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Abstract
Background—In a previous study, we
found that oral vaccination induces strong
B cell responses in the stomach of Helico-
bacter pylori infected but not of unin-
fected individuals. In this study, we have
evaluated the possibility of inducing gas-
tric immune responses in H pylori in-
fected volunteers by intestinal and gastric
immunisation.
Methods—H pylori infected subjects were
given two doses of an inactivated cholera
vaccine, either intestinally via an endo-
scope approximately 30 cm distal to the
pylorus sphincter or intragastrically as
small droplets applied directly onto the
stomach mucosa. Uninfected individuals
received the vaccine by standard oral pro-
cedure. Vaccine specific antibody secret-
ing cells in antral and duodenal biopsies
were detected by the enzyme linked im-
munospot assay technique before and
seven days after the second immunisation.
Results—Intestinal immunisations re-
sulted in induction of vaccine specific gas-
tric IgA secreting cells in five of eight
volunteers. This immunisation schedule
also gave rise to specific duodenal anti-
body secreting cells in seven of eight indi-
viduals. Local gastric immunisation
resulted in the induction of specific B cells
in the gastric mucosa of four of eight vol-
unteers. Gastric antigen application also
resulted in B cell responses in the duode-
num in all volunteers. Uninfected volun-
teers receiving the vaccine perorally
responded in the duodenum but not in the
stomach.
Conclusions—H pylori infection increases
the ability of the gastric mucosa to serve
as an expression site for intestinally
induced B cell responses. These findings
are of importance when designing a
therapeutic H pylori vaccine, and based
on our results such a vaccine can be deliv-
ered along the whole upper gastro-
intestinal tract.
(Gut 2001;49:512–518)
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Infection with the Gram negative bacterium
Helicobacter pylori is associated with the devel-
opment of active chronic gastritis, duodenal
ulcer (DU), and primary gastric lymphoma.1 2

Infected individuals develop active chronic
gastritis, characterised by a dense infiltration of
neutrophils and lymphocytes in the gastric

mucosa. In many individuals, gastritis is
accompanied by the development of organised
lymphoid follicles containing B and T cell areas
in the gastric mucosa.3 Another feature of the
immune response to H pylori infection is the
production of specific IgA antibodies which
can be detected both systemically and in gastric
tissues.4–8 Whether gastric IgA secreting cells
are activated and diVerentiate locally in the
gastric mucosa or rather originate from the
organised lymphoid inductive sites in the intes-
tine is not yet known. In spite of the specific
immune responses, most individuals are not
able to clear the infection, which is usually life-
long.

A number of animal studies have demon-
strated that oral immunisation with various H
pylori antigens together with mucosal adjuvants
may result in protection against subsequent
bacterial challenge.9–14 Protection by therapeu-
tic immunisation of mice with Helicobacter
infections has also been achieved,15–17 even
though such immunisation usually does not
lead to sterilising immunity. In some of these
studies,12–14 protection correlated with mucosal
antibody production but to date the eVector
mechanisms resulting in clearance of H pylori
after immunisation still remain largely un-
known. As H pylori is not invasive, but resides
on the gastric epithelial surface and in gastric
mucus, local production of secretory IgA anti-
bodies is potentially important for bacterial
eradication. A role for secretory IgA in protec-
tion is suggested by studies of passive immu-
nity, both in humans and experimental
animals.18–20 On the other hand, it has recently
been reported that antibody deficient mice and
fully immunocompetent mice are protected to
the same extent against H pylori challenge fol-
lowing oral immunisation.21

In a previous study, we examined the
possibility of inducing specific IgA responses in
the human gastric mucosa using an orally inac-
tivated cholera vaccine as a model immuno-
gen.22 We demonstrated that the oral vaccina-
tion resulted in vaccine specific antibody
secreting cell (ASC) responses in the gastric
mucosa of H pylori infected individuals
whereas uninfected individuals failed to mount
detectable B cell responses in the stomach. As
both groups of vaccinees had similar frequen-
cies of vaccine specific ASC in the duodenal
mucosa, we speculated that the gastric ASC
response in H pylori infected volunteers might

