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In vitro evaluation of immunological properties
of extracellular polysaccharides produced by
Lactobacillus delbrueckii strains
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We investigated the variation in immunological properties of the extracellular polysaccharides (EPSs) produced by
different Lactobacillus delbrueckii strains as well as that of their monosaccharide composition. The monosaccharide
composition of each EPS produced by L. delbrueckii strains, as determined by thin layer chromatography (TLC),
showed an appreciable variation in a strain-dependent manner, which could be broadly assigned to 4 TLC groups.
Meanwhile, the immunological properties of the EPSs produced by 10 L. delbrueckii strains were evaluated in a semi-
intestinal model using a Transwell co-culture system, which employed human intestinal epithelial Caco-2 cells on the
apical side and murine macrophage RAW264.7 cells on the basolateral side. Each EPS was added to the apical side
to allow direct contact with Caco-2 cells and incubated for 6 hr. After incubation, the amounts of TNF-a and several
cytokines that had been released by either RAW264.7 or Caco-2 cells were then quantified by cytotoxic activity on
L1929 cells or the RT-PCR method. It was found that the EPS-stimulated RAW264.7 cells express different profiles of
cytokine production via Caco-2 cells but that the profile difference could not be related to the above TLC grouping.
The evidence suggests that the EPSs of L. delbrueckii strains are diverse not only in their biochemical structure but
also in their immunological properties.
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INTRODUCTION

Lactic acid bacteria have the ability to produce
exocellular polymers called extracellular polysaccharides
(EPSs) [1]. EPSs are the main substances involved
in biofilm formation and have a role in protecting the
microbial community against environmental stress.
The structure of EPSs from lactic acid bacteria can
be classified into two groups — homopolysaccharides
and heteropolysaccharides: the former consists of
repeating units of only one type of monosaccharide,
while the latter is composed of at least two different
sugars at different ratios [2]. For example, the EPSs
produced by Lactobacillus plantarum C88 is composed
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of galactose and glucose with a molar ratio of 1:2 [3],
whereas that produced by L. johnsonii strain 151 has
a corresponding ratio of 4:1 [4]. Additionally, the EPS
produced by L. delbrueckii subsp. bulgaricus NCFB2074
is composed of galactose and glucose with a molar ratio
of'4:3 [5], whereas that produced by L. delbrueckii subsp.
bulgaricus OLL1073R-1 has a corresponding ratio of 3:2
[6], indicating that the lactobacilli EPS varies not only
interspecifically but also intraspecifically.

Over the last 2 decades or so, a number of studies have
also demonstrated that EPSs have beneficial effects on the
host when orally administered [1]. For example, the EPS
produced by L. rhamnosus KL37 ameliorated collagen-
induced arthritis in mice [7]. The EPS from L. plantarum
C88 had antioxidant effects that may involve scavenging
of reactive oxygen species, upregulation of enzymatic
and nonenzymatic antioxidant activities, and reduction of
lipid peroxidation [3]. Consumption of yoghurt fermented
with a high-EPS producing strain, L. delbrueckii
OLL1073R-1, reduced the risk of catching the common
cold in elderly individuals [8], in which the EPS might
enhance type 1 T helper cell (Thl) proliferation, and the
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Table 1. Bacterial strains used in this study

Strain Origin Reference
Lactobacillus delbrueckii TU-1 Commercial yogurt This study
Lactobacillus delbrueckii JCM1002T Bulgarian yogurt JCM*
Lactobacillus delbrueckii JCM10127 Sour grain mash JICM
Lactobacillus delbrueckii JCM1248T Emmental (Swiss) cheese JICM
Lactobacillus delbrueckii JCM15610T Indian dairy products JICM
Lactobacillus delbrueckii KM-1 Commercial yogurt This study
Lactobacillus delbrueckii KM-2 Lassi (an Indian fermented milk) This study
Lactobacillus delbrueckii KM-3 Commercial yogurt This study
Lactobacillus delbrueckii KM-4 Commercial yogurt This study
Lactobacillus delbrueckii KM-5 Pickled turnip This study

*Japan Collection of Microorganisms, RIKEN BioResource Center, Japan.

subsequent production of IL-12 and IFN-y from Thl,
eventually leading to higher natural killer cell activity
[9, 10]. However, EPSs do not seem to readily make
direct contact with host intestinal lymphocytes because
no substance, including EPSs, with a molecular weight
of more than 10 kDa can cross the gastrointestinal
mucosa [11]. Meanwhile, Nishitani et al. [12] provided
evidence that a mushroom-derived B-1,3/1,6-glucan,
called lentinan, with a molecular weight over 10 kDa
can act on the host immune system through interaction
with intestinal epithelial cells using a Transwell tissue
culture system. Their Transwell tissue culture system
was composed of human intestinal epithelial Caco-2
cells and murine macrophage RAW264.7 cells, in which
the former cells were placed in the well on the apical
side and the latter cells were placed in the well on the
basolateral side, and then lentinan was applied into
the apical side. In this system, they found that lentinan
reduced IL-8 mRNA expression in Caco-2 cells without
decreasing of TNF-a production from RAW?264.7 cells.
In this context, we herein describe indirect and strain-
specific immunomodulation of an EPS produced by an
L. delbrueckii in vitro Transwell tissue culture system
using Caco-2 cells and RAW?264.7 cells with or without
LPS pretreatment.

MATERIALS AND METHODS

Bacterial strains and media used.

The bacterial strains used in this study are listed in
Table 1. All strains were stored at —80°C in a de Man-
Rogosa-Sharpe (MRS) broth (Oxoid, Basingstoke, UK)
until use.

It should be noted that L. delbrueckii TU-1,
L. delbrueckii KM-1, L. delbrueckii KM-2, L. delbrueckii
KM-3, L. delbrueckii KM-4 and L. delbrueckii KM-5

were isolated in our laboratory from commercial yogurt,
lassi and pickled turnip. Briefly, a food sample was a
suspended MRS broth for proliferation and 10-fold serial
dilutions were prepared. Dilutions up to 107° of the initial
suspension were plated on skimmed milk agar plates.
The plates were incubated anaerobically at 37°C for 48
hr. Viscous colonies were subcultured and identified by
Gram staining. The identification of these strains was
performed by PCRs with the species of L. delbrueckii
specific primers as described by Tilsala et al. [13]. The
primers used for identification of L. delbrueckii were as
follows: Del 1 (5'-ACGGATGGATGGAGAGCAG-3')
and Del II (5-GCAAGTTTGTTCTTTCGAACTC-3").
The amplification profile was as follows: 94°C for 30
sec, 62°C for 30 sec and 72°C for 15 sec, which was
repeated for 30 cycles. A preincubation step at 94°C
for 15 sec was also included. The PCR assay confirmed
that TU-1, KM-1, KM-2, KM-3, KM-4 and KM-5 were
L. delbrueckii. These strains were cultured on a medium
containing 10% (wt/vol) whey powder and 0.5% (wt/vol)
yeast extract (Becton, Dickinson and Company, Sparks,
MD, USA). The whey powder had been hydrolyzed with
proteinase K (Wako Pure Chemical Industries, Osaka,
Japan) for 7 hr at 55°C before use.

