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ABSTRACT

Aims: In this research, the protective effects of this multicomponent vaccine were
investigated using the BALB/c mice model.
Place and Duration of Study: This study was performed in Laboratory of Bacteriology,
University of Tarbiat Modares, Tehran, IRAN, 2011 and 2012.
Methodology: BALB/c mice were immunized with different formulations three times orally
followed by two times intramuscularly (i.m.) at 10-day intervals. The protective effects of two
component vaccines plus CpG Adjutants were assessed after H. pylori ss1 challenge in
different studies. The specific IgG antibodies titers in sera were studied by using ELISA,
and Antigen specific IL-4, IL-10, IL-12, TGFβ and IFN-γ responses were measured in
spleen of immunized mice after challenge using ELISA test. Clearance of H. pylori carried
out according to standard protocol.
Results: In this study the IgG1/IgG2a ratio in the mice immunized with rCagA and rCagA
plus CpG was <1. Analysis of lymphocyte proliferation of mice showed that one microgram
rCagA increases lymphocytes proliferation excellent compared to control group. CpG

Original Research Article



British Microbiology Research Journal, 4(5): 570-582, 2014

571

Keywords: Protection; H. pylori; Vaccine; rCagA; CpG; LPS.

1. INTRODUCTION

Recent therapies for H. pylori enable to eliminate Helicobacter pylori from gastric epithelium
cells. Drug drawbacks include antibiotic resistance, infection recurrence, poor acceptance,
patient compliance, Drug interferences, site effects, Normal flora destruction, and high
expense [1]. Vaccination would be a useful in order to therapeutic and prophylactic
purposes. Different studies about immunization strategies have been carried out in the
mouse model, which result in reduced H. pylori colonization on challenge, but no
formulations quietly induced sterile immunity [2].

The studies in transgenic murine models demonstrated that IL-12 and IFNϒ are critical for
protective immunity [3,4].  Mouse models have extensively been used to analyze the efficacy
and mechanisms of vaccination. Numerous studies have focused on immunization routes to
achieve effective immunity. Though, it is not yet clear whether proper immunization routes
can protect from H. pylori infection or from H. pylori-mediated diseases in humans [5,6] may
be proved for human use in future [7]. CpG oligodeoxynucleotides are known for induce Th1-
biased immune responses and Multicomponent vaccines are an important vaccine type with
many advantages such as good safety, definite components, high efficacy and suitability for
industrialized production [8]. Previous studies by animal experiments have demonstrated
that vaccination with recombinant H. pylori subunit antigens with different adjuvants could
induce appropriate immune protection against H. pylori infection [9-12]. However, immune
protective effects are limited due to the insufficient immunity candidate and routes by
vaccination with H. pylori antigens. The study by Rossi et al. demonstrated that bacterial
colonization was decreased [12] in beagle dogs by i.m. vaccination with three recombinant
H. pylori antigens (CagA, VacA, and NAP) [12]. The study indicates that the immunity
against bacteria could be more effective by using a combination of different antigens
participating in different aspects of the colonization and pathogenesis of infection. Previous
work employing animals has illustrated that immunization with urease B (UreB), HspA or
HpaA could protect against H. pylori challenge [13]. In recombinant vaccine design,
adjuvants are commonly used to enhance the immune effect through different routes of
immunity [5,14-18]. Recently, mucosal adjuvants have wide application in mucosal immunity
against H. pylori infection. The cholera toxin (CT) and the heat-labile Escherichia coli
enterotoxin (LT) are effective mucosal adjutants in the vaccination of H. pylori inactived
whole cell (HWC) or recombinant antigens (19). However, both adjuvants are too toxic for
use in human vaccines; therefore, CpG have been eveloped to decrease the toxicity and
induce Th1 response [1,4].

oligodeoxy nucleotides are known for their ability to induce entirely Th1-biased immune
responses. Immunization of mice with H. pylori rcagA+LPS+CpG induced a strong local and
systemic Th1 immune response. Only mice immunized with rCagA+LPS+CpG and
LPS+CpG secreted significantly more IFNγ than others (P<0.05). Protection were
correlated with an increase in H. pylori-specific interleukin-12 and IFN-γ and both
immunoglobulin G1 (IgG1) and IgG2a serum titers following challenge.
Conclusion: Because of strong Th1 response, mice were protected from infection with H.
pylori 6-fold reduction in the number of H. pylori in the gastric mucosa compared to no
immunized mice. This study illustrates the crucial role of the immunization route and
immunogenic candidate.
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The aim of this study was immunization routes evaluation, immunogenes and adjuvant
selection. Therefore, in this study, we evaluated the immune protection against H. pylori in
BALB/c mice by intragastric (i.g.) or intramuscular (i.m.) administration of two H. pylori
antigens (CagA and LPS) individually paired with adjuvant CpG.