Abbreviations used in this paper: ASC, antibody
secreting cells; BSA, bovine serum albumin; CTB,
cholera toxin B subunit; DU, duodenal ulcer;
ELISPOT, enzyme linked immunospot assay; HLO,
Helicobacter-like organism; MNC, mononuclear cells.
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result either from increased gastric antigen
uptake and presentation or from increased
migration of intestinally activated B cells into
the stomach. To evaluate these hypotheses fur-
ther, and to explore how gastric antibody
responses may be induced, we have given inac-
tivated cholera vaccine to H pylori infected vol-
unteers, either intestinally or intragastrically,
and recorded the resulting immune responses
in the gastric and duodenal mucosae as well as
in the circulation.

Materials and methods
VOLUNTEERS

The study was performed following approval
from the human research ethics committee of
the Medical Faculty, Göteborg University, and
all volunteers gave informed consent to partici-
pate. Seven H pylori infected individuals with
gastrointestinal symptoms, two of whom had
scars after a previous DU, were recruited
among patients attending the gastroenterology
unit at Sahlgrenska University Hospital, Göte-
borg. Nine asymptomatic H pylori carriers were
identified by serological screening of healthy
blood donors.23 None of the infected volunteers
had an active ulcer or was on any medication
for at least one week preceding the study. In
addition, 12 healthy uninfected individuals
without any gastrointestinal disorders were
recruited. Before enrolment, H pylori infection
was assessed in all volunteers by serology or
urea breath test.23 Furthermore, H pylori status
was always confirmed by culture of gastric
biopsies (see below). All volunteers received
two doses of an oral cholera vaccine (Dukoral;
SBL Vaccin, Stockholm, Sweden)24 two weeks
apart; each dose consisted of 1 mg of
recombinant cholera toxin B subunit (CTB)
and 1011 killed Vibrio cholerae organisms.

INTESTINAL IMMUNISATION

Eight H pylori infected volunteers (aged 33–58
years; four females; five asymptomatic carriers,
two with dyspeptic symptoms, and one patient
previously suVering from DU) received the
vaccine locally in the small intestine. This was
done during gastroduodenoscopy, introducing
the endoscope down to the level of the ligament
of Treitz—that is, approximately 30 cm distal
to the pylorus sphincter—with the patient in
the left lateral position. The vaccine was intro-
duced through a 1.6 mm catheter and
administered in 15 ml of physiological saline,
followed by 5 ml of saline to rinse the catheter.

To ensure that only minimal amounts of
vaccine were refluxed into the stomach after
intestinal deposition, the vaccine was adminis-
tered together with 13C labelled polyethylene-
glycol in pilot experiments. These experiments
showed that only 2% of the administered poly-
ethyleneglycol, 0.05% of CTB, and <1% of the
whole cell component were recovered in the
total amount of gastric juice collected from
these subjects by a nasogastric tube within the
first two hours after immunisation. Gastric
aspirates collected directly after each duodenal
immunisation consistently contained less than
0.01% of the total amount of CTB given, and
less than 1% of the whole cell component.

INTRAGASTRIC IMMUNISATION

Another group of eight H pylori infected volun-
teers (aged 36–61 years; two females; four
asymptomatic carriers, three with dyspeptic
symptoms, and one previous DU patient) as
well as four healthy uninfected individuals
(aged 22–39 years; one female) were immu-
nised twice intragastrically. The vaccine (4 ml)
was directly distributed as small droplets over
the antral mucosa with the patient in the left
lateral position using a 1.6 mm catheter
through the endoscope. This made it possible
to deliver the droplets accurately and to ensure
by inspection that the fluid was spread over the
mucosa and absorbed almost instantly. Sub-
jects receiving intragastric deposition of vac-
cine were treated with a daily dose of 120 mg of
omeprazole (Losec) during the last two days
prior to vaccination to reduce gastric output.

