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In clinical settings, Lactobacillus johnsonii Lal administration has been reported to have a favorable effect
on Helicobacter pylori-associated gastritis, although the mechanism remains unclear. We administered, con-
tinuously through the water supply, live Lal to H. pylori-infected C57BL/6 mice and followed colonization, the
development of H. pylori-associated gastritis in the lamina propria, and the levels of proinflammatory chemo-
kines macrophage inflammatory protein 2 (MIP-2) and keratinocyte-derived cytokine (KC) in the serum and
gastric tissue over a period of 3 months. We documented a significant attenuation in both lymphocytic (P =
0.038) and neutrophilic (P = 0.003) inflammatory infiltration in the lamina propria as well as in the circulating
levels of anti-H. pylori immunoglobulin G antibodies (P = 0.003), although we did not observe a suppressive
effect of Lal on H. pylori colonizing numbers. Other lactobacilli, such as L. amylovorus DCE 471 and L.
acidophilus 1BB 801, did not attenuate H. pylori-associated gastritis to the same extent. MIP-2 serum levels were
distinctly reduced during the early stages of H. pylori infection in the Lal-treated animals, as were gastric
mucosal levels of MIP-2 and KC. Finally, we also observed a significant reduction (P = 0.046) in H. pylori-
induced interleukin-8 secretion by human adenocarcinoma AGS cells in vitro in the presence of neutralized
(pH 6.8) Lal spent culture supernatants, without concomitant loss of H. pylori viability. These observations
suggest that during the early infection stages, administration of Lal can attenuate H. pylori-induced gastritis
in vivo, possibly by reducing proinflammatory chemotactic signals responsible for the recruitment of lympho-

cytes and neutrophils in the lamina propria.

Helicobacter pylori is a gram-negative spiral motile pathogen
with a unique adaptive ability to colonize the hostile acidic
environment of the stomach. Clinical manifestations of persis-
tent chronic H. pylori infection range in severity from chronic
active gastritis, chronic atrophic gastritis, and peptic ulceration
to gastric mucosa-associated lymphoid tissue lymphoma and
cancer. Early results from animal and clinical studies suggested
that probiotics may contribute to the management of H. pylori
infection (Maastricht 2-2000 Consensus) (35). Probiotics have
been defined as “live microorganisms which when adminis-
tered in adequate amounts confer a health benefit on the host”
(Joint FAO/WHO Expert Consultation on Evaluation of
Health and Nutritional Properties of Probiotics in Food In-
cluding Powder Milk with Live Lactic Acid Bacteria, Cordoba,
Argentina, October 2001). Various Lactobacillus probiotic
strains have been demonstrated to exert antagonistic activity
against gram-negative pathogens (43) and H. pylori in partic-
ular. More specifically, administration of lactic acid- or butyric
acid-producing bacteria, such as Lactobacillus salivarius (1, 31),
Lactobacillus gasseri (50), and Clostridium butyricum (49), has
been shown to prevent H. pylori colonization in germ-free
mice. Lactobacillus acidophilus strain LB supernatants have
been demonstrated to inhibit Helicobacter felis colonization in
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conventional specific-pathogen-free BALB/c mice (11). Fur-
thermore, continuous administration of Lactobacillus casei
strain Shirota over a 9-month period resulted in reduction of
H. pylori colonizing numbers and concomitant attenuation of
associated gastritis in C57BL/6 mice infected with H. pylori SS1
(Sydney strain 1) (44). In a similar study involving the same
infection model, a mixture of Lactobacillus rhamnosus and L.
acidophilus also inhibited H. pylori colonization and reduced
the number of animals developing gastritis but did not affect H.
pylori-induced apoptosis in the gastric mucosa (30).

Results from a number of clinical trials suggest that admin-
istration of lactic acid bacteria (LAB) can have a moderate, yet
in some cases significant, inhibitory effect on H. pylori coloni-
zation as well as H. pylori-associated gastritis (for a review, see
reference 27). In these studies, LAB have been administered to
asymptomatic H. pylori-infected patients either alone (9, 14, 26,
37, 40) or as adjunctive agents to conventional eradication
therapy (8, 13, 15, 21). However, the majority of studies uti-
lized the urea breath test, a method which may not be suitable
for assessment of H. pylori colonization in clinical settings
involving lactobacilli, because of the ability of the lactobacilli
to reduce H. pylori urease activity (1, 11, 44). Moreover, when
more stringent methods, such as quantitative gastric cultures,
were employed for evaluation of H. pylori colonization, no
significant effect was observed (40). Despite the conflicting
reports of the ability of lactobacilli to affect H. pylori coloni-
zation, one interesting common observation was the significant
attenuation of H. pylori-associated inflammation which was
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evident with the lactobacillus-administered groups. In particu-
lar, Lactobacillus johnsonii Lal (Nestlé, Switzerland) has been
shown to exert such an anti-inflammatory effect in two double-
blind, placebo-controlled clinical trials, where an acidified milk
containing live Lal cells (LC-1) was administered alone (40) or
as adjunct to antibiotic eradication therapy (21) to H. pylori-
positive asymptomatic volunteers.

