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Abstract

Background Helicobacter pylori (H. pylori) infection, the

main cause of chronic gastritis, increases gastric cancer

risk. Antibiotics-based H. pylori eradication treatment is

90 % effective. However, it is expensive and causes side

effects and antibiotic resistance. Lactic acid bacteria (LAB)

could present a low-cost, large-scale alternative solution to

prevent or decrease H. pylori colonization.

Aim This work aimed to study the inhibitory effects of

LAB strains on the growth and pathogenic activity of

H. pylori stains. To this end, we have selected the most

virulent H. pylori strains (out of 20 mucosal antral biop-

sies) regarding cellular vacuolization and induction of

apoptosis/necrosis.

Method The selection of H. pylori pathogenic strains

(clinically pre-isolated) were based on their impact of

VacA activities on Hep-2 cell line, induction of apoptosis

and necrosis in Caco-2 cell line. The Inhibitory effect of

LAB strains on the invasion was carried out using the

Caco-2 and Hela cell lines, where, they were co-cultured

with the pathogenic H. pylori in the presence or absence of

LAB extracts. The effect of LAB extracts on TNF-a

secretion which induced by H. pylori-LPS was carried out

by RT-qPCR.

Results L. bulgaricus DSMZ 20080, L. acidophilus and

L. plantarum (studied previously and reported as high

antioxidant candidate strains) showed the highest anti-

pylori activities with inhibition ranged from 51.46 to

88.19 %, they preventing the adhesion, invasion and DNA

fragmentation of cell lines. In addition, they could reduce

the TNF-a expression by 62.13 %.

Conclusion LAB extracts could inhibit the bacterial

adhesion and invasion, gastric inflammation and DNA

fragmentation induced by Helicobacter pylori.

Keywords H. Pylori � Lactic acid bacteria � TNF-a �
DNA fragmentation � Antioxidant

Introduction

Helicobacter pylori (H. pylori) are spiral-shaped bacteria

that colonize the stomach of half the populations world-

wide [1]. Once a person is infected, the organism can live

in the stomach indefinitely and may not cause clinical ill-

ness. It is still not clear how H. pylori are transmitted or

why some of those infected become sick while others do

not [2]. Although H. pylori infection is a common infec-

tion, it is not benign [1]. Close contact of H. pylori with the

epithelium results in the secretion of free radicals and

cytokines such as interleukin-8 IL-8, IL-1and a-TNF [3].

Excessive cytokines secretion is considered to play an

important role in the alteration of epithelial proliferation,

increased apoptosis oxidative DNA damages, occurrence

of chronic gastritis, gastric lesions and duodenal and gastric

ulcers that are the strongest known risk factors for adeno-

carcinoma of the distal stomach [4]. The product of
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particular significance for the virulent action of H. pylori

is its cell wall lipopolysaccharide (LPS). The effects of

H. pylori lipopolysaccharide (H. pylori-LPS) have been

manifested by the marked increase of nitric oxide and

proinflammatory cytokines including IL-8 in gastric

mucosa [5], H. pylori-LPS is a natural ligand for Toll-like

receptor 4 (TLR4) in gastric epithelia. It has been proposed

that H. pylori-LPS induces IL-8 production in gastric epi-

thelia through activating the TLR4 signaling pathway [5].

The conventional eradication therapies combine two anti-

biotics and a proton pump inhibitor [6]. Treatment regi-

mens containing metronidazole, clarithromycin and a

proton pump inhibitor are among the most effective [7].

The success rate following this therapy is constantly

decreasing, mainly due to antibiotic resistance [8]. Resis-

tance of H. pylori to antibiotics is a growing world concern

and needs urgent public health attention [9].

Probiotics are living microorganisms with no or low

pathogenicity, which exert beneficial effects on the host.

They may represent a natural barrier against the develop-

ment of H. pylori colonization [10]. There are several

possible mechanisms by which probiotic bacteria could

inhibit the adhesion of H. pylori. Certain lactobacilli exert

their antiadhesion activity by secreting antimicrobial sub-

stances [11], while, strains such as L. reuteri inhibit H.

pylori growth by competing with adhesion sites or by the

binding of H. pylori to specific glycolipid receptors asialo-

GMI and sulfatide [12]. In addition, probiotic bacteria can

reduce gastrointestinal inflammation due to H. pylori-

induced proinflammatory cytokines [13]. However, the

signaling pathways which are modulated by LAB in gastric

epithelia have not been well elucidated.

Methods

Cell lines

Caco-2 cell line (human epithelial colorectal adenocarci-

noma cells), Hep-2 cell line (larynx epidermoid carcinoma)

and HepG2 cell line (hepato cellular carcinoma) were

cultured in Dulbecco’s modified Eagle’s medium (DMEM)

supplemented with 2 mM of L-glutamine, 10 % fetal calf

serum (FCS) and 1 % penicillin–streptomycin solution in

50- and 100-cm2 cell culture flasks, incubated at 37 �C in a

humidified atmosphere of 5 % CO2, 95 % air for 24 h.