ORAL IMMUNISATION

For comparative purposes, eight healthy unin-
fected individuals (aged 21–35 years; three
females) received the vaccine by the standard
peroral procedure—that is, as a drink with the
vaccine in 150 ml of a neutralising bicarbonate
buVer.24 In addition to the standard vaccination
protocol,24 these volunteers also received 1.5 g
of acetylsalicylic acid during the last three days
before their first vaccination. This was done in
order to create a mild gastric inflammation and
make their gastric mucosal microenvironment
more similar to that of H pylori infected
individuals at the time of the first antigen
delivery.25

SPECIMEN COLLECTION

Heparinised venous blood and serum were
collected from all volunteers one week before
the first and one week after the second immu-
nisation. At the same time points, 11 antral and
14 duodenal biopsies, 2 mm in diameter and
encompassing the epithelium and lamina
propria, were also collected from each of the
volunteers under local anaesthesia. One antral
and four duodenal biopsies were fixed in 4%
formalin, stained with haematoxylin, and
examined by an experienced histopathologist
who was unaware of the subjects’ clinical
symptoms and immunisation schedule. Gastri-
tis and the presence of Helicobacter-like organ-
isms (HLO) were graded from 0 to 3 (none,
mild, moderate, or severe), according to the
upgraded Sydney system.26 Gastric aspirates
were put on ice and adjusted to pH 6–8, enzy-
matic degradation was inhibited,7 and the aspi-
rates stored at −70°C until ELISA analyses
were performed.

ISOLATION OF MONONUCLEAR CELLS (MNC) AND

DETECTION OF ASC

Peripheral blood MNC were collected by
isopycnic gradient centrifugation on Ficoll-
Hypaque (Pharmacia, Uppsala Sweden). Gas-
tric and duodenal lymphocytes were isolated
from the remaining biopsies by short term
enzymatic digestion using thermolysine and
collagenase.22 27 Before enzymatic digestion, an
aliquot of the fragmented tissue was cultured
on Skirrow blood agar plates containing 10%
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horse blood for three days under microaer-
ophilic conditions to confirm the H pylori
status of the volunteers.

The frequencies of ASC in the cell suspen-
sions isolated from blood, antrum, and duode-
num were determined in double colour enzyme
linked immunospot (ELISPOT) assays using
ganglioside GM1 (Sigma) followed by recom-
binant CTB as coating antigen.22 28 Control
assays were performed in parallel in wells
coated with bovine serum albumin (BSA), and
the total frequencies of IgA and IgG secreting
cells, irrespective of specificity, were deter-
mined in wells coated with goat antibodies to
the F(ab)2 fragment of human IgG (Jackson
ImmunoResearch Laboratories, Inc., West
Grove, Pennsylvania, USA).

Intestinal MNC were plated at 104 and 2×103

MNC per ELISPOT well, gastric MNC at
4×104 and 104 cells per well, and blood MNC at
106 and 2×105 cells per well in duplicate. The
presence of two or more specific ASC in the
wells with the highest cell concentration was
regarded as a significant ASC response, corre-
sponding to 200 spots per 106 MNC for intes-
tinal cells, 50 spots per 106 MNC for gastric
cells, and 2 spots per 106 MNC for blood cells.
These cut oV levels represent the mean+3 SD
of IgA spot forming cells in the duodenum of
non-immunised volunteers. A twofold or larger
increase in ASC frequencies, after adjusting for
any changes in total IgA secreting cell frequen-
cies, was regarded as a significant increase.

DETECTION OF VACCINE SPECIFIC ANTIBODIES IN

GASTRIC ASPIRATES AND SERUM

Gastric aspirates were analysed for antitoxin
and antibacterial IgA antibody titres by a
GM1-CTB and a whole cell ELISA, respec-
tively, and sera for IgA and IgG antitoxin titres
by GM1-ELISA and IgG antibacterial titres by
a vibriocidal assay.29 30 In addition, the total IgA
content in the gastric aspirates was determined
by ELISA. Commercially available colostrum
IgA standard (Sigma) was used as the refer-
ence. Gastric aspirates containing less than
20 µg/ml of IgA were excluded from the study
as our previous studies have shown that
samples with lower IgA concentrations do not
give reproducible results. Serial dilutions of pre
and post vaccination specimens were tested in
duplicate, and the titre defined as the interpo-
lated reciprocal dilution giving an absorbance
of 0.4 above background. Gastric juice titres
were adjusted for total IgA content in each
sample. Significant titre increases were >2-fold
in ELISA and >4-fold in vibriocidal assays.31

STATISTICAL ANALYSIS

DiVerences in inflammation and bacterial load
between the study groups were evaluated by
Wilcoxon rank sum test. The frequencies of
responders in the diVerent groups were evalu-
ated using the hypothesis test for comparing
independent proportions corrected for small
sample sizes.

