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induced allergy by modulating
dendritic cells in mice
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Food allergy is a serious public health problem because of its high incidence
and risk. Probiotics can induce immune regulation in patients with allergic
diseases, but its mechanism is not fully clear. In this paper, B-lactoglobulin (B-
LG)-sensitized mice were used as models to explore the mechanism of
Bifidobacterium animalis KV9 (KV9) and Lactobacillus vaginalis FN3 (FN3) on
reducing allergic reactions and regulating immune cell function. The results
showed that oral administration of KV9 and FN3 significantly reduced the
scores of allergic symptoms, hypothermia symptoms, and serum levels of 3-
LG-specific immunoglobulins E (-LG-slgE), histamine, and mast cell protease
in allergic mice. Flow cytometry analysis of intestinal dendritic cells (DCs)
showed that the proportion of CD1llc+major histocompatibility complex
(MHC)-11+DCs, CD11c+CD80+DCs, and CD1lc+ CD86+DCs increased after
KV9 and FN3 intervention, indicating that the strains induced immature DCs
and decreased the antigen-presenting capacity of DCs. Meanwhile, the toll-like
receptor 4 (TLR4)-NF-xB signaling pathway was activated in DCs. The
secretion of interleukin-12 (IL-12) was significantly increased, while
interleukin-4 (IL-4) was decreased by DCs after KV9 and FN3 intervention,
indicating that DCs have the potential to promote T-cell differentiation into T
helper type 1 (Thl) cells. Furthermore, the proportion of CD3+CD8—IFN-v+ T
cells in the spleen increased, while CD3+CD8-IL-44T cells decreased after oral
administration of KV9 and FN3, correcting the T helper type 2 (Th2)-skewed
immune responses. These results indicate that KV9 and FN3 reduce B-LG-
induced allergic symptoms in mice, and suggest that the two potential
probiotics might be used as an alternative therapeutic agent for mitigating
food allergy.
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Introduction

The incidence of food allergy has increased rapidly in recent
years, affecting nearly 5% of adults and 8% of children worldwide
(1). Milk, egg, peanut, tree nuts, soy, wheat, fish, and crustacean
shellfish are considered the eight major allergenic foods (2). Milk
allergy is an allergic reaction caused by allergenic proteins in
milk and dairy products, B-lactoglobulin (3-LG) is one of the
most important allergens of the whey fraction, and accounts for
10% of total milk proteins (3). In addition, approximately 62% of
cows’ milk allergy patients are sensitive to B-LG (4). Common
food allergy is mediated by immunoglobulin E (IgE), which
involves the uptake of antigens by antigen-presenting cells
(APCs), such as dendritic cells (DCs), across the intestinal
barrier. IgE intermediated by the binding of multivalent
antigens at the surface of mast cells triggers the release of
many allergy-related mediators such as histamine and
leukotrienes. The production of IgE is affected by T helper
type 1 (Th1)/T helper type 2 (Th2) cell balance (5). Treatment
targeting the Th1/Th2 balance has become an effective approach.
The most effective way to prevent food allergy is to strictly avoid
food allergens; however, accidental ingestion is difficult to be
absolutely avoided in our life. The first-line treatment is
intramuscular epinephrine after the diagnosis of anaphylaxis.
Epinephrine can maintain blood pressure, improve respirations,
and decrease edema that may be causing airway collapse (6). H1
antihistamines are the next treatment that should be used for
anaphylactic symptoms. As allergic reactions can cause
histamine release, giving medications that block the H1 and
H2 receptors can improve the vasculature integrity and
maintenance of the blood pressure and heart rate (7).
Medicine treatment only temporarily alleviates allergic
symptoms and the suffering of anaphylaxis and cannot prevent
the occurrence of food allergy in advance (8). Therefore, a new
type of food allergy therapy is urgently needed.

