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tion against H. pylori. In that study, complete Freund’s adjuvant was used and applied intraperitoneally, together with a
Helicobacter lysate, to achieve complete protection from infection (11).
Even though it showed that a Th1 response may lead to
protection, this vaccination protocol is not applicable in humans. Therefore, we wondered whether a Th1 vaccination
protocol with the chance for approval in humans would also be
able to achieve protection in the mouse model. For this reason,
a CpG oligodeoxynucleotide was chosen as an adjuvant, since
studies using CpGs as adjuvants in humans are under way and
because of their outstanding activity of inducing Th1-biased
immune responses. CpGs are synthetic oligodeoxynucleotides
which contain cytosine-guanosine dinucleotide motifs and
therefore can mimic the immunostimulatory capacities of bacterial DNA (14). In the present study, mice were vaccinated
subcutaneously with CpGs plus a bacterial whole-cell lysate of
H. pylori and the effect of this vaccination on the course of the
disease was investigated.

Infection with Helicobacter pylori is thought to represent one
of the most common bacterial infections, with about half of the
worldwide population being infected. H. pylori is a gram-negative bacterium that resides in the mucosa of the human stomach (21). Colonization of the stomach by H. pylori is associated
with the risk of different gastroduodenal diseases including
atrophic gastritis, duodenal ulcer, gastric cancer, and mucosaassociated lymphoid tissue lymphoma. The pathogenesis of
these diseases is not yet fully understood; however, virulence
factors of H. pylori as well as the immune response of the host
are thought to play a role. H. pylori infection can be treated
with a combination of antibiotics and proton pump inhibitors,
with eradication rates above 80%. However, side effects of
such a therapy as well as increasing bacterial resistance have
raised the question whether H. pylori infection can be prevented or cured by vaccination.
To analyze the efficacy and mechanisms of vaccination,
mouse models of H. pylori infection have been extensively
used. These studies have focused primarily on oral and intranasal vaccination protocols to achieve mucosal immunity. Although an attractive concept, it is not yet clear whether mucosal immunization can protect from H. pylori infection or from
H. pylori-mediated diseases in humans (18, 22). Therefore, the
idea of systemic immunization against H. pylori has also been
promoted (11, 12). Since recent reports proposed that the
protective effects seen after mucosal vaccination are dependent on a Th1-type response, systemic application of a Th1vaccine may be a suggestive approach. So far, only one study
has addressed the question of Th1-biased systemic immuniza-

MATERIALS AND METHODS
Oligonucleotides. CpG oligonucleotide 1668 (TCCATGACGTTCCTGAT
GCT) was obtained from MWG-Biotech as complete phosphothioate-modified
oligonucleotide. All oligonucleotides used for quantitative reverse transcriptase
PCR (RT-PCR) were synthesized by Applied Biosystems (OligoFactory, Weiterstadt, Germany). The sequences were as follows: gamma interferon (IFN-␥)
forward primer, GCAACAGCAAGGCGAAAAAG; IFN-␥ reverse primer, TT
CCTGAGGCTGGATTCCG; IFN-␥ TaqMan probe, 6-FAM-ATGCATTCAT
GAGTATTGCCAAGTTTGAGGTC-TAMRA; interleukin-4 (IL-4) forward
primer, GGCATTTTGAACGAGGTCAC; IL-4 reverse primer, GCATGGAG
TTTTCCCATGTT; IL-4 TaqMan probe, 6-FAM-TCCTCACAGCAACGAAG
AACACCACA-TAMRA; IL-10 forward primer, GTTGCCAAGCCTTATCG
GAA; IL-10 reverse primer, CCGCATCCTGAGGGTCTTC; IL-10 TaqMan
probe, 6-FAM-CAGTTTTACCTGGTAGAAGTGATGCCCCAGG-TAMRA;
hypoxanthine phosphoribosyltransferase (HPRT) forward primer, CTGGTGA
AAAGGACCTCTCG; HPRT reverse primer, TGAAGTACTCATTATAGTC
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Recent reports have suggested that oral vaccination of mice against Helicobacter pylori is dependent on a
Th1-mediated immune response. However, oral vaccination in mice neither induces sterilizing immunity nor
leads to complete protection from disease. Therefore, in this study we investigated whether a systemic
subcutaneous immunization against H. pylori by using CpG oligodeoxynucleotides as a Th1 adjuvant could
achieve protection in a mouse model of H. pylori infection. CpG oligodeoxynucleotides are known for their
ability to induce nearly entirely Th1-biased immune responses and may be approved for human use in future.
