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Abstract

AIM: To elucidate the adherence and immunomodu-
latory properties of a probiotic strain Bifidobacterium
Jactis (B. lactis) HNO19.

METHODS: Adhesion assays of B. /actis HN019 and
Salmonella typhimurium (S. typhimurium) ATCC 14028
to INT-407 cells were carried out by detecting copies of
species-specific genes with real-time polymerase chain
reaction. Morphological study was further conducted by
transmission electron microscopy. Interleukin-15 (IL-153),
Interleukin-8, and tumor necrosis factor-a (TNF-a) gene
expression were assessed while enzyme linked immuno-
sorbent assay was used to detect IL-8 protein secretion.

RESULTS: The attachment of S. &yphimurium ATCC
14028 to INT407 intestinal epithelial cells was inhibited
significantly by B. /actis HNO19. B. /actis HNO19 could
be internalized into the INT-407 cells and attenuated
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IL-8 mRNA level at both baseline and S. &yphimurium-
induced pro-inflammatory responses. IL-8 secretion
was reduced while IL-18 and TNF-o. mRNA expression
level remained unchanged at baseline after treated with
B. lactis HN019.

CONCLUSION: B. /actis HNO19 does not up-regulate
the intestinal epithelium expressed pro-inflammatory
cytokine, it showed the potential to protect entero-
cytes from an acute inflammatory response induced by
enteropathogen.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The intestinal tract acts as a reservoir for the intestinal mi-
crobiota that exert both harmful and beneficial effects on
human health; intestinal microbiota contains an extraot-
dinarily complex variety of metabolically active bacteria
and fungi which interact with the host’s epithelial cells
and provide constant antigenic stimulation to the mucosal
immune system'. The intestinal epithelium presents the

May 14, 2010 | Volume 16 | Issue 18 |



Liu C et a/. Adhesion and immunomodulatory effects of B. /actis HNO19

first line of defense against invading or attaching bacteria.
In addition to serving as a physical barrier to microbial
penetration, the intestinal mucosa is the main interface be-
tween the immune system and the luminal environment".
Intestinal epithelial cells TECs) appear as an essential link
in communicating with the immune cells in the undetlying
mucosa and the microflora in the lumen z/a the expression
of many mediators. These mediators included antibacte-
rial peptides such as defensins”, mucins (MUC3), and
chemokines and cytokines such as interleukin (IL)-8.

Under certain pathological circumstances, such as
enteropathogens infection, the intestinal epithelium re-
leases the chemokine IL.-8 and other pro-inflammatory
molecules that provoke an acute inflammatory respo-
nse'’l. Therefore, a prolonged infection can result in a
high level and protracted IL-8 release by IECs. The final
outcome is a considerable infiltration of neutrophils
that may perpetuate inflammation and eventually lead to
cell damage, epithelial barrier dysfunction and pathophy-
siologic change of diarrhea®.

For the protection against enteropathogen infections,
the possibility of using food supplements containing pro-
biotic bactetia has been recently considered. Probiotics are
a group of live micro-organisms administered in adequate
amounts which confer a beneficial effect on the health of
the host”. Most probiotics found ate resident members of
the intestinal flora and are of major economic importance
to the food industry. Several health-related effects associ-
ated with the intake of probiotics have been reported in
different animal models as well as in human studies'”. This
bacterial community plays a pivotal role in human nutrition
and health by promoting the supply of nutrients, prevent-
ing pathogen colonization and shaping and maintaining
normal mucosal immunitylg]. While the precise mechanistic
basis of the beneficial effects of probiotics is still obscure
and will most likely vary depending on the strain and spe-
cies used, a number of mechanisms have been suggestedm.
Protecting the host from enteropathogen colonization
(batrier effects) and immunomodulatory effects toward
host immune response have been demonstrated in humans
and laboratory animals' """,

