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Lactobacillus plantarum isolated from kimchi suppress food allergy by
modulating cytokine production and mast cells activation
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Commensal bacteria interact with mucosal immune or epithelial cells to modulate the immune system.
Probiotics have been proposed as a novel preventive or therapeutic method for immunological diseases
because of their ability to alter intestinal microflora. Herein, lactobacilli isolated from kimchi were tested
for their capacity to modulate intestinal allergy in mice. Lactic acid bacteria suppressed IL-4, IL-5, IL-13,

and IL-17A cytokine production in splenocytes from OVA-sensitized mice in vitro. In a mouse model of

food allergy, lactobacilli significantly inhibited the expression of Th2-associated gene products such as

Key Wordf" GATA3, IL-4, IL-5, IL-9, and IL-13 in the small intestine. Moreover, pro-inflammatory cytokine levels were
Lactobacillus plantarum R . . . . . . .
Food allergy lower in the lactobacillus group. Lactic acid bacteria also modulated mast cell infiltration and activation.
Mast cell Serum IgE/IgG2a and IgG1/IgG2a ratios were altered to alleviate Th2 responses. In conclusion, lactobacilli
Th2 from kimchi effectively regulated intestinal allergy by suppressing Th2 responses and modulating mast
Ovalbumin cell function and recruitment.

Pro-inflammatory cytokine

© 2016 Published by Elsevier Ltd.

1. Introduction

With increasing incidences of food allergies, there has been
growing interest in the field. According to recently report, approx-
imately 5% of adults and 8% of children are known to suffer from
such allergies in western countries (Sicherer & Sampson, 2014).
Until now, a treatment for food allergies has been unavailable
due to a lack of a clear understanding of the associated molecular
mechanisms. Therefore, the best remedy for the disease is to avoid
exposure to such food allergens. However, this strategy has limita-
tions in that it is only useful if the offending allergen is investi-
gated, and it is not possible to completely control food intake
depending on the situation.

Recently, imbalances in intestinal microorganisms in patients
with allergy disease have been reported (Abrahamsson et al.,
2012; Bisgaard et al., 2011). The microbiota has been known to
play an important role on the immune system. It is involved in
the development of the immune organs, and determines the ten-
dencies of host immune responses. Research on the association
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between immune diseases and microbiota has been performed,
as alterations in commensal bacteria can induce changes to the
immune system. The opportunity to be exposed to a variety of bac-
terial species has been reduced due to increased personal hygiene
and caesarean sections. Thus, attempts to mitigate the increased
prevalence of allergic diseases have increased, through adjusting
the diversity and individuality of the intestinal microflora. Lactic
acid bacteria, which metabolize carbohydrates to lactic acid, inha-
bit the intestine and interact with various cells of the human body.
Kimchi is a traditional food in Korea that is made through the fer-
mentation of a variety of vegetables. It includes many kinds of pro-
biotics, and thus can improve digestion and immune function. In
addition, the antiviral effects and anti-cancer potential of lactic
acid bacteria in kimchi have been reported (Jeong et al., 2015;
Kwak, Cho, Noh, & Om, 2014). Lactobacillus is the most representa-
tive genus of bacteria present during the fermentation of kimchi. In
a previous study, we found that Lactobacillus plantarum CJLP133
isolated from kimchi affects atopic dermatitis (Won et al., 2012).
Since lactic acid bacteria inhabit and interact with epithelial cells
in the intestine, these bacteria are expected to influence disorders
of the intestine more so than those of other organs. Therefore, we
evaluated the effect of lactic acid bacteria in a mouse model of
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ovalbumin-induced allergy. We also investigated mast cell infiltra-
tion and cytokine alterations in intestine tissues.

2. Materials and methods
2.1. Mice

Six-week-old BALB/c mice were purchased from KOATECH
(Gyeonggi do, Korea). All mice were maintained in a specific
pathogen-free environment. All procedures were performed in
accordance with the National Institutes of Health Guide for the
Care and Use of Laboratory Animals, and the protocol was
approved by the Chung-Ang University Institutional Animal Care
and Use Committee of the Laboratory Animal Research Center
(IACUC number: 14-0034).