Results
INFLAMMATION AND BACTERIAL LOAD

Biopsies from uninfected subjects were histo-
logically normal without inflammation or
HLO. In contrast, chronic inflammation and
HLO were observed in biopsies from the
antrum of all H pylori infected volunteers. H
pylori was also cultured from antral biopsies
from all infected subjects.

There was no significant diVerence in the
inflammation in the antrum between the two
groups of H pylori infected subjects with a
mean inflammatory score of 1.7 (0.5) (mean
(SD)) in the intestinal immunisation group
and 2.0 (0) in the intragastric immunisation
group. Furthermore, no significant changes in
inflammation were recorded after immunisa-
tion.

ASC RESPONSES AFTER INTESTINAL

IMMUNISATION

One group of eight H pylori infected individu-
als was immunised intestinally, and the fre-
quencies of vaccine specific ASC were moni-
tored in cell suspensions from the mucosal
tissues and blood before and after immunisa-
tion. All but one volunteer responded to the
immunisations with CTB specific IgA secret-
ing cells in the duodenum (p<0.01 compared
with no responders). The mean increase in
ASC frequencies among the responders was
60-fold after vaccination (fig 1). Three subjects
also responded with IgG secreting cells react-
ing with CTB. The specificity of the ASC
responses obtained after immunisation was
ascertained by parallel assays in BSA coated
wells. Only one of the volunteers had low num-
bers of BSA reactive IgA secreting cells after
immunisation.

Intestinal immunisation also resulted in
induction of gastric CTB specific IgA secreting
cells in five of eight vaccinees (p<0.05), the
mean increase being 19-fold in responding
individuals (fig 2). Three of these volunteers
also developed specific IgG ASC responses in
the gastric mucosa although IgG responses
were always lower than IgA responses. BSA

Figure 1 Duodenal antibody secreting cell (ASC)
responses after intestinal, intragastric, or peroral
immunisations. Duodenal biopsies were collected one week
before and one week after a second immunisation with
cholera vaccine, and IgA secreting ASC reacting with
cholera toxin B subunit (CTB) were detected by ELISPOT
assays. Data are presented as individual frequencies of
CTB specific IgA secreting cells per 104 total IgA secreting
cells before (Pre) and after (Post) the respective
immunisation regimens. Horizontal lines represent
arithmetic mean. Numbers indicate the frequencies of
responders in the respective groups.
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reactive ASC could not be detected in any of
the volunteers.

Furthermore, intestinal immunisations gave
rise to specific ASC responses against CTB in
peripheral blood; all eight volunteers re-
sponded with circulating IgA secreting and
seven with IgG secreting antitoxin ASC (fig 3).

ASC RESPONSES AFTER GASTRIC IMMUNISATION

A second group of eight H pylori infected
volunteers received intragastric immunisations.
Gastric antigen delivery resulted in induction
of CTB specific IgA secreting cells in the
gastric mucosa of four of eight volunteers, the

mean increase being 12-fold in responding
subjects (fig 2). However, due to the small
number of volunteers, this frequency of
responders was not statistically significant. Two
of the responding volunteers also had detect-
able frequencies of CTB specific IgG secreting
cells, and none had BSA reactive ASC.

Gastric antigen delivery also gave rise to B
cell responses in the proximal small intestine.
Thus all volunteers had IgA secreting cells
reacting with CTB in the duodenal mucosa
(p<0.001) with a mean 120-fold increase (fig
1), and three also had CTB specific IgG
secreting cells. None of the volunteers had
increased frequencies of BSA reactive ASC. As
with the intestinally induced responses, all of
the immunised volunteers had CTB specific
IgA secreting cells in their circulation one week
after the last gastric immunisation, and six also
had IgG secreting cells reacting with CTB (fig
3).

