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Abstract

Objectives: To characterize the adhesion ability of nine
Helicobacter pylori strains and eight probiotics in human
oral keratinocyte cells (H357 cells) in comparison to in-

* Corresponding address: Research Center of Excellence for Oral
Health, Faculty of Dentistry, Prince of Songkla University, Hat-
Yai, 90112, Thailand.

E-mail: rawee.t@psu.ac.th (R. Teanpaisan)
Peer review under responsibility of Taibah University.

testinal cells (Caco-2 and HIEC-6 cells). Subsequently,
the anti-adhesion and co-aggregation abilities of the
selected probiotic strains on H. pylori strains were
investigated.

Methods: Nine H. pylori strains, including H. pylori

Sk . . . ATCC43504 (type strain), and 8 clinical strains, were
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isolated from oral samples of three patients (one non-
disease, one gastritis patient, and one gastric cancer
patient). Eight selected probiotic strains were used, as
follows: Lacticaseibacillus paracasei SD1, Lacticaseiba-
cillus rhamnosus SD4, L. rhamnosus SD11, Limosilacto-
bacillus  fermentum  SD7, L. rhamnosus GG,
Limosilactobacillus reuteri ATCC-PTA6475, Lacticasei-
bacillus casei Shirota, and L. paracasei CNCM 1-1572.
The adhesion and anti-adhesion abilities of H. pylori and
the probiotic strains were investigated in H357, Caco-2,
and HIEC-6 cells. Co-aggregation at various pHs, hy-
drophobicity, and surface receptors of the cell lines for
H. pylori strains were examined.

Results: All probiotic and H. pylori strains adhered to
H357 significantly better than Caco-2, and HIEC-
6 cells. Three probiotic strains (SD7, SD4, SDI11)
showed significantly higher adhesion than others. Of the
clinical H. pylori strains, isolates from a gastric cancer
patient had the highest adhesion ability to all of the cell
lines tested. Probiotic strains that exhibited high adhe-
sion ability provided high anti-adhesion and co-
aggregation against H. pylori strains. Acidic condi-
tions encouraged the co-aggregation of probiotics to
H. pylori strains.

Conclusion: This study provides information relating to
the adhesion abilities of clinical H. pylori and probiotic
strains to the oral mucosa when compared to the intes-
tinal mucosa. Certain probiotic strains may be useful for
the successful eradication of H. pylori infection via anti-
adhesion and co-aggregation.

Keywords: Anti-adhesion; Co-aggregation; Helicobacter
pylori; Hydrophobicity; Probiotic

© 2023 The Authors. Published by Elsevier B.V. This is an
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Introduction

The human oral cavity is the initial part of the body that
connects to the digestive tract. Recent studies have found that
the oral microbiome plays a crucial role in both oral and sys-
temic health.! The oral microbiota can cause not only oral
diseases but also systemic diseases.” Helicobacter pylori
belongs to the oral microbiome and is found mostly in dental
plaque.’ Previous research has demonstrated that H. pylori
exerts numerous pathological effects on gastritis, peptic
ulcers, and gastric cancer.*” Furthermore, some studies have
reported that the use of steroids and the presence of
psychological illness may increase the risk of H. pylori
gastritis.” " Recent reports showed that oral H. pylori and
stomach infection presented a high recurrence rate of gastritis
(1342%—18.4%).9 Such findings may relate to the potential
adherence of H. pylori strains to the oral epithelial cells since
adhesion is the first step for all microorganisms to colonize in
hosts and results in commensalism or infection. However,
such information is limited and most studies have

investigated the adhesion ability of H. pylori strains to gastric
cells'*" or CaCo-2 cells.”

Some evidence has been reported that probiotics could be
used as an adjunctive treatment for eradicating H. pylori
infection in the gastric mucosa.'*!? Thus, there has been
increasing levels of interest in probiotics as an alternative way
to improve health against infection, largely due to an increase
in the failure rate associated with antibiotic treatment.'® Such
failure links to the spreading of antibiotic resistance' and
patient compliance affected by antibiotic-associated adverse
events. Some studies found that probiotics could disturb the
adherence of H. pylori strains via co-aggregation'® or compete
with pathogens for host surface receptors, thus resulting in the
inhibition of H. pylori adhesion to gastric epithelial cells.'” We
hypothesized that the anti-adhesion ability of probiotics
against H. pylori strains in the oral cavity may help prevent a
host from pathogenic infection at the initial step.