Probiotics are live microorganisms that confer a health
benefit to the host when administered in adequate amounts
(9), and may be a safe alternative due to their capacity to affect
the innate and adaptive immune system (10). There have been
several studies showing that oral administration of probiotics
could alleviate food allergy. Shandilya et al. reported that
Lactobacillus acidophilus LaVK2 and Bifidobacterium bifidum
BbVK3 reduced whey protein-induced intestinal anaphylaxis in
mice by reversing the Th1/Th2 immune imbalance (11). In
another study, Lactobacillus rhamnosus LA305, Lactobacillus
salivarius LA307, and Bifidobacterium longum subsp. Infantis
LA308 could contribute to alterations in immune responses in a
mouse model of B-LG allergy, as well as anergy that could
contribute to oral tolerance acquisition (12). DCs are
commanders-in-chief of the immune system, in charge of the
mechanisms of immune response/tolerance in the gut (13). In a
previous study, bone marrow-derived mouse DCs were exposed
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to irradiated lethal lactic acid bacteria, and the results showed
that all strains upregulated major histocompatibility complex
(MHC)-II and B7-2 (CD86) on the surface of DCs, with
Lactobacillus casei strongly inducing IL-12 secretion and
Lactobacillus reuteri inducing IL-10 secretion, stimulating T
cells to polarize into Thl and Treg in the intestinal tract (14).
Current studies have shown that probiotics can regulate immune
function through DCs; nevertheless, the immunoregulation of
DCs by probiotics is strain dependent and the knowledge of
molecular mechanisms underlying probiotics-host interactions
through DCs is still incomplete.

This study aimed to assess the effects of KV9 and FN3 on
relieving B-LG-induced food allergy and to explore their
potential mechanisms of action. We found that KV9 and FN3
alleviated the symptoms caused by food allergy and regulated the
development and function of DCs and T cells. These results
provide further insight into probiotics as a new type of food
allergy therapy.

Materials and methods

The strains and preparation of
bacterial suspension

Bifidobacterium animalis KV9 (KV9) and Lactobacillus
vaginalis FN3 (FN3) were stored in the Functional Dairy and
Probiotic Engineering Laboratory of Ocean University of China.
The strains were cultured successively twice in de Man, Rogosa,
and Sharpe (MRS) broth (Qingdao Hope Bio-Technology Co.,
Ltd., China) before use, then incubated anaerobically at 37°C for
24 h. The bacteria were washed twice by sterile phosphate-
buffered saline (PBS) with pH 7.2 and collected by centrifugation
and resuspended in PBS to give a concentration of 5x10° colony-
forming units (CFU)/ml.

Animals and construction of food
allergy model

Balb/c mice (female, 5 weeks old) were purchased from
Beijing Vital River Laboratory Animal Technology Co., Ltd.
China. Mice were kept in plastic cages and allowed free access to
diet (Beijing Keao Xieli Feed Co., Ltd., China) and water, animal
rooms were maintained on a 12-h light/dark cycle, and the air
was exchanged at 15 times/h with room temperature and
humidity of 22 + 1°C and 55 * 10%, respectively. All
experimental processes were approved by the Animal Ethics
Committee of Ocean University of China (permission
number: SPXY2021112401).

Mice were acclimatized to the animal facility for 1 week
before experimentation. Briefly, the mice were divided randomly
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into the following groups (n = 10 per groups): non-sensitized
(control), B-LG-sensitized and challenged (allergy),
hydrocortisone supplement and -LG-sensitized and challenged
(medicine), KV9 supplement and B-LG-sensitized and challenged
(KV9), and FN3 supplement and B-LG-sensitized and challenged
(FN3). Mice were sensitized according to previous research and
modified by intraperitoneal injection of 50 pg of B-LG (Sigma
Aldrich Co., LTD, USA) and 100 pg of ImjectTM Alum Adjuvant
(Alum, Thermo Fisher Scientific Co., LTD., USA) in 200 pl of sterile
PBS on day 14, and boosted with 100 ug of B-LG and 100 pg of
Alum on day 28 in 200 pl of sterile PBS (15). Bacterial suspension
(0.2 ml, containing 10® live bacteria) and PBS (0.2 ml) were
administered via oral gavage to B-LG-sensitized mice from day 7
to day 52 in the KV9 groups, FN3 groups, and control groups,
respectively (16). Hydrocortisone (0.5 mg/kg bw, Aladdin Reagent
Co.,LTD., China) in 200 pl of PBS was administered via oral gavage
to B-LG-sensitized mice from day 28 to day 52 in the medicine
group. Mice were orally challenged six times with 5 mg of B-LG in
sterile PBS every 2 days from day 42. Before challenge, mice were
deprived of food for 2 h.