LAB strains

Streptococcus thermophilus, Streptococcus lactis subspe-

cies Cremoris, Lactobacillus casei, Lactobacillus del-

brueckii subspecies bulgaricus, Lactobacillus delbrueckii

subspecies bulgaricus DSMZ 20080 and Lactobacillus

delbrueckii subspecies bulgaricus DSMZ 20081 T, Lacto-

bacillus fermentum DSMZ 20049, Lactobacillus acidophi-

lus DSMZ 20079 T, Lactobacillus rhamnosus, Lactobacillus

plantarum subsp. plantarum DSMZ 20174 and Bifidobac-

terium longum subsp. Longum DSMZ 200707 were col-

lected from culture collection of Faculty of Agriculture Ain

Shams University, Faculty of Agriculture Kafr El-Sheikh

University and Faculty of Science Tanta University.

Preparation of intracellular and extracellular extracts

Both extracts were prepared as previously explained by

El-Adawi el al. [14]. In brief, the probiotic cultures were

collected at the early stationary phase of growth and cen-

trifuged at 10,000 rpm at 2 �C for 30 min; the culture

supernatants were separated carefully and filtered through a

0.22-lm pore-size filter. For preparation of intracellular

extracts, cells were washed three times with a sterile

phosphate buffer solution (PBS, pH 7.4) and resuspended

in sterile PBS followed by ultrasonic disruption in five

1-min intervals in an ice bath. Cell debris was removed by

centrifugation at 10,000 rpm at 2 �C for 10 min, and the

resulting supernatant was used as the intracellular extract,

both extracellular and intracellular extracts’ stocks were

stored frozen at -80 �C till used. The total cell numbers

were adjusted to 109 CFU/ml for the preparation of both

extracellular and intracellular extracts. The extracts stored

frozen at -80 �C till used. The total cell numbers were

adjusted to 109 CFU/ml for the preparation of both extra-

cellular and intracellular extracts.

Cytotoxicity assay

For the determination of treatment concentrations that are

non-toxic to Caco-2 cells, the cytotoxic assay was per-

formed on which the non-toxic doses TC0 (recommended

doses) and the concentration which kills 50 % of the cells

(TC50) were determined using serial dilutions of the

extracts. A cell suspension of 6 9 104 cell/ml was col-

lected and seeded in 96-well plates (100-ll cell suspension

per well). The plates were incubated at 37 �C in humidified

5 % CO2 for 24 h. After obtaining a semi confluent cell

layer, the exhausted media were discarded and 100 ll of

different treatment concentrations prepared in DMEM

were added. Wells containing only media were used as a

negative control. The cell plates were incubated at the same

growth conditions for 3 days. After 3 days, 100 ll of

neutral red stain was added to each well and incubated for

3 h, at 37 �C in humidified 5 % CO2 [15]. Excessive dye

was discarded and the stained cells were fixed with 100-ll

fixing solution (0.5 % formalin with 1 % CaCl2) for

1 min., then cells were destained in 100-ll destaining

solution (50 % ethanol with 1 % glacial acetic acid) by
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shaking for 5 min. The stain intensity was assayed using

automated ELISA microplate reader adjusted at 540 nm

(reference filters 620 nm).

Isolation of H. pylori from gastric biopsy specimens

Twenty mucosal antral biopsies were collected from con-

secutive dyspeptic patients after obtaining their informed

consent. All patients were H. pylori positive. Patients

underwent routine gastrointestinal endoscopy because of

abdominal complaints. Their ages ranged from 20 to

73 years. The biopsy specimens were collected in sterile

tubes containing 1 ml of phosphate buffer saline solution

(PBS) and were finely minced in a tissue grinder (mortar)

in 1 ml of sterile PBS. One hundred microliter from each

dilution was streaked onto Columbia agar plate supple-

mented with 10 % sheep blood, Trypticase soy agar sup-

plemented with 10 % sheep blood and chocolate agar. The

plates were incubated in 100 % humidity at 37 �C for up to

7 days in a microaerophilic gas mixture composed of 10 %

CO2, 5 % O2, and 85 % N2 (Campy-Pak; Unipath S.p.A.,

Garbagnate Milanese, Milan, Italy). The agar plates were

checked for growth from day 3 through day 7. An isolate

was identified as H. pylori based on the positive catalase,

oxidase, and urease reactions, typical colony morphology

(small, round colonies), and the presence of characteristic-

curved gram-negative bacilli on Gram-stained smears.

The selection of H. pylori virulence strains

The virulence of the infecting H. pylori strains is a major

determinant of who develops disease. The two most

important ones are VacA cytotoxin, which induces vacu-

olation of epithelial cells, and the cag pathogenicity island

(cytotoxin associated gene A), which induces peptic

ulceration or gastric adenocarcinoma [16]. In the current

study, H. pylori virulent strains based on the VacA activity

assay.

Vacuolating activity (VacA) assay

H. pylori VacA activity was evaluated in hep-2 cells by

H. pylori-LPS according to Kranzer et al. [17] with some

modifications. The level of vacuolization was determined

by inverse microscope (magnification, 1009 to 2009).