To evaluate if gastric antigen delivery would
induce local or disseminated B cell responses in
uninfected volunteers also, an additional group
of four uninfected volunteers underwent intra-
gastric immunisation. These immunisations
did not induce gastric ASC responses, except
in one individual who had few CTB specific
cells and was on the threshold level of having a
significant response. Increased frequencies of
CTB specific IgA secreting cells could be
detected in the duodenal mucosa in two of the
four uninfected volunteers. One of these
individuals also had increased frequencies of
IgG secreting cells reacting with CTB but none
had increased frequencies of BSA reactive
ASC. Circulating vaccine specific IgA and IgG
ASC were observed in all of these individuals,
in frequencies similar to those in the other
experimental groups (fig 3).

ASC RESPONSES AFTER ORAL IMMUNISATION

As a control group, H pylori negative volunteers
received two oral doses of cholera vaccine
following a three day course of aspirin
ingestion, in an attempt to create a mild gastric
inflammation at the time of immunisation. As
in our previous studies,22 27 this immunisation
schedule resulted in increased frequencies of
duodenal CTB specific ASC in the majority
(six of eight; p<0.01) of the volunteers one
week after the second immunisation. The ASC
response was dominated by IgA secreting cells
(fig 1) whereas increased frequencies of CTB
specific IgG secreting cells were only seen in
one of the volunteers. In none of the volunteers
was there any increase in BSA reactive ASC in
the duodenum.

In contrast with the findings in the duode-
num, and in keeping with our previous study,22

CTB specific ASC could not be detected in the
gastric mucosa of these volunteers. Finally, the
peripheral blood ASC response to CTB after
oral immunisation was very similar to that
obtained after intestinal vaccination, both in
terms of responder frequency and isotype
composition (fig 3).

Figure 2 Gastric antibody secreting cell (ASC) responses
after intestinal or intragastric immunisations. Gastric
biopsies were collected one week before and one week after a
second immunisation with cholera vaccine, and ASC
reacting with cholera toxin B subunit (CTB) were detected
by ELISPOT assays. Data are presented as individual
frequencies of CTB specific IgA secreting cells per 104 total
IgA secreting cells before (Pre) and after (Post) the
respective immunisation regimens. Horizontal lines
represent arithmetic mean. One individual had very high
levels of CTB reactive ASC at the first examination but
only background levels after immunisation. However, as this
subject had equally high levels of BSA reactive ASC before
immunisation, the ASC observed in the preimmunisation
specimen most likely represented non-specific reactions and
hence data from this individual were not incorporated.
Numbers indicate the frequencies of responders in the
respective groups.
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ANTIBODY RESPONSES IN SERUM

Twenty four of 28 subjects responded to the
vaccination with significantly increased levels
of anti-CTB (IgA, IgG, or both) antibodies in
serum (table 1). Nineteen of the 28 volunteers
also responded with increased vibriocidal titres
after immunisation (table 1). There was no sig-
nificant diVerence in antibody responses in
serum among the four groups of immunised
volunteers.

ANTIBODY RESPONSES IN GASTRIC ASPIRATES

Four of eight H pylori infected volunteers
receiving intestinal immunisation and four of
eight given intragastric immunisation had
increased levels of CTB specific IgA in gastric
juice. Only two of five subjects who received
peroral immunisation and one of four healthy
volunteers who received intragastric immuni-
sation had increased titres of gastric CTB spe-
cific IgA. Furthermore, two of eight intestinally
immunised, two of five perorally immunised,
and four of 12 intragastrically immunised
volunteers had increased gastric titres against
whole vibrios (table 2). Due to low total IgA
concentrations, samples from only five of eight
volunteers who received peroral immunisation
could be analysed.