Evaluation of allergic reaction in animals

The core body temperatures were monitored every 15 min
for 1 h after the B-LG challenge, and the temperature usually
decreased when an allergy occurs. Allergic symptoms were
monitored for 15 min and scored as follows (17): 0—no signs;
1—mice are scratching between 4 and 10 times for 15 min; 2—
mice are scratching more than 10 times for 15 min, or display
reduced activity or bristled fur; 3—mice have a strongly reduced
activity, display liquid diarrhea, and have difficulty in walking
normally, bristled fur, and sometimes labored respiration; 4—
manifestations of degree 3 are stronger, and mice displayed
cyanosis around the mouth and tail; 5—death.

Measurement of serum cytokine and [3-
LG-specific IgE

Blood was obtained 1 h after the final challenge, and serum
was obtained by centrifugation. Serum levels of histamine,
mMCPT-1, and B-LG-specific IgE (B-LG-sIgE) were
determined using an ELISA kit (Nanjing Jiancheng
Technology Co., Ltd., China) according to the instructions.

Culture of mouse lymphocytes and DCs

Spleen and intestinal lymph nodes were extracted from mice
under aseptic conditions, cut into pieces, and ground on a 70-um
cell filter. Mouse lymphocytes and DCs were isolated by the Mouse
Splenic Lymphocyte Isolation Kit (Beijing Solarbio Science &
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Technology Co., Ltd., China) and the Mouse Tissue Dendritic
Cell Isolation Kit (Tianjin Haoyang Biological Manufacture Co.,
Ltd, China), respectively. The regulated cell concentration of 5 x 10°
cells/ml was suspended in Roswell Park Memorial Institute (RPMI-
1640, Corning Incorporated Co., Ltd., China) medium with 10%
fetal bovine serum (FBS, Biological Industries Israel Beit Haemek
Co., Ltd,, Israel), 100 units/ml penicillin (Beijing Solarbio Science &
Technology Co., Ltd., China), and 100 pg/ml streptomycin (Beijing
Solarbio Science & Technology Co., Ltd., China), cultured for 3 days
(18).IFN-yand IL-4 from lymphocyte culture supernatants and IL-
12 and IL-4 from DC culture supernatants were detected using an
ELISA kit according to the manufacturer’s instructions (Nanjing
Jiancheng Technology Co., Ltd., China).

Flow cytometry analysis of DCs
and T cells

Single cells isolated from spleen and intestinal lymph node
were stained for FACS analysis as described previously (16).
Lymphocytes were stained using the Zombie Violet'™ Fixable
Viability Kit (BioLegend Biotechnology Co., LTD, China) and
were stained for surface markers including CD3-APC-Cy7 and
CD8-APC (Thermo Fisher Scientific Co., LTD., USA); cells were
then fixed and permeabilized by the Intracellular Fixation and
Permeabilization Buffer Set (Thermo Fisher Scientific Co., LTD.,
USA) and stained for intracellular expression markers such as
IFN-y-PerCP and IL-4-PE (Thermo Fisher Scientific Co., LTD.,
USA). DCs were stained for surface markers including CD11c+-
PE-Cy7, CD80-APC, CD86-FITC, and MHC-II-PE (Thermo
Fisher Scientific Co., LTD., USA). Data were acquired with BD
FACSVerse (Becton Dickinson Co., LTD., Canada) and analyzed
with BD FACSuite (Becton Dickinson Co., LTD., Canada).

Gene expression determination by qPCR

DCs were employed to examine the toll-like receptor 4
(TLR4)-NF-kB relative expression of genes (19). The total
RNA was extracted from spleens using Trizol Reagent
(Tiangen Biotech CO., LTD., China), and total RNA was
reverse transcribed using the ReverTra Ace qPCR RT Master
Mix with gDNA Remover Kit (Toyobo CO., LTD., Japan).
Quantitative PCR was performed using the SYBR Green
Realtime PCR Master Mix (Toyobo CO., LTD., Japan)
according to the instructions on a CFX96 Real-Time System
(Bio-Rad Laboratories CO., LTD., USA). For qPCR, the reaction
mixture contained 8 ul of ddH,0, 12 pl of SYBR qPCR Mix, 2.5
ul of forward primer and reverse primer, and 2.5 ul of
complementary DNA. The conditions for qPCR were as
follows: 95°C for 60 s, followed by 40 cycles of 95°C for 15 s,
60°C for 15 s, and 72°C for 45 s. The 27" method was used to
calculate the relative mRNA levels, and B-actin was used as the
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internal control. Primers for qPCR were designed and
synthesized by Sangon Biotech (Shanghai) Co., Ltd (China).
The primers are shown in Table 1.