2.2. Preparation of lactobacilli

Lactobacillus rhamnosus GG, Lactobacillus plantarum CJLP133
(KCTC 11403BP, GenBank accession No. FJ455518), and L. plan-
tarum CJLP243 (KCCM11045P) were all provided by CJ Foods R&D
Center, CJ CheilJedang Corporation, Korea. Lactobacilli were incu-
bated in MRS (Difco Laboratories, Detroit, MI, USA) broth at 37 °C
for 24 h. Subsequently, lactobacilli were harvested and washed
twice.

2.3. Measurement of cytokine production in splenocytes

For OVA sensitization, Balb/c mice were sensitized with an
intraperitoneal (i.p.) injection of 50 pug of ovalbumin (OVA) and
1 mg of Imject Alum in 0.2 ml of phosphate buffered saline (PBS).
Mice received a booster injection of the OVA/alum mixture 5 days
later. Animals were sacrificed on day 12, and spleens were har-
vested. Single cell suspensions of splenocytes were cultured with
1 mg/ml OVA in the presence or absence of 5 x 107 CFU/ml of indi-
cated lactobacilli strains for 5 days. Supernatants were then col-
lected and the concentrations of IL-4, IL-5, IL-13, and IL-17A in
each sample were measured by enzyme linked immunosorbent
assay (ELISA).

2.4. Experimental food allergy model

BALB/c mice were sensitized to OVA by i.p. injection of 0.2 ml of
saline containing 50 pig OVA and 1 mg Imject Alum on day 0 and
day 14. Mice in the control group were sham-sensitized using sal-
ine. Two weeks later, mice were orally administered 50 mg of OVA
in PBS three times a week (every other day). Lactobacilli were
introduced by gastric injection according to the schedule summa-
rized in Fig. 2a (dose of 1 x 10° CFU per mouse). All mice were sac-
rificed after the sixth OVA intragastric challenge and samples were
collected for further analysis.

2.5. Evaluation of diarrhea symptom

Diarrhea were quantified to evaluate the degree of food allergy.
The method of quantification was carried out as previous research
(Tanabe et al., 2015). Briefly, the severity of diarrhea was assessed
to a value of 0-3 using feces between 30 and 60 min after oral
administration of OVA. 0, no fecal matter or solid state; 1, funicular
form; 2, slurry; 3, watery state.

2.6. Real time PCR

Tissue samples from the jejunum were homogenized in TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). Total RNA was isolated

according to the manufacturer’s instructions and converted into
cDNA using 3 pg of RNA using Maloney murine leukemia virus
reverse transcriptase, oligo(dT) primers, and deoxynucleotide
triphosphates (all from Promega, Madison, WI). For real-time
quantitative PCR, cDNA samples were amplified with 2x iQ SYBR
Green Supermix (Bio-Rad, Hercules, CA, USA) using the following
program: 95 °C for 3 min, then 40 cycles of 95°C for 10s and
60 °C for 30 s. Amplification was performed using a CFX Connect
Real-Time PCR Detection System (Bio-Rad). Melting curve analysis
was conducted to confirm amplification specificity. The compara-
tive threshold method was used to calculate transcript levels in
experimental samples relative to those of control samples, and
gene expression was normalized to that of GAPDH.

2.7. Histological analysis

Jejunum tissues of experimental mice were removed on the
final day of the schedule and fixed in 10% phosphate buffered for-
malin and embedded in paraffin. The jejunum sections were
stained with toluidine blue for observation of mast cells. All anal-
yses were performed under a microscope at 200x magnification.

2.8. Serum antibody measurement

Blood specimens were obtained from the retro-orbital sinus.
The concentrations of total IgE, IgG1, and IgG2a (all BD bioscience,
San Diego, CA, USA) in the serum were measured by sandwich
ELISA. For measurement of allergen-specific antibodies, plates
were coated with 100 pl of antigen (100 pg/ml OVA) incubated
overnight at 37 °C. For blocking, 3% bovine serum albumin was
incubated for 1h at room temperature. Subsequently, diluted
serum samples were added to wells and incubated overnight at
4 °C. Antigen-specific antibodies were captured with biotinylated
antibodies and streptavidin-alkaline phosphatase. The reaction
was developed by incubating with p-nitrophenyl phosphate for
30 min. Finally, the optical density of each well was determined
at 405 nm.