Discussion
According to the generally accepted concept of
a common mucosal immune system, B cell
immunoblasts activated in organised mucosal
inductive sites migrate via the blood to their
final destination, mainly the intestinal lamina
propria, but also to remote mucosal tissues and
exocrine glands.32 33 A number of studies have
indicated a certain degree of compartmentali-
sation of immune responses within mucosa
associated lymphoid tissues,34–38 in the sense

that cells activated in a certain tissue tend to
migrate back to mucosal surfaces close to their
original site of activation. This study therefore
examined whether gastric B cell responses can
be induced by distant intestinal immunisation
or by local intragastric immunisation. Our
results demonstrated that a strictly intestinal
antigen administration can result in accumula-
tion of vaccine specific IgA secreting cells in the
gastric mucosa of H pylori infected individuals.
This provides evidence for migration of
circulating lymphocytes into the gastric mu-
cosa with H pylori associated gastritis. In
contrast, we have previously shown that there is
no detectable migration of circulating B cell
blasts to uninfected healthy gastric mucosa,22 a
finding that was confirmed in the present
study. In this study, healthy volunteers were
treated with acetylsalicylic acid to induce
gastric inflammation at the time of antigen
delivery but this treatment could not revert the
non-responsiveness of the uninfected stomach.
Therefore, H pylori infected but not uninfected
human stomach appears to be part of the gen-
eralised mucosal immune network.

It could be argued that the B cell responses
recorded in the stomach after intestinal immu-
nisations were caused by antigen reflux from
the proximal small intestine to the stomach but
there are several reasons to believe that this was
not the case. The high binding capacity of CTB
to ganglioside GM1, which is present on all
nucleated cells, probably results in rapid
capture of all CTB in the vaccine. Further-
more, any CTB reaching the acid gastric milieu
would rapidly dissociate into non-
immunogenic monomers. Finally, significant
reflux of antigens from the small intestine to
the stomach could not be observed, either by
visual inspection or by measuring vaccine

Table 1 Serum antitoxin and vibriocidal titres after immunisation with cholera vaccine by diVerent routes

IgA anti-CTB titres IgG anti-CTB titres Vibriocidal titres

Immunisation
H pylori
status Day 0 Day 21

Frequency of
responders Day 0 Day 21

Frequency of
responders Day 0 Day 21

Frequency of
responders

Intestinal + 23
(<5–361)

423
(121–2081)

6/8 92
(18–432)

562
(191–2006)

5/8 23
(<10–240)

132
(20–1920)

7/8

Intragastric + 44
(8–438)

433
(237–1197)

6/8 78
(30–316)

447
(94–2053)

7/8 14
(<10–40)

43
(<10–640)

4/8

Peroral − 13
(<5–80)

151
(<5–9228)

6/8 52
(18–176)

281
(41–10935)

7/8 13
(<10–80)

60
(<10–480)

5/8

Intragastric − 18
(10–50)

830
(150–3790)

4/4 32
(10–70)

736
(120–4340)

4/4 <10
(<10–<10)

95
(<10–640)

3/4

Data are presented as geometric mean (range).
CTB, cholera toxin B subunit.

Table 2 Gastric juice antitoxin and anti-whole cell titres after immunisation with cholera vaccine by diVerent routes

IgA anti-CTB titres IgA anti-whole cell titres

Immunisation
H pylori
status Day 0 Day 21

Frequency of
responders Day 0 Day 21

Frequency of
responders

Intestinal + 0.17
(0.025–0.92)

0.44
(0.061–4.2)

4/8 1.2
(0.09–9.9)

0.82
(0.12–10.0)

2/8

Intragastric + 0.14
(0.006–1.9)

0.22
(0.027–1.6)

4/8 0.95
(0.22–3.6)

0.78
(0.20–2.5)

3/8

Peroral − 0.15
(0.033–0.49)

0.27
(0.12–10.3)

2/5 12.0
(0.28–40.1)

5.2
(0.075–149)

2/5

Intragastric − 0.43
(0.18–0.75)

0.22
(0.080–1.5)

1/4 0.70
(0.56–1.0)

1.8
(0.38–53.1)

1/4

Data are presented as geometric mean (range) of the specific titre divided by the total concentration of IgA (µg/ml) in the respective
samples.
CTB, cholera toxin B subunit.
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components in gastric aspirates collected after
immunisations.