In the present study, mice were vaccinated two times intragastric and three times by
intramuscular with CpGs plus rCagA+LPS and the effect of this vaccination on immune
responses and infection clearance was investigated.

2. MATERIALS AND METHODS

2.1 Synthetic Primers, Cloning and Construction of Recombinant Plasmids

Single primer pair was used to amplify H. pylori 26695 cagA gene target fragment based on
GenBank. The primers had a Bam HI site incorporated into the 5/ end and a Sac I site at the
3/ end and their sequences as follows: F: 5/- aaggatccactaacgaaaccattgacca-3 and R: 5/-
aagagctcactccctcaactctaacatt-3/ that enable amplified fragment to length of exactly 841bp.
Recombinant CagA proteins were prepared in expression vector E. coli BL21 / pET-
28a/cagA. Enzymatic digestion is done before using the plasmid to transform E. coli [19].
Recombinant CagA proteins were purified by column nickel.

2.2 Immunizations and Experimental Studies

Four groups of mice (N=10/group) were immunized three times orally and subsequently two
times intramuscularly (i.m.) at 10 day intervals. Immunizations were performed with rCagA
(5µg)+CpG (15µg) [Group 1], LPS (20µg)+CpG(15µg ) [Group 2], rCagA(5 µg)+LPS(20µg)
+CpG (15µg) [Group 3]. Antigen concentration in oral route was twofold i.m. immunizations
were inoculated into the right thigh. Control animals (Group 4) received PBS using the same
volume, route and schedule. Sera were collected 10 days after each immunization. Serum
IgG1, IgG total and IgG2a antibodies specific to H. pylori antigens were measured by ELISA.
20 days after last immunization mice were challenged three times interval two days with
1×108 CFU H. pylori SS1. Antigen specific IL-4 and IFNϒ responses were measured in
spleen of immunized mice after and post challenge and IL-10, IL-12, TGFβ after challenge
using ELISA test.

The mice were sacrificed and used to assay naive splenocyte responses to antigen
stimulation. Spleens were sterilely collected from all mice at the time sacrifice. Spleens were
removed and ground through a screen mesh. RBC in splenocyte samples were lysed with
"ACK (Ammonium-Chloride-Potassium) lysis buffer". Cell suspensions from all mice in each group
were washed, centrifuged and solution passed through a 0.45 µm filter. All lymphocytes
were then resuspended at 5×106 cells/ml in complete RPMI with 10% FCS [20,13].

2.3 Lymphocyte Proliferation Test

The mice were immunized five times with 10 µg of rCagA in 100µl sterile PBS with 10 days
interval, three times by oral administration and twice by i.m. immunization. Six weeks after
last immunization, spleens were removed and suspended in cold PBS (4ºC) under sterile
condition from immunized and non-immunized mice; RBCs were lysed using NH4Cl buffer (A
buffer solution is 0.24 M NH3 and 0.20 M NH4Cl). Cell suspension was prepared in complete RPMI
1640 (Gibco) and adjusted to 2.5×106 cells per milliliters. 100µl of cell suspension was
added to each well of flat bottom 96 well plates and rCagA at concentration of 1µg/ml was
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added to each one and as negative controls some wells were not added antigen. Volume of
all wells adjusted to 200 µl and as positive we used PHA at final concentration of 5µg/ml.
After incubation for 72 h at 37ºC in 5% CO2 humid incubator, cell proliferation was
measured by using 3[4, 5-dimethylthiazol-2-ll]-2, 5-diphenyltetrazolium bromide; thiazolyl-
blue (MTT) dye assay. Briefly, 20 µl MTT was added to each well and plates were further
incubated at 37ºC for 4 h. Following incubation, the plates were centrifuged at 300 g for 10
min and then supernatant was aspirated carefully and formazan crystals were solubilized by
adding 100 µl dimethyl sulfoxide into each well. The absorbance of each well was then
determined at a wavelength of 540nm. Stimulation Index (SI) was calculated according to
formula: SI=OD of the wells stimulated with antigen / OD of the wells containing only the
cells without antigen stimulation [13,20].