In this study, we aimed to characterize the adhesion
ability of eight probiotics and nine H. pylori strains in human
oral keratinocyte cells (H357 cells) compared to intestinal
cells (Caco-2 and HIEC-6 cells). In addition, we investigated
the anti-adhesion and co-aggregation abilities of selected
probiotic strains on H. pylori strains.

Materials and Methods
Bacterial strains and culture conditions

The eight selected probiotic strains used in this study were
L. paracasei SD1, L. rhamnosus SD4, L. rhamnosus SD11
and L. fermentum SD7 from a culture collection held by the
Faculty of Dentistry, Prince of Songkla University;
L. rhamnosus GG and L. reuteri ATCC PTA6475, which
were purchased from the American Type Culture Collection;
and L. casei Shirota and L. paracasei CNCM 1-1572 which
were isolated from commercial products.

The nine H. pylori strains were H. pylori ATCC43504
(type strain) and eight clinical strains isolated from the oral
samples of three patients (HO1—HO03 were three isolates from
one non-disease subject; GO1-G03 were isolated from one
gastritis patient; and C01—C02 were two isolates from one
gastric cancer patient). This research study received ethical
approval (REC.63-540-10-1). All clinical isolates were iden-
tified based on their typical morphology on the selected
medium for H. pylori (Campylo-Thioglycollate medium)
(Himedia, India) and gave a positive reaction for catalase,
oxidase, and urease tests. Subsequently, all strains were
confirmed by PCR with specific primers for H. pylori.m

Probiotics and pathogens were cultured in De Man,
Rogosa and Sharpe (MRS) agar and brain heart infusion
(BHI) agar, respectively, at 37 °C for 24—48 h in anaerobic
conditions. The probiotic and H. pylori strains were adjusted
to 10% CFU/mL for experimental use.

Cell lines and culture conditions

Human oral squamous cell carcinoma (H357 cells), hu-
man colorectal adenocarcinoma cells (Caco-2), and human
normal intestinal epithelial cell line-6 cells (HIEC-6 cells)
were used in this study. All cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM)?'*? at 37 °C in 5% CO,.
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Total adhesion of probiotic and H. pylori strains

The total adhesion assay was examined using the modified
method described by Sophatha and Teanpaisan.23 An
individual tested strain (probiotics or pathogen) was added
into each well of cells for 1 h. The cells were washed to
remove unbound bacteria, and trypsin—EDTA was added
to release the bacterial cells. Then, we counted the number
bacterial adhered onto the agar plate. Total adhesion was
expressed as a percentage.””

Anti-adhesion of probiotics to H. pylori strains

Anti-adhesion ability was evaluated according to the
competitive adhesion of probiotics against H. pylori, as
defined previously.”* Equal volumes (1 mL) of the tested
probiotic and H. pylori strain was added simultaneously
into wells containing the tested cell lines and incubated for
1 h. After washing to remove non-bound bacteria, the
adhered H. pylori were counted on a selective medium sup-
plemented with 5% whole blood. Then, we calculated anti-
adhesion (%) of the probiotic to H. pylori.

Co-aggregation assays of probiotic and H. pylori strains at
various pH levels

Probiotics and H. pylori were adjusted with a buffer so-
lution at various pH levels. Cell suspensions of each pro-
biotic strain were mixed along with the pathogen and
incubated at 37 °C for 24 h. Co-aggregation assays were then
performed according to Sophatha et al.”> The upper
suspensions were measured for absorbance at ODggonm-

Hydrophobicity of probiotics and H. pylori strains

Each bacterial suspension was mixed with xylene (ratio
3:1, mL). After incubation for half an hour, the aqueous
phase was separated and measured at ODgyonm. Hydropho-
bicity was calculated and categorized according to Sophatha
et al.”?

Surface receptors of cell lines involved in the adhesion of
H. pylori strains

The surface receptors of cells were determined by treating
the cells with a final concentration of 1 mg/mL of proteinase
K, lipase, and sodium metaperiodate.25 The reaction was
incubated at 37 °C for 20 min. The adhesion ability of the
pathogen to the pretreatment cells was evaluated, using the
methods described above.

Statistical analysis

All data were tested for normality test; all data were found
to be non-parametric. Data presented as medians (min,
max). Differences in adhesion, co-aggregation, and hydro-
phobicity between groups were evaluated by the Kruskal—
Wallis test. Differences in anti-adhesion ability and surface
receptors between the groups were analyzed by the Mann—
Whitney U test. Statistical analysis was carried out with
STATA version 14.0 software.