2.9. Statistical analysis

Statistical significance was determined by GraphPad Prism5
(GraphPad Software, La Jolla, CA, USA). Statistical differences were
analyzed by the Student’s t test (between two groups). Results are
expressed as the mean + SD. P-values of <0.05 were considered sig-
nificant and are indicated by asterisks in the figures.

3. Results

3.1. Lactobacilli suppress cytokine production in OVA-sensitized
splenocytes

To determine the effect of lactobacilli on the Th2 immune
response, we measured the production of IL-4, IL-5, and IL-13 in
splenocytes of OVA-sensitized BALB/c mice. The splenocytes from
sham-sensitized mice were used as a negative control and cells
were stimulated with OVA in presence or absence of lactobacilli
for 5 days. Strain GG has been reported to effectively modulate
immune reactions. The levels of IL-4, IL-5, IL-13, and IL-17A were
significantly increased in controls compared in the sham-
sensitized group (Fig. 1). Increased IL-4, IL-5, and IL-13 were effec-
tively downregulated by strains GG, CJLP133, and CJLP243. CJLP133
and CJLP243 suppressed the production of IL-17A, whereas GG had
no effect on IL-17A production.
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Fig. 1. Lactobacillus treatment inhibited the production of (A) IL-4, (B) IL-5, (C) IL-13, and (D) IL-17A. Splenocytes were cultured with OVA for 5 days. Cytokine levels in the
supernatant were measured by ELISA. Data are presented as the means + standard error (SD), and are representative of three independent experiments with similar results. x,

P <0.05; %%, P<0.01; %%, P <0.005 compared to the controls.

3.2. Oral administration of lactic acid bacteria alleviates Th2 response
in food allergy induced mice

Based on the results showing that lactic acid bacteria reduced
Th2 immune responses in vitro (Fig. 1), we applied lactic acid bac-
teria to a mouse model of intestinal hypersensitivity. Balb/c mice
were sensitized to OVA or saline twice, and then orally challenged
with OVA every second day (Fig. 2A). Administration of lactic acid
bacteria alleviates diarrhea, a typical symptom of food allergy
(Fig. 2B). In order to investigate whether alteration of the immune
response caused relief of clinical symptoms, the immune reaction
was confirmed in the small intestine. Gene expression in the jeju-
num was evaluated by quantitative PCR analysis. Jejunal GATA3
expression was increased in OVA-sensitized mice (Fig. 2C). The
expression of IL-4, IL-5, and IL-13, which are well known cytokines
produced by Th2 cells, was increased through sensitization to OVA
(Fig. 2D, E, G). Administration of lactic acid bacteria reduced the
expression of transcription factors and cytokines that are related
to Th2 differentiation. The LP243 treated group especially was
markedly affected in terms of the regulation of these genes. IL-9
gene expression was slightly upregulated through OVA sensitiza-
tion, but not significantly, and only LP243 resulted in regulating
IL-9 production (Fig. 2F).

3.3. Intestinal allergic inflammatory response is altered by
Lactobacillus

To determine whether lactic acid bacteria alter the inflamma-
tory immune response, the gene expression of cytokines that are

associated with intestinal inflammation was assessed. The expres-
sion of TNF was significantly increased with OVA sensitization
(Fig. 3A). Lactobacillus administration effectively suppressed
upregulated TNF expression. In the case of IL-17A and IL-17F, gene
expression was slightly increased by oral administration of OVA,
but this difference was not statistically significant (Fig. 3B and C).
All species of Lactobacillus used in this experiment clearly reduced
the expression of IL-17A when compared to that in control animals.
In contrast, IL-17F was only downregulated by CJLP243. IL-6 gene
expression was approximately fifteen-fold higher in control than
in the non-induction group (Fig. 3D). GG, CJLP133, and CJLP243
adequately suppressed the expression of IL-6, to less than half that
of the control group. This suggests that Lactobacillus regulates the
expression of pro-inflammatory cytokines in the jejunum of a
mouse model of food allergy.