Immunization of mice with H. pylori lysate and CpG induced a strong local and systemic Th1 immune response.
Despite this strong Th1 response, mice were not protected from infection with H. pylori yet had a 10-fold
reduction in the number of H. pylori in the gastric mucosa compared to nonimmunized mice. Of note, reduction
of the bacterial density in immunized mice was accompanied by a significantly enhanced gastritis. Hence,
systemic Th1 immunization of mice, even though being able to reduce the bacterial load in the stomach, is
associated with aggravated pathology.
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seldorf, Germany), diluted 1:50, to detect T cells and with rat anti-CD45R/B220
(BD Biosciences Pharmingen, San Diego, Calif.), diluted 1:500 to detect B cells.
After the sections were rinsed in Tris-buffer, detection was carried out with
biotinylated secondary rabbit anti-rat antibodies (Vektor/Linaris, Wertheim,
Germany), diluted 1:50, for 30 min at room temperature. The sections were
washed as above in Tris buffer and then incubated with streptavidin-biotinalkaline phosphatase (Dako, Hamburg, Germany) in 10 ml of Tris buffer. Immunohistochemical staining was visualized with Fast Red (2 mg of 3-hydroxy2-naphthoic acid–2,4-dimethylanilide-phosphate [naphthol-As-MX-phosphate],
10 l of 1 M levamisole, and 10 mg of Fast Red [Sigma] in 0.2 ml of N,Ndimethylformamide [Merck, Darmstadt, Germany] and 9.8 ml of 0.1 M Tris-HCl
buffer at pH 8.6). The sections were rinsed in double-distilled H2O and counterstained with Mayer’s hemalaun (Merck).
TaqMan Analysis. One-third of the murine stomach was immediately frozen in
liquid nitrogen and stored at ⫺80°C. The tissue was homogenized in TRIZOL
reagent (Gibco-BRL, Eggenstein, Germany), and RNA was prepared from these
specimens as specified by the manufacturer. DNA was digested at 37°C for 30
min in 100 l of transcription-optimized buffer (Promega, Madison, Wis.) containing DNase I (10 U/l; Roche, Basel, Switzerland) and RNasin (40 U/l;
Promega). Then the RNA was further purified by using the RNeasy minikit
(Qiagen, Hilden, Germany) and the protocol for RNA cleanup (Qiagen). DNA
(final volume, 25 l) was synthesized from 2 g of purified RNA with the Revert
Aid first-strand cDNA synthesis kit (MBI Fermentas, St. Leon-Rot, Germany).
A 2.5-l volume of each DNA sample was transferred into PCR buffer (PerkinElmer) containing 6 mM MgCl2, 10 mM each dATP, dCTP, and dGTP, 20 mM
dUTP, 50 pmol of each primer, 150 nM TaqMan probe, 0.25 l of AmpErase,
and 2.5 U of AmpliTaq in a final volume of 25 l. Amplification was performed
in an ABI Prism 7700 sequence detector programmed to hold at 50°C for 2 min,
hold at 95°C for 10 min, and complete 45 cycles of 95°C for 15 s and 60°C for 1
min. The data were analyzed in the real-time mode. All PCR amplifications were
performed at least in duplicate and with a no-reverse transcriptase (no-RT)
control run for each sample. Baseline values and thresholds were set manually.
The values are given as difference in threshold cycle (⌬CT), which was calculated
as ⌬CT ⫽ CT(cytokine) ⫺ CT(HPRT).

