
ORIGINAL ARTICLE

Bifidobacterium animalis ssp. lactis Bb12 induces IL-10
through cell membrane-associated components via TLR2 in
swine
M. Arenas-Padilla, J.L. Duarte-Guti�errez and V. Mata-Haro

Department of Food Science, Microbiology and Immunology, Centro de Investigaci�on en Alimentaci�on y Desarrollo, A. C., Hermosillo, M�exico

Keywords

Bifidobacterium animalis ssp. lactis Bb12,

IL-10, monocytes, probiotics, swine, TLR2.

Correspondence

Ver�onica Mata-Haro, Department of Food

Science, Microbiology and Immunology,

Centro de Investigaci�on en Alimentaci�on y

Desarrollo, A. C., Hermosillo, M�exico.

E-mail: vmata@ciad.mx

2017/2482: received 18 December 2017,

revised 6 May 2018 and accepted 9 August

2018

doi:10.1111/jam.14069

Abstract

Aim: To investigate the role of Toll-like receptor 2 (TLR2) in interleukin-10

(IL-10) production induced by Bifidobacterium animalis ssp. lactis Bb12 (Bb12)

in swine immune cells.

Methods and Results: Blood-monocytes and cells from mesenteric lymph nodes

were obtained from pigs and cultured with live Bb12 for 4 and 12 h. Transcript

levels of IL-10 and TLR2 were analysed. Furthermore, TLR2 was blocked to

determine its participation in IL-10 production. TLR2 blockade was achieved with

neutralizing antibodies, followed by stimulation with Bb12. Bifidobacteria induced

IL-10 production in both swine monocytes and mesenteric cells. Monocytes with

TLR2 blockade had a decrease in IL-10 transcripts, while mesenteric cells did not.

Bacterial cell wall components were responsible for Bb12-induced IL-10

production since no IL-10 was detected in the culture supernatant.

Conclusions: We demonstrated that IL-10 production is largely mediated

through the recognition of Bb12 structures by TLR2, as bacterial metabolites in

the culture supernatant failed to induce IL-10 expression.

Significance and Impact of the Study: The present study provides evidence for

the potential use of Bb12 in the swine industry; these bacteria can also be used

as additional method to treat intestinal inflammation and enhance intestinal

health in pigs.

Introduction

Bifidobacteria are considered one of the key genera in the

intestinal tracts of animals and humans; these bacteria repre-

sent approximately 3% of the microbiota in the intestines of

healthy adult humans (Solano-Aguilar et al. 2008). Bifidobac-

terium animalis ssp. lactis Bb12 (Bb12), the world’s most

documented probiotic, has been used in infant formula, diet-

ary supplements and fermented milk products worldwide.

Furthermore, Bb12 improves bowel function and reduces the

side effects of antibiotic treatment, such as antibiotic-asso-

ciated diarrhoea (Jungersen et al. 2014). Another benefits of

Bb12 is the modulation of the immune system; however, few

studies have focused on its immune function.

In the swine industry, diarrhoea is the most common

disease in suckling piglets. In some outbreaks, this condi-

tion is responsible for high morbidity and mortality,

causing great economic losses. During the course of an

intestinal infection, several inflammatory molecules are

released to restrain the infection, and in consequence,

some damage to the epithelial tissue may occur by the

infectious agent, treatment with antibiotics or the host

immune response (Fasano and Shea-Donohue 2005).

Therefore, it is important to maintain a balance between

the pro- and anti-inflammatory immune responses to

eliminate the infection without presenting an exacerbated

pro-inflammatory response (Garrett et al. 2010).

Interleukin (IL)-10 plays an important role in the mainte-

nance of gut homeostasis, due to its anti-inflammatory func-

tions. During infection, IL-10 inhibits the activity of Th1 cells,

NK cells and macrophages, which are not only required for

optimal pathogen clearance but also contribute to tissue dam-

age. Consequently, IL-10 can both impede pathogen clearance

and ameliorate immunopathology (Couper et al. 2008).
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The Bifidobacterium genus has a high capacity to

induce IL-10 production in monocyte-derived dendritic

cells (DCs) and human peripheral blood mononuclear

cells (PBMC) (L�opez et al. 2010; Dong et al. 2011). Nev-

ertheless, the precise mechanism by which these immuno-

logical benefits are exerted is not fully understood. One

mechanism is by the activation of diverse pattern recog-

nition receptors located on the membranes of immune

system cells, such as Toll-like receptor (TLR) family. TLR

activation leads to differential cascades in signalling path-

ways, transcription factors expression and cytokine pro-

duction to induce the appropriate immune response

(Akira and Takeda 2004). Specifically, TLR2 recognizes

peptidoglycan and lipoteichoic acid on Gram-positive

bacteria (Akira and Takeda 2004), such as lactobacilli and

bifidobacteria (Zeuthen et al. 2008). Moreover, interest in

the porcine immune system has been growing for its sim-

ilarity with humans in terms of genetics, anatomy and

physiology. Therefore, studies on the pig immune system

could provide relevant information about the human

immune response (Fairbairn et al. 2011; Bailey et al.