3.4. Mast cell infiltration is modulated by lactic acid bacteria in the
jejunum tissue

Mast cells infiltrate the intestinal tissue and influence the
induction of food allergies. Therefore, we assessed mast cell num-
bers in the jejunum tissue and determined whether lactic acid bac-
teria can affect mast cell infiltration. Histological changes and mast
cell infiltration in jejunum were observed using toluidine blue
staining. Compared with the normal form of the non-induction
group, the villous shape of the control group was irregular and
shortened due to inflammation (Fig. 4A). In the groups adminis-
tered lactic acid bacteria, the morphology of villi was not disrupted
unlike the control group. In addition, a clear expansion in the mast
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Fig. 2. Administration of lactic acid bacteria repressed the type 2 immune response. (A) Experimental procedure of OVA-induced intestinal hypersensitivity in mice. Jejunum
tissue was collected 7-10 cm distal to the stomach on day 42 and jejunum RNA was obtained using TRIzol. (B) Diarrhea symptom were represented to evaluate the severity of
food allergy. Gene expression of (C) GATA3, (D) IL-4, (D) IL-5, (F) IL-9, and (G) IL-13 were analyzed by real time PCR. Data are presented as the means * SD. x, P < 0.05; xx,

P <0.01; %%, P <0.005 compared to controls.

cell population was shown in OVA-sensitized mice compared to
that in sham-sensitized control mice (Fig. 4A and B). Mast cell
numbers were significantly lower in CJLP133 or CJLP243-treated
mice than in OVA-sensitized control mice, and GG also reduced
mast cell numbers, but not significantly. To determine if only mast
cells infiltration was occurring or if mast cell activity was also
upregulated, we analyzed the expression of FceR1ae and mMCP-1
in the jejunum tissue. FceR1a and mMCP-1 gene expression was
greatly elevated by OVA challenge in OVA-sensitized mice
(Fig. 4C and D). Administration of GG, CJLP133, and CJLP243
repressed the upregulation of FceR1a and mMCP-1 to less than
50% of that of OVA sensitized control animals. Thus, these results
suggest that lactic acid bacteria effectively diminish mast cell infil-
tration and activity in the jejunum tissue.

3.5. Immunoglobulin level is adjusted appropriately by lactic acid
bacteria

From aforementioned results, it was confirmed that lactic acid
bacteria adjust intestinal immune hypersensitivity. To characterize

the effect of lactic acid bacteria on the production of immunoglob-
ulins IgE, IgG1, and IgG2a, serum was assessed by ELISA. Control
mice demonstrated high levels of IgE and IgG1 compared to those
in mice that were not sensitized to OVA (Fig. 5A and B). Serum IgE
and IgG1 level in mice fed CLP133 and CJLP243 was diminished
beside control. IgG1 levels were also clearly reduced in the GG-
treated group; however, IgE levels were not significantly
decreased. In addition, OVA-specific immunoglobulins were
observed. The levels of OVA-specific IgE and IgG1 were also signif-
icantly higher in control mice compared to those in non-induced
mice (Fig. 5D and E). Mice administered lactic acid bacterial had
lower OVA-specific IgG1 levels compared to those in control ani-
mals. Administration of lactic acid bacteria slightly decreased
OVA-specific Ig compared to the control group, but not statisti-
cally significant. Contrary to results of IgE and IgG1, total IgG2a
concentrations in the serum did not appear to differ with OVA sen-
sitization (Fig. 5C). However, OVA-specific IgG2a increased after
sensitizing mice to OVA (Fig. 5F). Administration of lactic acid bac-
teria did not affect the production of IgG2a and OVA-specific IgG2a,
or resulted in a marginal increase. IgE and IgG1 are promoted by
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Fig. 3. Intestinal inflammatory response is regulated by lactic acid bacteria. In the intestinal hypersensitivity mouse model, jejunal gene expression of (A) TNF, (B) IL-17A, (C)
IL-17F, and (D) IL-6 was analyzed. Data are presented as the means + SD, and are representative of three independent experiments with similar results. x, P < 0.05; x*, P < 0.01;

#x*, P <0.005 compared to controls.