RESULTS
Systemic immunization with CpG oligonucleotides and H.
pylori lysate induces high titers of Helicobacter-specific antibodies. Systemic immunization of mice against H. pylori has
been described to induce immunity that protects mice to different degrees from infection (11, 12, 33). However, it is not
yet clear whether Th1 cells, Th2 cells or a combination of the
two should be used to achieve complete protection. To gain
more insight into the question of the extent to which Th1 or
Th2 cells might contribute to protection after systemic immunization, we set up a study in which C57BL/6 mice were immunized twice subcutaneously with a whole-cell lysate of H.
pylori with CpG as adjuvant. CpG is known for its strong ability
to exclusively induce Th1-biased immune responses and has
potential applications in humans. Control mice received CpG
in PBS or PBS alone. At 4 weeks after the first immunization,
mice were challenged three times with viable H. pylori. At 12 to
14 weeks after challenge, the mice were sacrificed and immunological parameters as well as pathology and bacterial load of
the stomach were assessed.
To test whether this immunization protocol efficiently elicits
a serological response, levels of Helicobacter-specific IgG in the
sera of infected and/or immunized mice were determined by
ELISA 3 months after challenge. As depicted in Table 1, immunized mice had high levels of Helicobacter-specific IgG regardless of whether they were challenged with viable H. pylori.
In contrast, mice that were infected but not immunized had
lower levels of Helicobacter-specific IgG. Mice that were injected with CpG alone (without H. pylori lysate) and challenged
had a serological response comparable to that of nonimmu-
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AAGGG; HPRT TaqMan probe, 6-FAM-TGTTGGATACAGGCCAGACTTT
GTTGGAT-TAMRA; tumor necrosis factor alpha (TNF-␣) forward primer,
AAAATTCGAGTGACAAGCCTGTAG, TNF-␣ reverse primer, CCCTTGAA
GAGAACCTGGGAGTAG; TNF-␣ TaqMan probe, 6-FAM-CACGTCGTAG
CAAACCACCAAGTGGA-TAMRA.
Mice. Female C57BL/6 mice were obtained from Charles River Breeding
Laboratories (Sulzfeld, Germany) and were infected at 8 to 12 weeks of age.
Culture of H. pylori and preparation of whole-cell lysates. The Sydney strain of
H. pylori (19) was kindly provided by A. Lee (University of New South Wales,
Sydney, Australia) and was used throughout these experiments. H. pylori was
cultured microaerobically at 37°C on Columbia agar plates containing 10% horse
serum. For the preparation of a whole-cell lysate, H. pylori was harvested from
the agar plates with a cotton swab and suspended in phosphate-buffered saline
(PBS). The ice-cold suspension was subjected to four sonication steps (30 s at
4°C). After each sonication step, the suspension was cooled on ice again for 1
min. This whole-cell lysate was used for the immunization of mice. Protein
concentrations of the lysates were measured after low-speed centrifugation in the
supernatant by a standard protein assay (Sigma).
Infection of mice with H. pylori. Female C57BL/6 mice were infected three
times at 48-h time intervals with 200 l of a bacterial suspension in PBS containing approximately 109 CFU of the H. pylori Sydney strain. The bacterial
suspension was applied directly into the stomach through a feeding needle.
Control mice received 200 l of PBS.
Immunization of mice. Female C57BL/6 mice were immunized with 200 g of
H. pylori whole-cell lysate in 100 l of PBS containing 5 nmol of CpG oligonucleotide 1668. The vaccine was injected subcutaneously in the back of each
mouse, to the left or right of the spinal column, on days 0 and 14. Control mice
received 200 l of PBS or 200 l of PBS containing CpG oligonucleotide 1668.
The mice were challenged three times with viable H. pylori on days 30, 32, and 34.