Preparation of EPSs

These strains were cultured anaerobically at 37°C for
24 hr on the whey media. After cultivation, bacterial cells
and precipitates were removed by centrifugation (14,000
x g 20 min, 4°C). Crude EPSs were precipitated from
the supernatants by the addition of 1.5 volumes of cold
ethanol, and collected by centrifugation (14,000 x g,
20 min, 4°C). They were dissolved in distilled water, and
insoluble material was removed by centrifugation (14,000
x g, 20 min, 4°C). The crude EPSs were then purified
by additional precipitation with 1.5 volumes of cold
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ethanol. They were subsequently treated with 10% (wt/
vol) trichloroacetic acid (TCA) at 4°C, and the denatured
proteins were removed by centrifugation (14,000 x g,
20 min, 4°C). The partially purified EPS were obtained
by dialysis of the supernatants containing the crude
EPSs against distilled water at 4°C for 2 d, followed by
lyophilization. The crude EPSs were dissolved in a 0.05
M Tris-HCl buffer (pH 8.0) containing 1 mM MgCl,, and
treated with 2 pg/ml DNase (Roche Applied Science,
Basel, Switzerland) and 2 pg/ml RNase (Wako) at 37°C
for 6 hr. The proteins in the crude EPS were digested
with 0.2 mg/ml of proteinase K for 16 hr at 37°C. The
reaction was stopped by heating at 80°C for 10 min. The
EPSs were applied to centrifugal filters (Amicon Ultra
- 0.5 ml 10 K [Merck Millipore, Darmstadt, Germany])
and centrifuged at 14,500 x rpm for 30 min. Sufficient
water was added until the final volume was 500 pl. The
EPSs were precipitated with cold ethanol as previously
described.

Sugar degradation analysis of EPSs

The EPS samples were hydrolyzed in 1 N H,SO, at
90°C for 4 hr. The hydrolysate was neutralized with
BaCO;, and the precipitate was removed by filtration
using a 0.45-um filter unit (Merck Millipore). The sugar
composition of each EPS was evaluated by thin layer
chromatography (TLC) (silica gel 60 plate [Merck]).
Briefly, the spent cultures (approximately 2 pl each) were
spotted onto different lanes of a TLC plate. The plate was
developed in an isopropanol/ethyl acetate/water (3:1:1)
solvent. Spots were visualized by spraying the plates with
p-anisaldehyde (contains acetic acid, H,SO,) ethanol
solution (Tokyo Chemical Industry, Tokyo, Japan) and
heating at 160°C for several minutes.

Cell culture

Cells from the human intestinal epithelial cell line
Caco-2, murine macrophage cell line RAW264.7 and
murine fibrosarcoma cell line L929 were obtained from
American Type culture Collection (ATCC) (Manassas,
VA, USA). Human intestinal epithelial cell line, Caco-
2, cells were cultured in Dulbecco’s Modified Eagle
Medium (DMEM, glutamine, high glucose [Wakol])
supplemented with 1% MEM Non-Essential Amino
Acids (NEAA [Gibco BRL, Grand Island, NY, USA]),
100 U/ml penicillin, 100 pg/ml streptomycin, and 10%
heat-inactivated fetal bovine serum (FBS [Daiichi
Kagaku, Tokyo, Japan]). Murine macrophage cell line,
RAW264.7, cells were cultured in DMEM (glutamine,
low glucose) supplemented with 100 U/ml penicillin, and
100 pg/ml streptomycin, and 10% (v/v) heat-inactivated

FBS. Murine fibrosarcoma cell line, 1929, cells were
cultured in Eagle’s Minimum Essential Medium (MEM
[Nissui Pharmaceutical, Tokyo, Japan]) supplemented
with 10% FBS, 2 mM L-glutamine, 100 U/ml penicillin
and 100 pg/ml streptomycin. The cell cultures were
incubated in a humidified 5% CO, incubator at 37°C.

Transepithelial electrical resistance (TER) measurement

The integrity of the Caco-2 monolayer was determined
by measuring the TER value. Tight junctions serve as
barriers to paracellular diffusion and the TER reflects
the tightness of the junction between epithelial cells.
To measure the TER value, Caco-2 cells were grown in
Transwell (1.12 cm?, 0.4 pm pore size [Corning Costar,
Cambridge, MA, USA]) inserts with polycarbonate
membranes. The Caco-2 cells were seeded at a density
3.0 x 10° cells/well. The medium was changed every
3 days. The monolayer cells were gently rinsed with
Hank’s Balanced Salts Solution (HBSS: 137 mM NacCl,
5.36 mM KCl, 1.67 mM CaCl,, 1 mM MgCl,, 1.03 mM
MgSO,, 0.44 mM KH,PO,, and 0.34 mM Na,HPO, pH
7.4) and then equilibrated in the same solution for 30 min
in a humidified 5% CO, incubator at 37°C (apical side:
200 pl, basolateral side: 800 ul). The integrity of the cell
monolayer was evaluated by measuring the TER value
with Millicell-ERS equipment (Merck Millipore). The
cell monolayer was used when the TER value reached
more than 400 Q-cm?.

Stimulation of RAW 264.7 cells with EPSs

RAW264.7 cells were seeded at 2.1 x 10° cells/well
in 24-well tissue culture plates and incubated overnight
to fully adhere to the bottom of the plate. Then, 100 ug/
ml of EPSs purified from several strains and 5 ng/ml of
LPSs were applied to the same well and incubated at
37°C for 3 hr. As a negative control, 100 pg/ml of a whey
sample that had been purified from a purely whey media
by the above EPS purification method was used. After
incubation, all culture supernatants were collected for
TNF-a measurement.

Co-culture system

A Caco-2/RAW264.7 cell co-culture system was used
as described by Tanoue et al. [14]. Briefly, the Caco-2 cells
were seeded at 3.0 x 10° cells/well onto Transwell insert
plates (1.12 cm?, 0.4 pm pore size [Corning Costar]).
The cells were fully differentiated (TER value > 400
Q-cm?), and were subjected to the following experiment.
RAW264.7 cells were seeded at 2.1 x 103 cells/well in
24-well tissue culture plates and incubated overnight
to fully adhere to the wells. After all media had been



14 M. KisHiMoTo, et al.

replaced with RPMI 1640 (Gibco BRL), the Transwell
insert plates with Caco-2 cells were added to the wells
of multiple plates preloaded with RAW264.7 cells. Then,
the 100 pg/ml of EPSs purified from several strains and
whey sample, which were prepared by using the above
purification process for EPSs with pure whey media, were
applied to the apical side and, incubated at 37°C for 3 hr,
and the TER was measured using the method described
previously; incubation was then continued at 37°C for
3 hr. Meanwhile LPS (LPS from Escherichia coli 0127
[Wako]) was added to the basolateral side and not to
the apical side as the positive control for the activated
RAW264.7 cells and incubated at 37°C for 3 hr. After
incubation, all culture supernatants from the basolateral
side were collected for TNF-o measurement. The
treated Caco-2 cells and the RAW264.7 cells were then
harvested to isolate total RNA for real-time polymerase
chain reaction assays as described below.