2013; Mair et al. 2014). Thus, the results of the present

study can contribute not only to veterinary development,

but also for potential future applications in medicine. In

the present study, we demonstrate that Bb12 induces IL-

10 production during the first hours of stimulation in

both, swine monocytes and mesenteric lymph node

(MLN) cells through bifidobacteria—TLR2 interactions.

Materials and methods

Bacteria

Bb12 was grown on Man Rogosa Sharpe broth (BD

Difco, Franklin Lakes, NJ); supplemented with 0�05% cys-

teine (Sigma-Aldrich, Saint Louis, MO) at 37°C for 48 h

under anaerobic conditions. Bacterial cultures were cen-

trifuged at 3000 g for 10 min (Centrifuge Sorvall ST16;

ThermoFisher Scientific, Waltham, MA). The bacterial

pellet was washed with phosphate-buffered saline (PBS),

and the bacterial concentration was standardized at 2�0
on the McFarland scale. For some experiments, the cul-

ture supernatant (Bb12SN) was collected, neutralized to

pH 7�4, and passed through a 0�22 lm pore size filter

unit (Millex-GP; Millipore Corp., Ireland).

Animals

Conventional female pigs (2–4 months old) were obtained

from a farm that was free of porcine reproductive and respi-

ratory virus, influenza virus and swine enteric coronavirus dis-

eases. The animals were housed at the animal facility of the

Centro de Investigaci�on en Alimentaci�on y Desarrollo (CIAD)

with ad libitum access to water and food. The animals were

euthanized according to the ethical standards of the Mexican

regulation NOM-033-ZOO-1995. Animal experimentation

was approved by the Ethics Committee of CIAD.

Tissue collection and cell harvesting

After euthanasia, peripheral blood and MLN were col-

lected. Peripheral blood was collected in tubes containing

1�5 mg ml�1 ethylenediaminetetraacetic acid (EDTA) as

an anticoagulant. PBMCs were isolated by density cen-

trifugation using Ficoll-Paque Plus (GE Healthcare Bio-

Sciences, Piscataway, NJ). PBMCs were cultured in Dul-

becco’s modified Eagle’s medium (DMEM; Invitrogen

Co., Grand Island, NY) supplemented with 50 lg ml�1

gentamicin, 5000 IU ml�1 penicillin, 5 lg ml�1 strepto-

mycin (Sigma-Aldrich) and 10% fetal bovine serum (FBS;

Gibco, Grand Island, NY). Cells (5 9 107) were placed in

75-cm2 flasks (Corning Inc., Corning, NY) and incubated

at 37°C and 5% CO2 for 90 min to allow the adherence

of monocytes. The flasks were washed four times with

PBS, and the adhered monocytes were incubated for

10 min with trypsin-EDTA solution (Sigma-Aldrich),

harvested and washed with DMEM.

Mesenteric lymph nodes were placed in tubes containing

cold PBS (137 mmol l�1 NaCl, 2�7 mmol l�1 KCl,

10 mmol l�1 Na2HPO4, and 4�2 mmol l�1 KH2PO4). MLN

cell suspension was obtained following the protocol

described by Weigmann et al. (2007), with modifications.

Mesenteric fat tissue was removed with a scalpel, and the

MLN cells were cut into small pieces (�0�2–0�5 cm length),

placed in a sterile Erlenmeyer flask with 50 ml of DMEM

supplemented with antibiotics, 10% FBS and 100 U ml�1

type I collagenase (Worthington Biochemical Corporation,

Lakewood, NJ). The cells were incubated for 2 h at 37°C
with slow rotation. The cell suspension was filtered through

a 100 lm cell strainer (BD), and the remaining pieces were

macerated. The suspension was washed with DMEM.