Assessment of bacterial load in the stomach. H. pylori was recovered from the
stomach of mice as described previously (29). In brief, the stomach of each
mouse was divided longitudinally into three parts. One-third of the stomach was
fixed in 4% formaldehyde, and one-third was immediately frozen in liquid nitrogen for RT-PCR analysis. Another third was mechanically disrupted in an
Eppendorf Cap containing 100 l of PBS, and 1:10, 1:100, and 1:1,000 dilutions
of this suspension in PBS were prepared. A 50-l volume of each dilution was
spread on Columbia agar plates containing 10% horse serum, Dent’s supplement
(Oxoid), bacitracin, and nalidixic acid. At 5 days later, numbers of H. pylori
colonies on the plates were counted. H. pylori was identified by positive urease
and oxidase reaction and the Gram’s reaction.
Determination of cytokines by ELISA. Single-cell suspensions were prepared
from the spleens of the mice. Spleen cells from individual mice were cultured in
vitro (106 per well) together with irradiated (20 Gy) syngeneic spleen cells (2 ⫻
106 per well) and with or without H. pylori lysate (1 and 10 g/ml) in a total
volume of 1 ml. Supernatants were harvested after 48 h and tested for IFN-␥
and IL-4 by using commercial enzyme-linked immunosorbent assay (ELISAs)
(Pharmingen, Hamburg, Germany). The values were standardized against recombinant IL-4 and IFN-␥.
Determination of H. pylori-specific antibodies in serum. Sera from individual
mice were tested for antibodies by ELISAs. Microtiter plates were coated with H.
pylori lysate (10 g/ml) in coating buffer (0.1 M NAHCO3 [pH 8.2]) overnight at
4°C. After being washed, the plates were blocked for 2 h with sample buffer (PBS
containing 10% fetal calf serum). The plates were washed again, and 50 l of
serum, diluted in sample buffer, was added. Binding of mouse antibodies to the
plates was detected using peroxidase-conjugated anti-mouse antibodies and 2,2⬘azinobis(3-ethylbenzthiazolinesulfonic acid) (ABTS) as a substrate. Isotype-specific antibodies (immunoglobulin G1 [IgG1] and IgG2a) were detected using a
kit purchased from Southern Biotechnology Associates (Birmingham, Ala.)
Histopathological evaluation. One-third of the longitudinally bisected murine
stomach was fixed in 4% formalin solution. The specimens were dehydrated and
paraffin embedded by using routine procedures. Blocks were cut into 3-m
sections and stained with hematoxylin-eosin. The slides were histologically examined by one experienced pathologist. Alterations in the gastric mucosa were
classified according to the updated Sydney classification system (4). The grade
and activity of gastritis were scored with respect to the density of the lymphocytic
or polymorphonuclear infiltrate, respectively, from grade 0 (no gastritis) to grade
3 (severe gastritis). All histological analyses were performed blinded, i.e., without
knowing the experimental protocol used for each tissue sample.
Immunohistochemistry. Sections 3 m thick were deparaffinized and hydrated
with graded ethanols by using routine procedures. For antigen retrieval, sections
for CD3 immunostaining were heated at 120°C and 15 lb/in2 for 30 s in 10 mM
citrate buffer (pH 6.0). The sections were then washed with 0.5 M Tris buffer (pH
7.4) and incubated overnight with primary rat anti-CD3 antibody (Serotec, Dues-
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TABLE 1. Helicobacter-specific IgG in immunized and/or
infected mice
Treatmenta

OD of Helicobacterspecific IgGb

IgG1/IgG2ac

Nonimmunized, infected
Immunized, infected
Immunized, noninfected

204 ⫾ 177
1,354 ⫾ 511
1,200 ⫾ 125

1.58 ⫾ 0.62
0.85 ⫾ 0.6
NDd

a
Mice were immunized with CpG and H. pylori lysate (immunized) or injected
with PBS (nonimmunized) and challenged with H. pylori (infected) or PBS
(noninfected). At 3 months after the challenge, sera were taken from the mice
and tested for H. pylori-specific IgG1, IgG2a, or total IgG by ELISA.
b
Mean optical density (OD) of specific IgG for at least 12 mice in each group.
c
The IgG1/IgG2a ratio was calculated from the ODs of Helicobacter-specific
IgG1 and IgG2a of 12 mice in each group.
d
ND, not done.

