killing and even suppress
metastasis of cancer cells in an autoimmune reaction.28 In
addition, H. pylori infection activates monocytes, macro-
phages, and dendritic cells correlating with increased capacity
to stimulate antigen processing and presentation as well as
T-cell activation and proliferation to raise the antitumor
response besides just inflammation in the host.18-20,40

Therefore, it has been postulated that the anticancer immune
response may be promoted in Hp-GC.

Herein, to verify the anticancer role of immune responses
in Hp-GC, DNA vaccines targeting the major virulence genes
(cagA, vacA and babA) of H. pylori are constructed and used
to immunize mice to mimic the immune responses caused by
chronic H. pylori infection. Several strategies are employed to
ensure successful mimicry. Firstly, to avoid the toxicity of the
products, the cagA, vacA, and babA genes are truncated into 7
fragments containing c-1, c-2, c-3, v-1, v-2, b-1, and b-2 as the
independent antigenic targets of DNA vaccines. Secondly,
both the IgG subtypes and Th1 and Th2 responses are dyna-
mically determined after vaccination to evaluate the category
and strength of the immune response induced by the H. pylori
vaccines. Finally, many virulence factors of H. pylori including
CagA, Vac,A and BabA can evoke the production of asso-
ciated antibodies. However, the T-cell response usually plays
a more critical anticancer role than the humoral immune
response induced by B cells.20,21 Hence, the splenic CD3+

T cells activated by the DNA vaccines are classified into 4
groups (c + b, c + v, v + b, and c + v + b) and used for
adoptive transfusions to mimic the cellular immune status

Figure 5. Western blot analysis of apoptosis/antiapoptosis signalings including Caspase-9, Caspase-8, Cleaved Caspase-3 and Survivin in the xenograft tumor after
adoptive T-cell transfusions.
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after type Ι (CagA+, VacA+) H. pylori infection, which is most
closely associated with development of GC.4

Generally, a Th1-type response is promoted during acute
H. pylori infection and leads to serious inflammation and cellular
damage in the stomach mainly due to increased secretion of
IFN-γ.18,19,42 The Th2 response inhibits gastritis caused by Th1
cytokines and controlsH. pylori infection indicating the positive
role of the Th2 pathway in preventing H. pylori-related diseases
in spite of some conflicting data on the supposedly protective
role of the Th1 response.18-20,42,43 The Th1-biased immune
response is known to be induced early by H. pylori infection
but polarization from the Th1 to Th2 responses plays a more
important role during chronic infection and carcinogenesis and
progression of Hp-GC.21,44 Here, the increasing trend of IL-4
and IL-10 expression and decreasing tendency of IgG1/IgG2a
ratio and IL-2 and IFN-γ expressions are supported by previous
detection in Hp-GC patients.21 Thus, DNA vaccination induces
a shift from the Th1 to Th2 responses that fundamentally mimic
the changing immune status in the host of GC with chronic
H. pylori infection.21,45 The elevated TNF-α level is identified
after vaccination to mimic the changes in the TNF-α expression
induced by H. pylori infection in patients with chronic gastritis,
intestinal metaplasia, dysplasia and GC.46 In addition, the
H. pylori DNA vaccines stimulate significant proliferation of
both peripheral CD3+CD4+ and CD3+CD8+ T cells in mice
and the enhanced proliferation and effector roles of activated
CD3+ T cells are thought to likely inhibit tumor growth and
improve prognosis ofHp-GC. The splenic CD3+ T cells activated
by the vaccines are isolated and subjected to co-culturing with
the GC cell lines and adoptive transfusions in a tumor-bearing
mouse model. Significant suppression of cancer is observed and
the mean tumor inhibition rates are 35.8% – 72.3% in vivo and
77.6 ± 4.7% in vitro, indicating the anticancer effects of the
H. pylori vaccine-induced CD3+ T cells.

The anti-GC roles of CD3+ T cells activated by the H. pylori
vaccines are attributed to several mechanisms. The changes in
the infiltrated T-cell subpopulations and corresponding cellular
immune response have been investigated.20 In this study, infil-
tration of CD4+ T cells decreases significantly but those of CD8+

T cells, CD56+ NK cells, CD68+ macrophages, and CD86+ M1
and CD163+M2macrophages are almost unchanged after adop-
tive T-cell transfusions. The ratios of the infiltrated CD8+/CD4+