Results
Total adhesion of probiotic and H. pylori strains

The probiotic strains showed differences in adhesion
ability, as did the H. pylori strains. This indicated that all
probiotic and H. pylori stains could adhere to H357 in a
manner that was significantly better than other cells
(Table 1). Analysis demonstrated that among the probiotic
strains (SD7, SD4 and SD11) showed significantly higher
levels of adhesion than the others; L. casei Shirota had the
lowest adhesion ability.

These data revealed a distinction in adhesion ability
among clinical H. pylori stains. The isolates from a gastric
cancer patient had the highest adhesion ability to all tested
cell lines; this was followed by the clinical isolate from a
non-diseased subject and a gastritis patient, respectively
(Table 1).

Table 1: Adhesion ability of probiotic- and H. pylori strains to H357, Caco-2 and HIEC-6 cells.

Strains Total adhesion (%)

H357

CaCo2

HIEC

Probiotic strains:
L. fermentum SD7
L. rhamnosus SD4
L. rhamnosus SD11
L. paracasei SD1
L. rhamnosus LGG
L,
L.

90.7 (89.9—91.6)4?
89.9 (87.6—89.9)A
88.8 (87.4—89.9)A2
74.5 (73.0—74.5)A°
73.6 (73.0—74.5)4°
74.5 (73.0—74.5"°
73.5 (73.0—74.0)4°
66.9 (64.9—68.3)°

paracasei CNCM 1-1572
reuteri ATCC PTA 6475
L. casei Shirota
H. pylori strains:

ATCC 43504 81.7 (79.0—85.2)4P
HO01—HO03 71.3 (69.7—81.5)4
G01-G03 69.0 (56.7—70.9)*¢
C01—C02 87.6 (86.4—88.9)A

86.5 (86.0—86.9) AB=
83.1 (81.0—84.0) AB2
82.0 (81.0—84.0) AB#
72.6 (71.0—74.2)A°
75.7 (74.7—77.1)°
67.5 (62.8—68.8) ABP
67.5 (66.3—68.8) ABP
57.6 (57.0—58.2)B°¢

73.3 (72.8—73.9)%°
64.0 (62.8—89.0)5°
63.3 (50.8—64.1)%°
76.0 (75.1—77.1)%2

74.0 (71.8—74.0)B2
71.6 (71.6—74.4)%2
71.9 (70.6—77.6)%*
62.8 (60.8—67.9)BP
62.8 (60.8—68.9)5°
60.8 (59.5—62.8)%°
61.8 (60.8—62.8)5P
56.4 (54.3—58.5)B<

61.3 (58.5—61.7)C°
57.3 (56.7—61.7)¢<
56.9 (40.8—57.4)C<
64.5 (63.8—65.3)%

Different capital letters indicate statistically significant different adhesion between the cell lines (H357, Caco-2 and HIEC-6 cells) in the
same bacterial strain; lowercase letters indicate statistically significant different adhesion between the probiotic strains or H. pylori strains in

the same tested cell line; data analyzed by Kruskal—Wallis test at p < 0.05.
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Table 2: Anti-adhesion (%) of probiotic strains against clinical
H. pylori with different adhesion ability in tested cell lines.

Strains

Clinical strains of H. pylori with

>70% adhesion

<70% adhesion

H357 cell:

L. fermentum SD7

L. rhamnosus SD11

L. rhamnosus SD4

L. paracasei SD1

L. rhamnosus LGG

L. paracasei CNCM
1-1572

L. reuteri ATCC
PTA 6475

L. casei Shirota

Caco-2 cells:

L. fermentum SD7

L. rhamnosus SD11

L. rhamnosus SD4

L. paracasei SD1

L. rhamnosus LGG

L. paracasei CNCM
1-1572

L. reuteri ATCC
PTA 6475

L. casei Shirota

HIEC-6 cells:

L. fermentum SD7

L. rhamnosus SD11

L. rhamnosus SD4

L. paracasei SD1

L. rhamnosus LGG

L. paracasei CNCM
I-1572

L. reuteri ATCC
PTA 6475

L. casei Shirota

65.5 (64.3—68.8)*
55.9 (52.2—65.1)B°
57.9 (55.8—63.3)B:°
52.6 (49.3—54.7)B°¢
50.6 (45.5—54.0)B°
52.2 (49.9—56.1)B¢

51.7 (49.9—55.6)B°¢
37.0 (28.3—46.9)5¢
69.8 (67.6—71.5)%2
56.4 (48.5—52.5)BP
55.3 (48.5—60.1)%°
49.4 (47.5—51.6)B¢
50.4 (46.3—51.7)B¢
50.4 (47.2—53.1)B¢
50.4 (47.2—51.7)B¢

38.4 (35.5—40.7)B4

66.8 (63.9—79.2)4
64.5 (54.9—72.8)A8
61.5 (54.8—67.2)42®
52.9 (52.2—60.4)"¢
54.4 (51.7—65.5)4°
53.3 (51.0—62.8)A°

60.4 (53.1—68.4)»°
44.9 (40.2—60.4)N4

73.9 (70.0—85.8)A8
66.8 (58.8—81.5)*P
64.1 (60.6—76.4)*°
60.6 (42.2—69.3)"
65.2 (48.8—74.0)M "¢
64.4 (42.2—69.3)"-b°

65.1 (42.2—69.3)A-b°
48.6 (31.3—59.4)A4
73.7 (56.4—90.5)
64.3 (40.8—79.0)°
57.8 (38.8—81.7)"°
52.9 (42.0—73.2)°
51.6 (38.8—76.7)°
53.3 (36.1—76.6)°
55.8 (41.3—77.6)°

29.2 (22.7—55.8)¢

Different capitals indicate statistically significant differences in
adhesion (row); data was analyzed by the Mann Whitney U test.
Lowercase letters indicate statistically significant differences be-
tween individual bacteria (column); the data was analyzed by the
Kruskal—Wallis test at p < 0.05.

Anti-adhesion properties of probiotics against H. pylori strains

When considering the anti-adhesion properties of pro-
biotics against clinical H. pylori strains, we found that such
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Figure 1: Hydrophobicity of selected probiotics and H. pylori
strains was assessed using xylene. Different letters indicate statis-
tical significance at p<0.05 by the Kruskal-Wallis test.

ability depended on the probiotics and clinical H. pylori
strains involved. The clinical strains were classified based on
their adhesion ability as strains with adhesion of >70% or as
strains with <70% adhesion. Analysis demonstrated that
probiotics could provide significantly higher anti-adhesion
against the clinical H. pylori strains with low adhesion
(<70% adhesion) compared to the clinical H. pylori strains
with high adhesion (>70% adhesion) (Table 2). However,
there was a variation of anti-adhesion ability among the
probiotic strains. L. fermentum SD7 had the highest anti-
adhesion compared to the others, while L. casei Shirota
showed the lowest anti-adhesion. Similar results were
observed for all of the tested cell lines (Table 2).

Co-aggregation assays of probiotic and H. pylori strains at
various pH levels

Next, we investigated the co-aggregation ability of pro-
biotics and H. pylori strains at various pH levels (3, 5, 7, and
8). Analysis revealed that co-aggregation ability depended on
the pH and probiotic strains. An acidic pH (3 and 5) led to

Table 3: Median (max-min) of co-aggregation ability between probiotics and H. pylori strains at various pH.

Strains

pHs

pH 3

pH 5

pH 7

pH 8

L. fermentum SD7

L.
L.
L.
L.
L.
L.
L.

rhamnosus SD11
rhamnosus SD4
paracasei SD1
rhamnosus LGG
paracasei CNCM 1-1572
reuteri ATCC PTA 6475
casei Shirota

67.0 (50.1—89.0)22
58.9 (42.4—67.2)*°
55.9 (42.4—67.2)B°
52.7 (36.3—58.5)5P
57.2 (35.4—60.3)BP
50.5 (35.4—60.3)B%
47.5 (35.1—65.1)B¢
46.4 (34.2—66.3)B¢

79.6 (77.4—87.0)A2
59.5 (50.5—64.1)"
59.8 (50.6—64.3)A°
60.2 (51.4—64.6)*°
60.1 (51.2—64.6)°
59.5 (50.4—64.04P
59.8 (50.8—64.3)A
56.3 (47.8—61.4)*¢