FIG. 1. IFN-␥ production by splenic cells from immunized and/or
infected mice. Mice were immunized with CpG and H. pylori lysate or
injected with PBS and challenged with H. pylori or PBS. At 3 months
after the challenge, the mice were killed and the spleens were removed.
Single-cell suspensions from the spleens of individual mice were restimulated in vitro with or without H. pylori lysate (10 g/ml). Supernatants
were harvested after 48 h and tested for IFN-␥ and IL-4 by ELISA.

hance IFN-␥ production by splenocytes (data not shown).
Splenic cells from control mice (nonimmunized and not infected) did not secrete IFN-␥ in the supernatant. IL-4, as a
marker of Th2 responses, was detectable neither in the supernatants from infected mice nor in the supernatants from immunized and challenged mice (data not shown).
Analysis of gastric mucosal mRNA levels for the Th1 cytokines IFN-␥ and TNF-␣ revealed that expression of both cytokines was higher in infected than in noninfected mice 3
months after challenge (P ⬍ 0.05 [Fig. 2]). Immunization prior
to infection led to an additional increase in the level of mucosal
mRNA for IFN-␥ and TNF-␣ (P ⬍ 0.05). Immunization and
challenge, but not infection alone, led to only a slight increase
in the mucosal levels of the Th2 cytokine IL-10 over those in
noninfected control mice. IL-4 was found to be only slightly
expressed in the gastric mucosa, with no statistically significant
differences between control mice and infected and/or immunized mice (Fig. 2).
Therefore, immunization with CpG and H. pylori lysate prior
to infection leads to an enhanced systemic as well as local
immune response, which is predominantly of a Th1 type. This
enhanced Th1 response was also reflected by a decrease in the
ratio of H. pylori-specific IgG1/IgG2a (Table 1).
Th1 immunization against H. pylori with CpG oligonucleotides does not protect mice from infection but enhances gastritis. Of note, despite Th1 immunization, the mice were not
protected from infection by H. pylori, because H. pylori could
be recovered from the stomachs of nearly all immunized mice
(Fig. 3). However, the bacterial load in the stomach was 10
times lower than that in nonimmunized animals. Thus, Th1
immunization of mice against H. pylori did not protect mice
from infection but did reduce the bacterial load in the stomach.
To analyze whether the reduction of the bacterial load in the
immunized mice was associated with a change in the severity of
the pathology, gastritis scores for immunized mice were compared to those for nonimmunized mice. The histopathological
evaluation was performed blinded by one experienced pathologist. The grade and activity of gastritis were assessed with
respect to the density of the lymphocytic (grade [Fig. 4A]) or
polymorphonuclear (activity [Fig. 4B]) infiltrate on the basis of
the updated Sydney classification system. As expected, nonimmunized mice had developed gastritis 12 weeks after infection
(Fig. 4 and 5A). Gastritis in these mice was corpus and cardia
predominant, with an average gastritis grade and activity of 0.7.
Nonimmunized control mice that had received PBS instead of
H. pylori did not show signs of gastritis (data not shown).
Interestingly, mice that had been immunized against H. pylori and challenged had significantly higher gastritis scores, i.e.,
had increased lymphocytic (score, 1.5) and polymorphonuclear
(score, 1.3) infiltration (Fig. 4 and 5D). Thus, despite a reduction of the bacterial density in the stomach of immunized mice,
gastric inflammation and pathology in these mice was enhanced (P ⬍ 0.005).
To check whether immunization with CpG leads to an alteration in the composition of the lymphocytic infiltrate, immunohistochemical stainings for B and T cells were performed.