Th2 cytokine, and IgG2a is induced by Th1 cytokine (Finkelman,
Katona, Mosmann, & Coffman, 1988; Snapper, Finkelman, & Paul,
1988). Therefore, IgE/IgG2a and IgG1/IgG2a were represented to
confirm the balance adjustment of Th1/2 immune response
(Fig. 5G-]). These results show that supplementing with lactic acid
bacteria suppressed IgE and IgG1, but not IgG2a.

4. Discussion

Our studies demonstrated the immunomodulatory role of lactic
acid bacteria in a food allergy mouse model. OVA consists of pro-
teins present in the egg white, and often induces an immune
hypersensitivity response to egg allergic patients (Holen &
Elsayed, 1996; Langeland & Harbitz, 1983). Therefore, it is widely
used as an allergen for a variety of disease models including that
of asthma, skin, and food allergy. To confirm the immunomodula-
tory functions of lactobacillus, we analyzed cytokine production in
splenocytes from OVA-sensitized mice. IL-4, IL-5, IL-13, and IL-17A
production were downregulated through treatment with lacto-
bacilli. Our results are in accordance with previous studies that
support function of lactic acid bacteria in the modulation of the
Th2 (Fujiwara, Inoue, Wakabayashi, & Fujii, 2004; Hong, Chen, &
Chen, 2010; Lee, Bang, & Woo, 2013; Lin et al., 2013; Sashihara,

Sueki, & Ikegami, 2006). These studies focused on lactic acid
bacteria in the alteration of IL-4 and IL-12 cytokine production.
Many studies have confirmed the decrease of IL-5 or IL-13, but in
most cases only confirmed the increase of the Th1 cytokines such
as IFN-y and IL-12 and the decrease of IL-4. Our previous studies
confirmed that the strains GG and LP133 can also regulate the
Th1/2 balance by increasing the secretion of IL-12 (Won et al.,
2012). LP243 also augmented the IL-12 production in J774A.1 cells
and CD11c" cells (data are not shown). In this studies, we focused
on the reduction of Th2 cytokines induced by lactic acid bacteria.
IL-5 is an important mediator of eosinophil activation, and is
known to be involved in various allergic diseases such as allergic
rhinitis and asthma (Sanderson, 1992; Shen et al., 2003). We
observed that splenocytes from sensitized mice produced more
IL-5 than those of non-sensitized mice. Lactic acid bacteria, used
in these experiments, effectively reduced IL-5 production during
Th2 responses. IL-13 is also widely known to be associated with
allergic inflammatory disease, and has been reported to have many
similarities with IL-4 (Brombacher, 2000; Wills-Karp, 2004;
Zurawski & de Vries, 1994). Recently, it was revealed that IL-13,
derived from group two innate cells (ILC2), plays an important role
in Th2 cell differentiation by promoting DC migration to the lymph
node and through allergen presentation (Halim et al, 2014).
Therefore, IL-13 modulation is important for the prevention of
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the allergic response. It was confirmed that increased IL-13,
observed with OVA stimulation, was normalized by lactic acid bac-
teria. The effectiveness of Lactobacillus in downregulating IL-4, IL-
5, and IL-13 implies its possible application to allergic diseases. IL-
17 is a pro-inflammatory cytokine, and is mainly produced by Th17
cells (Bettelli et al., 2006; Mangan et al., 2006; Veldhoen, Hocking,
Atkins, Locksley, & Stockinger, 2006). Its main role is in eliminating
pathogens that are not targeted by Th1 or Th2 cells. However, con-
trolling the Th17 response is very important to maintain an appro-
priate immune response, because these cells are involved in
eliciting tissue inflammation and play a central role in autoim-
mune diseases (Komiyama et al.,, 2006; Lohr, Knoechel, Wang,
Villarino, & Abbas, 2006). IL-17 also contributes to inflammation
in allergic diseases. It has been reported that the allergic response
is suppressed in IL-17-deficient mice (Nakae et al., 2002). IL-17 is
involved in the severity of asthma and allergic rhinitis (Al-Ramli
et al., 2009; Guo, Chen, & Ge, 2015; Lajoie et al., 2010; Molet
et al,, 2001). Although IL-17 plays an important role in the Th2
immune response, previous studies on lactic acid bacteria control-
ling the Th2 immune response did not investigate any changes in
IL-17 levels. Splenocytes of OVA-sensitized mice produced more

IL-17 than sham-sensitized mice. CJLP133 and CJLP243 were
shown to downregulate IL-17 to less than 50% of that of the con-
trol. This suggests that these two Lactobacillus strains control
inflammation induced by the Th2 response.