2.4 Study of H. pylori Infection in Gastric Tissue

One to three (1/3) of antral tissue in each mice were taken and were analyzed for a
quantitative of H. pylori infection .One tissue strip was placed in 0.5 ml of rapid  urease
solution. Mice gastric were placed in 200 µl of Brucella broth with 10% FCS, weighed and
homogenized using a sterile ground –glass pounder. The serial dilutions of 0.1, 0.01, 0.001
and 0.0001 from gastric tissue cultured on Brucella agar(Nutrient medium) with 10% FCS in
a 10% CO2 incubator for 5-7 days. H. pylori detection carried on gram staining, Urease rapid
test, catalase (H2O2 3%) and oxidase disc. The scale of CFU per gram of stomach was
counted.

3. RESULTS AND DISCUSSION

H. pylori specific antibody responses and Th1/Th2 cytokine pattern in serum immunized
mice Serum IgG1, IgG2a and total IgG antibodies specific to H. pylori rCagA and LPS were
measured by ELISA. The IgG2a/IgG1 ratio in the mice immunized group1, 2, 3 were >1 that
indicate Th1 type response. Total IgG in grup1 significantly was more than other (Fig. 1).

To study antigen specific Th1/Th2 profile responses IL-4 and IFN-γ secreting splenocytes
were measured (Figs 2, 3). In immunized mice, group1 (rCagA + CpG), 2 (LPS +CpG) and 3
(rCagA+LPS+CpG) promoted IFN-γ scale but group2 was observe that IL-4 also increased
(Figs 2, 3).

3.1 IL-12, IL-10, TGF-β Cytokine Pattern

IL-12 production was unregulated in immunized mice groups 1, 2, 3 post challenge, that
indicating Th1 immune response. IL-10 amount increased in Group2 (LPS +CpG) post
challenge. The responses seen in this study indicate that the presence of H. pylori antigens
in a vaccine activates innate responses and promotes antigen specific Th1 biased adaptive
responses. The results suggest that formulation contain LPS promoted a Th1 response and
with acceleration of IL-10 induced Th1/Th2 balance. This ratio in group of LPS+CpG is more
than others 1 that indicate LPS in formulation of vaccine induce TGFβ response and balance
Th1/Th2 (Figs 4, 5, 6).
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Fig. 1. The ratio of IgG2α/IgG1 in immunized groups
This ratio is more than 1 that indicates formulation of vaccine induces Th1 immune

response.
Formulation of rCagA+LPS+CpG enable induces immune response more than others.

Fig. 2. The ratio of IL-4 in immunized groups after and post challenge
The results indicate that in Group rcagA+CpG(A) IL-4 titer  post challenge is decrease but in

group LPS+CpG (B)  IL-4 titer alittle decrease also in group rCagA+LPS+CpG IL-4 titer
elevated that indicate LPS enable balance reponse of Th1/Th2
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Fig. 3. The ratio IFNɣ in immunized groups pre and post challenge
The results indicate that IFNɣ titer in group rcagA+CpG(A), LPS+ CpG(B) and

rCagA+LPS+CpG(C) ratio of IFNɣ titer elevated but in group rCagA+LPS+CpG other than of
others this titer elevate more than other.

Fig. 4. The ratio of TGFβ post challenge in immunized groups
This ratio in group of LPS+CpG is more than others 1 that indicate LPS in formulation of

vaccine induce TGFβ response and balance Th1/Th2.
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Fig. 5. The ratio of IL12 titer in immunized groups post challenge
Result indicate that in goups rCagA+CpG, LPS+CpG and rCagA+LPS+CpG IL-12 titer have

elevate but in group LPS+CpG enable induce immune response more than others.