In animals which developed gastritis, mixed T- and B-lymphocytic infiltrates were detected in the mucosa and submucosa
(Fig. 5). Lymphocytes were partly assembled in follicle-like
aggregates, which consisted mainly of B cells. These aggregates
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nized, infected mice (data not shown). No Helicobacter-specific
antibodies could be detected in uninfected animals or in mice
that received CpG only (data not shown). Hence, systemic
immunization with Helicobacter lysate and CpG leads to a
humoral response that is significantly stronger than the antibody response during infection alone.
CpG immunization prior to infection with H. pylori leads to
an enhanced Th1 response. As mentioned above, CpG is
known to be an adjuvant that triggers primarily a Th1-biased
immune response. However, H. pylori infection itself is thought
to elicit a Th1 rather than a Th2 response. To test whether
immunization with CpG prior to infection is still able to modulate the immune response, IFN-␥ production by splenic cells
in response to H. pylori antigens was analyzed. In addition, the
mRNA levels of IFN-␥, TNF-␣, IL-4, and IL-10 in the gastric
mucosa were determined by quantitative RT-PCR. As shown
in Fig. 1, splenic cells of mice that were immunized and challenged produced significantly more IFN-␥ than did cells of
nonimmunized and infected mice. The application of CpG
alone (without H. pylori lysate) prior to infection did not en-
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were located in the basal part of the mucosa or in the submucosa. Only a few B cells were detectable in the more luminal
areas of the mucosa (Fig. 5B and E). In contrast, T cells were
detected predominantly in the upper parts of the mucosa between gastric foveoli and glands (Fig. 5C and F). However, the
composition and distribution of inflammatory cells were not
different in immunized and nonimmunized animals with gastritis. Taken together, the results show that a strong Th1 response to H. pylori can be achieved by systemic immunization
with H. pylori lysate and CpG. This Th1 response may be
considered a two-edged sword: it is able to reduce the bacterial
load at the expense of enhanced gastritis.
DISCUSSION
A couple of earlier studies have addressed the role of T cells
in H. pylori infection by using mouse models. Most of these
models have unequivocally demonstrated that development of
gastritis and/or pathology is dependent on Th1 cells and Th1
cytokines (23, 27, 28, 29). Hence, the Th1-cell response to H.
pylori is thought to be essential for the development of gastritis
during H. pylori infection in mice. In contrast, the role of T
cells in protection after immunization of mice against H. pylori
is far less clear, even though it is generally accepted that T cells

FIG. 3. Density of H. pylori in the stomachs of immunized and/or
infected mice. Mice were immunized with CpG and H. pylori lysate or
injected with PBS and challenged with H. pylori or PBS. At 3 months
after the challenge, the mice were killed and the numbers of H. pylori
bacteria per stomach were assessed by agar dilution as described in
Materials and Methods.
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FIG. 2. Levels of mRNA for IFN-␥, TNF-␣, IL-4, and IL-10 in the stomach mucosa of immunized and/or infected mice as assessed by
quantitative RT-PCR. One-third of the stomach of each of the mice described in Fig. 1 was immediately frozen in liquid nitrogen and stored at
⫺80°C. Quantitative RT-PCR was performed to determine the amount of mRNA for IFN-␥, TNF-␣, IL-4, IL-10, and HPRT (as a housekeeping
gene) in the stomach. The values are given as ⌬CT.
