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by intestinal dendritic cells

Tomohiro TAKANO" 2, Ryunosuke ENDO" 2, Yimei WANG" 2, Haruyo NAKAJIMA-ADACHI" 2 and
Satoshi HACHIMURA" 2

'Research Center for Food Safety, Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,
Tokyo 113-8657, Japan

2Department of Applied Biological Chemistry, Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1 Yayoi,
Bunkyo-ku, Tokyo 113-8657, Japan

Received August 22, 2019; Accepted November 10, 2019; Published online in J-STAGE November 29, 2019

Recently many researchers have revealed that certain lactic acid bacteria (LAB) have beneficial effects on the
immune system. Understanding the mechanisms of how certain LAB induce immunomodulatory functions is
important for the development of food ingredients that improve our health. Lactobacillus plantarum OLL2712 has
been shown to induce production of interleukin (IL)-10, an anti-inflammatory cytokine, by murine in vitro-induced
dendritic cells (DCs) and peritoneal macrophages. However, it is probable that in vitro-induced DCs have different
properties compared with intestinal DCs, and the effects of the LAB on intestinal DCs are not fully understood.
In this report, we investigated whether L. plantarum OLL2712 had efficacy for inducing intestinal DCs to produce
IL-10 in vitro and whether oral administration of the bacteria induced the same effect. Co-culture of L. plantarum
OLL2712 with purified DCs from the mesenteric lymph node (MLN) or Peyer’s patch (PP) elevated IL-10 mRNA
expression and protein production by both kinds of DCs. Addition of the LAB enhanced IL-10 production by
T cells during antigen-specific responses in co-culture of MLN or PP DCs and T cells. Oral administration of
L. plantarum OLL2712 for 6 days increased IL-10 gene expression in MLN DCs, and upregulated IL-10 gene
expression in PP DCs was observed 12 hr after oral administration of the LAB. Our results suggested that
L. plantarum OLL2712 could modulate immune responses by enhancing IL-10 production from intestinal DCs.
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INTRODUCTION

Recently many researchers have revealed that certain lactic
acid bacteria (LAB) have beneficial effects on the immune
system [1, 2]. Several LAB strains have been reported to have
anti-inflammatory effects and can be a preventive or therapeutic
for chronic inflammation, such as metabolic disorders [3].
Understanding the mechanism by which LAB suppresses
inflammation is important for the development of food ingredients
that have more effective immunomodulatory functions.

A previous study showed that a LAB strain, Lactobacillus
plantarum OLL2712, possessed strong activity to induce the
production of IL-10, an anti-inflammatory cytokine, from bone
marrow-derived dendritic cells (DCs) and peritoneal macrophages
[4]. Furthermore, L. plantarum OLL2712 improved the metabolic
parameters of type 2 diabetes model mice, and improved insulin
resistance and inflammatory cytokine levels were observed in

prediabetic individuals [4-6].

Several LAB strains have been reported to induce IL-10
production by DCs. In most studies, bone marrow or peripheral
blood monocyte-derived DCs were used to evaluate the nature
of LAB strains. Previous studies reported that DCs in Peyer’s
patch (PP) captured microbes in the lumen and migrated to
the mesenteric lymph node (MLN) [7] to present antigens to T
cells and that they induced appropriate immune responses [8].
So it is important to understand the response of intestinal DCs
to LAB. However, it is probable that in vitro-induced DCs have
different properties compared with gastrointestinal DCs. In
the intestine, TGF-B and IL-10 are more abundant than other
secondary lymphoid tissues, and tolerogenic DCs are induced
more frequently. Intestinal DCs have a high ability to produce
retinoic acid, a vitamin A metabolite, and are more efficient in
inducing regulatory T cells (Treg) and IgA production than DCs
in other tissues or in vitro-induced DCs [9, 10]. In our previous
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study, it was found that DCs in the MLN consist of four subsets
that express different levels of CD11b, CD103, and PD-L1 with
distinct functions, and it was revealed that the CD11b"CD103"PD-
L1"Meh population has an especially high ability to induce Treg
[11]. To our knowledge, there are few studies on IL-10-inducing
LAB evaluated using intestinal DCs. In this study, we purified
DCs from gastrointestinal lymph tissue and evaluated the IL-10
induction properties of L. plantarum OLL2712 using both in vitro
and in vivo systems.