T cells consequently increase suggesting that CD8+ T-cell-
dominated polarization is induced, meaning that the specific
anti-tumor effects contribute to better prognosis.20,47,48 In addi-
tion, specific proliferation and anticancer effects of T cells are
primarily based on the recognition and binding between anti-
gens and T cell receptors (TCRs). Thus, a cross-reaction between
GC and H. pylori antigens reported previously can be
inferred.28,49-52 It may also be an autoimmune mechanism for
enhanced killing of cancer cells by the homed activated T cells
but further verification is needed. The FOXP3+ Treg cells that
can inhibit a variety of immune responses are important med-
iators of the tumor immune tolerance.53-55 Since the proportions
of FOXP3+ T cells decrease after adoptive immunotherapy in
this study, transfusion of CD3+ T cells activated by the H. pylori
vaccines probably suppresses proliferation or infiltration of Treg
cells and subsequently the Treg-induced immune tolerance as
well. Furthermore, apoptosis is promoted after CD3+ T-cell

transfusion possibly due to upregulation of Caspase-9/Caspase-
3 and downregulation of Survivin, which correlate closely to the
growth, invasion, and metastasis of GC.22-24

To address the limitations, the DNA vaccines described
here are specifically constructed to mimic the immune sta-
tus induced by chronic H. pylori infection (particularly of
type І) and it differs from most of the other reported
vaccines used to protect against infection. Our vaccines
and strategy of combined immunization, which may not
evoke the strongest immune response, are designed specifi-
cally for the purpose. Transfusions of activated CD3+ T cells
into the GC-bearing mouse model are used to observe the
influence of the H. pylori-induced T cell responses on pro-
gression of GC. It is not equivalent to the more complicated
situation of natural Hp-GC. Therefore, further studies are
needed to explore both the aspects of H. pylori immunogens
and the host. Firstly, the TCR gene spectrum of tumor-
infiltrated lymphocytes (particularly CD3+ T cells) needs
to be identified and compared with the epitope sequences
of H. pylori antigens to verify the molecular basis of the
specific anticancer effects of activated T cells. Secondly,
a standard mouse model with primary Hp-GC should be
established albeit with difficulties, in which natural influ-
ences of the H. pylori-related immune responses on the
prognosis of GC may be reconstructed and clarified.

Materials and methods

Vectors, cell lines and animals

The pMD18-T plasmid was a product of TaKaRa Dalian
(Dalian, Liaoning Province, China) and the pcDNA3 vec-
tor was obtained from Invitrogen (Carlsbad, CA, USA).
The HEK 293-T cells and human GC cell lines SGC 7901
and MGC 80–3 were purchased from Shanghai Cell Bank
of Chinese Academy of Sciences (Shanghai, China) and
incubated in Dulbecco’s modified Eagle’s medium
(DMEM) (Hyclone, Logan, UT, USA) with 10% fetal
bovine serum (Hyclone), 100 U/ml penicillin, and
100 mg/ml streptomycin (Sigma-Aldrich, St. Louis, MO,
USA). The six-week-old normal and nude (nu/nu) female
BALB/c mice were purchased from Chinese Academy of
Medical Sciences (Beijing, China) and maintained under
specific pathogen-free (SPF) conditions in the Comparative
Medical Center of Jinling Hospital (Nanjing, Jiangsu
Province, China). The animal experiments were performed
in accordance with the recommendations for the proper
use and care of laboratory animals by the Ethics
Committee of Jinling Hospital.

Construction of H. pylori DNA vaccines

The total DNA of H. pylori J99 strain was kindly provided by
Professor Fei-Fei She (Fujian Medical University, Fuzhou,
Fujian Province, China). All the truncated fragments (c-1, c-2,
c-3, v-1, v-2, b-1 and b-2) of cagA, vacA, and babA genes were
amplified by PCR (Table 1) and used to construct DNA vaccines
as follows. The target 7 PCR products were inserted into the
pMD18-T vector using the T-A cloning technique and the
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correct sequences were confirmed by DNA sequencing.
Afterwards, all the gene fragments were sub-cloned into
pcDNA3 and the resulting plasmids were prepared using the
PureYield™ Plasmid Maxiprep System (Promega, Madison, WI,
USA) according to the manufacturer’s protocol. To verify the
eukaryotic expression, the constructed plasmids were transiently
transfected into HEK 293-T cells using LipofectamineTM 2000
(Invitrogen). The cells were harvested and lysed 48 h after
transfection and the total cellular proteins were subjected to
Western blot analysis using the rabbit anti-H. pylori polyclonal
antibody (pAb) (LifeSpan BioSciences, Seattle, WA, USA)
according to the manufacturer’s instructions.