Cell stimulation

A total of 2 9 105 monocytes or MLN cells were added to

48-well plates and incubated with either culture medium

(negative control), Bb12 (at a ratio of 1 : 100 cell/bacteria)

or bacterial supernatant (Bb12SN, 10% v/v) for 2 or 4 h. For

TLR2 blocking experiments, 40 lg ml�1 of purified anti-

mouse/human CD282 (TLR2) antibody (Biolegend, San

Diego, CA) was added for 1 h prior to bacterial stimulation.

RNA extraction and quantitative reverse transcriptase PCR

Total RNA was extracted using the RNeasy Protect Mini

Kit (Qiagen, Hilden, Germany) according to the
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manufacturer’s instructions. Quantitative reverse tran-

scriptase PCR (RT-qPCR) was performed on a QuantStu-

dio 6 Flex thermocycler (Applied Biosystems, Carlsbad,

CA). The primers and hydrolysis probe sequences used in

this study are shown in Table 1. For amplifications, 50 ng

of RNA per reaction was added to a mixture containing

12�5 ll of Brilliant II QRT-PCR 1-Step Master Mix (Agi-

lent Technologies, Cedar Creek, TX), 0�75 ll of each pri-

mer (10 lmol) and 0�5 ll of probe (10 lmol, FAM)

(Integrated DNA Technologies; IDT, Coralville, IA). The

cycling conditions were one cycle of 50°C for 30 min and

95°C for 10 min, followed by 40 cycles of 95°C for 15 s

and 60°C for 60 s. At the end of the amplification, the cycle

threshold (Ct) values were obtained. Transcripts of porcine

peptidylprolyl isomerase A (PPIA, cyclophilin A) were also

examined to normalize the amount of input RNA. Relative

transcript levels were quantified by the 2�DDCT method.

ELISA

The cytokine concentration was measured in cell-free

supernatants of stimulation experiments by ELISA with

an antibody pair kit using specific for IL-10 swine (Invit-

rogen) according to the manufacturer’s instructions.

Statistical analysis

The data were analysed using one-way analysis of vari-

ance or unpaired t-test with Welch’s correction. The pair-

wise multiple comparison procedures were determined by

Holm–Sidak’s method, and P values less than 0�05 were

considered significant. Analyses were performed with

Prism 6.0 software (GraphPad, San Diego, CA).

Results

Bb12 induces IL-10 in swine monocytes and MLN cells

The anti-inflammatory response is greatly controlled by IL-

10; thus it was important to determine whether Bb12

induces IL-10 in swine cells. First, we examined for IL-10

transcript expression at 4 h after stimulation. We found a

similar increase in IL-10 levels correlated with Bb12 stimuli

in monocytes and MLN cells (Fig. 1a). The cytokine quan-

tification in both types of cells stimulated for 12 h also

yielded significant differences compared to unstimulated

cells (Fig. 1b). Notably, unstimulated MLN cells showed

some basal IL-10 production compared to unstimulated

blood monocytes; this effect could be due to the source,

since MLN cells are somehow primed by stimuli, such as

food or commensal bacteria, and subsequently migrate to

MLN, unlike peripheral blood monocytes, which are non-

primed cells. This difference in IL-10 production can also be

an effect of the cell composition; since blood-derived mono-

cytes are 100% antigen presenting cells (Fig. S1) while in the

MLN comprise about 30% of the cell population (Fig. S2).

However, regardless of the cell type, there was an increase in

IL-10 production in both populations induced by Bifidobac-

terium, which could direct the anti-inflammatory response.

The overexpression of TLR2 in monocytes has been associ-

ated with pro-inflammatory processes (Lacerte et al. 2016),

and the expression level is transiently increased in the first

hours upon stimulation (Johnson and Tapping 2007).

Bb12-induced IL-10 is mediated by TLR2

Hence, we tested the transcript level expression of TLR2

by RT-qPCR after 4 h of stimulation with Bb12; the

increased production of IL-10 was not due to an increase

in TLR2 mRNA since there were no significant differ-

ences in TLR2 expression in either monocytes or MLN

cells (Fig. 1c), consistent with previous reports on TLR2

expression in porcine leukocytes (�Alvarez et al. 2008). To

test the participation of TLR2 in IL-10 production, an

anti-TLR2 blocking antibody was used prior to bacterial

stimulation, and the expression of IL-10 was quantified

in blood monocytes stimulated with Bb12 for 2 and 4 h.