The interaction between probiotic strains and the intesti-
nal epithelium is a key determinant for cytokine production
by enterocytes, and probably the initiating event in probiotic
immunomodulatory activity, as it occurs prior to the en-
counter with the immune system cells. It has been reported
that several strains of probiotics belonging to Bifidobacterinm
and Lactobacillus are highly relevant to the prevention of
the invasion of tissues by enteropathogensm]. Moreover,
by inhibiting the production of IL-8 in enterocytes, these
strains are also found to be effective in modulating the pro-
inflammatory response in IECs challenged by enteropatho-
gens such as Salmonella typhimurium (S. typhimurium); such
induction is species and strain specific' ™

Since the immunomodulatory properties are strain-
speciﬁc“&m, for each probiotic strain, profiles of the
cytokines secreted by lymphocytes, enterocytes and/or
DCs that come into contact with the strain should be es-
tablished. Strains belonging to the Bifidobacterium are the
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most widely used probiotic bacteria, and are included in
many functional foods and dietary supplements.

We focused our study mainly on how IEC respond to
widely used probiotic bacteria. The aim of this work was
to study the cytokine pattern induced by the interaction
of probiotics with intestinal epithelium cells. Further-
more, whether probiotic bacteria still function after inacti-
vation was evaluated. This study may contribute to verify
the pro- and anti-inflammatory properties of the strain in
question and define specific clinical applications.

MATERIALS AND METHODS

Bacterial strains and related preparations

A globally consumed commercial probiotic strain Bifido-
bacterium lactis (B. lactisy HNO19 was studied in the experi-
ment. The B. /actis HNO19 powder was a gift from Dan-
isco. Live strain was inoculated in De Man, ROGOSA and
SHARPE (MRS) broth (Difco) supplemented with 0.05%
(w/v) cysteine hydrochloride at 37°C under anaerobic
conditions for 24 h. The stationary-phase bacteria were
harvested and Gram-stained to confirm purity. Heat-killed
B. Jactis HNO19 were prepared by heating the bacteria at
80°C for 20 min. Effectiveness of the heat-killing method
was confirmed by plating the treated bacteria on MRS agar
at 37°C for 48 h. S. #yphimurinm ATCC 14028 was used
as an enteropathogenic reference strain. S. #yphimurinm
was cultured in Tryptone Soy broth (TSB) at 37°C with
shaking overnight.

Bacteria number was estimated by measuring the ab-
sorbance at 600 nm, and correlating the absorbance value
to a standard curve of colony-forming units (CFU) on
MRS agar (Merck) estimated in preliminary experiments.

For storage, liquid cultures of B. /actis HNO19 grown
for 24 h were frozen in 30% glycerol at -80°C; vacuum
freeze-drying method was also applied.

Cell lines and media

INT-407 cells which derived from human intestinal epi-
thelium, were purchased from American Type Culture
Collection (ATCC strain CCL-06). Cells were grown in a
humidified incubator at 37°C under 5% COa. INT-407
cells were cultured in Dulbeco’s Modifed Eagle Medium
(DMEM) (GIBCO) containing 10% (v/v) heat-inactivated
fetal bovine serum (Invitrogen), 50 U/mlL penicillin, and
50 ug/mL streptomycin. The cells were routinely propa-
gated in 25 cm” tissue culture flasks until they approached
80%-90% confluences. Subsequently, the cells were sub-
cultured and the medium was replaced every two to three
days in the culturing process.

Adhesion assays

Each adhesion assay was conducted in triplicate over
three to five successive passages of INT-407 cells. Brief-
ly, INT-407 cells were seeded on sterile six-well plates
and grown to 80% confluence. The monolayers of INT-
407 cells were rinsed three times with modified Hank’s
Balanced Salt Solution (mHBSS) without calcium and mag-
nesium. Late exponential cultures of B. /actis HNO19 or/
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and S. pyphimurinm ATCC 14028 were adjusted at an opti-
cal density at 600 nm corresponding to 1 X 10° cells/mL..
After rinsing, the bacterial cells were resuspended in
DMEM and used for the adhesion assay. After incubation
for 2h and 6 h at 37°C in the atmosphere of 5% CO2 and
95% air, unattached bacteria were removed by washing
the monolayers four times with sterile PBS. After detach-
ment of the INT-407 cells from the plastic surface by
incubation with 200 pL trypsin/EDTA per well (10 min,
37°C), the INT-407 cells and the adhesive bacteria were
transferred into a 1.5 mL reaction tube. The wells were
rinsed with 200 pL sterile PBS which was also transferred
into the 1.5 ml.-reaction tube.