H. pylori strains were considered cytotoxin positive if

vacuolization was observed in 50 % of Caco-2 cells.

Assessment of apoptosis and necrosis induced

by H. pylori

Assessment of apoptosis induced by Helicobacter pylori

was done by an acridine orange–ethidium bromide mixture

staining technique, where the determination of apoptosis

was based on nuclear morphology and membrane integrity

[18].

Caco-2 cells (2 9 105) were grown in 6-well plates to

70 % confluency, the cells were washed three times with

prewarmed-sterilized PBS then infected with 100 ll of

H. pylori suspension and plates were incubated at 5 %

CO2, 37 �C for 3 h. After incubation, the plates were

washed three times with prewarmed-sterilized PBS and

DMEM media. After 24 h of infection at the same incu-

bation conditions, the adherent cells were scraped with a

scrapper, both floated and attached cells were obtained by

centrifuged at 1,200 rpm for 10 min, resuspended in 100 ll

DMEM free from antibiotics, 1 ll of stain mixture acridine

orange (100 lg/ml 95 % absolute ethanol) and ethidium

bromide (100 lg/ml PBS) was mixed with a 0.1-ml

cell suspension. aAdrop was applied to a microscope

slide and cells were then examined under a fluorescence

microscope.

The efficiency of LAB in controlling Helicobacter

pylori infection

Anti-Helicobacter pylori activity of LAB strains

In order to select the most potent LAB strains against

H. pylori, the susceptibility of H. pylori growth to LAB

extracts was evaluated by a microplate reader assay. The

microplate reader (automated ELIZA microplate reader)

has been adjusted at 620 nm. The inhibition percentage of

LAB extracts was calculated according to the following

equation.

Inhibition percentage ¼ A� A1=A0½ � � 100

where, A is the absorbance of the treated group, A1 is the

absorbance of the blank, A0 is the absorbance of the control

group.

Inhibition of H. pylori adhesion and invasion by the LAB

strains

Adhesion assay Caco-2 cells were maintained as conflu-

ent monolayers in complete DMEM medium; monolayers

were washed with prewarmed PBS and trypsinized for

2 min. The cells were scraped from the flask into 72 ml

of DMEM/FCS/antibiotics. Three tissue culture plates

(12 wells) per flask of Caco-2 cells were prepared by

depositing one sterile 13-mm glass coverslip to each well,

and 2 ml of the Caco-2 cell suspension was added to each

well incubated at 37 �C in the previous conditions until the

monolayers were 60–70 % confluent (usually 24 h). The

brucella broth medium was inoculated with H. pylori
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(the most potent anti-pylori strains) in the presence and

absence of LAB extracts, and incubated in a microaero-

philic conditions at 37 �C for 16–18 h before the assay. On

the day of the assay, 2-ml fresh DMEM without supple-

ments was added to each well, followed by 100 ll of

appropriate bacterial suspension. Plates were incubated at

37 �C for 3 h. Unbound bacteria are removed by washing

three times with phosphate buffered saline. Cells were

washed briefly with methanol, discarded, and then mixed

with fresh methanol (1 ml per well) for 1 min, which

replaced after that by 2 ml per well of Giemsa stain, (freshly

diluted 1:10 in water). The stain was left for 30 min at room

temperature, then discarded. The monolayers were washed

with 3–4 ml each of tap water and the slides were read at

1009 magnification under oil immersion [19].

Invasion assay Invasion assay was done by acridine

orange–crystal violet staining technique according to

Wilkinson et al. [20], with some modifications. HepG2

cells were used in this assay, both bacterial suspension and

HepG2 cells were prepared as described before in the

adhesion assay. Cell monolayers were infected with bac-

teria suspension with and without the treatments. After

incubation, cells were washed in Hanks balanced salt

solution stained with 0.01 % acridine orange in Gey’s

solution for 45 s, rinsed with Hanks balanced salt solution,

and counterstained with 0.05 % crystal violet in 0.15 N

NaCl for 45 s. After the coverslips were rinsed with Hanks

balanced salt solution, they were mounted on the slides.

Slides were then viewed under a fluorescence microscope

using incident light at 409 magnification for screening. All

infecting bacteria took up the acridine orange and fluo-

resced; crystal violet quenched the fluorescence of extra-

cellular adhering bacteria, so that, only fluorescent

intracellular bacteria would be visible under fluorescent

light microscopy. The acridine orange–crystal violet

staining technique revealed viable green-fluorescing intra-

cellular organisms. Nonviable intracellular bacteria would

have stained red. The change in color is attributed to the

increase in the amount of acridine orange interchelating

with the phosphate–sugar backbone of DNA as the DNA

becomes denatured in nonviable cells.

DNA fragmentation assay

A distinctive feature of apoptosis at the biochemical level

is DNA fragmentation. This method was used as a semi-

quantitative method for measuring apoptosis. Such phe-

nomenon, described for the first time by Wyllie [21], can

be visualized by an agarose gel electrophoresis analysis.

The present protocol provides a method for qualitative

determination of DNA fragmentation induced by H. pylori

in the presence and absence of treatment (LAB).