This study also showed that gastric antigen
delivery induced a disseminated response that
could be detected in blood and in the small
intestine of most volunteers, irrespective of
whether or not they were H pylori infected.
Therefore, the human stomach mucosa may be
able to serve as an inductive site for generalised
mucosal responses against intragastrically ad-
ministered antigens although we cannot fully
rule out the possibility that some of the
antigens delivered to the gastric mucosa may
have reached intestinal inductive sites. If the
intragastrically delivered antigens were indeed
taken up through the gastric epithelium, they
may have been presented locally in the gastric
mucosa, in regional mesenteric lymph nodes,
or even in other lymphoid tissues. But even
though gastric antigen delivery resulted in cir-
culating B cell responses in all volunteers, only
H pylori infected individuals had gastric ASC
after such immunisations. This again suggests
that gastric B cell responses are accomplished
mainly by migration of plasma cell precursors
from the circulation in H pylori infected
individuals rather than by local gastric activa-
tion and diVerentiation of naive B cells.
Increased migration of B cells into the gastric
mucosa probably also contributes to the large
accumulation of IgA secreting cells (about 10%
of all MNC), of which many are specific for H
pylori antigens, in the gastric mucosa of H pylori
infected individuals.8

Based on our results, a therapeutic vaccine
against H pylori does not necessarily have to be
delivered directly to the gastric mucosa but
could probably rely on migration of specific
eVector lymphocytes to the stomach. In
support of this notion, a recent study by
Michetti and colleagues39 showed that protec-
tive immunity after prophylactic immunisation
against H felis is dependent on migration of cir-
culating lymphocytes to mucosal tissues. Fur-
thermore, peroral, rectal, and intranasal immu-
nisations all result in protective immunity
against H pylori challenge in a murine model.40

In humans however nasal antigen delivery does
not seem to be an eYcient way to induce intes-
tinal antibody responses.37 41 Preliminary re-
sults from our laboratory indicate that the same
is also true for gastric B cell responses after
nasal immunisation (E-L Johansson, C
Bergquist et al, manuscript in preparation).

The increased lymphocyte migration to the
H pylori infected stomach is probably depend-
ent on production of inflammatory chemok-
ines. Thus H pylori infection results in
increased production of macrophage inflam-
matory protein 1á (MIP-1á), growth related
oncogene á (GRO-á), and RANTES, as well as
B cell attracting chemokine 1 (BCA-1) in the
gastric mucosa.42–44 Another factor that prob-
ably influences the possibility of circulating
lymphocytes to enter the infected, but not the
uninfected, gastric mucosa is increased expres-
sion of some endothelial adhesion molecules in
the stomach of H pylori infected individuals.45 46

Thus H pylori infection results in increased
endothelial expression of intercellular adhesion

molecule 1 and vascular cell adhesion molecule
1, and a slower rolling of leucocytes over
endothelial cells in gastric venules. Upregula-
tion of adhesion molecules is probably caused
by increased local production of cytokines such
as interferon ã and tumour necrosis factor á in
response to infection47–51 as these cytokines are
potent inducers of endothelial adhesion mol-
ecule expression.52 Furthermore, mucosal
venules in the stomach express the mucosal
addressin cellular adhesion molecule 153 which
is also abundant in the intestinal mucosa.54

Therefore, similar recognition events might
determine lymphocyte extravasation in the
small intestine and in the H pylori infected
stomach, events that may facilitate lymphocyte
traYcking to the inflamed gastric mucosa after
intestinal immunisation.

In conclusion, this study suggests that H
pylori infection alters the capacity of the gastric
mucosa to serve as an expression site for intes-
tinally induced B cell responses by increasing
the recruitment of eVector lymphocytes. Our
results also suggest that the stomach might
function as an inductive site for disseminated
ASC responses although this has to be further
confirmed in future experiments. Our findings
in this study have obvious implications in the
eVorts to design a therapeutic H pylori vaccine
for human use, and based on these results such
a vaccine might be delivered to the proximal
small intestine and not directly to the gastric
mucosa.
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