Bacterial adhesion to INT-407 cells was evaluated by
quantification of INT-407-bound bacteria with genus-
specific primers pia real-time polymerase chain reaction
(PCR) as reported by Candela ez /. To quantify the bac-
terial cells by real-time PCR, the cell suspensions obtained
from the adhesion assays were thawed at room tempera-
ture and, after mixing, an aliquot of 20 pL was transferred
into a 0.2 mL-reaction tube and incubated for 10 min
at room temperature with 3.8 pl. of Trypsin inhibitor
solution. Then the bacterial cells (Bifidobacterium and
Salmonella) wete specifically quantified by real-time PCR
performed with the genus-specific primers listed in Table 1.
pMD19 T-vector which carried genus-specific genes was
constructed as internal standards.

Real-time PCR was performed in ABI 7500 instru-
ment and SYBR Green I fluorophore was used to cot-
relate the amount of PCR product with the fluorescent
signal. Amplification was carried out in a 20 L final
volume containing 2 pL. of cell suspension, 10 uL. SYBR
Premix Ex Taq (TAKARA), 0.2 umol/L of each primer
and 0.4 ul. ROX Reference Dye II. The experimental pro-
tocol consisted of the following programs: starting preincu-
bation at 95°C for 10s; amplification including 40 cycles of
95°C for 55, and 60°C for 34 s. Since the copy numbers of
standard plasmids could be quantified, we amplified serial
dilutions of the plasmids that represent bacteria number
ranging from 1 X 10" to 1 X 10’ CFU/ L.

The data reported represent mean values obtained in
3-5 independent experiments. Each experiment was pet-
formed in duplicate.

Preparation of samples for electron microscopy

INT-407 cells treated with B. /actis HNO19 for 2hand 6 h
as previously described were washed three times with PBS
buffer solution. Formaldehyde (40%) and glutaraldehyde
(10%) were added for fixation. Ultrastructure of the cells
was examined under transmission electron microscopy.
The micrographs were produced at 5800 X and 13500 X
magnification. Cells from the control group which had
not been treated with bacteria were processed in the same
way. Two samples from each group were analyzed.

INT-407 cells treatment

Monolayer of INT-407 cells were washed in PBS and
supplemented with DMEM plus 2% FBS without anti-
biotics overnight before infection. B. /actis HNO19 and
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Primer name Primer sequences (5’-3’) Specificity Ref.

BIF 164 GGGTGGTAATGCCGGATG  Bifidobacterium 7
BIF 662 CCACCGTTACACCGGGAA
MINf ACGGTAACAGGAAGCAG Salmonella )
MINr TATTAACCACAACACCT

S. typhinmrinm ATCC 14028 was harvested in stationary-
phase, centrifuged and resuspended in fresh DMEM
medium. After heat-killing treatment, viable B. /lactis
HNO19, S. typhimurinm ATCC 14028 and inactivated
B. lactis HNO19 were added into six-well plates for co-
culture with INT-407 cells at a bacterial to epithelial cell
ratio of 10:1. Untreated cells with normal medium were
used as negative control. The plates were kept in humidi-
fied atmosphere containing 5% COz for 2 h.