Specific CXC family chemokines, such as interleukin-8 (IL-
8), growth-related oncogene alpha (GRO-«), gamma interfer-
on-inducible protein 10 (IP-10), and monokine induced by
gamma interferon (MIG), have been associated with the de-
velopment of H. pylori gastritis during early infection stages
(18, 54) by driving the chemotaxis of inflammatory cells such as
neutrophils (IL-8 and GRO-a) and T lymphocytes (IP-10 and
MIG). In rodents, murine macrophage inflammatory protein 2
(MIP-2) and Gro-a/keratinocyte-derived cytokine (KC) have
been shown to possess distinct sequence homology to human
GRO-q, -B, and -y chemokines and are regarded as the murine
functional homologs of human IL-8 (17, 42).

In the present study, we explored the potential anti-inflam-
matory effect of Lal on H. pylori-associated gastritis by the H.
pylori SS1 strain infection model with C57BL/6 mice, following
Lal continuous administration over a period of 3 months. We
observed, following histological evaluation, a significant reduc-
tion in H. pylori-associated gastritis and reduced levels of
proinflammatory chemokines MIP-2 and KC in the serum and
in gastric explants from the animals. Similarly, lactobacillus
spent culture supernatants significantly reduced H. pylori-
induced secretion of IL-8 by human gastric epithelial cells
in vitro.

MATERIALS AND METHODS

Bacterial strains and culture conditions. Lactobacillus johnsonii Lal, Lacto-
bacillus amylovorus DCE 471, and Lactobacillus acidophilus IBB 801 were part of
the lactic acid bacteria of the PROPATH collection, kindly provided by Luc De
Vuyst (Free University, Brussels). They were grown in de Man-Rogosa-Sharpe
(MRS) broth (Difco Laboratories, Detroit, Mich.) overnight (o/n) at 37°C (ap-
proximately 10'® CFU ml™') prior to use. Respective cell-free spent culture
supernatants (LAB-SCS) were prepared by centrifugation of liquid LAB cultures
at 10,000 X g for 30 min at 4°C, filtered through a 0.22-um-pore-size filter
(Millipore, Molsheim, France), and checked for the absence of bacteria by
plating on MRS agar. They were kept frozen at —20°C until use.

Early-passage H. pylori strain SS1 was kindly provided by R. L. Ferrero (In-
stitut Pasteur, Paris, France). Helicobacter pylori strains CCUG 38770 (Culture
Collection, University of Goétenburg, Sweden) and 069A were generously pro-
vided by T. Wadstrom (University of Lund, Sweden) and A. L. Servin (INSERM
U510, Chatenay-Malabry, France), respectively. All H. pylori strains were rou-
tinely cultured under microaerophilic conditions (CampyPak-Plus; Becton-
Dickinson, Cockeysville, Md.) at 37°C on Wilkins-Chalgren agar enriched with
7% (volvol) horse blood and 1% (vol/vol) VITOX (Oxoid, Basingstoke, United
Kingdom). Unless otherwise stated, highly motile bacillary H. pylori cells derived
from fresh o/n cultures were used for all in vitro and in vivo procedures.

H. pylori infection of C57BL/6 mice and LAB administration. Specific-patho-
gen-free 6- to 8-week-old male C57BL/6 mice were obtained from the Central
Animal Facility of the Hellenic Pasteur Institute. They were housed according to
relevant Greek national legislation, fed a commercial diet, and given water ad
libitum, except as otherwise stated. H. pylori infections by the SS1 strain were
carried out as described before (33, 44). Briefly, freshly prepared aliquots (100
ul, 10° CFU) of H. pylori SS1 strain in brain heart infusion broth (Oxoid) were
administered to mice via orogastric inoculation three times within a week (days
1, 3, and 5). Accordingly, all noninfected control animals were inoculated with
the same volume of plain brain heart infusion broth. LAB cultures were admin-
istered through the animals’ drinking water, starting from the day of the last H.
pylori challenge (day 5), over a period of 3 months. Daily water consumption and
LAB viability in the water were monitored closely. Differences in the volumes
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consumed, possibly due to taste variations or potential osmolality changes fol-
lowing the addition of lactobacilli, between the animal groups were recorded and
taken into account for the determination of the administered daily dose. The
following groups of animals were included in the study: H. pylori-infected mice
administered L. johnsonii Lal (Hp-Lal group; n = 15), L. amylovorus DCE 471
(Hp-DCEA471 group; n = 15), or L. acidophilus IBB 801 (Hp-IBB801 group; n =
15). The control groups were H. pylori-infected mice left untreated (HpSS1
group; n = 15) or given nonfermented MRS medium (Hp-MRS group; n = 15).
We also included uninfected mice (n = 15), as well as mice administered only the
lactobacilli, namely, L. johnsonii Lal (Lal group; n = 15), L. amylovorus DCE
471 (DCE 471 group; n = 15), and L. acidophilus TBB 801 (IBB 801 group; n =
15). Mean daily lactobacillus consumption per animal was calculated to be 1.5 X
10® CFU for Lal-administered groups, 2.1 X 108 CFU for DCE 471-adminis-
tered groups, and 4.6 X 10® CFU for IBB 801-administered groups. At time
intervals of 1, 6, and 12 weeks, blood samples were collected and five animals per
group were sacrificed by cervical dislocation. All methods describing assessment
of H. pylori colonization, LAB isolation, and identification in gastric and intes-
tinal samples as well as evaluation of gastritis and anti-H. pylori immunoglobulin
G (IgG) response have been described in detail before (44). Levels of MIP-2 and
KC in mouse serum were determined by enzyme-linked immunosorbent assay
(ELISA) Quantikine immunoassay kits (R&D Systems, Minneapolis, Minn.),
according to the manufacturer’s protocols. Analysis of the results with respect to
H. pylori-associated gastritis was performed by the Wilcoxon rank sum test.
Serum MIP-2 and KC levels were compared between study and control groups by
two-tailed unpaired ¢ test with Welch correction.