Anti-inflammatory activities of LAB by detection of TNF- a
production

Isolation of Helicobacter pylori lipopolysaccharide In

order to isolate H. pylori-LPS which plays an essential role

in free radicals and immune response induction, a modified

method by Uchida and Mizushima [22] was used. Bacteria

were cultured in microaerophilic at 37 �C for 24 h in

brucella broth supplemented with 10 % fetal bovine serum.

After incubation, cells were collected by centrifugation at

10,000 rpm and 2 �C for 30 min, then washed with ster-

ilized PBS and lyophilized. LPS was extracted from the

lyophilized cells in three steps:

(a) The recovery of LPS in insoluble form together with

some denatured proteins

The lyophilized bacterial cells (100 mg as dried matter)

were mixed with 2.2 ml of distilled water. To the mixture

was added successively 0.4 ml of 100 mM Tris–HCl (pH

8.0), 0.4 ml of 0.5 M MgCl2 and 1 ml of 8 % triton X-100.

The tube, tightly capped, was heated in boiling water bath

for 10 min, after cooling, the mixture was centrifuged at

10,000 rpm for 15 min and then the precipitate was washed

once with 4 ml of 10 mM Tris–HCl (pH 8.0) and 10 mM

MgCl2.

(b) The solubilization of LPS

To the obtained precipitate, 1 ml of distilled water,

0.2 M EDTA (pH 8.0), 2 M NaCl and 8 % Triton-X 100

were added, and the suspension was mixed well. The

mixture was incubated at 37 �C for 60 min with shaking

and then centrifuged at 10,000 rpm for 15 min. The

supernatant was then collected in another centrifuge tube.

(c) Precipitation of LPS

The collected supernatant (3.6–4 ml) was added 0.4 ml

of 1 M MgCl2 under stirring and then the mixture was

incubated at 37 �C for 60 min. The resulted opaque solu-

tion was immediately centrifuged at 10,000 rpm for 90 min

at 15 �C and the transparent precipitate that formed was

further treated with proteinase K (100 lg/ml) at 37 �Cfor

2 h before the final washing with 4 ml of 10 mM Tris–

HCL (pH 8.0) and 10 mM MgCl2.

The preparation was further treated with proteinase K

(20 lg/ml) at 37 �C for 2 h before the final washing.

PBMC cells (2 9 105) were grown in RPMI medium

and seeded into 96-well plates and incubated for 24 h prior

to stimulation with H. pylori-LPS (10 mg/ml). That stim-

ulation was carried out in the presence and absence of LAB

extracts and left for 24 h.

RNA extraction and real-time RT-PCR analyses Extrac-

tion of total cells RNA was performed with guanidine
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isothiocyanate according to the method by Chomczynski

and Sacchi [23]. First-strand cDNA was synthesized using

oligo-dT primer and the AMV reverse transcriptase (Pro-

mega Corp., Madison, WI, USA). In brief, 5 ll of total RNA

was reversely transcribed by adding 20 ml of a master

mixed with 1 U/ml RNase inhibitor, 5 mmol/l MgCl2, 19

reverse transcriptase buffer, 1 mmol/l of dNTP mixture, and

0.7 U/ml AMV reverse transcriptase (final concentrations

indicated). Samples were incubated at 42 �C for 60 min. For

the cDNA amplification, the PCR with hot start technique

was used, in which Taq polymerase was added to each tube

with Thermal Cycler. The PCR mixture contained a final

concentration of 10 pmol/l specific primers for TNF-a, 19

PCR buffer, 1.5 mmol/l MgCl2, 0.2 mol/l of each dNTP and

1 U/25 ml Taq polymerase. After a 5-min initial melting

step at 97 �C, the PCR with 28–32 cycles was carried out

[94 �C, 1 min for denaturation; 58 �C (TNF-a), 1 min for

annealing; and 72 �C, 1 min for extension]. The final cycle

was followed by a 10-min soak at 72 �C. The sequences of

primer pairs and predicted sizes of the amplified PCR

fragments were shown in Table 1. The house keeping gene

GAPDH was used as an internal control for the standardi-

zation of the PCR product. The RT-PCR was done to cDNA

based on the SYBR Green I dye and LightCycler fluorim-

eter. The RT step was followed by first round PCR using the

TNF-a primers in a 50-ll reaction containing 3–5 ll cDNA,

10 pmol from each of the forward and reverse primers and

12.5 ll master mix SYBR Green. The thermal cycling

protocol was as follows: 30 cycles of 1 min each at 94,

56 and 72 �C, with the final extension done at 72 �C for

5 min.

Primers

Primers Sequence

TNF-a
forward

50-TTC TGT CTA CTG AAC TTC GGG GTG ATG

GGT CC-30

TNF-a

reverse

30-GTA TGA GAT AGC AAA TCG GCT GAC GGT

GTG GG-50

GAPDH

forward

50-GAA GGT GAA GGT CGG AGT

GAPDH

reverse

30-GAA GAT GGT GAT GGG ATT TC

Results

Cytotoxicity assay of LAB extracellular extract

on Caco-2 cell line and peripheral blood mononuclear

cell (PBMC)

The cytotoxicity results indicated that intracellular extracts

were safer than extracellular extracts on Caco-2 cells.