Gut inflammation system

Briefly, the Caco-2 cells were seeded at 3.0 x 10° cells/
well onto Transwell insert plates (1.12 cm?, 0.4 um pore
size [Corning Costar]). The cells were fully differentiated
(TER value > 400 Q-cm?), and were subjected to the
following experiment. RAW264.7 cells were seeded at
2.1 x 103 cells/well in 24-well tissue culture plates and
incubated overnight to fully adhere to the well. After
all media had been replaced with RPMI 1640 (Gibco
BRL), the Transwell insert plates with the Caco-2 cells
were added to the wells of multiple plates preloaded with
RAW264.7 cells. Then, 100 pg/ml of EPSs purified by
several strains and a whey sample were applied to the
apical side and incubated at 37°C for 3 hr. After 3 hr of
the incubation, LPS [Wako] was added to the basolateral
side. After 3 hr of the incubation, all culture supernatants
from the basolateral side were collected for TNF-a
measurement. The treated Caco-2 cells and RAW264.7
cells were then harvested to isolate total RNA for real-
time polymerase chain reaction assays as described
below.

Tumor necrosis factor (TNF)-a measurement

The amounts of TNF-a in the culture medium were
quantified based on the cytotoxic activity on L929 cells
using murine rTNF-o as the standard as described by
Takada et al. [15]. Briefly, L929 cells were plated in
96-well microplates in MEM including 10% FBS and
cultured for 3 hr. The medium was replaced with 50 pl
of fresh RPMI 1640 medium (supplemented with 10%
heat-inactivated FBS, 100 U/ml penicillin, 100 pg/ml
streptomycin) containing 400 pg/ml actinomycin D and

50 pul of each sample. They were cultured for 20 hr at
37°Cunder 5% CO,. After the medium was removed, cell
lysates were stained with 0.1% crystal violet in ethanol/
formaldehyde for 15 min at room temperature. Then,
the cells were washed with water and dried. Cell lysates
were dissolved in 100 pl of ethanol-PBS (1:1, v/v). The
absorbance of the stained solution in wells was measured
using a microplate reader. The concentration of TNF-a
was calculated using a standard curve.

RNA isolation and reverse transcription-polymerase
chain reaction (RT-PCR)

Total RNA was isolated from the Caco-2 cells and the
RAW264.7 cells by using Sepasol RNA I Super (Nckalai
Tesque, Kyoto, Japan) according to the manufacturer’s
protocols. Two micrograms of total RN A were transcribed
into cDNA in a 20 pl reaction mixture containing 10 pl
RNA solution, 4.2 ul diethylpyrocarbonate water, 2.0 pl
10x reverse transcription buffer, 0.8 pul25 x dNTPs, 2.0 ul
oligo P(dT),s primer, and 1.0 pl reverse transcriptase (50
U) using a High-Capacity cDNA Reverse Transcription
Kit (Applied Biosystems, Warrington, UK). The
parameters for the PCR amplification reaction were
5 min at 94°C for denaturation and 5 min at 60°C for
annealing, followed by 30 cycles of 90 sec at 72°C, 45
sec at 94°C and 45 sec at 60°C, with a final extension of
10 min at 72°C. The sequences of the PCR primers [16—
19] used in this study are shown in Table 2. In this study,
mouse [-actin and human peptidylprolyl isomerase A
(cyclophilin A) (PPIA) were used as endogenous control
genes for RAW264.7 cells and Caco-2 cells, respectively.
All PCRs were performed on a DNA thermal cycler
(MyCylcler, Bio-Rad, Hercules, CA, USA).

Quantitative RT-PCR

Quantitative PCR was performed with a Thermal
Cycler Dice Real Time System (TaKaRa BIO Inc.,
Ohtsu, Japan) using Premix Ex Taq™ (TaKaRa), and
a commercial assay kit, “TagMan Gene Expression
Assays” (Applied Biosystems) for mouse cytokines and
B-actin, human cytokines and PPIA according to the
manufacturer’s protocol. For all panels, the bars represent
the ratio of target gene to endogenous gene expression, as
determined by the relative quantification method.

Statistical analysis

Statistical analysis was performed with a Student’s
t-test, and the presence of various asterisks (*, **)
indicates statistical differences with significance levels
of p<0.05 and p<0.01 respectively. Data were expressed
as the mean = standard error of triplicate tests.
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Table 2. Sequences of the primers used in RT-PCR analysis

Cytokines Primer

Sequence

mouse f-actin Sense primer
Antisense primer
mouse IL-1a Sense primer
Antisense primer
mouse [L-10 Sense primer
Antisense primer
mouse IL-12 Sense primer

Antisense primer

mouse [L-18 Sense primer
Antisense primer
mouse IFN-y Sense primer
Antisense primer
mouse [L-15 Sense primer
Antisense primer
human PPIA Sense primer
Antisense primer
human IL-12 Sense primer
Antisense primer
human IL-8 Sense primer

Antisense primer
human TGF-$1 Sense primer

Antisense primer

TGTGATGGTGGGAATGGGTCAG
TTTGATGTCACGCACGATTTCC
AAGTTTGTCATGAATGATTCCCTC
GTCTCACTACCTGTGATGAGT
GTGAAGACTTTCTTTCAAACAAAG
CTGCTCCACTGCCTTGCTCTTATT
CGTGCTCATGGCTGGTGCAAAG
CTTCATCTGCAAGTTCTTGGGC
ATGGTACAACCGCAGTAATACGG
AGTGAACATTACAGATTTATCCC
TACTGCCACGGCACAGTCATTGAA
GCAGCGACTCCTTTTCCGCTTCCT
TTCTCTTCTTCATCCTCCCCCT
ATGAAGAGGCAGTGCTTTGA
AATGCTGGACCCAACAC
TCCACAATATTCATGCCTT
TTGTGGCTACCCTGGTCCT
AGAGTTTGTCTGGCCTTCTGG
TGGCTCTCTTGGCAGCCTTC
TCTCCACAACCCTCTGCACC
GCTGCTGTGGCTACTGGTGC
CATAGATTTCGTTGTGGGTTTC

RESULTS

Sugar degradation analysis by thin layer chromatography
(TLC)

The monosaccharide composition of each EPS
produced by L. delbrueckii strains was evaluated by TLC
analysis. A dark oval-shaped glucose spot was seen in the
upper part of the plate (Fig. 1, lane 1); a slightly elongated
dark galactose spot was seen under the glucose spot (Fig.
1, lane 2); a mixture of glucose and galactose was seen in
an area with a combined glucose and galactose spot (Fig.
1, lane 3). The spot patterns of EPSs can be categorized
into 4 groups: Group 1, EPSs of L. delbrueckii TU-1
and L. delbrueckii KM-3, showed a similar pattern to
lane 3, but another spot was seen in the upper part of the
glucose spot. Lane 11 was not clear compared with lane 4
(Fig. 1, lanes 4 and 11). Group 2, EPSs of L. delbrueckii
JCM1002T, L. delbrueckii JCM10127 and L. delbrueckii
JCM 12487, showed another spot in the upper part of the
glucose spot. A combined glucose and galactose spot
was not seen (Fig. 1, lanes 5, 6 and 7), Group 3, EPSs
of L. delbrueckii JICM156107, L. delbrueckii KM-1 and
L. delbrueckii KM-5, showed a similar pattern to lane 2,
but the glucose spot was not seen. Another spot was seen
in the upper part of the glucose spot (Fig. 1, lanes 8, 9
and 13), and Group 4, EPSs of L. delbrueckii KM-2 and

15

13

Fig. 1.
of each EPS.