Determination of proinflammatory chemokines in gastric organ cultures from
H. pylori-infected animals administered Lal. MIP-2 and KC secreted by the
gastric mucosa were measured following a modification of the protocol of
Siegmund et al. (46). Uninfected mice or mice infected with H. pylori were
administered Lal as described in the previous section. At selected time points
(days 6, 8, 12, and 18) following the first H. pylori challenge, blood samples were
collected and eight animals per group were sacrificed by cervical dislocation.
Excised stomachs were dissected and turned inside out. They were then washed
in cold phosphate-buffered saline supplemented with 100 U/ml penicillin G and
100 pg/ml streptomycin sulfate (Sigma-Aldrich, Steinheim, Germany) and were
placed in 24-well flat-bottomed culture plates (Greiner Bio-One, Frickenhausen,
Germany) in 2 ml serum-free RPMI 1640 medium (Gibco, Inc., Grand Island,
N.Y.) supplemented with penicillin and streptomycin. The culture medium was
collected after 24 h of incubation at 37°C, centrifuged at 15,000 X g, and stored
at —20°C until analyzed by ELISA (Quantikine immunoassay) for the presence
of MIP-2 and KC. Analysis of the results was carried out by two-tailed unpaired
t test with Welch correction.

In vitro H. pylori infection of AGS cells and determination of IL-8 levels.
Human gastric adenocarcinoma cell line AGS (ATCC CRL 1739) was main-
tained in F-12 Coon’s modification medium (Euroclone, Ltd., United Kingdom)
supplemented with 10% heat-inactivated fetal bovine serum (Gibco), 2 mM
L-glutamine, 100 U/ml penicillin G, and 100 wg/ml streptomycin sulfate at 37°C
in a 5% CO, atmosphere. For the infection studies, AGS cells were seeded at a
density of 1.7 X 10° cells per well and incubated o/n. Prior to infection with H.
pylori, they were washed twice with fresh cell culture medium without antibiotics,
and the media were replaced with antibiotic-free complete F-12 (10% fetal
bovine serum). H. pylori bacteria were harvested from 18-hour solid cultures and
resuspended in antibiotic-free complete F-12 medium. We standardized the H.
pylori to AGS populations to achieve a multiplicity of infection of 100. In order
to assess the effect of lactobacilli on H. pylori-induced IL-8 secretion, we simul-
taneously incubated live lactobacilli with H. pylori-infected AGS cells. However,
we observed a massive destruction of the epithelial cell monolayer following a
24-hour incubation (data not shown). We therefore incubated H. pylori with
LAB-SCS at a 1:1 (vol/vol) ratio for 1 h at 37°C under microaerophilic condi-
tions, which allow for optimum H. pylori viability. Subsequently, the whole bac-
terial suspension was added to AGS monolayers and further incubated for 24 h
(37°C in a 5% CO, atmosphere). AGS supernatants were collected, centrifuged
at 15,000 X g, and kept at —20°C until assayed for IL-8. LAB-SCS were used at
their native pH of 4.5, as well as neutralized to pH 6.8 by addition of NaOH.
Appropriate controls of acidified nonfermented MRS adjusted to pH 4.5 with 1
N hydrochloric acid or pr-lactic acid (final concentration, 100 mM; Sigma-
Aldrich) were also included in the study. The corresponding controls of LAB-
SCS at neutralized pH 6.8 were nonfermented MRS broth and MRS initially
acidified with lactic acid to pH 4.5 and readjusted to pH 6.8 with 1 N NaOH.
In all experiments, we assessed H. pylori morphology by microscopic observation
and viability by plating serial dilutions of bacterial cultures on Wilkins-Chalgren
agar. IL-8 levels in the AGS culture supernatants were determined by ELISA
(Bender Medsystems, Vienna, Austria) according to the manufacturer’s proto-
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TABLE 1. Chronic inflammatory infiltration” in H. pylori-infected
mice treated with lactobacilli
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TABLE 2. Activity of chronic gastritis” in H. pylori-infected
mice treated with lactobacilli

No. of mice of grade’:

No. of mice of grade’:

Wk Group Pe Wk Group Pe
0 1 2 3 0 1 2 3
6 HpSS1 0 5 0 0 6 HpSS1 0 5 0 0
Hp-DCEA471 3 2 0 0 0.047 Hp-DCEA471 3 2 0 0 0.047
Hp-Lal 5 0 0 0 0.003 Hp-Lal 5 0 0 0 0.003
Hp-1IBB801 4 1 0 0 0.014 Hp-1IBB801 4 1 0 0 0.014
12 HpSS1 0 3 2 0 12 HpSS1 0 0 4 1
Hp-DCEA471 0 4 1 0 0.264 Hp-DCEA471 0 4 1 0 0.011
Hp-Lal 2 3 0 0 0.038 Hp-Lal 4 1 0 0 0.003
Hp-1BB801 0 4 1 0 0.264 Hp-1BB801 0 4 1 0 0.011

“ Lymphocyte infiltration in the antrum.

b Histopathology grades according to the updated Sydney system (16) are as
follows: normal, 0; mild, 1; moderate, 2; and marked, 3.