In general, the treatments have no TC50 even in the max-

imum concentrations. The safe doses of extra- and intra-

cellular extracts on Caco-2 cells ranged from 4 to 14 and 6

to 18 % respectively (Table 1).

Isolation of H. pylori from gastric biopsy specimens

The clinical history of H. pylori infected patients revealed

that generally there is a positive correlation between

H. pylori infection and liver fibrosis diseases (data sheet).

The variations in symptoms started from abdominal pain

and gastritis to ulcers, with aging this converted to malig-

nant ulcers and multilymphoma. The endoscopic photos of

patients (Fig. 1) showed antral gastritis, malignant ulcer

and incisural mass in comparison to normal pylorus and

antrum of non-infected people.

The selection of H. pylori virulence strains

The virulent H. pylori strain should have the ability to

induce vacuolation and apoptosis or necrosis in cultured

epithelial cell lines. Vacuolating activity results indicated

that the ability of the isolates to induce vacuoles in cell

lines ranged from weak and moderate to high (Fig. 2). The

isolates no. 3, 4, 5, and 6 recorded the highest vacuolating

activity (Table 2). In addition to the vacuolating activity,

all isolates had the ability to induce all stages (early to late)

of apoptosis (Fig. 3) and necrosis (Fig. 4) by converting

the nucleus into multinucleated cells, condensed nucleated

cells and chromatin fragmented cells that were visualized

with acridine orange–ethidium bromide fluorescent stains.

Table 1 Cytotoxicity assay of LAB extracts (intra- and extra-cellu-

lar) on Caco-2 cell

Strain Non-toxic concentrations

Extracellular

extract (%)

Intracellular

extract (%)

Streptococcus thermophilus 4 16

Lactobacillus rhamnosus 8 8

Lactobacillus casei 6 8

Streptococcus lactis 6 8

Lactobacillus bulgaricus

DSMZ 20081 T

5 18

L. bulgaricus DSMZ 20080 5 16

Lactobacillus bulgaricus

NCTC 12197 T

14 9

Lactobacillus acidophilus 6 9

L. fermentum 9 8

Lactobacillus plantarum 5 7

Bifidobacterium longum 6 6
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The efficiency of LAB in controlling H. pylori

The antibacterial activity of LAB extracts indicated that, in

general, the extracellular extracts of the LAB were more

effective than the intracellular extract. The extracellular

bacterial extracts of L. plantarum, L. fermentum, L. bul-

garicus DSMZ 20080 and S. lactis were the most potent

antibacterial treatments (Table 3). The antibacterial activ-

ity of these treatments ranged from 81.44 to 88.19 %. In

addition, three H. pylori strains’ isolates (no. 2, 3 and 4)

were the most resistant strains to the treatment, while strain

no. 5 was the most sensitive strain to the treatments fol-

lowed by strain no. 6 then no. 1.

Inhibition of H. pylori–Hep-2 adhesion by LAB

The pretreatment of H. pylori with the most potent anti-

bacterial extracts prevents the remaining viable H. pylori

from adhering to cell lines. In addition, after treatments,

they conversed morphologically into a coccoid form either

was viable but non-culturable or was killed, in comparison

to the control group (in which the non-treated helical

H. pylori were able to adhere to the cell lines). Visual

inspection of Hep-2 cells after the infection/replication

phases demonstrated internalized bacteria, sometimes

enclosed in apparent vacuoles (Fig. 5). The outer integu-

ment of Hep-2 cells had often lost its integrity and the

Fig. 1 Endoscopic photos of

patients undergoing endoscopy
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cytosol was distorted and morphologically difficult to

observe.

Inhibition of H. pylori invasion to HepG2 cells by LAB

HepG2 cells infected with H. pylori, green fluorescent

bacteria, could be detected within HepG2 cells (indicating

invasion) after staining with acridine orange (Fig. 6). The

pretreatment of H. pylori with the most potent antibacterial

extracts decreases the number of the invading bacteria from

20 cells to single H. pylori cell.

Inhibition of DNA fragmentation induced by H. pylori

by LAB

During apoptosis a series of reorganisation cascades occur

in the cell such as DNA fragmentation, which is a bio-

chemical hallmark of apoptosis in the majority of cells. An

endogenous Ca??- and Mg??-dependent endonuclease

is believed to be responsible for DNA cleavage by breaking

the double strand DNA at inter-nucleosomal sites. As

shown in figure, the DNA of mammalian cell infected with

H. pylori showed apoptotic DNA cleavage (characteristic

oligonucleosomal fragments-lane I) whereas, in case of

with the most potent antibacterial LAB treatment, DNA

mammalian cell appears as non-segmented bands when

compared with the infected one.

Anti-inflammatory activities of LAB

Reduction of TNF-a production

qRT-PCR results clarified that the most potent LAB

extracts (co-treatment model) could reduce TNF-a secre-

tion in LPS-stimulated model (Fig. 7). Referring to the

GAPDH house keeping gene, the LAB treatment reduced

the TNF-a section with a percentage of 62.13 (Table 4).