MATERIALS AND METHODS

Animals

Male 8- to 12-week-old BALB/c mice were purchased from
Charles River Laboratories Japan (Yokohama, Japan), and age-
matched male DO11.10 [12] mice were obtained from Sankyo
Labo Service (Tokyo, Japan). These mice were fed CE-2 diet
(CLEA Japan, Shizuoka, Japan) and distilled deionized water ad
lib and maintained in a specific pathogen-free environment in a
temperature-controlled room, using a 12-hr light-dark cycle. All
experiments were performed in accordance with guidelines for
the care and use of laboratory animals of the University of Tokyo.

Media

RPMI 1640 (Nissui Pharmaceutical, Tokyo, Japan) containing
100 U/mL Penicillin G potassium (Meiji Seika Pharma, Tokyo,
Japan), 100 pg/mL Streptomycin sulfate (Meiji Seika Pharma), 50
UM 2-mercaptoethanol (Tokyo Chemical Industry, Tokyo, Japan),
0.03% l-glutamine (FUJIFILM Wako Pure Chemical Corporation,
Osaka, Japan), and 0.2% sodium hydrogen carbonate (FUJIFILM
Wako Pure Chemical Corporation) was prepared with 10% heat-
inactivated fetal calf serum.

Bacteria

Heat-killed preparations of LAB strains, L. plantarum
OLL2712, L. amylovorus MEP222812, L. brevis MEP222815,
L. crispatus MEP222805, and L. plantarum ATCC14917T,
were provided by Meiji Co., Ltd. Preparation of samples was
performed as previously described [3].

Oral administration of L. plantarum OLL2712

BALB/c mice were divided into two groups. On each day, mice
in the OLL2712 treatment group (n=3—6) were intragastrically
administered 0.2 mL of distilled water containing heat-killed
OLL2712 (4 mg). Mice in the control group were administered
0.2 mL distilled water. Four hours after the 6th feeding, the mice
were euthanized. Other mice were intragastrically administered
OLL2712 or distilled water once and were euthanized 12 hr
later. The DCs were purified and used for analysis of mRNA
expression.

Immune cells preparation

For DC isolation, MLNs and PPs obtained from BALB/c
mice were digested in 10% FCS-RPMI containing 0.5 mg/mL
collagenase (FUJIFILM Wako Pure Chemical Corporation)
with 10 pg/mL DNase I (Roche Diagnostics GmbH, Mannheim,
Germany), and a cell suspension was obtained by filtering the
digestion. From the obtained whole cells, CD11c* cells were
magnetically purified with a MACS cell separation system
(Miltenyi Biotec, Bergisch Gladbach, Germany) according to

the manufacturer’s instructions. CD11¢" purification with MACS
was conducted twice to achieve high purity, and CD11¢* cells
were used as DCs. For CD4" T cell isolation, splenocytes were
obtained from DO11.10 mice. CD4" cells were separated from
whole splenocytes with the MACS system. Cells were isolated
from multiple mice and pooled to obtain the required number of
cells.

Cell culture

For analysis of DC mRNA expression, 1 x 10° cells of DCs
were cultured with or without heat-killed bacteria in a 96-well
flat bottom plate (Corning, New York, NY, USA), and cells
were collected after 18 hr. For analysis of IL-10 production of
from DCs, 2 x 10° DCs were cultured, and the supernatant was
collected after 72 hr. For co-culture of DCs and CD4* T cells, 2
x 10* DCs and 2 x 105 CD4" T cells were co-cultured with or
without bacteria and ovalbumin (OVA) 323-339 residue peptide.
For measurement of IL-10 production, the supernatant was
collected after 72 hr of co-culture.

qPCR

Total RNA was extracted from the cells with an RNeasy
Mini Kit (QIAGEN, Hilden, Germany). cDNA was
synthesized with SuperScript VILO MasterMix (Thermo
Fisher Sciences, Waltham, MA, USA). Subsequently, real-
time PCR was performed to measure relative gene expression
with a QuantiTect SYBR Green PCR Kit (QIAGEN) and
LightCycler 96 (Roche Diagnostics GmbH). The relative gene
expression was calculated assuming that the targeted cDNA
was doubled at one cycle. Results were normalized to Gapdh
gene expression as the internal control. The following primers
were used: 5'-TGTCCGTCGTGGATCTGAC-3', forward, and
5'-CCTGCTTCACCACCTTCTTG-3', reverse, for Gapdh;
5'-CCCAGAAATCAAGGAGCATTTG -3', forward, and
5'-CATGTATGCTTCTATGCAGTTG -3', reverse, for /10,
5'-TGGCTACTAGAGAGACTTCTTCCACAA -3’, forward,
and 5'-GCACAGGGTCATCAAAGA -3', reverse, for Il12a;
and 5-AGGTGCGTTCCTCGTAGAGA -3, forward, and
5'-AAAGCCAACCAAGCAGAAGA -3, reverse, for 1112b.