¢ Statistical analysis with reference to HpSS1 control group, done by Wilcoxon
rank sum test. Significant correlations are depicted in italics.

col. Absorbance at 450 nm (corrected for background at 620 nm) was measured
with a Sunrise microtiter plate reader (Tekan, Grodig, Austria). Results were
analyzed by two-tailed unpaired ¢ test.

RESULTS

Effect of lactobacilli on H. pylori-infected and noninfected
animals. Animals showed no signs of discomfort or distress
throughout the whole observation period. No differences in
weight between animal groups were recorded over the obser-
vation period (data not shown), an indication that there was no
adverse effect to the animals by the administration of lactic
acid bacteria at such high concentrations.

We followed qualitatively the kinetics of the administered
lactobacilli, isolating them from the wet feces of the animals.
We identified several other commensal lactobacilli, such as
Lactobacillus reuteri, L. gasseri, and Lactobacillus jensenii, in
the murine gastric and intestinal microflora by sugar fermen-
tation profiling (AP 150 CHL) and 16S to 23S rRNA typing
(data not shown).

Evaluation of chronic and chronic active gastritis in H.
pylori-infected animals. Histopathologic evaluation of the gas-
tric mucosa at 6 weeks postinfection revealed an induction of
mild chronic gastritis (Tables 1 and 2) in the antra of animals
in the HpSS1 control group. All gastric samples were charac-
terized by mild infiltration of the lamina propria with scattered
lymphocytes and neutrophils. At 12 weeks, we observed that
two animals developed moderate chronic gastritis (Table 1)
without formation of lymphoid follicles. However, there was an
increase in active inflammation levels, as four animals devel-
oped moderate and one animal marked chronic active gastritis
(Table 2). Development of glandular atrophy and intestinal
metaplasia was not observed, as the time interval from the
onset of infection was too short. No significant difference in
levels of H. pylori-associated gastritis between the HpSS1 and
Hp-MRS animal groups was observed (data not shown). Un-
infected control animals developed no evidence of chronic or
chronic active gastritis. A significant attenuation in chronic
gastritis at 6 weeks was evident for all lactobacillus-treated H.
pylori-infected animal groups, compared to the HpSS1 control
(Table 1). This was more pronounced with the Hp-Lal group,

¢ Neutrophil infiltration in the antrum.

b Histopathology grades according to the updated Sydney system (16) are as
follows: normal, 0; mild, 1; moderate, 2; and marked, 3.

¢ Statistical analysis with reference to HpSS1 control group, done by Wilcoxon
rank sum test. Significant correlations are depicted in italics.

where none of the animals developed changes of chronic gas-
tritis (P = 0.003), followed by Hp-IBB801 (one animal with
mild gastritis; P = 0.014) and Hp-DCE471 (two animals with
mild gastritis; P = 0.048). However, at 12 weeks only the
Hp-Lal mice maintained significantly mild changes of chronic
gastritis (three animals with mild chronic gastritis; P = 0.038)
compared to HpSS1 (Table 1). A trend towards reduced in-
flammatory lymphocytic infiltration of the gastric mucosa was
also observed with the Hp-DCE471 and Hp-IBB801 groups,
albeit never reaching statistical significance.

A pronounced reduction in the neutrophilic polymorphonu-
clear infiltration of the lamina propria was observed to occur in
the antra of all lactobacillus-administered H. pylori-infected
animals at 6 and 12 weeks (Table 2). Mice belonging to the
Hp-Lal group showed no evidence of active inflammation at 6
weeks, and only one mouse developed mild changes at 12
weeks (P = 0.003). Two animals in the Hp-DCE471 group and
one animal in the Hp-IBB801 group developed mild changes
of active gastric inflammation at 6 weeks. Moreover, all but
one animal in both groups developed mild active inflammatory
infiltration at 12 weeks compared to the moderate or marked
active inflammation observed for the HpSS1 control group
(Table 2). No signs of chronic active inflammatory infiltration
were observed for the control animal groups administered just
the lactobacilli (data not shown). Therefore, continuous ad-
ministration of lactobacilli during the early stages of H. pylori
infection can affect monocytic (Lal) as well as neutrophilic
(Lal, DCE 471, and IBB 801) polymorphonuclear infiltration
in the lamina propria and thus may contribute to the attenu-
ation and delayed onset of H. pylori-associated gastritis.