Thin layer chromatography analysis of sugar compositions

Lane 1, glucose (0.5%, wt/vol); lane 2, galactose (0.5%, wt/vol);
lane 3, glucose+galactose (1:1); lane 4, EPS of L. delbrueckii
TU-1; lane 5, EPS of L. delbrueckii JCM10027; lane 6, EPS of L.
delbrueckii JCM1012T; lane 7, EPS of L. delbrueckii JCM1248T;
lane 8, EPS of L. delbrueckii JCM156107; lane 9, EPS of L.
delbrueckii KM-1; lane 10, EPS of L. delbrueckii KM-2; lane
11, EPS of L. delbrueckii KM-3; lane 12, EPS of L. delbrueckii
KM-4; lane 13, EPS of L. delbrueckii KM-5. Development system:
isopropanol/ethyl acetate/water (3:1:1) solvent.

L. delbrueckii KM-4, showed a similar pattern to lane 3
(Fig. 1, lanes 10 and 12).

TNF-a production by RAW264.7 cells cultured with EPSs
In order to determine whether an EPS itself had any
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Direct and indirect effects of EPSs purified by several strains on the production of TNF-a in RAW264.7 cells.

(a) RAW264.7 cells were cultured overnight in a 24-wells plate in 5% CO, to allow them to adhere to the bottom of the plate. Then, a 100
pg/ml of EPS sample and 5 ng/ml of LPS were applied to the cells and incubated for 3 hr. LPS-stimulated cultures were used for the positive
control. The culture media were then collected for measurement of the TNF-a content. Values represent the means + SE (n=3). **p<0.01,
*p<0.05; there was a significant difference between the EPS-treated group and the control group. (b) RAW264.7 cells were cultured overnight
in a 24-wells plate in 5% CO, to allow them to adhere to the bottom of the plate. Then, the Transwell inserts on which the Caco-2 cells had
been cultured were placed into the 24-well plates preloaded with RAW264.7 cells. Next, 100 pg/ml of EPS was applied to the apical side of
the wells and incubated for 3 hr. Then, LPS was added into the basolateral side at the final concentration of 5 ng/ml only as a positive control
group, followed by incubation for an additional 3 hr. LPS-stimulated cultures were used for the positive control. The culture media were
then collected for measurement of TNF-a content. Values represent means + SE (n=3). **p<0.01, *p<0.05; there was a significant difference

between the EPS-treated group and the control group.

immunological effect on RAW264.7 cells, the production
of TNF-a was measured in the supernatants of RAW264.7
cells cultured in direct contact with EPSs produced
by L. delbrueckii strains. Treatment with the EPS of
L. delbrueckii TU-1 showed the highest production,
followed by the EPS of L. delbrueckii KM-1, compared
with LPS. In addition, the treatments of RAW264.7 cells
with the EPSs of L. delbrueckii ICM10027, L. delbrueckii
JCM1012T, L. delbrueckii JCM12487T, L. delbrueckii
JCM156107, L. delbrueckii KM-4 and L. delbrueckii
KM-5 showed higher production than the control.
Moreover, treatment with the whey sample also showed
higher production than the control. On the other hand,
treatments with the EPSs produced by L. delbrueckii
KM-2 and L. delbrueckii KM-3 showed the same level as
the control (Fig. 2a).

TNF-o. production by RAW264.7 cells in the co-culture
model

In order to determine whether EPSs applied on the
apical side of the Caco-2 cell layer had any indirect
immunological effect on RAW264.7 cells, TNF-a
production in the basolateral side was determined. It
should be noted that the TER value of the Caco-2 cells
showed no change compared with the control after
stimulation with EPSs. Treatment of Caco-2 cells with the
EPS of L. delbrueckii TU-1 showed approximately four
times higher production than the control, while treatment

with the EPS of L. delbrueckii KM-1 showed two times
higher production than the control. On the other hand,
treatment with the EPS of L. delbrueckii KM-2 showed
significantly lower production than the control, and
treatments with the EPS of L. delbrueckii JCM10027,
L. delbrueckii JCM156107, L. delbrueckii KM-3 and
L. delbrueckii KM-5 showed lower production than the
control. Treatment with EPSs of other L. delbrueckii
strains showed the same level as the control (Fig. 2b).

Cytokine production by RAW264.7 cells in the co-culture
model

In order to determine the production levels of cytokines
including IL-12, IL-15, IL-18, IL-1a, IFN-y and IL-10,
the expression of each cytokine mRNA in the RAW264.7
cells treated with EPSs produced by L. delbrueckii strains
was examined by the RT-PCR method.

Regarding IL-12, treatments with the EPSs produced
by L. delbrueckii TU-1 and L. delbrueckii KM-4 resulted
in upregulated mRNA expression in RAW264.7 cells.
In contrast, treatments with the EPSs produced by
L. delbrueckii JCM10127, L. delbrueckii JCM156107,
L. delbrueckii  KM-2, L. delbrueckii KM-3 and
L. delbrueckii KM-5 resulted in downregulated mRNA
expression in RAW264.7 cells (Fig. 3a). Regarding IL-
15, treatments with EPS produced by L. delbrueckii TU-1
resulted in up-egulated mRNA expression in RAW264.7
cells. In contrast, treatments with EPS produced by
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Fig. 3.  Effects of EPSs purified by several strains on the production levels of cytokines, including I1L-12, IL-15, IL-18, IL-1a, IFN-y, and

IL-10, in the Caco-2/RAW264.7 co-culture model.

First, 100 pg/ml of EPS was applied to the apical side in the Caco-2/RAW264.7 co-culture model and incubated for 3 hr. Then, LPS was
added into the basolateral side at the final concentration of 5 ng/ml only as a positive control group, followed by incubation for an additional
3 hr. The mRNA expression of the cytokines in RAW264.7 cells was measured by quantitative RT-PCR as described in the Materials and
Methods. Values represent means + SE (n=3). **p<0.01, *p<0.05; there was a significant difference between the EPS-treated group and the
control group. (a) IL-12, (b) IL-15, (¢) IL-18, (d) IL-1a, (e), IFN-y, (f) IL-10.