Bacterial interference assays

The ability of B. /actis to inhibit binding of S. #yphimurinm
to INT-407 cells was also assessed. INT-407 cells (1 X 10°)
seeded in six-well plates in antibiotic-free medium were
incubated for 24 h. After replenishing the medium, the fol-
lowing assays were performed. (1) Coincubation of B. /actis
HNO19 and S. #yphinmrinm ATCC 14028 with INT-407 cells
for 2 h; (2) INT-407 cells were pretreated with 10:1 B. /Jactis
HNO19 for 2 h prior to infection with 10:1 S. sphinmrinm
ATCC 14028 for further 2 h; (3) INT-407 cells were pre-
stimulated with 10:1 S. #yphinmurinm ATCC 14028 for 2 h
ptior to retreatment with 10:1 B. /actis HNO19 for further
2 h; and (4) Untreated INT-407 cells were used as baseline
control.

RNA extraction

Following bacterial treatment, cell culture supernatants
were removed and washed three times with sterile
D-Hank’. INT-407 cells collected for RNA preparation
were immediately lysed in TRIZOL Reagent (Invitrogen).
Total RNA was isolated from the lysed cells according
to the manufacturer’s instructions. Purification of RNA
was performed by RNase-free DNase and standard
phenol chloroform extraction method. The quantity
of RNA was evaluated by spectrophotometric analysis
and the quality of RNA samples was determined based
on the A260:A280 ratio. All RNA samples were further
analyzed by agarose gel electrophoresis to check for the
integrity of 58S, 18S and 28S rRINA.

Real-time RT-PCR analysis

Total RNA (2 pg) was reverse-transcribed to yield cDNA
using SuperScript Il First-Strand Synthesis System (In-
vitrogen) as the manufacture’s protocol for the following
experiments. Primers targeting four genes of interest were
designed for detecting mRNA expression. Real-time RT-
PCR was performed in an ABI 7500 system (Applied
Biosystems) using SYBR Premix Ex Taq as mentioned
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Gene Primer sequences (5’-3”) Product size (bp)

IL-18 ACTCACTTAAAGCCCGCCTG 80
TCAGAATGTGGGAGCGAATG

IL-8 CAAGAGCCAGGAAGAAACCAC 101
TGCAGAAATCAGGAAGGCTG

TNF-a TCTTCTCGAACCCCGAGTGA 150
CCTCTGATGGCACCACCAG

[-actin TGTTACAGGAAGTCCCTTGCC 101

AATGCTATCACCTCCCCTGTG

PCR: Polymerase chain reaction; IL: Interleukin; TNF: Tumor necrosis
factor.

above. Calculations were performed using B-actin as an
internal standard. Primer sequences are shown in Table 2.
All reactions were petformed in triplicate. Relative gene
expression data was determined by the 2% method as
previously described™. Fold changes > 2 or < -0.5 was
defined as significantly changed between treated and un-
treated cells.

IL-8 ELISA

Subconfluent or confluent INT-407 cells were incubated
with varying groups of bacteria: (1) Cells were incubated with
B. lactis HNO19 or heat-killed S. #yphimurium ATCC 14028 at
a bacterial to epithelial cell ratio of 10:1 for 12 h; (2) Con-
fluent monolayers of INT-407 cells were stimulated with
10 ng/mL LPS (detived from S. #yphimurinm, Sigma) for
12 h; (3) INT-407 cells were co-incubated with B. /lactis
HNO019 (multiplicity of infection = 10) and LPS (10 ng/mL)
simultaneously for 12 h; (4) Pretreated with 10:1 B. /actis
HNO19 for 2 h priot to stimulation with 10 ng/mL LPS for
further 12 h; (5) Pre-stimulated with 10 ng/mL LPS for 2 h,
and then treated with 10:1 B. /actis HNO19 for further 12 h;
and (6) Untreated cells were used as negative control.

Cells from all treatments were washed three times
with PBS. Immunoreactive I1.-8 protein levels in cell-cul-
ture supernatants were quantified using an ELISA Duo-
Set kit (R & D Systems) according to the manufacturer’s
protocol.

Statistical analysis

Values were given as mean I SD of triplicate measurem-
ents. Statistical analyses were performed using unpaired
two-tailed Student’s # test. P value < 0.05 was considered
to be statistically significant.