Discussion

Cytotoxicity assay was done (Table 1) to determine the

non-toxic doses TC0 (recommended doses) and the con-

centration which kills 50 % of the cells (TC50), using serial

dilutions of the extracts; the safe doses should have a

maximum inhibition percentage that does not exceed

10 %, i.e. the percentage of surviving cells is not less than

90 %. Neutral red (NR) is a weak cationic supravital dye

that readily penetrates cell membranes by non-ionic dif-

fusion and predominately accumulates intracellularly in

Data sheet of the clinical history of consecutive dyspeptic patients undergoing endoscopy

No. Age Gender Smoking Diabetes

mellitus

Cholesterol

level

Coronary heart

disease

Liver diseases

(fibrosis)

Endoscopic picture Anemia

1 73 Male ? ? - - Post portal fibrosis Gastritis ?

2 60 Female - - - - Cirrhosis Malignant ulcer,

multilymphoma

?

3 65 Male - - - - - Ulcer ?

4 50 Female - - ? - - Gastric cancer ?

5 70 Male ? - - - Cirrhosis Gastritis ?

6 60 Female - - - - Cirrhosis Malignant ulcer ?

7 27 Female - - - - - Gastritis ?

8 20 Female - - - - - Ulcer ?

9 27 Female - - - - - Malignant ulcer -

10 66 Male - - - - Post portal fibrosis Gastric cancer ?

11 33 Male ? - ? - - Gastritis -

12 55 Female - - - - Cirrhosis Malignant ulcer ?

13 50 Male ? - - - Post portal fibrosis Gastritis ?

14 60 Male ? - ? - Post portal fibrosis Malignant ulcer ?

15 69 Male ? - - - Cirrhosis Gastritis ?

16 42 Male ? - - - - Gastritis ?

17 30 Female - - - - - Gastritis ?

18 20 Female - - - - - Gastritis -

19 66 Male - - - - Cirrhosis Malignant ulcer ?

20 50 Male ? - - - Cirrhosis Gastric cancer ?

The symbols ? and - indicate positive record and negative record respectively
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lysosomes. Alterations of the cell surface or the sensitive

lysosomal membrane lead to lysosomal fragility and other

changes that gradually become irreversible. Thus, the

uptake and binding of NR decrease in altered cell mem-

brane integrity making it possible to distinguish between

viable, damaged or dead cells via spectrophotometric

measurements.

The clinical history of H. Pylori-infected patients

Recently, evidence showing a possible association between

H. pylori infection in the human stomach and chronic liver

diseases has emerged [24]. Moreover, the prevalence of

H. pylori in patients with cirrhosis has been reported to be

remarkably higher than in non-cirrhotic patients [25], these

observations support the idea that H. pylori infection may

have a critical role in the pathogenesis of various liver

disorders. This was confirmed in the current study where

the positive correlation between H. pylori infection and

various liver disorders was revealed (Fig. 1).

The virulence factor of H. Pylori

The VacA toxin is a major virulence factor of Helicobacter

pylori [26]. In H. pylori growth medium, it forms trans-

membrane anion-specific channels [27], which are likely to

contribute to vacuolization by causing osmotic swelling of

such acidic compartments where the toxin localizes fol-

lowing endocytosis [28]. VacA can also induce vacuoles

from the cytosol upon transfection [29]. In the present

work, we selected four H. pylori isolates out of six having

high ability to induce vacuoles as observed in results sec-

tion (Table 2; Fig. 2). The enhanced gastric epithelial cell

apoptosis in H. pylori infection has been suggested to play

an important role in the pathogenesis of chronic gastritis,

peptic ulcer and gastric neoplasia. There are a number of

mechanisms have been postulated by Wu et al. [30],

including the direct cytotoxic effects of the bacteria, as

well as inflammatory responses elicited by the infection.

Wu et al. [30] suggested that T helper type 1 (Th1) cells are

Fig. 2 Vaculating activity of

the H. pylori clinical isolates on

Hep-2 cells

Table 2 Vaculating activity of the H. pylori clinical isolates on

Hep-2 cells

H. pylori strain Vaculating activity

H.p 1 ??

H.p 2 ?

H.p 3 ???

H.p 4 ???

H.p 5 ???

H.p 6 ???

???, [90 %, ??, 50–90 %, ?, \50 %, -, no vaculating activity
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Fig. 3 Assessment of

apoptosis and necrosis induced

by Helicobacter pylori.

Apoptotic cells had condensed

and/or fragmented nuclei, these

cells were impermeable to

ethidium bromide during early

stages and their nuclei stained

green but during late stages, this

ability was lasted and their

nuclei stained red. Necrosis

cells: cells exhibited a red

nucleus stain but with no

nuclear condensation they

exhibited either normal nuclear

structure or had no nuclear

staining
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selectively increased during H. pylori infection. Th1

cytokines, such as gamma interferon (IFN-) and tumor

necrosis factor alpha (TNF-a), can increase the release of

proinflammatory cytokines, augmenting apoptosis induced

by H. pylori. In the present work, the four isolates have the

high ability to induce all stages of apoptosis (Fig. 3) as

well as necrosis (Fig. 4).