A significant increase in IL-10 was observed after 4 h of

stimulation, while no increase in IL-10 mRNA was

observed with 2 h of stimulation. The IL-10 transcript

level was significantly decreased when TLR2 was blocked

(P < 0�001) (Fig. 2a). These results suggest that the IL-10

Table 1 Primers and hydrolysis probe sequences used in the present study

Gene Forward primer sequence (50–30) Reverse primer sequence (50–30) Hydrolysis probe sequence (50–30)

PPIA* GCCATGGAGCGCTTTGG TTATTAGATTTGTCCACAGTCAGCAAT 6-FAMTM-TGATCTTCTTGCTGGTCTTGCCATTCCT-MGB

Eclipse�

IL-10* TGAGAACAGCTGCATCCACTTC TCTGGTCCTTCGTTTGAAAGAAA 6-FAMTM-CAACCAGCCTGCCCCACATGC-MGB Eclipse�

NF-jB* CTGGCAGCTCTCCTCAAAGC CACGAGTCATCCAGGTCATACAG 6-FAMTM-CTCAAAGTTCTCCACCAGGGGA-MGB Eclipse�

TLR2 TTCAGGCCAAGGATTTCCAG† TCACTGTGCTGGGTTCATTG† 6-FAMTM-TCTTCACATGAGGCGGCC-BHQ�-1‡

*Sequences from porcine immunology and Nutrition database (http://www.ars.usda.gov/services/docs.htm?docid=6065).

†Tohno et al. (2006).

‡Lab-designed.
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production induced by Bb12 occurs through the interac-

tion of the receptor TLR2 with the bacteria.

We evaluated the participation of the transcription fac-

tor NF-jB in IL-10 production in swine monocytes stim-

ulated by Bb12 with or without anti-TLR2 antibody

blocking prior to bacterial stimulation for 2 and 4 h. No

significant changes of NF-jB transcript level were

observed under any of the conditions examined (Fig. 2b).

TLR2 and IL-10 expression is mediated through the

interactions of bacterial cell wall components with swine

monocytes

Previous studies have shown that bifidobacteria culture

supernatant could activate TLR signaling. To examine the
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Figure 1 Bb12 induces IL-10 expression in swine cells. Monocytes

and mesenteric lymph node (MLN) cells were cultured in presence of

Bb12 for 4 h, and the transcript levels of IL-10 (a), or for 12 h and IL-

10 production were measured in culture supernatants (b). Swine

monocytes and MLN cells were cultured in the presence of Bb12 for

4 h, and the relative expression of TLR2 was measured (c). RT-qPCR

results were normalized using expression level of swine PPIA gen. The

data are shown as the means � SD of three independent experi-

ments (*P < 0�05).
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Figure 2 Bb12 induced IL-10 is mediated by TLR2. Monocytes were

treated with an anti-TLR2 neutralizing antibody (40 lg ml�1) prior to

Bb12 stimulation for 2 and 4 h, and the transcript level of IL-10 (a)

and NF-jB (b) was measured by RT-qPCR. The results were normalized

using expression level of swine PPIA gen. The data are shown as the

means � SD of three independent experiments (***P < 0�001).
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capacity of bacterial metabolites to induce IL-10 and TLR2,

we used culture supernatant to stimulate monocytes for

4 h. No differences in IL-10 expression were observed,

whether the cells were stimulated with bacteria-free culture

supernatant or not (Fig. 3a). In contrast, TLR2 expression

decreased in the first hours of stimulation with Bb12 super-

natant (Fig. 3b), which could indicate an anti-inflamma-

tory mechanism induced by bacterial metabolites.

Discussion

In the pig industry, probiotics have been used as a food

supplement for animal improvement purposes. Although

not yet consistent in the literature; most reports have

demonstrated that the application of probiotic strains,

either separately or in combination, significantly con-

tributes to health development. In this regard, the com-

mercialized strain B. animalis ssp. lactis Bb12 (Bb12) has

shown health-promoting benefits with respect to modula-

tion of intestinal microbiota and immune response, and

prevention and reduction of diarrhoea (Chattha et al.

2013; Kandasamy et al. 2014; Barba-Vidal et al. 2017);

however, few studies have evaluated the effect of Bb12 or

other bifidobacteria in swine immune cells, hence, we

aimed to determine how Bb12 modulate the immune

cells to attain its benefits.

There is a considerable interest in the use of specific

probiotics strains for immune modulation. However,

contrasting results have been reported when using specific

strains; for instance, bifidobacteria and some lactobacilli

polarize DCs towards a regulatory phenotype, whereas

other lactobacilli promote Th1-inducing cytokine produc-

tion in DCs (Christensen et al. 2002; Zeuthen et al.