RESULTS

Inhibitory effects of B. lactis HN019 on S. typhimurium
ATCC 14028 attachment

The B. /actis HNO19 strains in this study were evaluated
with regard to their ability to inhibit the attachment of
pathogenic S. #ypbimurium ATCC 14028 to INT-407 cells.
Adherence activity of B. /actis HNO19 and /ot S. gyphimurium
ATCC 14028 was evaluated by a real-time PCR as shown
in Figure 1.
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Figure 1 Adherence of Bifidobacterium lactis (B. lactis) HN019 and
Samonella typhimurium (S. typhimurium) ATCC 14028 to INT-407 cells.
A: Number of bacteria bound to 100 INT-407 cells obtained in assays contain
each single strain; B: Number of bacteria bound to 100 INT-407 cells obtained in
assays contain S. typhimurium ATCC 14028 plus B. lactis HN019. The error bars
represent + SD of the mean values.

Candela ¢ al"” defined bacterial strains as non-adhesive
with less than 5 bactetial cells adhered to one cell. Fol-
lowing this adhesion score, both B. /actis HNO19 and
S. typhimurium ATCC 14028 could effectively adhere to
INT-407 cells. Moreover, the adhesive capacity of B. /actis
HNO019 was not higher than S. gphinmurium ATCC 14028
when treated with either strain alone, showing the adhe-
sion values of 5.29 X 10° and 6.99 X 10” bacterial cells /100
INT-407 cells after 2 h while 1.53 x 10" and 2.08 x 10’
bacterial cells/100 INT-407 cells after 6 h.

Nevertheless, the adhesion values obtained in co-treated
assays showed that the B. /Jactis HNO19 could significantly
decrease the attached number of S. #yphimurinm ATCC
14028 from 2.08 X 10 to 5.85 X 107 bacterial cells/100
INT-407 cells after 6 h treatment, and the number of at-
tached B. /actis HNO19 was not affected by the existence of
S. typhinmrinm ATCC 14028.

Transmission electron microscopy studies

In these studies we observed that B. /Jactis HNO19 was
able to interact with the epithelial cells of small intestine
(Figure 2), and it was interesting that the B. /actis HNO19
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Figure 2 Transmission electron micrograph of INT-407 cells after stimulation with B. lactis HN019 (arrows). A: Stimulation for 2 h (x 5800); B: Stimulation for 2 h (x

13500); C: Stimulation for 6 h (x 5800); D: Stimulation for 6 h (x 13500).
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Figure 3 Effects of different bacterial treatment on expression of three genes assessed by real-time polymerase chain reaction. IL: Interleukin; TNF: Tumor

necrosis factor.

could be internalized into the INT-407 cells after 6 h
treatment.

Inflammatory gene expression following bacteria
incubation

Inflammatory gene expression in bacteria-treated INT-407
cells was analyzed with real-time PCR. The results showed
that live B. /actis HNO19 had no effect on gene expres-
sion of IL-1pB, but could up-regulate TNF-q, expression
and down-regulate IL.-8 expression. Heat-killed B. /actis
HNO019 had no effect on gene expression of IL-1B, I1-8
and TNF-o. Pathogenic S. #phinmrinm ATCC 14028 could
significantly up-regulate the mRNA level of pro-inflam-
matory cytokines. Although co-incubation with B. /actis
HNO19 and S. #yphinmrinm ATCC 14028 could induce the
gene expression of TNF-q and 111, the extent is signifi-
cantly lower than in those stimulated with S. #yphimurinm
ATCC 14028 alone (Figure 3).

In bacterial interference assays, 1L-1§3, I1.-8 and TNF-o
mRNA expression was not changed at baseline after pre-
treated with B. /aetis HNO19, and addition with . #yphinurinm
ATCC 14028 also did not activate these pro-inflammatory
cytokines expression. For groups pre-stimulated with
S. typhinurinm ATCC 14028, B. Jactis HNO19 lowered the
S. yyphimurium ATCC 14028 induced 1L-1p, I1L-8 and
TNF-q levels from 8.73, 47.97 and 9.3 folds to 2.6, 0.89
and 0.37 folds as compared with the untreated group. The
results are summarized in Figure 3.