The efficiency of LAB in controlling H. pylori

pathogenicity

Inhibition of H. pylori growth

LAB has been reported to inhibit the adhesion of many

kinds of pathogenic enterobacteria to intestinal cells [31].

In the present study, the LAB extracellular extract could

inhibit H. pylori by more than 88 % (Table 3). This inhi-

bition could be related to the bacteriocin family as reported

by Cats et al., 2003 [32]. Other known substances secreted

by these bacteria are the endproducts of lactic acid fer-

mentation, such as lactic and acetic acids, and hydrogen

peroxide [33].The production of relatively large amounts of

lactate by lactobacilli has been implicated as an inhibitory

factor of H. pylori by some authors [34]. Lactic acid, in

addition to its antimicrobial effect resulting from the

lowering of the pH, could inhibit the H. pylori urease.

However, the inhibitory effects of lactobacilli on H. pylori

differ from strain to strain as reported by [35]. In the cur-

rent study, L. plantarum, L. fermentum, L. bulgaricus

DSMZ 20080 and S. lactis were the most potent antibac-

terial out of eleven strains. In conclusion, the in vitro

inhibitory effect of certain LAB is probably related to

Fig. 4 Inhibition of H. pylori–

Hep-2 adhesion by lactic acid

bacteria. a, b Hep-2 mammalian

cells infected with H. pylori.

c Hep-2 mammalian cells

infected with H. pylori treated

with LAB. d Hep-2 mammalian

cells (at high magnification)

infected with H. pylori treated

with LAB. e Hep-2 mammalian

cells (control). The small dark

arrows in a, b pointed to

H. pylori adhered to cell in the

spiral shape, while in c,

d pointed to the H. pylori under

lactic acid bacterial treatment

converted to coccid forms with

reduction in their ability to

adhered to cells
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Table 3 Anti-Helicobacter pylori activity of the LAB strains

Treatment Inhibition percentage

Strain

1

Strain

2

Strain

3

Strain

4

Strain

5

Strain

6

S. thermophilus

Extracellular 1.37 0 0 0 0 0

Intracellular 0 0 13.59 5.91 19.91 0

L. rhamnosus

Extracellular 66.13 61.41 73.05 60.59 75.64 65.63

Intracellular 0 58.96 53.22 29.93 54.82 20.89

L. casei

Extracellular 0 16.51 0 6.004 0 30.25

Intracellular 0 0 49.19 17.29 0 20.34

S. lactis

Extracellular 76.03 68.24 75.39 57.6 82.21 81.07

Intracellular 0 0 0 22.33 0 18.48

L. bulgaricus DSMZ 20081 T

Extracellular 65.99 68.48 64.7 70.476 75.29 39.95

Intracellular 44.81 42.38 63.54 47.20 69.12 36.59

L. bulgaricus DSMZ 20080

Extracellular 65.05 76.59 76.68 12.67 81.44 71.59

Intracellular 33.86 63.40 50.05 60.43 55.92 0

L. bulgaricus NCTC 12197 T

Extracellular 64.60 73.57 0 45.86 64.94 55.39

Intracellular 0 19.48 59.19 30.18 45.58 25.87

L. acidophilus

Extracellular 73 56.80 51.46 72.11 84.17 85.17

Intracellular 0 0 57.1 0 0 25.1

L. fermentum

Extracellular 75.84 76.53 63.78 45.83 87.41 61.79

Intracellular 0 0 51.96 55.94 7.61 40.98

L. plantarum

Extracellular 81.31 64.92 48.93 69.74 88.19 70.60

Intracellular 0 0 54.27 50.76 3.03 0

B. longum

Extracellular 72.67 51.92 65.67 72.37 72.10 85.36

Intracellular 25.57 0 57.52 59.75 70 46.38

Fig. 5 Inhibition of H. pylori invasion to HepG2 cells by LAB; a the control HepG2 cells, b Hepg2 cells treated with LAB and infected with

H. pylori, c H. pylori

L      C I         T

Fig. 6 Inhibitory effect of LAB on DNA fragmentation induced by

H. pylori L ladder DNA. C DNA of the non-infected cell (control).

I DNA of cells infected cells with H. pylori. T DNA of cells infected

with H. pylori previously treated with LAB

L   T       C  T       C        L 

TNF-α GAPDH (house -keeping gene)

Fig. 7 Anti-inflammatory activities of LAB. L ladder DNA. C PCR-

amplified gene fragment of control cell (non-treated with LAB).

T PCR-amplified gene fragment of cells treated with LAB
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lactic acid and/or other antimicrobial substances yet to be

identified.