2006). Over the past years, a substantial amount of

in vitro and in vivo evidence has confirmed the potential

capability of some bifidobacteria strains to modulate the

immune response, specifically their ability to polarize to

anti-inflammatory (Imaoka et al. 2008; Mortaz et al.

2015) and regulatory (Jeon et al. 2012) responses. Citar

et al. (2015) found an increase in the expression of IL-10

and the repression of IL-6 and IL-12b induced by several

bifidobacteria strains on the monocytic THP-1 human

cell line in the presence or absence of LPS (Citar et al.

2015). In a porcine intestinal epithelial cell line (PIE),

Bifidobacterium breve MCC-117 shows anti-inflammatory

effects against enterotoxigenic Escherichia coli (ETEC)

though induction of IL-10 in CD4+ C25High Treg lym-

phocytes (Fujie et al. 2011). In another report, pretreat-

ment with either B. longum BB536 and B. breve M-16V

reduce the expression of IL-6, IL-8, and MCP-1 induced

by ETEC in PIE cells; blockade of TLR2 abolished the

reduction of cytokines levels showing that TLR2 is

required for the effect (Tomosada et al. 2013). Our

results show that Bb12 can stimulate swine immune cells

to produce IL-10, hence inducing an anti-inflammatory

response. The fact that Bb12 is capable to induce IL-10

expression in swine monocytes is suitable, considering

that the probiotic can interact with recruited monocytes
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Figure 3 IL-10 production is mediated through the interaction of

bacterial cell wall components with swine monocytes. Monocytes

were stimulated with Bb12 culture supernatant for 4 h, and the tran-

script levels of IL-10 (a) and TLR2 (b) were measured. RT-qPCR results

were normalized using expression level of swine PPIA gen. The data

are shown as the means � SD of three independent experiments

(*P < 0�05).
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during infection and inflammation. In a recent report,

rotavirus-vaccinated gnotobiotic pigs co-colonized with

Lactobacillus rhamnosus strain GG and B. lactis Bb12 had

higher levels of ileal IL-10 compared to vaccinated pigs

only, which may enhance intestinal specific IgA response

(Kandasamy et al. 2014).

Immune cells produce varying amounts of IL-10 upon

TLR2 ligation (Jang et al. 2004; Netea et al. 2004), which

depends on the cell type. For instance, IL-10 can be pro-

duced by T regulatory cells and myeloid DCs, while plas-

macytoid DCs are poor IL-10 producers (Boonstra et al.

2006; Maynard et al. 2009). Our results indicate that

in vitro stimulation of swine cells with Bb12, increase the

IL-10 mRNA levels in monocyte-derived peripheral blood

cells and MLN (Fig. 1a); however, the production of the

cytokine was only observed in monocytes but not in MLN

(Fig. 1b). We ruled out that the increase in IL-10 tran-

script was due to an increase in TLR2, since TLR2 levels

were similar in all the conditions evaluated whether stim-

ulated or not (Fig. 1c). Contradictory results for the

mRNA levels of TLRs after stimulation with bacteria have

been reported. For instance, the oral administration of

Lactobacillus casei CRL 431 increases the expression of

TLR2, TLR4, TLR5 and TLR9 to activate an innate

immune response in cells from the lamina propria (Cas-

tillo et al. 2011). However, only an increase of TLR9

expression but not significant changes in mRNA expres-

sion for either TLR2 or TLR4 was observed in the proxi-

mal colon of piglets fed with lyophilized Bifidobacterium

Bb12 born from sows fed with Bifidobacterium Bb12 dur-

ing gestation (Solano-Aguilar et al. 2008). These findings

suggested a selective induction of TLR9 by higher levels of

Bb12 compared to piglets born from sows that did not

receive Bb12 or mothers treated only with Bb12 during

the last trimester of pregnancy. Similar results were

obtained in weaning piglets fed daily with 107, 109–
1011 CFU per ml of B. animalis RA-18 for 2 weeks. More-