62.8 (47.8—79.7)%
40.3 (27.7—58.6)%°
39.8 (27.1—58.3)¢
40.4 (27.8—58.6)°°
40.5 (27.9—58.7)¢°
41.1 (28.6—59.2)%°
41.7 (29.4—59.6)<°
39.0 (26.6—57.1)°

47.6 (30.8—67.2)%?
37.9 (23.1—56.0)%°
35.8 (24.8—59.6)°°
37.8 (22.5—56.5)°
38.1 (22.9—56.6)°°
38.2 (22.5—57.2)¢P
39.4 (24.5—57.5)°
35.4 (21.3—53.9)<°

Different capital letters indicate statistically significant differences of co-aggregation ability between probiotics and H. pylori strains
compared at various pH (3, 5, 7, 8); lowercase letters indicate statistically significant different co-aggregation ability between probiotics and
H. pylori strains compared at the same pH; data was analyzed by Kruskal—Wallis test at p < 0.05.
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Table 4: Surface receptors of H357, Caco-2 and HIEC-6 cells for Helicobacter pylori strains.

Treatments Total adhesion, %

H357

Caco-2 HIEC-6

Untreated (Control)
Proteinase K

Lipase

Sodium metaperiodate

72.8 (58.4—89.4)
66.2 (53.1—68.4)"
71.9 (56.9—88.9)
68.4 (54.1-71.9)"

64.3 (51.1-717.5)
54.4 (47.1—58.1)°
63.4 (51.9—77.2)
57.5 (51.2—66.8)"

59.9 (41.4—65.6)
50.5 (33.9—54.6)"
56.1 (41.6—60.1)"
59.1 (41.4—66.6)

# Indicate statistically significant differences of adhesion of H. pylori strains to cell lines after treating compared to untreated; data was

analyzed by the Kruskal—Wallis test at p < 0.05.

higher levels of co-aggregation than neutral and basic con-
ditions. The highest co-aggregation ability was detected in
L. fermentum SD7 (Table 3).

Hydrophobicity of probiotics and H. pylori strains

Analysis revealed different levels of hydrophobicity
among the probiotic strains (Figure 1). The hydrophobicity
of L. fermentum SD7 (74.3%) was high, whereas the
hydrophobicity of the remaining strains was moderate
ranging from 47.8 to 64.3%. We also detected a variation
in hydrophobicity among the nine pathogen strains. The
hydrophobicity of H. pylori ATCC43504 and the two
clinical isolates from a gastric cancer patient were
moderate (35.2—39.8%), while that of the remaining strains
were low (15.42—25.1%).

Surface receptors of cell lines involved in the adhesion of
H. pylori strains

Analysis showed that the adhesion of H. pylori strains to
H357 and Caco-2 cells were significantly reduced after
treating these cell lines with proteinase K and sodium met-
aperiodate. However, the adhesion of pathogens to HIEC-
6 cells significantly decreased after treatment with proteinase
K and lipase (Table 4). This indicated that the surface
receptors on H357 and Caco-2 cells were glycoproteins,
while those on HIEC-6 cells were lipoproteins.

Discussion

Antibiotics are currently used to treat H. pylori infection;
however, there is a mounting body of evidence relating to drug
resistance and side effects.”’ Therefore, probiotics have
recently gained a significant attention as a new tactic to
enhance the therapeutic effect.”’ Some reports have shown
that probiotic strains could be used as adjunctive therapy to
improve and eradicate H. pylori infection in the
stomach.'*!®  Literature reviews have reported that
probiotics possess different mechanisms to eradicate or limit
the growth of H. pylori; for example, reducing H. pylori
survival in acid conditions by the production of lactic acid
to inhibit H. pylori urease, thus causing the death of
H. pylori by the production of bacteriocins, organic acids
and biosurfactants.'® Of these mechanisms, the anti-
adhesion and coaggregation of probiotics against H. pylori
strains have been considered to be crucial properties for pre-
venting attachment, since the attachment of a pathogen is the
first step in the continued colonization of the human gastric
mucosa. In fact, the oral mucosa should be considered as the

first place of initial attachment, subsequently leading to
colonization in other parts of the digestive system.

We characterized the adhesion ability of H. pylori and
probiotic strains in various cell line models, including
H357 cells (representing oral mucosa cells) along with Caco-
2 and HIEC-6 cells (representing the intestinal tract). This is
the first study to investigate the adhesion ability of H. pylori
using oral mucosa cells. In addition, we included clinical
H. pylori strains derived from different disease statuses (non-
disease, gastritis and gastric cancer). The present study found
that there are differences of adhesion ability between clinical
H. pylori strains and probiotics. We demonstrated that in-
dividual probiotic and H. pylori strains showed the highest
adhesion ability to oral epithelial cells (H357 cells), followed
by intestinal cells (Caco-2 and HIEC-6 cells).