Effect of lactobacilli on the humoral anti-H. pylori response.
H. pylori-specific IgG antibodies are the dominant antibody
class present in the sera of chronically infected mice (22) and
may serve as an indicator of successful H. pylori infection. We
measured anti-H. pylori IgG antibody titers in serum and ob-
served a trend towards reduced titers in all lactobacillus-
treated groups. More specifically, for the Hp-Lal group, we
documented a significant reduction in anti-H. pylori titers at 12
weeks (P = 0.003) (Fig. 1A). Interestingly, for the Hp-IBB801
group, titers were significantly reduced at 6 weeks (P = 0.027)
but not at 12 weeks (Fig. 1B). Finally, in the Hp-DCE471
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FIG. 1. Anti-H. pylori 1gG antibody responses in H. pylori-infected
animal groups Hp-Lal (A) or Hp-IBB801 (B) and HpSS1. Uninfected
control mice having received Lal (A) or IBB 801 (B) are also depicted.
Mouse sera were diluted to 1:50. A statistically significant decrease in
anti-H. pylori titers was observed at 12 weeks postinfection for Hp-Lal
mice (A) and at 6 weeks for Hp-IBB801 mice (B). A nonsignificant
trend towards decreased anti-H. pylori titers was observed for IBB 801
at 12 weeks postinfection. OD, optical density; *, P value of <0.05; **,
P value of <0.01.

group, there was a trend towards reduced anti-H. pylori titers
throughout the whole experimental period, but the results
never reached significance (data not shown).

Effect of lactobacilli on H. pylori colonization. We detected
a significant increase in the numbers of H. pylori colonizing
bacteria in the HpSS1 control group throughout the 12-week
observation period (Fig. 2). In the initial stages of infection
(day 6), populations of H. pylori detected in the gastric tissue
were in the range of 10* CFU g~ !, rising to about 107 CFU g~!
by week 6 and 10° CFU g ' by week 12. These results were
consistent with the histopathologic observations, where H.
pylori colonization was evaluated as much heavier (moderate
or marked) at 6 and 12 weeks postinfection than at the begin-
ning of the experiment (none or mild). No reduction in H.
pylori colonizing levels throughout the whole observation pe-
riod was determined for the lactobacillus-treated H. pylori-
infected animal groups, assessed by either determination of
quantitative cultures (Fig. 2) or histological evaluation (data
not shown). Furthermore, an equal trend towards an increase
in H. pylori colonizing numbers was observed for all animal
groups, suggesting that the administered lactobacilli did not
suppress H. pylori SS1 strain colonization in vivo.
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FIG. 2. H. pylori colonization in H. pylori-infected mice, following
continuous administration of lactobacilli. Each time point (1 week
[wk], 6 weeks [wks], and 12 wks) and bar represents the average of five
animals. No significant reduction in H. pylori colonization due to ad-
ministration of lactobacilli was observed for any group at any time
point compared to the untreated H. pylori-infected study group.

Effect of lactobacilli on proinflammatory chemokine levels
in serum and gastric mucosa. MIP-2 and KC are the dominant
IL-8-like chemokines in inflammatory states in rodents and
potent murine neutrophil chemoattractants (2, 6). We deter-
mined MIP-2 and KC levels in the serum samples from the
animals and found significantly reduced levels of MIP-2 (Fig. 3A)
but not KC (data not shown) at 6 weeks. More specifically,
MIP-2 was high in serum during initial H. pylori infection
stages (day 6) before the administration of lactobacilli and
remained increased at 6 weeks postinfection for the HpSS1
control animals (P = 0.0412) but not for the Hp-Lal group
(Fig. 3A). There was a similar trend towards reduced MIP-2
levels at 6 weeks with the Hp-DCE471 and Hp-IBB801 groups,
without reaching significance (data not shown). We did not
observe any increase in MIP-2 or KC levels with the lactoba-
cillus-administered uninfected animal groups or the control
uninfected mice.

We further assessed the levels of MIP-2 and KC in the
gastric mucosae of H. pylori-infected animals during the first 3
weeks of H. pylori infection. We observed a time-dependent
increase in the levels of MIP-2 starting at day 8 (Fig. 3B),
whereas KC was detected as early as day 6 postinfection (Fig. 3C)
in all H. pylori-infected animals. Both chemokines seemed to
reach a plateau by day 19 postinfection. However, with the
Lal-treated H. pylori-infected animals, we observed a distinct
delay in induction, reflected by significantly lower levels of
both MIP-2 (day 8, P = 0.025; day 12, P = 0.040) and KC (day
6, P = 0.006; day 8, P = 0.008) (Fig. 3B and C, respectively).
To ascertain that this observation was not due to reduced H.
pylori colonization, we determined H. pylori viability in the
gastric samples and found no differences between the groups
with or without Lal administration (data not shown).