Immunization of mice by DNA vaccines

DNA vaccination (100 μg of plasmid combined with 3.4%
PVP40/0.01 M PBS as the adjuvant) was performed on
random groups of BALB/c mice. The immunogen mixture
was injected into the double hind thigh (0.3 ml per mouse).
All the animals (5 per group) received immunization every
two weeks for three rounds and 0.3 ml of the orbit blood
were sampled for each inoculation. The orbit blood samples
were also taken two weeks after the last vaccination and the
empty pcDNA3 was used as the vehicle control. The animals
were sacrificed by cervical dislocation and the spleens were
taken out to prepare the single-cell suspensions. The splenic
cells and blood samples were then used to determine the
associated immune response before separation and transfu-
sion of the splenic T-cells.

ELISA

IgG1 and IgG2a levels in the serum of immunized mice
were assessed by the corresponding Mouse ELISA
Quantitation Kit (Bethyl Laboratories, Montgomery, TX,
USA). The concentrations of IL-2, IL-4, IL-6, IL-10, IL-12,
IFN-γ and TNF-α were determined by the double-antibody
sandwich ELISA method using mouse Quick EIATM kits
(Dakewe Biotech, Shenzhen, China). All tests were per-
formed in duplicate according to the recommended proce-
dures of the manufacturers.

Flow cytometry

Flow cytometry was adopted to detect the peripheral T-cell
subpopulations in blood samples taken from vaccinated ani-
mals of each group. Briefly, about 100 μl of the fresh whole
blood under anticoagulation were subjected to red blood cell
(RBC) lysis in 1× RBC Lysis Buffer (eBioscience, San Diego,
CA, USA). The cell surface was stained with a cocktail of
antibodies against CD3e PE-Cy5, CD4 PE and CD8a FITC
(eBioscience) according to the manufacturer’s protocols. The
cells were washed and analyzed on a LSRII flow cytometer
(BD Pharmingen, San Diego, CA, USA) and FlowJo 7.6.5
software (Tree Star, Ashland, OR, USA).

Purification of splenic CD3+ pan-T cells

The single splenic cell suspensions were prepared after the
spleens were extracted from the immunized mice. The Pan
T Cell Isolation Kit II (Miltenyi Biotec, Auburn, CA, USA)
and MiniMACS™ Separator were used according to the
recommended procedures. The pure CD3+ pan-T cells were
prepared by depletion of non-T cells including the B cells, NK
cells, dendritic cells, macrophages, granulocytes, endothelial
and erythroid cells. The isolated CD3+ T cells were subjected
to flow cytometry using a cocktail of antibodies against CD3e
PE-Cy5, CD4 PE, and CD8a FITC (eBioscience, San Diego,
CA, USA) on a LSRII flow cytometer (BD Pharmingen, San
Diego, CA, USA) and analyzed by FlowJo 7.6.5 software (Tree
Star, Ashland, OR, USA).

Cell viability assay

The in vitro anticancer effect of H. pylori vaccine-activated
CD3+ T cells was determined by MTT assay (Sangon Biotech,
Shanghai, China) according to the manufacturer’s protocols.
Both the target cells of SGC 7901 and MGC 80–3 were co-
cultured with effector cells in 96-well plates at a ratio of 1: 25
for 24 h. The splenic CD3+ T-cells obtained from the mice
immunized with the vehicle served as the negative control. The
inhibitory efficacy of effector cells was calculated according to
the following formula: Inhibitory rate (%) = [(1 – optimum A of
experimental group)/optimum A of control] × 100%. The
experiments were performed in triplicate.

Table 1. PCR primers for truncated fragments of cagA, vacA and babA genes of H. pylori.