Inhibition of H. pylori–Hep-2 adhesion by LAB

The adhesion of H. pylori to epithelial cells is important in

determining the outcome in H. pylori-associated diseases

[36]. In the gastric mucosa, H. pylori possibly interact with

epithelial cells through secretory components or as a result

of adherence [37]. Some studies showed that L. johnsonii,

L. salivarius and L. acidophilus inhibit the attachment of

H. pylori to intestinal HT-29 cells [38] or to MKN 45

gastric cell lines [39]. The current study confirmed the

previous studies where LAB could inhibit the adhesion of

H. pylori to the host cells Hep-G2 (Fig. 5). There are

several possible mechanisms by which LAB can inhibit the

adhesion of H. pylori. The first mechanism was postulated

by Mukai et al. [12] on which the competition mechanism

has been assumed. For example, it has been demonstrated

that L. reuteri inhibited the binding of H. pylori to specific

glycolipid receptors asialo-GMI and sulfatide. However, a

nonspecific rather than a specific blockage of receptor sites

is the most likely mechanism because lactobacilli can

inhibit adhesion of large varieties of pathogenic bacteria,

although each adheres to its particular receptor on the cells.

The second mechanism might be via an on/off switching of

BabA (adherence factor blood group Ag-binding adhesion)

gene expression of H. pylori which facilitates bacterial

colonization and augments a nonspecific immune response

1. The third mechanism we suggested here is the protective

effect of LAB on the integrity of the host cells which

prevent the adhesion of H. pylori.

Inhibition of H. pylori–Hep-2 invasion by LAB

There are two classical virulence determinants expressed

by H. pylori: the Cag A protein encoded by the cytotoxin-

associated genes pathogenicity island (cagPA1) and the

vacuolating cytotoxin (VacA). In this section, we discuss

the inhibition of H. pylori–Hep2 invasion by LAB (Fig. 6).

The inhibition mechanism was postulated by Ryan et al.

[40], who found that CagA accumulated in H. pylori cells

following exposure to L. salivarius presumably as a result

of loss of functionality of the Cag secretion system. These

data identified a new mechanism whereby some LAB have

a positive effect on H. pylori-associated inflammation

without clearing the infection.

Inhibition of DNA fragmentation

The molecular mechanisms of H. pylori-associated gastric

carcinogenesis remain ill defined. In this study, we exami-

ned the possibility that H. pylori directly compromise the

genomic integrity of its host cells. We provide evidence

that the infection introduces DNA double-strand breaks

(DSBs). The induction of DSBs depends on the direct

contact of live bacteria with mammalian cells. The

infection-associated DNA damage is evident upon sepa-

ration of nuclear DNA (Fig. 7). Bacterial adhesion (e.g.,

via blood group antigen-binding adhesin) is required to

induce DSBs. In contrast, the H. pylori virulence factors

vacuolating cytotoxin A, c-glutamyl transpeptidase and

the cytotoxin-associated gene (Cag) pathogenicity island

are dispensable for DSB induction [41]. Although most

breaks are repaired efficiently upon termination of the

infection, the prolonged active infection might lead to

saturation of cellular repair capabilities. In summary, we

conclude that DNA damage followed by potentially

imprecise repair is consistent with the carcinogenic prop-

erties of H. pylori and with its mutagenic properties

in vitro, in vivo it may contribute to the genetic instability

and frequent chromosomal aberrations that are a hallmark

of gastric cancer.

The anti-inflammatory effect of LAB

The inflammatory response to gastric H. pylori infection is

characterized by the release of various inflammatory

mediators such as chemokines and cytokines. A large

body of evidence has shown that H. pylori-LPS-induced

inflammation in gastric mucosa has nearly the same path-

ological characteristics as the mucosal inflammation initi-

ated by H. pylori infection [5]. Bhattacharyya et al. [42]

suggested that H. pylori-LPS may be a major virulent

factor for H. pylori-associated mucosal inflammation,

which urged us to research the effect of Lactobacilli on

H. pylori-LPS-induced cytokines production. The cytokine

response is initially manifested by the release of interleukin

8 (IL-8), which leads to the migration of neutrophils and

monocytes to the mucosa [43]. Activated monocytes and

dendritic cells in the lamina propria produce tumor necrosis

factor (TNF-a) as shown on Fig. 7-lane C, as well as IL-1

and IL-6 [42], IL-1 and IL-6 stimulate CD41 T cells

Table 4 RT-qPCR results for TNF-a gene expression

Item Reaction

amplification

Control cells (induced cells) 3.470

Treated cells 2.525

Referenced cells (housekeeping gene, GAPDH) 1.225

Percentage of gene expression = [(Treated cells - Referenced cells)/

Control cells] 9 100

= [(2.525 - 1.225)/3.470] 9 100 = 37.46 %

Inhibition of gene expression = 100 - 37.464 = 62.13 %
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(type 1), and these produce a variety of cytokines including

IL-4, IL-5, IL-6, and interferon-g [44]. This response is

unable to clear the infection and sustains inflammation.

LAB could modify the immunologic response of the host

by interacting with epithelial cells and modulating the

secretion of anti-inflammatory cytokines, which would

result in a reduction of gastric activity and inflammation

[45], shown on Fig. 7—lane T. However, the effect of LAB

on the immune response is difficult to generalize. Distinct

LAB strains may generate divergent immune responses,

which, in turn, depend on the host’s immune status [46].
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