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play a decisive role in the immunization process (5, 7). This has
been elegantly shown in a study by Ermak et al. (7), where a
100- to 1,000-fold reduction in the density of H. pylori in the
stomach mucosa could be achieved by intranasal immunization
with Helicobacter-derived urease. This effect was dependent on
the presence of CD4⫹ T cells, since major histocompatibility
complex class II-deficient mice, which lack CD4⫹ T cells, could
not be protected. However, so far it is not clear whether particular subtypes of CD4⫹ T cells, such as Th1 or Th2 cells,
contribute to protection in murine vaccination models. In a
mouse model using H. felis, the adoptive transfer of H. felisspecific Th2 cell lines resulted in a reduction of the bacterial
load in the stomach (24). Accordingly, it was reported that oral
immunization with urease is associated with an enhanced IL-4
production by splenocytes (26). Thus, oral immunization of
mice may lead to the induction of Helicobacter-specific Th2
cells and these cells may exert protective effects. However, in
mouse models using H. pylori, it was demonstrated that transfer of T cells from immunized animals can lead to partial
protection independent of IL-4 or IL-13 receptor signaling
(20). Thus, if Th2 cells indeed play a role in protection, their
effects may be mediated by other cytokines than IL-4, for
example IL-10, a cytokine that has been associated with protection in H. pylori gastritis (2, 15, 31). In view of these findings,
it has been suggested that in H. pylori infection, Th1 cells cause
disease whereas Th2 cells might mediate protection, i.e., are
able to reduce the bacterial density in the stomach.
However, this view has been challenged by a couple of recent studies. In a mouse model of H. felis infection, coinfection
of mice with a replication-defective adenovirus led to a significant decrease in the density of H. felis colonization (16). Interestingly, this effect was not present in IL-12- or IFN-␥deficient mice. In line with the results of this study, two recent
reports demonstrated that oral immunization of mice with H.
pylori lysate and cholera toxin had protective effects in IL-4-

deficient mice but not in IL-12-deficient mice (1, 8). Controversial data were obtained in those studies regarding IFN-␥:
whereas IFN-␥ was essential for protection in one study (1), it
was not required in the other (8). Thus, in contrast to the
above-mentioned hypothesis, induction of a Th1-type response
by IL-12 seems to be essential for protective effects after mucosal immunization, but it is unclear whether these protective
effects are dependent on IFN-␥.
Mucosal immunization of mice has been shown in most
studies to significantly reduce the bacterial load but not to
induce sterilizing immunity. In addition, studies of mucosal
vaccination against H. pylori in humans have so far not been
successful (18, 22). Given that Th1 immunity might be necessary for protection, one could hypothesize that mucosal vaccination against H. pylori is not effective because it does not
sufficiently activate Th1 cells. For this reason, systemic application of H. pylori antigens together with Th1 adjuvants has
also been considered as an alternative strategy for vaccination.
In mice, systemic immunization induced partially protective
immunity (7, 12, 33). However, these studies did not address
the effect of adjuvants that exclusively activate Th1 cells. One
recent study achieved sterilizing immunity by systemic Th1
immunization with complete Freund’s adjuvant (12). Even
though the results are interesting, the protocol for Th1 vaccination in that study is not applicable in humans due to the
adjuvant and the intraperitoneal route of immunization.
In the present study we asked whether systemic subcutaneous immunization with an adjuvant that triggers primarily Th1
cells and that has a chance to be approved for human use in
future would be protective in mice. CpG oligodeoxynucleotide
1668 was used as the adjuvant because of its outstanding capacity to induce almost entirely a Th1-type response (14). A
whole-cell lysate of H. pylori was chosen as the antigen, since
lysates of H. pylori are relatively effective oral vaccines (24, 32).
It should be mentioned that whole-cell lysates of H. pylori have
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FIG. 4. Gastritis scores for immunized and/or infected mice. Mice were immunized with CpG and H. pylori lysate or injected with PBS and
challenged with H. pylori or PBS. At 3 months after the challenge, the mice were killed and one-third of the stomach of each mouse was subjected
to histopathological analysis. The grade and activity of gastritis was scored with respect to the density of the lymphocytic or polymorphonuclear
infiltrate from grade 0 (no gastritis) to grade 3 (severe gastritis).
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previously been shown to induce Th2 responses in vitro (13).
However, in our experiments, mice that were immunized (and
not challenged) with CpG and H. pylori lysate clearly mounted
a Th1 response, since splenic cells produced IFN-␥, but not
IL-4, in response to H. pylori antigens in vitro (data not shown).
Thus, the strong Th1-inducing effect of CpG may override the
Th2-inducing effect of a whole-cell H. pylori lysate.