Through ecither incubating the INT-407 cells with
B. lactis HNO19 and S. #yphimurium ATCC 14028 simulta-
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neously or pre-treating with each strain respectively, the
pro-inflammatory cytokines induced by S. #yphinurium
ATCC 14028 could be suppressed by B. /acris HN019. We
therefore compared the inhibitory effects of these three
groups and found that for IL-1p, the inhibition rate of
B. Jactis HNO19 pretreated group was much lower than
the other two groups. For IL-8, there was no significant
difference among the three groups. For TNF-q, the inhi-
bition rate of co-treated group was much lower than the

other two groups (Figure 4).

IL-8 secretion by INT-407 cells following bacteria
incubation

To assess the effects of probiotic strain on IL-8 secre-
tion, IN'T-407 cells were incubated with live or heat-killed
B. lactis and S. pyphimurium and/ or lipopolysaccharide. The
experiments were performed 2-5 times in replicate; the
results are demonstrated in Figure 5.

Firstly, we tested the effects of live B. /actis HNO19,
heat-killed B. /actis HNO19 and S. #yphimurinm ATCC
14028, LPS derived from S. #yphimurium on 1L-8 secre-
tion. The results showed that both live and dead B. /actis
HNO19 decreased I1.-8 levels (844 + 64 pg/mlL and 897
+ 80 pg/ml) compared with the untreated group (1963
+ 77 pg/mL). Co-culturing with heat-killed . #yphimurium
ATCC 14028 induced no change in 1L.-8 concentration.
However, stimulation of INT-407 cells with LPS resulted
in a significant increase of IL-8 production (3104 *
80 pg/mL).

Secondly, in order to assess the anti-inflammatory
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Figure 4 Inhibitory effects of B. lactis HN019 on gene expression of pro-
inflammatory cytokines. °P < 0.05 vs other treatment methods.

properties of the probiotic strain, the IL.-8 production
was evaluated by incubating INT-407 cell monolayers with
B. lactis HNO19 in the presence of LPS. As presented in
Figure 5, IL-8 protein level secreted by the cells noticeably
increased after co-incubated with LPS and probiotic strain
compared with untreated group. However, the probiotic
strain could decrease the LPS-induced IL-8 expression,
and the cells pretreated with probiotic strain could also re-
main at a low level I1.-8 secretion even after re-stimulated
with LPS as compared with untreated group. This sug-
gests that this probiotic strain B. /Jactis HNO19 exerted
anti-inflammatory effects on the epithelium by down-
regulating the secretion of IL-8.

DISCUSSION

The role of probiotic bactetia derived from normal inte-
stinal microbiota in the physiology of the gastrointestinal
tract is not completely understood. In particular, the mech-
anisms underlying the benefits from biotherapy with
probiotics have not been sufficiently elucidated. B. /actis
HNO019 is a wotld-wide consumed probiotic strain which is
associated with several health-related immunomodulatory
effects: such as reducing the severity of pathogen infection
and enhancing immunity in the elderlylzo’zzj. Nevertheless,
the mechanism is yet to be known. This is the first study
on the differential pro-inflammatory cytokine responses of
intestinal epithelium under conditions employing live and
heat-killed B. /actis HNO19. Furthermore, the enteropatho-
gen exclusion effect of B. /actis HNO19 was not evaluated.
In the present study, we used a rapid, accurate and sensi-
tive method for studying bactetia adhesion. Provided specif-
ic primers for bifidobacteria are known, our method allows
the quantification of this organism’s cell number adhering to
INT-407 cells which is used as a model in our investigation.
A further important advantage of the real-time PCR based
method is its efficacy in detecting and quantifying differ-
ent bacterial genera and species simultaneously adhering to
an epithelial cell monolayer. This method can be useful for
probiotic strain selection. By this method, we found that B.
lactis HNO19 exerted a strong adhesive activity to human in-
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Figure 5 Bacteria modulate IL-8 secretion at baseline. B: Bifidobacterium
lactis HNO19; BK: Heat-killed B. /actis HN019; SK: Heat-killed Salmonella
typhimurium ATCC 14028; LPS: Lipopolysaccharide (10 ng/mL); BLPS: Co-
incubation with B. lactis HNO19 and LPS; LPS-B: Treated with B. lactis HNO19
after pretreatment with LPS for 2 h; B-LPS: Treated with LPS after pretreatment
with B. lactis HNO19 for 2 h. The data are expressed as pg/mL and represent
the mean + SE. °P < 0.05, °P < 0.01 vs untreated monolayers.