Effect of lactobacilli on H. pylori-induced IL-8 secretion by
gastric epithelial cells. Upon infection of AGS cells with H.
pylori strains CCUG 38770 and 069A, significantly higher levels
of IL-8 were induced at 24 h postinfection (636.5 pgml™!, P <
0.0001, and 605.6 pg ml~*, P < 0.0001, respectively) than for
uninfected AGS cells (11.8 pg ml~ ). However, H. pylori strain
SS1 induced 12-fold-lower IL-8 levels, which did not differ
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FIG. 3. Levels of proinflammatory cytokines in H. pylori-infected
mice, following continuous administration of Lal. (A) Serum MIP-2
protein levels in HpSS1, Hp-MRS, and Hp-Lal animal groups. Results
for uninfected control mice and mice administered Lal are also de-
picted. Each point is the average of five animals. (B and C) Gastric
MIP-2 (B) and KC (C) levels in H. pylori-infected mice with or without
treatment with Lal. Each point is the average of eight animals. Sta-
tistical analysis was carried out with respect to the untreated H. pylori
controls (two-tailed unpaired ¢ test, Welch correction).

from basal levels produced by uninfected AGS cells. Bacillary
and highly motile bacteria yielded higher IL-8 levels, whereas
the presence of coccoid forms reduced the levels of induction
(data not shown).

Following treatment with LAB-SCS at their native pH of 4.5,
H. pylori strains were significantly affected in their ability to
induce IL-8 by AGS cells, with concomitant reduction of their
viability. More specifically, Lal supernatant (pH 4.5) reduced
viability of H. pylori strains CCUG 38770 and 069A by nearly 5
log,, CFU ml~! (Table 3) and significantly depressed their
ability to induce IL-8 (P = 0.006 and P = 0.029, respectively)
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(Fig. 4A and B, respectively). A weaker though significant loss
in viability (2 to 3 log,, CFU ml ' [Table 3]) and reduction in
IL-8 levels (P = 0.021) were observed when H. pylori CCUG
38770 was treated with DCE 471 (Fig. 4A). In order to exclude
potential pH-dependent activity on H. pylori viability, we re-
peated the experiments with neutralized (pH 6.8) LAB-SCS
and observed a significant reduction of IL-8 secretion in the
case of H. pylori CCUG 38770 treated with Lal supernatant
(P = 0.046) (Fig. 4C). A trend towards reduced IL-8 levels was
also observed following treatment of H. pylori 069A with Lal
supernatant, yet without reaching significance (Fig. 4D). In all
experiments involving treatment with neutralized LAB-SCS,
we did not observe any loss of H. pylori viability (Table 3),
changes in its morphology and motility, or reduction in its
ability to adhere to the gastric epithelial cells (B. Martinez-
Gonzalez, unpublished data).

DISCUSSION

In the present study, we utilized an established animal model
of H. pylori infection to evaluate the effect of continuous lac-
tobacillus administration on H. pylori colonization and devel-
opment of associated chronic gastritis. This model involves the
mouse adapted H. pylori strain SS1, which colonizes the
C57BL/6 mouse heavily and leads to the development of ap-
preciable levels of gastritis closely mimicking human H. pylori
infection (22, 32, 33, 48). We have applied this infection model
in the past and have studied the effect of L. casei Shirota on H.
pylori infection over a period of 9 months (44). In the present
study, we have limited our observations to a period of 3 months
because chronic active gastritis is more pronounced in this
particular mouse strain during this period (34, 44).

Continuous administration of lactobacilli Lal, DCE 471,
and IBB 801 did not reduce the H. pylori colonizing numbers
over this experimental period. In fact, bacterial numbers were
increased during the course of the study, an observation made
independently by determination of viable bacterial counts and

TABLE 3. Viability of H. pylori strains CCUG 38770 and 069A
following 1-h treatment with LAB-SCS at their native
pH of 4.5 or neutralized to pH 6.8

Viability (log;, CFU ml~! = SEM)“
of H. pylori strain

pH Treatment”
CCUG 38770 069A

4.5 Untreated 8.1 +£0.11 7.7 = 0.11
Lal 3.3 = 0.52%* <L
DCE 471 7.5+ 0.13* 5.4 = 0.23%*
IBB 801 7.8 = 0.06 6.3 = 0.17*
MRS-LA 7.9 = 0.09 6.9 = 0.27

6.8 Untreated 8.1 = 0.07 7.8 £ 0.20
Lal 7.9 = 0.09 7.1 =£0.27
DCE 471 7.8 =0.20 7.3 £ 0.19
IBB 801 7.7 =0.31 7.3 = 0.14
MRS-LAn 7.5+ 0.53 74 +0.17
MRS 7.9 = 0.02 7.3 =0.26

“* P value of <0.05; **, P value of <0.01 (compared to the respective
untreated sample [unpaired ¢ test with Welch correction]).

® MRS-LA, acidified non-fermented MRS adjusted to pH 4.5 with pL-lactic
acid. MRS-LAn, MRS initially acidified with lactic acid to pH 4.5 and readjusted
to pH 6.8 with 1 N NaOH.
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FIG. 4. H. pylori-induced IL-8 secretion by AGS cells, following
treatment with LAB-SCS, at their native pH of 4.5 (A and B) or at a
neutralized pH of 6.8 (C and D). H. pylori strains depicted are CCUG
38770 (A and C) and 069A (B and D). Statistical analysis was carried
out with respect to the untreated H. pylori controls (two-tailed un-
paired ¢ test).