Fig. 6. The ratio of IL-10 titer in immunized groups post challenge
The results indicate that in Groups of LPS+CpG and rCagA+LPS+CpG ratio of IL-10 elevate

becaue LPS enable also induce balanceTh1/Th2 by induction of IL-10

3.2 Study of Synergistic Effect rCagA and H. pylori O2 Serotype

In this research was shown that mixture LPS + rCagA increased antigen specific antibody
and cytokine responses. In mice immunized with LPS and rCagA, the immune response
elevated which indicated synergistic effect of this antigen on stimulating of immune response
against H. pylori infection.
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3.3 Vaccination reduces H. pylori colonization

40 days after the challenge, mice were sacrificed and gastric samples were evaluated for
microbiological tests. The results obtained by urease and culture indicated that
rCagA+LPS+CpG reduced bacteria colonization (Table 1, 2).

Table 1. Clearance of H. pylori in mice peptic post challenge

Group A B C D
Number 3000 600 100 107

Table 2. Evaluation of inflammation pre and post challeng

Grade of inflammation Group
Post challenge Pre challenge
1 1 rCagA+CpG

1-0 1 LPS+CpG
1-0 1 rCagA+LPS+CpG

2 1 Mock (PBS)

3.4 Statistical analysis

Comparison of responses between and into groups of mice with ANOVA test and multiple
groups were done with tukey test. Two-way analysis of variance and LSD, using SPSS V13
statistical software, compared the levels of proliferative responses to antigen. Probability
values below 0.05 were considered statistically significant.

4. CONCLUSION

In the previous studies, many H. pylori recombinant antigens such as UreB, HspA, vacA,
NAP, catalase, Omp and HpaA were identified as candidate protective antigens that were
used to design for protection against H. pylori. However, the protective immunity induced by
H. pylori vaccines usually had limited effectiveness [21-26]. It is probable that the effective
immunity against bacteria could be achieved by combining different antigens participating in
different aspects of the pathogenesis of the infection and immunization routes [12,27-29].
The CagA and LPS are an important virulence factors and the main protective antigen, and it
has been used in vaccination trials to prevent H. pylori infection in mice model. In the
present study, we utilized the rCagA subunit as the basic vaccine component to serotype O2
H. pylori LPS and analyzed their protective efficiency [28,29,1,4,5].

Moreover, the protective effects of two-antigen vaccines were greater than effects of single.
Our results revealed that Systemic and mucosal immunization with appropriate antigen and
adjuvant could prevent H. pylori infection in mice thus the site of immunization and candidate
antigens are important [28,30,12]. The Use of simultaneous LPS and rCagA along with CpG
have synergistic effects and promotes a Th1 immune response ( IFN-ϒ , IL-12 , IgG2a ) that
aid in protection and clearance of H. pylori infection. We illustrated that although
rCagA+CpG solely promote Th2 response but also only Th1- intensing vaccine was
protective. Th1 immune responses are characterized by increase in IFN- ϒ relative to IL-4
and increase of IgG2a than to IgG1. Protection was associated with high levels of IFN- ϒ
and IgG2a. It has been previously suggested that protection against H. pylori is associated
with the development of Th1 accompanied to IFN- ϒ and IL-12 high levels [11,12,10,3,1].
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Mice immunized with LPS+rCagA+CpG produced significantly more IFN- ϒ, IL-12 and IgG2a
than other (P<0.05). Three groups of immunized mice produced IFN- ϒ, IL-12 and IgG2a
that indicate all formulation enable induce Th1 immunity.  Splenocytes from mice immunized
with LPS+CpG and rCagA+LPS+CpG produced more IL-10 than mock group (P<0.05). Our
results suggest that probably both Th1 and Th2 immune responses may be effective against
H. pylori infection. Immunization and challenge studies with rCagA+LPS+CpG indicate 6log
reduction in the bacterial brunt.

Previous studies by animal experiments have demonstrated that vaccination with
recombinant H. pylori subunit antigens with different adjutants could induce appropriate
immune protection against H. pylori infection [9,-12,31,32]. However, immune protective
effects is limited due to the insufficient immunity candidate and routes by vaccination H
.pylori antigens. The study by Rossi et al. demonstrated that bacterial colonization was
decreased [12] in beagle dogs by i.m. vaccination with three recombinant H. pylori antigens
(CagA, VacA, and NAP) [12]. The study indicates that the immunity against bacteria could
be more effective by using a combination of different antigens participating in different
aspects of the colonization and pathogenesis of infection. Previous work employing animals
has illustrated that immunization with Urease B (UreB), HspA, or HpaA could protect against
H. pylori challenge [13,15, 6,9].