testinal epithelial cells INT-407. The ability to adhere to the
intestinal epithelium represents a significant prerequisite for
the transient intestinal colonization of probiotic bactetia”)
Bifidobacteria are normal gastrointestinal flora of many
animals and have been shown to be adherent to a variety of
epithelial cells 7 vitrd">***!. However, adherence to INT-407
cells is seldom reported. This adherence to INT-407 cells
may be mediated #ia fibronectin bindjng[%]. It is known that
probiotic strains have the ability to counteract the patho-
genic bacteria invasion”™. In patticular, the bifidobacteria
strain tested is effective in inhibiting the adhesion of patho-
genic S. yyphimnrinm ATCC 14028 to INT-407 cells. This be-
havior is a fundamental prerequisite for probiotic bactetia to
exert antagonistic activities against enteropathogenslzgj. Such
inhibitory effects of bifidobacteria can be explained by the
mechanisms of competition for common adhesive sites or
producing antibacterial lipophilic factor(s)””. In addition, it
is reported that bifidobacteria could produce a proteinaceous
factor that inhibits iz vitro adherence of an enterotoxigenic
E. coli strain to gangliotetraosylceramide molecules, which
are physiological constituents of the mammalian intestinal
epithelial surface?".

Interactions of B. /actis HN019 and INT-407 cells ob-
served under transmission electron microscope (TEM) indi-
cated that the bacteria are able to contact with the epithelial
cells of the small intestine. Moreovet, the B. /actis HNO19
could be internalized into INT-407 cells. It has been de-
scribed that pathogens (bacteria, virus and parasites) can
cross the mucosal barrier through different routes: transcel-
lular route, paracellular route across cells for the tight junc-
tions and ziz M cells™. The B. /actis used in this study was
originally isolated from a human host. Therefore, it may be
that this strain can internalize into epithelial cells because
of its host specificity. We considered that such internaliza-
tion may be of potential risks if the safety status of the
internalized bacteria were not carefully assessed, especially
the translocation capacity which correlate with its ability to
induce infections"”.
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The colonization of the intestinal tract by entero-
pathogenic bacteria induces the activation of the inflam-
matory cascade, resulting in the epithelial cell secretion
of IL-8 and other pro-inflammatory molecules and in the
consequent recruitment of neutrophils and other inflam-
matory cells. I.-8 amplifies an ongoing acute immune
response and provides a set of signals for the activation
of mucosal inflammatory responses in the eatliest phases
of microbial invasion. In some cases, a massive and pro-
longed infiltration of neutrophils may perpetuate inflam-
mation and ultimately lead to cell damage, epithelial bartier
dysfunction and pathophysiologic change of diarrhea.
In the present study, INT-407 cells behaved like human
enterocytes and could secrete IL-8 either constitutively
or after stimulation with physiological agonists. Probiotic
strains presented differences in their capacity to augment
IL-8 expression, however, some strains seemed to rather
decrease epithelial-cell production of IL-8""79 Our
results showed a robust IL-8 expression of INT-407 cells
induced when exposed to S. fyphimurinm. However, live and
heat-killed B. /actis HNO19 not only functionally modulate
the epithelium by inhibiting the constitutive mRINA level
of IL-8 and attenuating S. #yphimurium-induced IL-§ gene
expression, but also protect the INT-407 cells from IL-8
protein production activated by LPS. The same results
were discovered on TNF and IL-1 gene expression
except for up-regulation of TNF-o expression by live
B. Jactis HNO19, but the S. #yphinmurium could induce much
higher TNF-o expression than live B. /aczis HNO19. High
concentrations of IL-1f3 and TNF-q, cause cachexia, tissue
injury, disseminated intravascular coagulation and shock.
Therefore, the control of secretion of these pro-inflam-
matory cytokines z vivo is very important. B. /actis HN019
has a beneficial effect in converting the infection-induced
excessive cytokine expression and helping maintain an im-
munological balance. These data indicated that INT-407
displayed immunological quiescence when exposed to
both live and dead B. Jactis HNO19. B. /actis HNO19 can
modulate epithelial responses to limit inflammatory signals
and markedly inhibit the inflammatory response induced
by pathogen.