Measurement of IL-10 protein

IL-10 protein in the supernatants was measured and analyzed
by immunoassay using a MESO® QuickPlex SQ 120 (MESO
Scale Diagnostics, Rockville, MD, USA) or quantified by
sandwich ELISA with purified rat anti-mouse IL-10 (JES5-2AS5,
BD Biosciences, San Jose, CA, USA), biotin rat anti-mouse
IL-10 (JES5-16E3, BD Biosciences), avidin-horseradish
peroxidase (BD Biosciences), and TMB Substrate Reagent A
(BD Biosciences). Absorbance was measured with a Model 680
Microplate Reader (Bio-Rad, Hercules, CA, USA), and data were
analyzed using Microplate Manager III (Bio-Rad).

Statistical analysis

Results are shown as the mean = SD. Statistical analysis was
performed using Student’s t-test, Dunnett’s test, or Tukey’s HSD
test. Differences were considered significant at p<0.05.
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RESULTS

L. plantarum OLL2712 induces IL-10 production by intestinal
DCs

We investigated whether intestinal DCs, namely MLN DCs
and PP DCs, produced IL-10 in the presence of L. plantarum
OLL2712. Co-culture with the bacteria induced significantly
higher IL-10 mRNA expression in MLN and PP DCs than without
the bacteria (Fig. la). Consistent with this result, OLL2712
induced IL-10 protein production by MLN and PP DCs (Fig. 1b).

We compared the ability of L. plantarum OLL2712 to induce
cytokine production from intestinal DCs with 4 other LAB
strains, L. amylovorus MEP222812, L. brevis MEP222815, L.
crispatus MEP222805, and L. plantarum ATCC14917T. The
balance of cytokine production between IL-10 and IL-12 is one of
the good indicators representing the anti-inflammatory properties
of LAB strains [13]. L. plantarum OLL2712 showed significantly
higher IL-10 mRNA expression in MLN DCs (Fig. lc). In PP
DCs, both L. plantarum OLL2712 and ATCC149177, the standard
strain of L. plantarum, showed significantly high IL-10 mRNA
expression (Fig. 1c). L. plantarum OLL2712 did not induce high
1112a (IL-12p35) or 1112b (IL-12 p40) mRNA expression in MLN
DCs (Fig. 1d, e). It also did not show 7/12a induction in PP DCs,
although the strain induced 7/7/2b mRNA expression that was
higher than in two other strains, L. amylovorus MEP222812 and
L. brevis MEP222815, and was comparable to the levels induced
by L. plantarum OLL2712 and ATCC149177 (Fig. 1d, ¢). These
results indicated that L. plantarum OLL2712 had higher potential
to induce IL-10 production, as compared with IL-12, than other
strains.

Oral administration of L. plantarum OLL2712 induces IL-10
expression by intestinal DCs

We further investigated the effect of the bacteria in an in vivo
model. We orally administered 4 mg of L. plantarum OLL2712
to a treatment group once a day for 6 days and distilled water
to a control group for the same period. At the 6th day, we
examined intestinal DCs for IL-10 mRNA expression. Although
PP DCs showed no significant increase, L. plantarum OLL2712
administration enhanced IL-10 mRNA expression by MLN DCs
(Fig. 2a). As we could not detect the effect of OLL2712 on PP
DCs, we hypothesized that PP DCs responded to the bacteria
in a shorter period. Consistent with this expectation, elevated
expression of IL-10 mRNA was observed in PP DCs at 12 hr
after oral administration of the bacteria (Fig. 2b). These results
suggested that L. plantarum OLL2712 stimulated intestinal DCs
to produce IL-10 in vivo.