L. delbrueckii KM-3 and L. delbrueckii KM-4 resulted
in downregulated mRNA expression in RAW264.7
cells (Fig. 3b). Regarding IL-18, treatments with EPS
produced by L. delbrueckii TU-1 resulted in upregulated
mRNA expression in RAW264.7 cells. In contrast,
treatments with EPSs produced by L. delbrueckii
JCM10127, L. delbrueckii JCM1248T and L. delbrueckii
JCM15610T  resulted in downregulated mRNA
expression in RAW264.7 cells (Fig. 3c). Regarding
IL-1a, treatments with EPS produced by L. delbrueckii
strains showed no significant change compared with
the control (Fig. 3d). Regarding IFN-y, treatments with
EPS produced by L. delbrueckii strains showed no
significant change compared with the control (Fig. 3e).
Regarding IL-10, treatments with the EPSs produced

by L. delbrueckii JCM1012" and L. delbrueckii KM-2
resulted in upregulated mRNA expression in RAW264.7
cells. In contrast, treatments with the EPSs produced
by L. delbrueckii TU-1, L. delbrueckii JCM1002T,
L. delbrueckii JCM1248T, L. delbrueckii KM-4 and
L. delbrueckii KM-5 resulted in downregulated mRNA
expression in RAW264.7 cells (Fig. 3f).

Cytokine production by Caco-2 cells in the co-culture
model

In order to determine the production levels of several
cytokines (IL-12, IL-8 and TGF-B1), the expression
of cytokine mRNA in Caco-2 cells treated with EPSs
produced by L. delbrueckii strains was examined by the
RT-PCR method.
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Fig. 4. Effects of EPSs purified by several strains on the production levels of cytokines, including, IL-12, IL-8 and TGF-B1, in the Caco-

2/RAW264.7 co-culture model.

First, 100 pg/ml of EPS was applied to the apical side in the Caco-2/RAW264.7 co-culture model and incubated for 3 hr. Then, LPS was
added into the basolateral side at the final concentration of 5 ng/ml only as a positive control group, followed by incubation for an additional 3
hr. The mRNA expression of the cytokines in Caco-2 cells was measured by quantitative RT-PCR as described in the Materials and Methods.
Values represent the means + SE (n=3). **p<0.01, *p<0.05; there was a significant difference between the EPS-treated group and the control

group.

Regarding IL-12, treatments with the EPSs produced
by L. delbrueckii ICM10027, L. delbrueckii JCM10127,
L. delbrueckii  JCM15610", L. delbrueckii  KM-1,
L. delbrueckii KM-2 and L. delbrueckii KM-3 resulted
in downregulated mRNA expression in Caco-2 cells
(Fig. 4a). Meanwhile, treatments with EPSs produced by
L. delbrueckii strains showed no significant upregulation.
As for IL-8, treatments with EPSs produced by
L. delbrueckii JCM156107, L. delbrueckii KM-1 and
L. delbrueckii KM-2 resulted in downregulated mRNA
expression in Caco-2 cells (Fig. 4b). As for TGF-B1,
treatments with EPS produced by L. delbrueckii strains
showed no significant change compared with the control.
The expression of cytokines mRNA in Caco-2 cells
treated with EPSs produced by L. delbrueckii strains was
not upregulated (Fig. 4c).

TNF-o0. and cytokine production by RAW264.7 cells in the
gut inflammation model

Treatments of Caco-2 cells with EPSs produced
by L. delbrueckii showed similar TNF-o production
compared to LPS, while the expression of each cytokine
mRNA in RAW264.7 cells (Fig. 5) treated with EPSs
produced by L. delbrueckii strains was examined by the
RT-PCR method. Regarding IL-12, the treatments with
the EPS produced by L. delbrueckii KM-2 resulted in
downregulated mRNA expression in RAW264.7 cells. In
contrast, treatments with EPSs produced by other strains
showed neither up-egulated nor downregulated mRNA
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Fig. 5. Effects of EPSs purified by several strains on the
production of TNF-a in the Caco-2/RAW264.7 gut inflammation
model.

RAW264.7 cells were cultured overnight in a 24-wells plate in
5% CO, to allow them to adhere to the bottom of the plate. Then,
the Transwell inserts on which the Caco-2 cells had been cultured
were placed into the 24-well plates preloaded with RAW264.7
cells. Next, 100 pg/ml of EPS was applied to the apical side of
the wells and incubated for 3 hr. Then, LPS was added into the
basolateral side at the final concentration of 5 ng/ml only as a
positive control group, followed by incubation for an additional 3
hr. LPS-stimulated cultures were used for the positive control. The
culture media were then collected for the measurement of TNF-a
content. Values represent means + SE (n=3). **p<0.01, *p<0.05;
there was a significant difference between the EPS-treated group
and the control group.
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Fig. 6. Effects of EPSs purified by several strains on the production levels of cytokines, including 1L-12, IL-15, IL-18, IL-1a, IFN-y, and

IL-10, in the Caco-2/RAW264.7 gut inflammation model.

First, 100 pg/ml of EPS was applied to the apical side in the Caco-2/RAW264.7 co-culture model and incubated for 3 hr. Then, LPS was
added into the basolateral side at the final concentration of 5 ng/ml only as a positive control group, followed by incubation for an additional
3 hr. The cytokines mRNA expression in RAW264.7 cells was measured by quantitative RT-PCR as described in the Materials and Methods.
Values represent means + SE (n=3). **p<0.01, *p<0.05; there was a significant difference between the EPS-treated group and the control

group. (a) IL-12, (b) IL-15, (c) IL-18, (d) IL-1a, (e) IFN-y, (f) IL-10.

expression in RAW?264.7 cells (Fig. 6a). Regarding IL-15,
the treatments with the EPSs produced by L. delbrueckii
JCM1002T and L. delbrueckii KM-4 resulted in
downregulated mRNA expression in RAW264.7 cells
(Fig. 6b). Regarding IL-18, the treatments with the EPSs
producedby L. delbrueckiiJCM15610Tand L. delbrueckii
KM-4 resulted in downregulated mRNA expression in
RAW264.7 cells (Fig. 6¢). The production level of IL-
la of RAW264.7 cells, treated with EPSs produced by
L. delbrueckii strains, was comparable to that of those
treated with LPS (Fig. 6d). As for I[FN-y, treatments with
EPS produced by L. delbrueckii KM-5 resulted in down-
regulated mRNA expression in RAW264.7 cells (Fig.
6e). Regarding IL-10, treatments with the EPS produced
by L. delbrueckii TU-1 and L. delbrueckii JCM1248T
resulted in upregulated mRNA expression in RAW264.7

cells (Fig. 6f).

Cytokine production by Caco-2 cells in the gut
inflammation model

The expression of cytokine mRNA in Caco-2 cells
treated with EPSs produced by L. delbrueckii strains
was examined by the RT-PCR method. Regarding IL-12,
the treatments with EPSs produced by L. delbrueckii
JCM156107, L. delbrueckii KM-2, L. delbrueckii KM-4
and L. delbrueckii KM-5 resulted in downregulated
mRNA expression in Caco-2 cells (Fig. 7a). Regarding
IL-8, the treatments with EPSs produced by L. delbrueckii
JCM15610%, L. delbrueckii KM-2 and L. delbrueckii
KM-3 resulted in downregulated mRNA expression in
Caco-2 cells (Fig. 7b). As for TGF-B1, the treatments with
EPS produced by L. delbrueckii TU-1, L. delbrueckii
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Fig. 7.
RAW264.7 gut inflammation model.