histopathologic assessment of density of colonization. There
are conflicting reports regarding the antimicrobial properties
of lactobacilli. L. johnsonii Lal, in particular, has been re-
ported to exert antibacterial activity in vivo in conventional and
germ-free mice infected with Salmonella enterica serovar Ty-
phimurium as well as in vitro against a wide range of gram-
negative and gram-positive pathogens, but not H. pylori (5).
This antibacterial activity was attributed to a yet-unidentified
nonbacteriocin substance which acted independently of lactic
acid production. Clinical studies involving administration of
Lal to asymptomatic H. pylori-positive volunteers, either alone
(14, 26) or as adjunct agent to eradication therapy (21, 37),
suggested a marginal effect on H. pylori colonization. However,
in these studies, evaluation of H. pylori colonization was car-
ried out by ['*CJurea breath test and not by direct quantitative
cultures, which would have presented a far more accurate
result. In a double-blind, placebo-controlled randomized clin-
ical trial in which colonization was evaluated by quantitative
bacterial cultures, no difference in H. pylori colonization levels
between the placebo- and the Lal-administered volunteers was
observed (40). Our data from the SS1 mouse model with ref-
erence to H. pylori colonization are in accordance with the
latter findings and suggest that Lal may not exert an antimi-
crobial activity on H. pylori in vivo, despite reports about pro-
duction of substances of a bacteriocin (3) or nonbacteriocin (5)
nature. Furthermore, it would seem highly unlikely that an
actively secreted bacteriocin produced by Lal would retain
activity, with the abundance of proteolytic activity present in
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the gastric epithelium. Regarding DCE 471 and IBB 801, there
have been no previous reports of in vitro or in vivo anti-H.
pylori activity. DCE 471 initially isolated from corn steep liquor
has been shown to produce the bacteriocin amylovorin 471,
with a narrow antibacterial spectrum against gram-positive
bacteria (7) and a very strong similarity within its 35-amino-
acid N-terminal sequence with lactacin X, a product of L.
johnsonii VP 11088 (23). Similarly, IBB 801 has been shown to
produce a 6.5-kDa bacteriocin, named acidophilin 801, which
displays a narrow inhibitory activity towards related lactobacilli
but not gram-negative pathogenic bacteria (55).

We evaluated anti-H. pylori 1gG titers in our mice primarily
as a sign of successful H. pylori infection, as 1gG is the domi-
nant antibody class present in the sera of chronically infected
mice (22). IgG levels in the Lal-treated animals were signifi-
cantly lower than levels in untreated, H. pylori-infected con-
trols. For humans, significant decrease in IgG antibody titers
has been suggested as an indicator for successful eradication of
H. pylori (4, 20). In the past, we observed L. casei strain Shi-
rota-mediated decrease in anti-H. pylori titers in CS7BL/6 mice
infected with the SS1 strain, but we attributed that effect to the
inhibition of H. pylori colonization (44). Others have also doc-
umented a reduction in IgG antibodies following administra-
tion of lactobacilli to H. pylori-infected mice, as a result of
decreased H. pylori colonization (1). However, in the present
study, administration of Lal and to a lesser extent IBB 801 or
DCE 471 significantly reduced IgG titers without concomitant
decrease in H. pylori colonizing numbers. This may suggest that
administration of lactobacilli and Lal in particular could po-
tentially affect the humoral immune response towards H. pylori
through possible induction of TH2 cellular subsets participat-
ing primarily in humoral responses. However, we did not eval-
uate IgG1/IgG2a subtype ratios in the sera of our mice because
commercially available IgG2a sera, used for the isotype deter-
mination raised in BALB/c mice, fail to detect or grossly un-
derestimate levels of IgG2c present in C57BL/6 mice (36).

In our experiments, although we did not observe any anti-H.
pylori activity, a distinct attenuation in the neutrophilic poly-
morphonuclear inflammatory infiltration of the laminae pro-
priae of the lactobacillus-administered animals was evident.
Neutrophilic infiltration in the lamina propria is regarded as a
hallmark of H. pylori-associated gastritis, and the density of
intraepithelial neutrophilic infiltration has been well linked to
the extent of mucosal damage and the intensity of H. pylori
infection (47). Invading neutrophils can be a very sensitive
indicator of H. pylori presence and disappear within days of
cure of the infection. Furthermore, in the case of Lal-treated
animals there was an equally significant reduction in the levels
of intramucosal infiltrating lymphocytes. This is an important
observation, as chronic inflammatory cells have been shown to
disappear slowly following H. pylori eradication and usually
persist for a long time before they fall to the expected or
“normal” levels in humans (25). These results suggest that
lactobacilli and Lal in particular may exert an anti-inflamma-
tory activity without necessarily affecting H. pylori colonization.
Similar anti-inflammatory properties with concomitant reduc-
tion in proinflammatory cytokine expression, without a pro-
found effect on pathogen colonization, have been observed
with a murine Helicobacter hepaticus-induced inflammatory
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bowel disease model following administration of Lactobacillus
spp. (41).