Gut microbiota dysbiosis is regarded as a major risk factor for
food allergy (Cao, Feehley, & Nagler, 2014; Ling et al., 2014;
Stefka et al., 2014; Zuercher et al., 2012). Therefore, some research
on food allergies has been focused on modulating the gut micro-
biota composition (Schiavi et al., 2011; Shida et al., 2002; Wang
et al., 2005). Despite the fact that food allergy symptoms mainly
occur in the intestine, food allergy studies regarding modulation
of the gut microbiota are rare compared to those of other allergic
diseases. In these studies, the Th2 response was shown to decrease
and serum immunoglobulins were altered by administration of
lactic acid bacteria; however, the allergens and adjuvants, used
to induce food allergy, were slightly different among cases. In
our study, we used ovalbumin and aluminum hydroxide as the
allergen and adjuvant, respectively, to induce food allergy. Down-
regulation of GATA3, IL-4, IL-5, and IL-13 was observed in the jeju-
num tissue of food allergy mice after administration of GG,
CJLP133, and CJLP243. IL-4, IL-9, and IL-13 are involved in the
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Fig. 5. Serum immunoglobulin secretion was regulated by the administration of Lactobacillus strains. Serum was collected from mice on day 42. The concentration of (A) total
IgE, (B) total IgG1, (C) total IgG2a (D) OVA-specific IgE, (E) OVA-specific IgG1, and (F) OVA specific IgG2a was determined by ELISA. The ratio of (G) IgE/IgG2a, (H) IgG1/IgG2a,
(I) OVA-specific IgE/IgG2a, and (J) OVA-specific IgG1/IgG2a was converted into fold-changes compared to that observed in non-induced mice. Data are shown as mean + SD

from eight mice. %, P < 0.05; *x*, P < 0.01; %, P <0.005 compared to controls.

initiation of food allergy by participating in the antigen sensitiza-
tion (Brandt et al., 2009; Forbes et al., 2008). IL-5 promotes the
intestinal accumulation of eosinophil in food allergy and exacer-
bates the inflammatory response mediated by eosinophil (Hogan,
Mishra, Brandt, Foster, & Rothenberg, 2000). Therefore, it suggests
that these cytokines decreased in the jejunum tissue by lactic acid
bacteria alleviate food allergy. IgE and IgG1 concentrations were
also lowered in the Lactobacillus-treated group. These results are
in accordance with previous research using lactic acid bacteria in
food allergy. In addition, OVA-specific immunoglobulin were also
observed. OVA-specific IgG1 was significantly reduced by lactic
acid bacteria, while OVA-specific IgE vaguely decreased. Although
lactic acid bacteria may be able to control OVA-specific IgE, statis-
tical significance did not be obtained due to the limited number of
mice. Therefore, it seems that there is a need to be elucidated in
further study using more populations. IgE/IgG2a and IgG1/IgG2a
were also observed, which have been often used to confirm the
Th1/2 balance in other previous studies on allergic diseases. In
our study, these results suggest that lactic acid bacteria specifically
regulate the Th2 immune response rather than generally suppress
the immune response.