L. plantarum OLL2712 induces IL-10 production in a DC-T
cell co-culture

DCs are involved in T cell differentiation and immune responses.
We hypothesized that DCs stimulated by the LAB promote IL-10
production by T cells. We therefore co-cultured DCs and T cells
in the presence of L. plantarum OLL2712 and measured IL-10
production. In this experiment, we used DO11.10 mice, which
possess T cells specific to the antigenic peptide corresponding to
323-339 residues of OVA (OVA 323-339), to evaluate the effect
of the bacteria on antigen-specific T cell response. Addition of L.
plantarum OLL2712 showed a tendency to elevate production
of IL-10 in co-culture of MLN DCs with T cells (Fig. 3a), and

a significant increase was observed in co-culture of PP DCs
with T cells (Fig. 3b). These results suggested that L. plantarum
OLL2712 enhanced IL-10 production by T cells.

DISCUSSION

In the present study, we demonstrated that L. plantarum
OLL2712 induced IL-10 production by DCs in gastrointestinal
lymph tissue. Moreover, L. plantarum OLL2712 enhanced IL-10
production by T cells. Finally, oral administration of the bacteria
resulted in increased levels of IL-10 expression by MLN and PP
DCs.

Several studies have reported that LAB strains induce IL-
10 production by DCs. Ratajczak et al. showed that L. casei
ATCC393 increased IL-10 and IL-12 production by human blood
monocyte-derived DCs [14]. Konstantinov et al. reported that
L. acidophilus NCFM induced IL-10 production by monocyte-
derived DCs [15]. Gad et al. demonstrated that L. salivarius
Ls-33 and Bifidobacterium infantis 35624 induced production
of IL-10 preferentially to IL-12p70 by peripheral blood
mononuclear cell-derived DCs [16]. Matsuzaki et al. reported
that exopolysaccharide produced by Leuconostoc mesenteroides
strain NTMO048 enhanced expression of IL-10 mRNA by murine
bone marrow DCs [17]. In many studies, in vitro-induced DCs
are obtained by culturing monocyte precursors in the presence
of granulocyte macrophage colony-stimulating factor (GM-CSF)
and IL-4 [18]. However, DC generation and maturation are
regulated by many factors [19]. Previous studies indicated that
DC precursors are stimulated to mature by Toll-like receptor
(TLR) ligands or soluble factors like retinoic acid, a metabolite
of vitamin A [20, 21]. It is reported that intestinal DCs have
unique characteristics compared with DCs in other sites [9].
To our knowledge, we have investigated for the first time the
IL-10-inducing properties of LAB using intestinal DCs, not in
vitro-induced DCs.

LAB treatment can induce the production of various kinds
of cytokines by immune cells. The cytokine induction ratio
of IL-10 to the Thl cytokine IL-12 is considered to be an
important anti-inflammatory property [13]. We showed that L.
plantarum OLL2712 was a high inducer of IL-10 production
from intestinal DCs, although it did not greatly enhance 1L-12
expression. This characteristic should be important with respect
to the anti-inflammatory effect of the bacteria in the intestine.
Toshimitsu et al. showed that L. plantarum OLL2712 did not
induce IL-10 secretion by T/#2”~ bone marrow DCs [5]. Bacterial
cell components are known as typical TLR2 ligands, and it was
reported that teichoic acids, one of the cell wall components,
are involved in IL-10 induction [13]. Teichoic acids in the L.
plantarum OLL2712 cell wall may possibly stimulate TLR2 and
enhance IL-10 production [5].

After DCs in PPs or the lamina propria (LP) capture antigens in
the lumen, they migrate into lymph nodes [22], such as the MLN,
to present antigen to T cells. Therefore, orally administered L.
plantarum OLL2712 may influence T cell functions. Consistent
with this hypothesis, co-culture with L. plantarum OLL2712
accelerated IL-10 protein production in the antigen-specific T cell
response. In this culture model, DO11.10 mouse-derived CD4" T
cells were OVA 323-339 residue-peptide specific, and they would
not respond to the presented L. plantarum OLL2712. Although
IL-10 protein was produced by both DCs and T cells in this model,
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Effects of L. plantarum OLL2712 on intestinal dendritic cells (DCs).