In humans, the recruitment and activation of inflammatory
cells in the H. pylori-infected gastric mucosa is mediated by
proinflammatory CXC chemokines, such as IL-8, GRO-a, IP-
10, and MIG (12, 18, 45). Moreover, successful H. pylori erad-
ication has been shown to result in significant reduction of
mucosal IL-8 and GRO-a to nondetectable levels (54). Al-
though mice lack a sequence homolog of human IL-8, chemo-
kines such as MIP-2 and KC show distinct sequence homology
to human GRO-q, -B, and -y chemokines and are regarded as
the murine functional homologs of human IL-8 (17, 42). Both
have been reported to be very potent neutrophil attractants
and activators, thus functioning as the major proinflammatory
CXC chemokines in mice (2, 6, 19). A putative murine ho-
molog of the human IL-8 receptor B, to which both mouse
MIP-2 and KC bind with high affinity (28), has also been
cloned.

Gastric transcriptional induction of these chemokines at the
early stages of H. pylori infection in vitro and in vivo has been
documented (18, 24, 38, 39), but there is no information de-
scribing levels of gastric and systemic MIP-2 and KC chemo-
kines during early infection in the H. pylori SS1 model. We
determined significantly higher levels of MIP-2 protein in the
sera of the H. pylori-infected controls than in the sera of the
lactobacillus-treated animals during the early stages of infec-
tion, namely, week 1 and week 6 postinfection. However, there
was no difference in the levels of MIP-2 in serum at week 12
postinfection, by which time the H. pylori-infected control an-
imals had already developed marked chronic active gastritis.
Furthermore, in separate experiments we followed the kinetics
of MIP-2 and KC protein secretion in murine gastric explants
during the initial 3 weeks of H. pylori infection. Our findings
indicate potential differences in the temporal expression of
these two chemokines in the gastric mucosa, as the expression
of KC preceded that of MIP-2 in the first days following H.
pylori infection. A similar temporal pattern of KC and MIP-2
expression has been documented for inflammatory conditions
induced by surgical injury in C57BL/6 mice (19), as a conse-
quence of temporally ordered contribution of nonmyeloid and
myeloid cell types involved in the expression of these two
chemokines (2). Relevant spatial differences in the expression
levels of GRO-a and IL-8 chemokines have been demon-
strated for H. pylori-infected individuals (18). With the Lal-
treated animals, we observed a significant delay in the produc-
tion of both MIP-2 and KC, as gastric mucosal levels of both
chemokines were very low during the first 10 days postinfec-
tion. This could suggest a potential effect of Lal on temporal
and/or spatial expression of these two chemokines by tar-
geting specific cellular types. However, from this study we
cannot draw any such conclusions, since we did not charac-
terize the specific cellular populations expressing MIP-2 and
KC in our mice.

Consistent with our in vivo observations that Lal adminis-
tration reduced gastric mucosal levels of MIP-2 and KC, we
also observed a significant decrease in IL-8 levels secreted by
human gastric epithelial cells infected with H. pylori in vitro.
IL-8 is the chief mediator of inflammatory responses during H.
pylori infection in humans, the mucosal levels of which have
been correlated with cellular inflammatory infiltration in the
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antrum (54). We observed that cell-free spent culture super-
natants of Lal and DCE 471 at their native pH of 4.5 could
dramatically reduce levels of IL-8 released in vitro by H. pylori-
infected AGS cells. However, this was not a direct effect on
IL-8 secretion, as Lal and in part DCE 471 induced stress-
related morphological changes (U-shaped and coccoid forma-
tions) and significantly reduced H. pylori viability. When we
repeated the experiments using supernatants neutralized to pH
6.8, we observed that only Lal still caused a significant reduc-
tion in IL-8 secretion by gastric epithelial cells. As we did not
observe any reduction in H. pylori viability or changes in bac-
terial morphology and the binding efficiency of H. pylori to
AGS cells (B. Martinez-Gonzalez, unpublished data), this
could suggest that an Lal-secreted compound(s) could poten-
tially interfere with IL-8 induction directly. Indeed, previous
reports indicate that Lal-derived lipoteichoic acid or pepti-
doglycan trace contaminants in the lipoteichoic acid prepara-
tions can antagonize, in a dose-dependent manner, IL-8 pro-
duction by human intestinal epithelial HT-29 cells in response
to lipopolysaccharide and gram-negative bacteria (52). In H.
pylori infection, NF-kB-dependent IL-8 induction is mediated
by intracellular Nod1 through recognition of meso-diamino-
pimelate-containing tripeptidoglycan, transferred inside the
epithelial cells through the type IV secretion system (51). Nod
proteins have been proposed to function as intracellular sen-
sors by which epithelial cells can discriminate pathogenic from
nonpathogenic bacteria (10, 29). Consequently, an Lal-se-
creted compound(s) may interfere with H. pylori peptidoglycan
recognition by Nodl or direct activation of Nod2 signaling.
This could lead to attenuation of H. pylori-associated gastritis
through possible downregulation of TH1 responses (53).

We observed a pronounced anti-inflammatory effect exerted
by lactobacilli and Lal in particular on H. pylori-associated
neutrophilic and lymphocytic infiltration and were able to doc-
ument significantly reduced proinflammatory chemokine levels
in the gastric mucosa during the early stages of H. pylori infec-
tion. It would be of great interest to further explore the role of
such probiotic strains in the complex regulation of proinflam-
matory signal strength during early infection and identify the
clinical potential in the induction of cellular inflammatory pro-
cesses.
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