One important result of our study is that despite the induction of a strong local and systemic Th1 response to H. pylori by
CpG vaccination, mice were not protected from colonization
or from disease. The reasons for the difference from the study
cited above, which achieved complete protection by systemic
Th1 immunization, is so far unknown but could reside in the
adjuvants used (e.g. complete Freund’s adjuvant versus CpG)
or the route of application. Independent of those factors, the
efficacy of immunization in different models may also be dependent on the H. pylori strain used for challenge (17).
Furthermore, we observed, that Th1 vaccination by CpG led
to a 10-fold decrease in bacterial density but to significantly
enhanced gastritis. This inverse relationship between the number of H. pylori cells and the grade of inflammation has already
been noted in many vaccination studies that used the oral/
mucosal route (6, 9, 10, 25, 30). Increased gastric inflammation
after oral vaccination has been referred to as postimmunization gastritis. The extent and duration of postimmunization
gastritis after oral vaccination varied among different studies
(6, 9, 10, 25, 30). Our study extends this inverse relationship
between gastritis and bacterial density to a systemic model of

Th1 immunization. For this reason, our data would support the
idea that Th1 responses are able to exert protective effects only
if protection is defined as a decrease in bacterial density and
not as prevention of gastritis. In a kinetic study with both H.
pylori and H. felis models, postimmunization gastritis has been
described to be a transient phenomenon (9, 30). Therefore, the
question whether systemic immunization with CpG has a longterm benefit (i.e. leads to disappearance of gastritis in vaccinated animals at later time points), is important. Even though,
compared to other studies, a late time point of assessment of
gastritis (3 months after infection) was chosen in our study, a
long-term benefit of CpG immunization cannot be ruled out.
In one study using oral immunization, gastritis was resolved in
vaccinated mice 1 year after infection (9). However, in a similar investigation using H. felis instead of H. pylori, immunized
mice had gastritis scores equal to those for nonimmunized
mice 1 year after infection, despite experiencing severe postimmunization gastritis (30).
The pathomechanism of how immunization with CpG as an
adjuvant leads to enhanced gastritis is so far unknown, but one
could hypothesize that an enhanced systemic and local Th1
response to H. pylori is the decisive factor. Since mice are still
colonized by H. pylori despite vaccination, these remaining
bacteria may maintain this strong Th1 response, as has already
been suggested on the basis of the results of oral vaccination
studies (6). Alternatively, immunization with CpG could lead
to the development of autoreactivity against gastric antigens,
thus enhancing gastritis. This would be of interest, since auto-
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FIG. 5. Histopathology and immunohistochemistry in a nonimmunized, infected mouse (A to C) and an immunized and challenged mouse
(D to F). (A and D) Representative stainings with hematoxylin-eosin of a nonimmunized, infected mouse (A) and an immunized and challenged
mouse (D). (B and E) Staining of B cells with anti-B220 antibodies in a nonimmunized, infected mouse (B) and an immunized and challenged
mouse (E). B lymphocytes assembled mainly in follicle-like aggregates, and only a few were detectable in more luminal areas of the mucosa. (C
and F) Staining of T cells with anti-CD3 antibodies in a nonimmunized, infected mouse (C) and an immunized and challenged mouse (F). In
contrast to B cells, T cells were detected predominantly in the upper parts of the mucosa between gastric foveoli and glands. Magnification, ⫻10.
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immunity has been discussed as a possible pathomechanism in
H. pylori gastritis in humans (3).
Taken together, our results show that systemic immunization with CpG and H. pylori lysate in a murine model of H.
pylori gastritis is able to elicit a strong local and systemic Th1
response to H. pylori but does not confer protection. Thus,
systemic immunization with adjuvants that preferentially induce Th1 responses may be associated with the risk of aggravated pathology in humans. However, we cannot exclude the
possibility that other protocols, using different antigens and/or
different adjuvants, would be able to prevent the development
of gastritis in mice after systemic Th1 immunization.
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