We observed that Th1 response led to a 6-fold decrease in bacterial density. Our results
show that systemic immunization with CpG and rCagA+LPS in a murine model of H. pylori
gastritis is able to elicit strong local and systemic Th1/Th2 responses to H. pylori and enable
confer protection.

This study demonstrates the ability to induce long-term immunity against H. pylori, provides
correlates of protection and illustrates the crucial role of the immunization route. The recent
studies have suggested that Th1 immunity is required for protection.

In this study 32CagA fragment of N-terminal was  selected and In this study the IgG1/IgG2a
ratio in the mice immunized with rCagA and rCagA plus CpG was <1 and also IFN- ϒ and
IL-12 promoted indicating a Th1 type response. These data suggest that immunization with
rCagA promoted a Th1 immune response that indicating proper design for humoral, cellular
responses induction. H. pylori CagA serves as an appropriate antigen for the sensitive and
specific detection of H. pylori-specific serum immunoglobulin by ELISA. Most recombinants
of CagA previously expressed were at its carbonic end and the antigenicity of its amino end
has not been reported. Since the 5/-end of cagA had no usable restriction  endonuclease
sites and also absence of EPIYA motif and contain sequence with  properties of conserved
regions, Immune response induce we design this fragment with DNA star program and  used
PCR to amplify the 5/-end fragment of cagA.

Effective immunizations against H. pylori will possible affected treatment in next future. In
conclusion, we recommended multicomponent vaccine contain of rCagA32 KD and serotype
O2 LPS for vaccine formulation against H. pylori infection [30].

Because of strong Th1 response, mice were protected from infection with H. pylori 6-fold
reduction in the number of H. pylori in the gastric mucosa compared to non immunized mice
(Table 1). This research demonstrate that this formulation decrease inflammation grade
(Table 2).
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Flach et al., 2010 showed that an increase in the mRNA level of IL-12p40, tumour necrosis
factor alpha (TNF-α), IFN-γ, and IL-17 was found to be strongly correlated with reduced
bacterial numbers in the stomachs of mice after challenge with live H. pylori bacteria (33).
Besides, Akhiani et al. Sayi et al. and Shi et al., 2010 showed in studies with interferon-
gamma-knockout mice that this cytokine is responsible for conferring protection against H.
pylori infection in immunized animals [4,34,35]. The formulation (rCagA+LPS+CpG) have
induced a high production of cytokines IFN-γ and IL-12 (compared to the control group)
which are important in controlling infection. This justifies the large difference in CFU and
evaluating inflammation between the groups.

Protection against Helicobacter pylori infection following immunization is IL-12-dependent
and mediated by Th1 cells. The CD4+ T cell-mediated IFN-γ response to Helicobacter pylori
infection is essential for clearance and determines gastric cancer risk [36,37]. The CpG-
oligodeoxynucleotide is a potent adjuvant of vaccine against Helicobacter pylori, and T
helper 1 type response and interferon-γ correlate with the protection. IL-4 showed a small
production before and after the challenge, in other words, a small difference compared to the
control group, indicating that the vaccine formulation (rCagA + LPS + CpG) induces a Th1
response.

In addition, after challenge, was observed an increased expression of the anti-inflammatory
cytokines as IL-10 and TGF-β in immunized protected mice, which possibly occur as a
consequence of or an attempt to balance the proinflammatory response induced and already
established (because before the challenge had elevated production of IFN- ϒ) which
inversely correlated with H. pylori colonization (observed in CFU assay).

In mice immunized with LPS and rCagA, immune responses elevated extremely which
indicated synergistic effects of these antigens on stimulating of immune response against
H.pylori infection.

In conclusion, we have demonstrated that H. pylori multicomponent vaccines comprising
rCagA can confer more effective protection against H. pylori infection in BALB/c
administered both intragastrically and intramuscularly.
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