We used three approaches to detect the influence of
probiotic strain on the pathogenic strain, and found that
although the B. /actis HNO19 could reduce the expres-
sion of pro-inflammatory cytokines, the inhibitory effect
was different depending on the treatment methods. Pre-
stimulated INT-407 cells with S. #ypbimurium ATCC 14028
could strongly induce a high-level of pro-inflaimmatory
cytokine expression and such up-regulation could be re-
versed to a normal level after re-treatment with probiotic
B. /lactis HNO19. This treatment achieved the maximum
inhibitory rate. These results indicated that B. Jactis HNO019
may be more effective as adjunctive therapeutic agent than
as preventive agent in inflammatory diseases.

In conclusion, our studies revealed that as a probiotic
strain, B. Jactis HNO19 could modulate immune system
towards anti-inflammatory action and exclude entero-
pathogenic adhesion, thus contributing to the homeosta-
sis of the intestinal epithelium. This finding will offer, in
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the near future, new therapeutic means to counteract the
inflammatory disorders observed in human inflammatory
bowel disease.
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Background

Bifidobacterium lactis (B. lactis) HNO19 is a world-wide consumed probiotic
strain and several health-related effects of the strain have been reported, es-
pecially the immunomodulatory effect. The immunomodulatory properties are
strain-specific, and the interaction between probiotics and the intestinal epithe-
lium is the initiating event in immunomodulatary activity. The authors focused
their studies on how intestinal epithelial cells (IEC) respond to widely used
probiotic bacteria to explore the mechanism of the immunomodulatory effects of
B. lactis HNO19.

Research frontiers

Studies in probiotics are one of the hottest research fields at present. The interac-
tions between bacteria and the host may reveal the mechanisms of bacteria on
the host. This study may contribute to better applications of probiotic bacteria.

Innovations and breakthroughs

This is the first study on different pro-inflammatory cytokine responses of intesti-
nal epithelium under conditions employing B. lactis HN019. The authors used a
rapid, accurate and sensitive method for studying bacteria adhesion and found
that B. lactis HNO19 exerted a strong adhesive activity to human intestinal epi-
thelium cells and the bifidobacteria strain tested was effective in inhibiting the
adhesion of pathogen. The authors also indicated that B. lactis HN019 could
modulate epithelial responses to limit inflammatory signals and markedly inhibit
the inflammatory response induced by pathogen.

Applications

The study revealed that as a world-wide consumed probiotic strain, B. lactis
HNO019 could modulate immune system towards anti-inflammatory action and ex-
clude enteropathogenic adhesion. These findings may help with better applications
of the B. lactis HNO19 and will contribute to offering new therapeutic means to
counteract the inflammatory disorders observed in human inflammatory disease.

Peer review

The manuscript by Liu ef al describes the adherence and immuno-modulatory
properties of B. lactis HN019 against INT-407 intestinal epithelial cells, and ad-
ditionally reports the anti-S. typhimurium properties of this probiotic strain. This
is an interesting manuscript which has been well executed.
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