(a) Mesenteric lymph node (MLN) or Peyer’s patch (PP) DCs (1 x 10° cells) were incubated with heat-killed L. plantarum OLL2712 (1 pg/mL, 10 pg/
mL, 100 pg/mL) for 18 hr. The cells were pooled, and relative IL-10 mRNA expression was measured by qPCR. Data are shown as the mean + SD of 3
independent experiments. (b) MLN or PP DCs (2 x 10° cells) were incubated with heat-killed L. plantarum OLL2712 (10 pg/mL, 100 ug/mL) for 72 hr. The
IL-10 protein in the supernatants was measured by immunoassay. The plot shows representative data from one experiment. Data are shown as the mean +
SD of cultured wells (n=3). (c¢) MLN or PP DCs (1 x 103 cells) were incubated with heat-killed lactic acid bacteria (LAB) (10 pg/mL) for 18 hr. The cells
were collected, and relative IL-10 mRNA expression was measured by qPCR. The plot shows representative data from one experiment. Data are shown as
the mean = SD of cultured wells (n=3). (d, ¢) MLN or PP DCs (1 x 103 cells) were incubated with heat-killed LAB (10 pg/mL) for 18 hr. The cells were
collected, and relative 7//2a (IL-12p35) (d) and 1/12b (IL-12p40) (¢) mRNA expression levels were measured by qPCR. The plot shows representative data
from one experiment. Data are shown as the mean + SD of cultured wells (n=3). (a, c, d, ) Relative expression was calculated as the ratio to expression
of non-stimulated MLN DC:s. (a, b) Two to three independent experiments were performed. Statistical analysis was performed by Dunnett’s test. *p<0.05;
**p<0.01. (c—e) Two independent experiments were performed. Statistical analysis was performed by Tukey’s HSD test. Values not sharing a common
letter are significantly different (p<0.05).

doi: 10.12938/bmfh.19-019  ©2020 BMFH Press



L. PLANTARUM OLL2712 INDUCES IL-10 BY INTESTINAL DCS 43

a 1o lno

Relative expression
Relative expression

oLL2712

Ctrl OLL2712 Ctrl
MLNDC PPDC

b 1o
25 q *

Relative expression

Ctrl OLL2712

PP DC

Fig. 2. Effects of oral administration of L. plantarum OLL2712 on IL-
10 gene expression by intestinal dendritic cells (DCs). (a) BALB/c
mice were intragastrically administered heat-killed L. plantarum
OLL2712 or distilled water. After 6 days of feeding, mesenteric
lymph node (MLN) DCs or Peyer’s patch (PP) DCs were analyzed
for IL-10 mRNA expression by qPCR. Data are shown as the
mean £ SD of 3 independent experiments. Relative expression was
calculated as the ratio to the expression of MLN DCs from control
mice. Statistical analysis was performed by Student’s t-test. *p<0.05.
(b) BALB/c mice were intragastrically administered heat-killed L.
plantarum OLL2712 or distilled water. Twelve hours after feeding,
PP DCs were analyzed for IL-10 mRNA expression by qPCR.
Data are shown as the mean + SD of independent mice. Relative
expression was calculated as the ratio to the expression of PP DCs
from control mice. Statistical analysis was performed by Student’s
t-test. *p<0.05.
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the results showing that the amount of IL-10 in the supernatant
increased in an OVA-peptide concentration-dependent manner
suggested that L. plantarum OLL2712 affected IL-10 production
by T cells. The enhancement of IL-10 production from T cells is
likely to be mediated by DCs; however, direct stimulation of T
cells by the bacteria cannot be denied. It may also be possible that
activated T cells stimulated DCs to secrete more IL-10. Previous
reports showed that IL-10-producing CD4" T cells consisted of at
least two subpopulations, Foxp3* Treg and Foxp3- T regulatory
type 1 (Trl) cells [23]. We investigated whether L. plantarum
OLL2712 induced Treg in the co-culture model; however, a
significant increase of Foxp3" Treg was not observed (data not
shown). This result suggested that the LAB promoted Trl cell
differentiation and enhanced IL-10 production. Several factors
that induce Trl differentiation were identified. In previous
studies, IL-10 and IL-27 were reported to have generated Trl
cells [24, 25]. In this study, it is considered that DCs stimulated
by L. plantarum OLL2712 produced IL-10 and that the secreted
IL-10 promoted the differentiation of naive CD4 T cells into Trl
cells. Further investigation is needed to determine whether L.
plantarum OLL2712 induces IL-27 expression by DCs or innate
immune cells.