over, TLR2 was increased in mononuclear cells isolated

from the ileum of gnotobiotic pigs fed a combination of

L. rhamnosus GG+B. animalis Bb12. In contrast, TLR9

levels were low in all tissues (Vlasova et al. 2013). Cells of

the MLN and ileal Peyer’s patches of suckling piglets pro-

duce cytokines after in vitro stimulation with heat-killed

lactic acid-forming bacteria (Tohno et al. 2006) via TLR2

and TLR9. However, the results from the present study

suggest that the IL-10 expression in swine monocytes

stimulated with live bacteria of Bifidobacterium Bb12 is

mediated through TLR2 since the bacterial DNA was unli-

kely available for recognition due to the short stimulation

period (4 h) (Fig. 2a), although we did not test for TLR9

expression. Each probiotic strain shows specific

immunomodulatory characteristics in a dose-dependent

manner (Latvala et al. 2008), suggesting that the

differences in IL-10 activity or receptor recognition

expression depends on the amount of bacteria. In addi-

tion, it is also important to consider the bacteria condi-

tion—that is, whether these organisms were used live,

lyophilized, UV-killed or heat-killed. In the present study,

bacteria were used live, but unable to proliferate given the

composition of the cell culture media and growth condi-

tions, which are not favourable for Bb12 growth.

Furthermore, no significant changes were observed in

the NF-jB transcript levels in any of the conditions

tested (Fig. 2b). These results are consistent with the

findings of a study in which THP-1-derived macro-

phages were stimulated with Lactobacillus sp. or Bifi-

dobacterium sp., and no change in NF-jB basal

expression was observed (Mortaz et al. 2015). These

results suggest that when a stimulus causes excessive

inflammation, these bacteria act in a regulatory manner.

NF-jB-deficient macrophages have lower levels of IL-10

expression than NF-jB-sufficient macrophages this fact

is explained by several studies with cells deficient for

tumour progression locus 2 (TPL2) or NF-jB1, which

support the role of extracellular signal-regulated kinase

(ERK) in the induction of IL-10. TPL2 is an upstream

activator of ERK; following TLR stimulation, TPL2

becomes dissociated from the TPL2-NF-jB1 complex

and activates ERK (Banerjee et al. 2006). Bifidobacterium

animalis AHC7 attenuates NF-jB and protects against

Salmonella typhimurium infection in mice (O’Mahony

et al. 2010). The expression of IL-10 can be induced by

TLR or non-TLR signaling in myeloid cells. The activa-

tion of TLR results in the activation of NF-jB, p38 and

ERK pathways. Activation of these pathways results in

the induction of IL-10 production and pro-inflammatory

cytokines (Saraiva and O’garra 2010). The results of the

present study suggest that Bifidobacterium Bb12 does not

activate the NF-jB pathway during the first 4 h of stim-

ulation in swine monocytes. Probiotics can alter the NF-

jB pathway at many different levels: degradation and

ubiquitination and inhibition of proteasome function

(Petrof et al. 2004).

We further tested if the immunomodulatory properties

were due to a metabolite produced by Bb12, hence the

culture supernatant was used to stimulate mononuclear

cells, but no IL-10 production was detected (Fig. 3a).

Interestingly, in our study, Bb12 culture supernatant

decreases the TLR2 transcript level (Fig. 3b). Hoarau

et al. (2006), demonstrated that B. breve C50 (BbC50)

supernatant induced prolonged DC survival, maturation

and high IL-10 production through TLR2. Bifidobac-

terium breve BbC50 secretes extracellular components

comprising a lipoprotein putatively associated with glu-

cose moieties and acting in an aggregating form as an

agonist of TLR2/TLR6 (Scuotto et al. 2014). Additionally,
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probiotic culture media may use TLR4 through IRAK-2

and via AP-1 to prevent IL-1b-induced IL-6 induction in

immature enterocytes (Meng et al. 2016). However, the

involvement of TLR2 in this process remains unclear,

although an immunoregulatory role for TLR2 in the

recognition of probiotic strains has been described (Hoa-

rau et al. 2006; Zeuthen et al. 2008; Kaji et al. 2010).

The probiotic Bb12 could be used in swine industry as

diet supplement to enhance intestinal health in pig as an

additional or postinfection treatment method, even con-

template its therapeutic use considering its ability to

induce IL-10 in swine cells, which can contribute to the

prevention of tissue damage. The dosage at which Bb12

could be added in feed, ranges from around 109 to 1011

CFU per day, this dosage range has been used as feeding

supplementation with beneficial effects on swine immu-

nity (Trevisi et al. 2008; L€ahteinen et al. 2014; Zhu et al.

2014; Hou et al. 2015).

In summary, we present findings on how B. animalis ssp.

lactis Bb12 exerts one of its many beneficial effects. In

swine immune cells, Bb12 induce the production of IL-10,

and the mechanism involves recruiting of TLR2. We also

showed that NF-jB was not differentially expressed with

Bb12 stimulation, which indicates that other transcription

factors are involved in IL-10 production.
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