Surprisingly, significant variation of adhesion ability and
hydrophobicity were detected among H. pylori strains even
though they were from the same species. We found that
hydrophobicity in H. pylori strains was relatively low
compared to probiotic strains, although, their adhesion
abilities were high. This finding may be explained by the fact
that H. pylori strains can firmly adhere to gastric epithelial
cells via a group of outer membrane proteins (OMPs) such as
BabA and SabA.'"?® Patients with gastric cancer are known
to have higher levels of BabA expression than normal
subjects.z(”?’o Adhesion of H. pylori to the gastric mucosa
could trigger the expression of several virulence genes.'’
Similarly, in this study, we found that H. pylori strains
isolated from patients with gastric cancer had relatively
higher adhesion ability than the others. A number of
studies have investigated the relationship between the
colonization of H. pylori in the mouth and stomach, and
suggested that the mouth is a potential reservoir for
H. pylori and a possible route for transmission to other
sites.”! ™% In this study, we observed high adhesion ability
of H. pylori strains to oral epithelial cells (H357 cells),
especially strains from patients with gastric cancer, thus
supporting the presence of H. pylori in the mouth.
However, the mechanisms and consequences of H. pylori
adhesion to oral mucosa cells are still unclear and need to
be clarified. It is important to note that surface receptors
on H357 and Caco-2 cells for H. pylori strains were
different from that of HIEC-6 cells. Our findings suggested
that the surface receptors on H357 and Caco-2 cells
appeared to be glycoproteins, while those on HIEC-6 cells
were lipoproteins.

Anti-adhesion and co-aggregation have been considered
as beneficial properties for probiotic strains due to their
ability to inhibit H. pylori colonization to host mucosa cells.
Previous research has shown that the efficacy of probiotics is
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strain specific and that different strains can provide different
benefits to the host. This is consistent with the findings of our
previous study in which three probiotic strains (SD7, SD4,
SD11) had high levels of adhesion to H357 and Caco-2 cells;
this correlated to the hydrophobicity of individual strains.”’
These strains also provided high levels of anti-adhesion and
co-aggregation for H. pylori strains. Similarly, previous
research demonstrated that three probiotic strains (SD7,
SD4, SD11) exhibited high anti-adhesion and co-aggregation
properties for oral pathogens such as Porphyromonas gingi-
valis, Fusobacterium nucleatum, and Aggregatibacter actino-
mycetemcomitam.22 In addition, we found that the anti-
adhesion ability of probiotic strains also depended on the
adhesion ability of H. pylori strains. We found that H. pylori
strains with the high adhesion ability (>70% adhesion)
tended to resist the anti-adhesion of probiotic strains.
Moreover, co-aggregation between probiotics and H. pylori
strains were high in acidic conditions between pH 3-—5.
Therefore, acidic conditions may promote the co-
aggregation of probiotics to H. pylori strains.

Conclusion

As adhesion to the cavity is the first step for H. pylori
colonization, it follows that disruption at this stage could help
to prevent H. pylori infection. This study provides informa-
tion relating to the adhesion abilities of clinical H. pylori and
probiotic strains to the oral mucosa compared to the intestinal
mucosa. All probiotic and H. pylori strains could adhere to
H357 significantly better than Caco-2 and HIEC-6 cells. Three
probiotic strains (SD7, SD4, SD11) showed significantly
higher levels of adhesion than the others. Of the clinical
H. pylori strains, isolates from a patient with gastric cancer
had the highest adhesion ability of all cell lines tested. Anti-
adhesion and co-aggregation of probiotic strains are related
to certain strains of probiotics and the clinical status of
H. pylori strains (gastric cancer). Probiotic strains that exhibit
high adhesion ability could provide high levels of anti-
adhesion and co-aggregation against H. pylori strains.
Acidic conditions could encourage the co-aggregation of
probiotics to H. pylori strains. As the oral cavity is a reservoir
for H. pylori, such information may be useful for the eradi-
cation of this bacterium from the oral cavity, thus leading to
the successful prevention of transmission and recolonization
of H. pylori to gastric organs.
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