TNF, IL-17, and IL-6 are pro-inflammatory cytokines that play
important roles in inducing inflammation. TNF can leak from lumi-
nal material and cause an inflammatory response in the intestine
because it has the ability to modulate tight junctions (Benlounes,

Candalh, Matarazzo, Dupont, & Heyman, 1999; McKenzie &
Ridley, 2007). In infant patients with food allergies, the levels of
TNF are elevated (Chung, Hwang, Park, & Kim, 2002; Kolls &
Linden, 2004), This suggests that TNF is involved in the pathogen-
esis of food allergy. In our experimental model, food allergy-
induced mice had higher levels of TNF than control mice. All Lacto-
bacillus strains used effectively regulated TNF, to levels similar to
those observed in the control group. This suggests that Lactobacil-
lus modulates intestinal integrity. IL-17A and IL-17F participate in
local tissue inflammation through promoting granulopoiesis and
neutrophil accumulation and activation. They are also increased
in inflammatory diseases such as inflammatory bowel disease
and severe asthma (Al-Ramli et al., 2009; Al-Sadi et al., 2014;
Fujino et al., 2003). Although the association between food allergy
and IL-17 has rarely been reported, Schiavi and colleagues reported
that IL-17 was significantly increased in mice with food allergy
(Schiavi et al., 2011). In this study, IL-17 was slightly increased,
albeit not significantly, in OVA sensitized and challenged mice.
The difference between this previous study and our study is
thought to be due to the time point of observation and the method
of disease induction; nevertheless, an increase in IL-17 levels is
commonly observed with food allergy. IL-17A was effectively
reduced by Lactobacillus strains such as GG, CJLP133, and CJLP243,
and IL-17F was also reduced by CJLP133 in food allergy-induced
mice. Lactic acid bacteria appear to have the ability to modulate
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IL-17 levels in such mouse models. Therefore, these bacteria can
modulate inflammation in the jejunum during food allergy.
Although it is estimated that the inhibitory effect on inflammatory
responses may be related to the IL-10 increase by the lactic acid
bacteria, as confirmed in previous study, further research will be
necessary (Won et al., 2012). IL-6 is known to activate the inflam-
matory signaling pathway and alter the permeability of the intesti-
nal epithelial tight junctions. It is also an essential cytokine for
Th17 differentiation (Ivanov et al., 2006). Therefore, this cytokine
contributes to the inflammatory response in the intestine (Al-
Sadi et al., 2014; Wang et al., 2003). IL-6 is secreted by the activa-
tion of mast cells in an allergic inflammatory reaction (Hsu,
Neilsen, & Bryce, 2010). Negative control mice, without disease,
present very low levels of IL-6 in the jejunum; in contrast, mice
with food allergy show marked increases in IL-6 levels. The level
of IL-6 after treatment with Lactobacillus was approximately one
third that of control animals.

Mast cells play an important role in allergic inflammatory
responses by releasing cytokines, eicosanoids, and secretory gran-
ules (Amin, 2012). Therefore, in many studies on food allergies,
alterations in mast cell function have been identified as an impor-
tant factor of disease (Brandt et al., 2003; Forbes et al., 2008). How-
ever, there has been no research on the function of mast cells in
food allergy studies using probiotics other than Bifidobacterium
longum (Kim et al., 2016). In this study, mast cell infiltration in
the jejunum was analyzed and CJLP133 and CJLP243 were observed
to mitigate increased mast cell infiltration. FceR1a, a high affinity
IgE receptor, is found on mast cells and induces the degranulation
of these cells by crosslinking to the IgE-antigen complex. The
mMCP-1, B-chymase, is expressed predominantly by mucosal mast
cells within the epithelium and is involved in a variety of inflam-
matory events such as permeability changes and leucocyte infiltra-
tion. In OVA sensitized and challenged mouse, the expression of
FceR1ae and mMCP-1 was extremely elevated compared to that
in non-induced mice. Three Lactobacillus strains adequately regu-
lated the expression of FceR1o and mMCP-1. These results suggest
that the lactic acid bacteria used in this study alleviate intestinal
hypersensitivity by restraining mast cell activation.

5. Conclusion

In conclusion, our results demonstrate that Lactobacillus plan-
tarum, isolated from kimchi, alleviates food allergy induced by
OVA sensitization. We found that the production of Th2 cytokines
was suppressed by treatment with strains CJLP133 and CJLP243. In
food allergy mice, administration of lactic acid bacteria inhibited
mast cell infiltration and downregulated the expression of Th2-
associated genes and pro-inflammatory cytokines in the jejunum.
Therefore, our study provides useful candidate probiotics that
could be used to treat food allergy, and has elucidated their
immunoregulatory mechanisms.
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