Based on the results observed in our in vitro experiment, 6 days
of oral administration of L. plantarum OLL2712 promoted MLN
DC IL-10 gene expression. This result suggested that DCs that
migrated into the MLN were affected by ingested L. plantarum
OLL2712. Unexpectedly, 6 days of treatment with the bacteria did
not affect IL-10 gene expression in PP DCs. However, IL-10 gene
expression in PP DCs was observed 12 hr after oral administration
of the bacteria. A possible explanation is as follows: After PP DCs
were stimulated by the LAB, IL-10 gene expression was elevated
within at least 12 hr. PP DCs that were stimulated by the LAB
started to migrate to MLNs. This hypothesis is supported by the
previous findings showing that although few DCs carrying the
orally administrated Enterobacter cloacae reached MLNs at 5
hr after bacterial gavage, after 12 hr, a considerable number of
DCs carrying the bacteria reached MLNs [7]. New DCs or DC
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Effects of L. plantarum OLL2712 on IL-10 production in a DC-T cell co-culture.

Spleen CD4" T cells from DO11.10 mice were co-cultured with MLN DCs (a) or PP DCs (b) in the
presence of OVA 323-339 residue peptide (10 nM, 100 nM) and heat-killed L. plantarum OLL2712 (1
png/mL, 10 pg/mL) for 72 hr. The IL-10 protein in the supernatants was measured by ELISA. The plot
shows representative data from one experiment. Data are shown as the mean + SD of cultured wells
(n=3). Two independent experiments were performed. Statistical analysis was performed by Dunnett’s

test. *p<0.05; **p<0.01. N.D.: not detected.
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precursors will be supplied; however, if the balance between
supply of DCs in PPs and migration to MLNSs is biased toward
migration, upregulated IL-10 gene expression will not be detected
in PPs. A previous study showed that CD11b" DCs in the PP
produce high levels of IL-10 [26]. CD11b" migrating DCs may
be involved in upregulating IL-10 gene expression in MLNs. Our
results suggested that L. plantarum OLL2712 affected migrating
DCs in a relatively short time and modulated IL-10 production in
intestinal lymph tissue.

In previous studies, oral administration of L. plantarum
OLL2712 improved the metabolic parameters of type 2 diabetes
model mice, and improved insulin resistance and inflammatory
cytokine levels were observed in prediabetic individuals
[4—6]. However, the induction of IL-10 production was not
observed in this in vivo model. One explanation for this is that
inflammatory conditions resulted in elevated levels of IL-10 to
counter inflammation [27], and this might prevent clarification
of the mechanism of effects of L. plantarum. For this reason,
we evaluated the immunomodulatory effect of L. plantarum
OLL2712 in inducing IL-10 expression using noninflammatory
wild-type mice. Increased IL-10 production by intestinal DCs
in wild-type mice suggested that L. plantarum OLL2712 may
modulate metabolic function by inducing IL-10 production in
type 2 diabetic model mice or prediabetic individuals.

Toshimitsu ez al. reported that L. plantarum OLL2712 treatment
suppressed inflammatory cytokine expression in visceral adipose
tissue [4, 5]; however, the mechanism has not been revealed.
We further investigated whether OLL2712 also induced IL-10
mRNA expression in adipose tissue-derived stromal vascular
fraction (SVF), which contains adipose tissue immune cells.
Elevated IL-10 mRNA expression was observed by co-culture
with OLL2712 in epididymal fat and mesenteric fat-derived SVF
(Supplemental Fig). These results suggested the possibility that
OLL2712-stimulated DCs may alleviate inflammation in adipose
tissue after accessing the adipose tissues, probably via IL-10
production. Further investigation will be needed to determine
whether DCs stimulated by OLL2712 can migrate into adipose
tissue in a model in which we can track movement of DCs.

In the present report, we showed using murine derived
intestinal MLN and PP DCs that one strain of LABs, L.
plantarum OLL2712, possessed IL-10 induction activity in DCs.
These results suggested that supplementation of food ingredients,
such as with LAB, could be used to regulate and ameliorate
inflammatory status. By clarifying the mechanism by which LAB
induce IL-10 in intestinal DCs, the mechanism can be applied to
the development of an effective food ingredient for the treatment
and prevention of inflammatory diseases.
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