Gene fragment Primer pair Sequence Gene loci (nt) Target length

c-1 c1-f 5ʹ-GGTACCATGACTAACGAAGCCAT-3’ 1–17 1367 bp
c1-r 5ʹ-CCTAGGGAAACAAAAGCAATGTGAT-3’ 1337–1355

c-2 c2-f 5ʹ-GGTACCATGATCACATTGCTTTTGTTTC-3’ 1337–1355 1253 bp
c2-r 5ʹ-CCTAGGAGATAACCCATTACCGACTA-3’ 2555–2574

c-3 c3-f 5ʹ-GGTACCATGGTTATCTAAAGCAGAAGCC-3’ 2568–2586 950 bp
c3-r 5ʹ-CCTAGGAAGATTTTTGGAAACCACCTTT-3’ 3481–3502

v-1 v1-f 5ʹ-CCTAGGATGGCGGTGTCAATCTGTCCAA −3’ 1274–1291 1283bp
v1-r 5ʹ-CTCGAGATTAGTGGTGTTTGTGGGTAAGT-3’ 2519–2541

v-2 v2-f 5ʹ-CCTAGGATGACCAACTTACCCACAAACAC-3’ 2515–2534 1331bp
v2-r 5ʹ-CTCGAGTGGCTTGCGTTGGAAATCAA-3’ 3811–3830

b-1 b1-f 5ʹ-GGTACCATGAAAAAACACATCCTT- 3’ 1–18 1325bp
b1-r 5ʹ-CCTAGGGTAACTGTGCCTGGAGC- 3’ 1297–1313

b-2 b2-f 5ʹ-GGTACCATGGCTCCAGGCACAGTTAC-3’ 1297–1313 953bp
b2-r 5ʹ- CCTAGGTAATAAGCGAACACGTA- 3’ 2218–2234

Note: The underlined oligo nucleotides are Kpn I (GGTACC), BamH I (CCTAGG), Xho I (CTCGAG) enzyme sites, respectively. Abbreviations: f, forward primer; r, reverse
primer; nt, nucleotide; bp, base pair.
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In vivo anticancer efficacy evaluation

A nude BALB/c mouse model with GC xenograft was estab-
lished and subjected to adoptive transfusions of H. pylori-
activated CD3+ T cells. Briefly, female mice 6 weeks old
were inoculated with 1 × 107 SGC 7901 cells in the right
forelimb armpit. When the subcutaneous tumor nodules
grew to about 100 mm3, 2 × 107 CD3+ T cells were transfused
through the caudal vein every three days for three rounds.
The tumor volume (V) was determined with calipers every
two days and calculated by the equation: V = a × b2/2, where
a and b indicate the major and minor axes of the tumor,
respectively. The mice were sacrificed by cervical dislocation
two weeks after the last T-cell transfusion and the tumor
nodules were removed and used in subsequent investigation.

IHC

The tumor tissue sections were subjected to IHC detection of the
subpopulation of infiltrated immune cells by the EnVision
method. Briefly, the sections were washed with xylene, rehy-
drated with alcohol, and washed again with PBS. The samples
were incubated overnight at 4 °C with pAbs of anti-CD4 (Santa
Cruz Biotechnology, Santa Cruz, CA, USA; 1:50), anti-CD8
(Santa Cruz Biotechnology, 1:50), anti-FOXP3 (Abgent, San
Diego, CA, USA; 1:50), anti-CD56 (Dako, Carpinteria, CA,
USA; 1:50), anti-CD68 (Dako, 1:100), anti-CD86 (Dako, 1:100)
and anti-CD163 (Dako, 1:500), respectively. The primary anti-
bodies were removed and components of the Envision-plus
detection system (Dako) were applied. The slides were counter-
stained with hematoxylin and coverslipped with an aqueous
mounting medium. The slides were examined by optical micro-
scopy by two researchers and the positivity index was calculated
according to the ratio of the stained cells.

Western blotting

Western blot analysis was performed to determine apoptosis and
antiapoptosis pathways in the GC xenograft after adoptive trans-
fusions of CD3+T cells. Equal amounts of proteins from the tumor
tissues were separated by 12% SDS-PAGE and electrophoretically
transferred to PVDF membranes. After blocking with 5% non-fat
milk, themembraneswere probedwith primary antibodies includ-
ing rabbit anti-Survivin pAb (Santa Cruz Biotechnology, 1:50),
mouse monoclonal antibodies (mAb) of anti-Caspase 9 (Cell
Signaling Technology, Beverly, MA, USA; 1:1000), anti-Caspase
8 (Cell Signaling Technology, 1:1000), and anti-Cleaved Caspase 3
(Cell SignalingTechnology, 1:1000). Themembraneswerewashed
and incubated with HRP-conjugated goat anti-rabbit/mouse IgG
(Cell Signaling Technology, 1:20000) and the immunoreactive
bands were visualized by enhanced chemiluminescence (ECL)
on the SuperSignal substrate system (Pierce, Rockford, IL, USA).
The level of β-actin was detected by a rabbit mAb (Cell Signaling
Technology, 1:5000).

Statistical analysis

Each value represents mean ± standard deviation (SD) of at least
two different experiments and the software package SPSS 13.0 was

used in the statistical analysis. Comparisons between individual
data points were made using the Student’s t-test, with statistical
significance defined as P value < 0.05 (*, P < 0.05; **, P < 0.01).
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