Effects of EPSs purified by several strains on the production levels of cytokines, including, IL-12, IL-8 and TGF-B1, in the Caco-2/

First, 100 pg/ml of EPS was applied to the apical side in the Caco-2/RAW264.7 co-culture model and incubated for 3 hr. Then, LPS was added
into the basolateral side at the final concentration of 5 ng/ml only as a positive control group, followed by incubation for an additional 3 hr. The
mRNA expression of the cytokines in Caco-2 cells was measured by quantitative RT-PCR as described in the Materials and Methods. Values
represent the means + SE (n=3). **p<0.01, *p<0.05; there was a significant difference between the EPS-treated group and the control group.

JCM1002T, L. delbrueckii JCM156107, L. delbrueckii
KM-1, L. delbrueckii KM-2 and L. delbrueckii KM-3
resulted in up-egulated mRNA expression in Caco-2 cells
(Fig. 7c).

DISCUSSION

In the present study, the levels of TNF-a were
measured in two different systems: 1) a direct stimulation
of macrophage RAW264.7 cells with EPSs and 2) a co-
culture model using a combination of intestinal epithelial
Caco-2 cells and RAW264.7 cells. Although the two
systems showed a similar TNF-a production pattern,
the level of TNF-a production was much lower in the
co-culture system compared with direct stimulation.
One of the explanations for this result may be that EPSs
penetrated the Caco-2 monolayer on the basolateral side
of the well, thereby interacting with the macrophage.
However, this is not likely based on the following two
grounds. Firstly, in the present study, the TER value
showed no change after adding EPSs to the apical side
of the Caco-2 cell layer when compared with the control
(without addition of EPSs). TER is a highly sensitive
parameter for membrane permeability, and the changes
in TER largely reflects an indicator of the tightness of
the intercellular junctions: a decrease in TER indicates an
increase in the paracellular permeability, and vice versa.
The present study indicates that the monolayer of Caco-2
cells was intact throughout the experiments. Secondly,
it is known that Caco-2 cells form tight junctions (TJs)

after differentiation [20] and that TJs control paracellular
transport by preventing any macromolecule over 10 kDa
from passing through the epithelial layer [21]. It is thus
unlikely that an EPS with a molecular weight of more
than 10 kDa crossed the TJs of the Caco-2 cells in the
present study. On this basis, it is suggested that some
EPSs activated the macrophages indirectly, possibly
through their interaction with the Caco-2 cells.

EPSs produced by different L. delbrueckii strains
showed different profiles of cytokine production by
RAW264.7 cells in the co-culture system. Regarding
pro-inflammatory cytokine TNF-a that was used as an
indicator of macrophage activation, the EPS produced
by L. delbrueckii TU-1 showed an enhanced production
of TNF-a, whereas the EPS produced by L. delbrueckii
KM-2 showed a suppressed production of TNF-a.
Regarding IL-12, IL-15 and IL-18, which might activate
directly NK cells [22], the EPS produced by L. delbrueckii
TU-1 resulted in upregulation of all 3 cytokines mRNA
expressions. In contrast, treatments with the EPSs produced
by L. delbrueckii JCM10127, L. delbrueckii JCM15610T
and L. delbrueckii KM-3 resulted in downregulation of
2 of the 3 mRNA expressions. It should be noted that
IL-12 is involved in the differentiation of naive T cells
into the Thl cells and plays a critical role in promoting
Th1 responses, which is essential for a successful defense
against intracellular pathogen infections [23]. Regarding
IL-1oo and IFN-y, which might activate the Thl cell,
thereby activating NK cell [24, 25], EPSs produced by
L. delbrueckii strains did not upregulate or downregulate
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any cytokine expression. IL-10 is an anti-inflammatory
cytokine that inhibits the synthesis of pro-inflammatory
cytokines such as IL-lao, IL-8, IL-12 and TNF-a in
activated macrophages, thereby shifting the host’s immune
responses toward the Th2 type [26]. The EPSs produced
by L. delbrueckii JCM1012T and L. delbrueckii KM-2
resulted in upregulated mRNA expression. In contrast, the
treatments with the EPSs produced by L. delbrueckii TU-
1, L. delbrueckii JCM10027, L. delbrueckii JCM1248T,
L. delbrueckii KM-4 and L. delbrueckii KM-5 resulted in
downregulated mRNA expression.

The evidence from the present study suggests that oral
administration of the EPS produced by L. delbrueckii
TU-1 exerts a Th1 type immune response, while the EPSs
produced by L. delbrueckii JCM1012" and L. delbrueckii
KM-2 exerts a Th2 type immune response. In fact,
the EPS produced by L. delbrueckii TU-1 increased
TNF-a production from RAW264.7 cells and exerted
excessive Thl cytokines (IL-12, IL-15 and IL-18) mRNA
expression, while the mRNA expression of IL-10, a Th2
cytokine, was downregulated in RAW264.7 cells. In the
present study, treatment with LPS upregulated the IL-1a
cytokine, butthe EPS produced by L. delbrueckii TU-1 did
not upregulate the IL-1a cytokine. The evidence suggests
that the EPS produced by L. delbrueckii TU-1 exerts a Thl
type immune response that is not identical to that exerted
by LPS. Furthermore, the treatments with EPSs produced
by different L. delbrueckii strains did not affect TNF-a
production of the LPS-pretreated RAW264.7 cells. The
evidence suggests that EPSs promote NK cell activity
but do not aggravate inflammation. This, in turn, points
to the prospect that EPSs produced by L. delbrueckii can
be an ideal biogenics against microbial infections (i.c.,
influenza, norovirus).

In the present study, IL-12, IL-8 and TGF-B1 mRNA
expression in Caco-2 cells was not affected by the
presence of EPSs. In a similar co-culture system, Parlesak
et al. [27] reported that nonpathogenic Escherichia coli
induced high IL-8 and IFN-y mRNA expression but very
little IL-12 mRNA expression in Caco-2 cells. It is thus
suggested that some unknown signal was released from
Caco-2 cells to act on the RAW264.7 cells, which then
upregulated Thl or Th2 profile cytokines. More studies
are necessary to evaluate the above possibility and
identify the unknown signals.

Recently, it has been reported that EPSs produced
by L. delbrueckii are polymerized repeating units
mainly composed of glucose and galactose, exhibiting
strain-dependent variation [28]. For example, the EPS
produced by L. delbrueckii subsp. bulgaricus NCFB2074
has a heptasaccharide repeat unit, and the repeat unit

is highly branched [5], on the other hand, the EPS
produced by L. delbrueckii ssp. bulgaricus LBB.B332
has a pentasaccharide repeat unit, and the repeat unit is
not branched [29]. Our TLC analysis also showed such
strain-dependent variation in EPSs, and it was possible
to separate the sugar compostion of the EPSs into four
groups. It should be noted that there were some extra
spots other than these sugars, and we tried to identify
what sugars these spots represented using other mono-
and polysaccharides as references without success.
These unidentifiable spots may be undigested units of the
sugars or impurities of the samples. Further study is thus
necessary to determine a more precise sugar alignment
for EPSs and their tertiary structure through use of high-
performance liquid chromatography (HPLC).

As described above, the EPSs produced by
L. delbrueckii TU-1 and L. delbrueckii KM-4 seem to
promote a Thl type immune response, while the EPSs
produced by L. delbrueckii JCM10127 and L. delbrueckii
KM-2 seem to have promoted a Th2 type immune
response. This immunological classification failed to
correspond to our TLC grouping of EPS. More studies
are thus necessary to determine a more precise sugar
alignment for EPSs and their tertiary structure using
more sophisticated tools such as HPLC and nuclear
magnetic resonance spectroscopy so that we can evaluate
the possible link between the configurations of EPSs
and their immune-regulating properties. Meanwhile,
our initial attempt to use human cells alone for the
intestinal model induced marked inflammation of the
cells (date not shown). We thus employed another model
using cells of different species origins, in which human
intestinal epithelial Caco-2 cells and murine macrophage
RAW264.7 cells did not induce any apparent disorder of
the cells. We thus considered that the system was a model
of normal intestinal immunity.

In conclusion, EPSs produced by L. delbrueckii strains
are structurally diverse not only in their biochemical
structure but also in their immune-regulating properties.
Such properties are likely to be exerted through a mere
contact with the epithelial cells of the host intestine. A
further investigation is in progress to evaluate the above
hypothesis through in vivo experiments.

ACKNOWLEDGEMENTS

This work was supported by the Special Coordination
Fund for Promoting Science and Technology, Creation of
Innovation Centers for Advanced Interdisciplinary Research
Areas (Innovative Bioproduction Kobe), and the Ministry
of Education, Culture, Sports, Science and Technology
(MEXT), Japan.



22

10.

11.

12.

. Ciszek-Lenda M. 2011.

M. KisHiMoTo, et al.

REFERENCES

Biological functions of
exopolysaccharides from probiotic bacteria. Centr Eur
J Immunol 36: 51-55.

Welman AD, Maddox IS. 2003. Exopolysaccharides
from lactic acid bacteria: perspectives and challenges.
Trends Biotechnol 21: 269-274. [Medline] [CrossRef]
Zhang L, LiuC,LiD, Zhao Y, Zhang X, Zeng X, Yang Z,
LiS.2013. Antioxidant activity of an exopolysaccharide
isolated from Lactobacillus plantarum C88. Int J Biol
Macromol 54: 270-275. [Medline] [CrossRef]
Gorska-Fraczek S, Sandstrom C, Kenne L, Pasciak M,
Brzozowska E, Strus M, Heczko P, Gamian A. 2013. The
structure and immunoreactivity of exopolysaccharide
isolated from Lactobacillus johnsonii strain 151.
Carbohydr Res 378: 148—153. [Medline] [CrossRef]
Harding LP, Marshall VM, Hernandez Y, Gu'Y, Magsood
M, McLay N, Laws AP. 2005. Structural characterisation
of a highly branched exopolysaccharide produced
by Lactobacillus delbrueckii subsp. bulgaricus
NCFB2074. Carbohydr Res 340: 1107—1111. [Medline]
[CrossRef]

Uemura J, Itoh T, Kaneko T, Noda K. 1998. Chemical
characterization of exocellular polysaccharide from
Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1.
Milchwissenschaft 53: 443-446.

Nowak B, Ciszek-Lenda M, Srottek M, Gamian
A, Kontny E, Gorska-Fraczek S, Marcinkiewicz J.
2012. Lactobacillus rhamnosus exopolysaccharide
ameliorates arthritis induced by the systemic injection
of collagen and lipopolysaccharide in DBA/1 mice.
Arch Immunol Ther Exp (Warsz) 60: 211-220.
[Medline] [CrossRef]

Makino S, Tkegami S, Kume A, Horiuchi H, Sasaki
H, Orii N. 2010. Reducing the risk of infection in the
elderly by dietary intake of yoghurt fermented with
Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1.
Br J Nutr 104: 998-1006. [Medline] [CrossRef]
Makino S, Ikegami S, Kano H, Sashihara T, Sugano H,
Horiuchi H, Saito T, Oda M. 2006. Immunomodulatory
effects of polysaccharides produced by Lactobacillus
delbrueckii ssp. bulgaricus OLL1073R-1. J Dairy Sci
89: 2873-2881. [Medline] [CrossRef]

Nagai T, Makino S, Tkegami S, Itoh H, Yamada H. 2011.
Effects of oral administration of yogurt fermented with
Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1
and its exopolysaccharides against influenza virus
infection in mice. Int Immunopharmacol 11: 2246—
2250. [Medline] [CrossRef]

Hayashi T, Ueda S, Tsuruta H, Kuwahara H, Osawa
R. 2012. Complexing of green tea catechins with food
constituents and degradation of the complexes by
Lactobacillus plantarum. Biosci Microb Food Health
31: 27-36. [Medline] [CrossRef]

Nishitani Y, Zhang L, Yoshida M, Azuma T, Kanazawa

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

K, Hashimoto T, Mizuno M. 2013. Intestinal anti-
inflammatory activity of lentinan: influence on IL-8 and
TNFR1 expression in intestinal epithelial cells. PLoS
ONE 8: €62441. [Medline]

Tilsala-Timisjérvi A, Alatossava T. 1997. Development
of oligonucleotide primers from the 16S-23S rRNA
intergenic sequences for identifying different dairy
and probiotic lactic acid bacteria by PCR. Int J Food
Microbiol 35: 49-56. [Medline] [CrossRef]

Tanoue T, Nishitani Y, Kanazawa K, Hashimoto
T, Mizuno M. 2008. In vitro model to estimate gut
inflammation using co-cultured Caco-2 and RAW264.7
cells. Biochem Biophys Res Commun 374: 565-569.
[Medline] [CrossRef]

Takada K, Ohno N, Yadomae T. 1994. Binding of
lysozyme to lipopolysaccharide suppresses tumor
necrosis factor production in vivo. Infect Immun 62:
1171-1175. [Medline]

Nishimura-Uemura J, Kitazawa H, Kawai Y, Itoh
T, Oda M, Saito T. 2003. Functional alteration of
murine macrophages stimulated with extracellular
polysaccharides from Lactobacillus delbrueckii ssp.
bulgaricus OLL1073R-1. Food Microbiol 20: 267-273.
[CrossRef]

Nishimura H, Fujimoto A, Tamura N, Yajima T,
Wajjwalku W, Yoshikai Y. 2005. A novel autoregulatory
mechanism for transcriptional activation of the IL-15
gene by a nonsecretable isoform of IL-15 generated
by alternative splicing. FASEB J 19: 19-28. [Medline]
[CrossRef]

Zenhom M, Hyder A, de Vrese M, Heller KJ, Roeder
T, Schrezenmeir J. 2011. Prebiotic oligosaccharides
reduce proinflammatory cytokines in intestinal Caco-
2 cells via activation of PPARy and peptidoglycan
recognition protein 3. J Nutr 141: 971-977. [Medline]
[CrossRef]

Bahrami B, Macfarlane S, Macfarlane GT. 2011.
Induction of cytokine formation by human intestinal
bacteria in gut epithelial cell lines. J Appl Microbiol
110: 353-363. [Medline] [CrossRef]

Hidalgo 1J, Raub TJ, Borchardt RT. 1989.
Characterization of the human colon carcinoma cell
line (Caco-2) as a model system for intestinal epithelial
permeability. Gastroenterology 96: 736—749. [Medline]
Lehmann AD, Blank F, Baum O, Gehr P, Rothen-
Rutishauser BM. 2009. Diesel exhaust particles
modulate the tight junction protein occludin in lung
cells in vitro. Part Fibre Toxicol 6: 26. [Medline]
[CrossRef]

Chijioke O, Miinz C. 2013. Dendritic cell derived
cytokines in human natural killer cell differentiation
and activation. Front Immunol 4: 365. [Medline]
[CrossRef]

Haeberlein S, Sebald H, Bogdan C, Schleicher U.
2010. IL-18, but not IL-15, contributes to the IL-12-
dependent induction of NK-cell effector functions


http://www.ncbi.nlm.nih.gov/pubmed/12788547?dopt=Abstract
http://dx.doi.org/10.1016/S0167-7799(03)00107-0
http://www.ncbi.nlm.nih.gov/pubmed/23274679?dopt=Abstract
http://dx.doi.org/10.1016/j.ijbiomac.2012.12.037
http://www.ncbi.nlm.nih.gov/pubmed/23787056?dopt=Abstract
http://dx.doi.org/10.1016/j.carres.2013.05.012
http://www.ncbi.nlm.nih.gov/pubmed/15797126?dopt=Abstract
http://dx.doi.org/10.1016/j.carres.2005.01.038
http://www.ncbi.nlm.nih.gov/pubmed/22484803?dopt=Abstract
http://dx.doi.org/10.1007/s00005-012-0170-5
http://www.ncbi.nlm.nih.gov/pubmed/20487575?dopt=Abstract
http://dx.doi.org/10.1017/S000711451000173X
http://www.ncbi.nlm.nih.gov/pubmed/16840603?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(06)72560-7
http://www.ncbi.nlm.nih.gov/pubmed/21986509?dopt=Abstract
http://dx.doi.org/10.1016/j.intimp.2011.09.012
http://www.ncbi.nlm.nih.gov/pubmed/24936346?dopt=Abstract
http://dx.doi.org/10.12938/bmfh.31.27
http://www.ncbi.nlm.nih.gov/pubmed/23630633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9081225?dopt=Abstract
http://dx.doi.org/10.1016/S0168-1605(97)88066-X
http://www.ncbi.nlm.nih.gov/pubmed/18647595?dopt=Abstract
http://dx.doi.org/10.1016/j.bbrc.2008.07.063
http://www.ncbi.nlm.nih.gov/pubmed/8132323?dopt=Abstract
http://dx.doi.org/10.1016/S0740-0020(02)00177-6
http://www.ncbi.nlm.nih.gov/pubmed/15629891?dopt=Abstract
http://dx.doi.org/10.1096/fj.04-2633com
http://www.ncbi.nlm.nih.gov/pubmed/21451128?dopt=Abstract
http://dx.doi.org/10.3945/jn.110.136176
http://www.ncbi.nlm.nih.gov/pubmed/21070518?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2672.2010.04889.x
http://www.ncbi.nlm.nih.gov/pubmed/2914637?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19814802?dopt=Abstract
http://dx.doi.org/10.1186/1743-8977-6-26
http://www.ncbi.nlm.nih.gov/pubmed/24273539?dopt=Abstract
http://dx.doi.org/10.3389/fimmu.2013.00365

24.

25.

26.

EXTRACELLULAR POLYSACCHARIDES OF LACTOBACILLUS DELBRUECKII 23

by Leishmania infantum in vivo. Eur J Immunol 40:
1708—-1717. [Medline] [CrossRef]

Madrigal-Estebas L, Doherty DG, O’Donoghue DP,
Feighery C, O’Farrelly C. 2002. Differential expression
and upregulation of interleukin-lalpha, interleukin-
Ibeta and interleukin-6 by freshly isolated human
small intestinal epithelial cells. Mediators Inflamm 11:
313-319. [Medline] [CrossRef]

Young HA, Hardy KJ. 1995. Role of interferon-gamma
in immune cell regulation. J Leukoc Biol 58: 373-381.
[Medline]

D’Andrea A, Aste-Amezaga M, Valiante NM, Ma
X, Kubin M, Trinchieri G. 1993. Interleukin 10 (IL-
10) inhibits human lymphocyte interferon gamma-
production by suppressing natural killer cell stimulatory
factor/IL-12 synthesis in accessory cells. J Exp Med
178: 1041-1048. [Medline] [CrossRef]

27.

28.

29.

Parlesak A, Haller D, Brinz S, Baeuerlein A, Bode C.
2004. Modulation of cytokine release by differentiated
CACO-2 cells in a compartmentalized coculture model
with mononuclear leucocytes and nonpathogenic
bacteria. Scand J Immunol 60: 477-485. [Medline]
[CrossRef]

Mozzi F, Vaningelgem F, Hébert EM, Van der Meulen
R, Foulquié Moreno MR, Font de Valdez G, De Vuyst
L. 2006. Diversity of heteropolysaccharide-producing
lactic acid bacterium strains and their biopolymers.
Appl Environ Microbiol 72: 4431-4435. [Medline]
[CrossRef]

Sanchez-Medina I, Gerwig GJ, Urshev ZL, Kamerling
JP. 2007. Structural determination of a neutral
exopolysaccharide  produced by  Lactobacillus
delbrueckii ssp. bulgaricus LBB.B332. Carbohydr Res
342: 2735-2744. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/20213736?dopt=Abstract
http://dx.doi.org/10.1002/eji.200939988
http://www.ncbi.nlm.nih.gov/pubmed/12467524?dopt=Abstract
http://dx.doi.org/10.1080/09629350210000015728
http://www.ncbi.nlm.nih.gov/pubmed/7561512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8102388?dopt=Abstract
http://dx.doi.org/10.1084/jem.178.3.1041
http://www.ncbi.nlm.nih.gov/pubmed/15541040?dopt=Abstract
http://dx.doi.org/10.1111/j.0300-9475.2004.01495.x
http://www.ncbi.nlm.nih.gov/pubmed/16751563?dopt=Abstract
http://dx.doi.org/10.1128/AEM.02780-05
http://www.ncbi.nlm.nih.gov/pubmed/17936738?dopt=Abstract
http://dx.doi.org/10.1016/j.carres.2007.09.005