Statistical analysis

All data were expressed as the mean + SD. Statistical
differences between the two groups were analyzed using
Student’s t-test; p values <0.05 were considered significant and
are indicated by asterisks (*). Statistical differences between three
or more groups were analyzed using a one-way analysis of
variance and Duncan test for multiple comparisons by the
Statistical Package for the Social Sciences 25 (SPSS 25), and
the lack of significance was indicated by the same letters.

Results

Effect of oral probiotics on suppressing
allergic sensitization of B-LG

In order to evaluate the effect of oral probiotics on allergic
reactions in mice, we established a food allergy model in mice by
intraperitoneal injection of B-LG; the protocol is shown in Figure 1.
In allergic animals, continuous oral B-LG stimulation can cause a
significantly higher allergic symptoms score, and the specific
manifestation was scratching and bristling fur (Figure 2). At the
same time, the core body temperatures of allergic animals decreased
significantly (Figure 3). Oral administration of KV9 and FN3 led to
asignificant attenuation of allergic symptoms score 15 min after the
final oral B-LG challenge with similar ability and no significant
difference with the control group (Figure 2). Meanwhile, the core
body temperature in allergic mice was reduced, and oral
administration of KV9 and FN3 significantly alleviated
hypothermia in allergic mice (Figure 3). The serum levels of -
LG-sIgE, histamine, and mMCPT-1 (Figure 4) in the allergic mice
were higher than those of control mice after repetitive challenges,
indicating severe allergic reactions in mice. The high levels of B-LG-
sIgE were decreased by KV9 and FN3 supplementation and have no

TABLE 1 RT-PCR amplified primers.

10.3389/fimmu.2022.992605

significant difference from the control group; the FN3 group was
slightly better than the medicine group. The serum levels of
mMCPT-1 and histamine were decreased by KV9 and FN3
supplementation in allergic mice. However, histamine levels in
the KV9 and FN3 groups did not return to the same level as in the
control group. These results confirm that the probiotics
supplementation suppresses allergic sensitization to 3-LG.

Effect of oral probiotics on regulating
DCs’ maturation and function

Allergic reactions to food begin with the uptake of food
allergens by DCs, processed and presented to T cells. The ability
of activated DCs to prime T-cell activity is attributable to DCs’
expression of MHC-II and costimulatory molecules that are
upregulated during maturation (20). The expression of
maturation of DCs was analyzed to investigate the possible
functional relevance of DCs to probiotics suppressing allergic
sensitization. FACS analysis showed that oral administration of
KV9 and FN3 significantly reduced the percentage of CD1lc+
MHC-I1+DCs, CD11c+CD80+DCs, and CD11c+CD86+DCs in
CD11c+DCs (Figure 5). This indicated that the probiotics induced
immature DCs. In order to gain insight into the effect of the
administration of probiotics to allergic mice on expression
patterns of cytokine production in DCs, cytokine production and
gene expression were analyzed by DCs purified from the mice after
the B-LG challenge. Oral B-LG significantly increased the in vitro
IL-4 production and reduced the IL-12 by DCs (Figure 6). However,
there was no significant difference in IL-4 and IL-12 production by
DCs between the mice supplemented with probiotics and mice in
the control group. The IL-4 and IL-12 gene expression confirmed
the results (Figure 6).

Effect of oral probiotics on activating
Toll-like receptor 4-NF-xB

TLR4 is a class of pattern recognition receptors that
recognize the probiotics and activate adaptive immunity,

Gene name Forward (5°-3’)

B-actin (M) CTGTCCCTGTATGCCTCTG

TLR4 GGCATGGCTTACACCACCTC

Myds8 AGCAGAACCAGGAGTCCGAGAAG
TRAF6 GACTGCCCAACAGCTCCAATCC

IxB TGGTGTGACTGTGGATCTCTGGAG
NF-xB GGATATGAGGAAGCGGCATGTAGAG
IL-12 TCTTTGATGATGACCCTGTGCCTTG
IL-4 TACCAGGAGCCATATCCACGGATG

Frontiers in Immunology

04

Reverse (5°-3%)

ATGTCACGCACGATTTCC
TTGTCTCCACAGCCACCAGA
GGGCAGTAGCAGATAAAGGCATCG
AAGTGTCGTGCCAAGTGATTCCTC
GGCTGGCTTCTCTGTGGTGATTC
CCTGATACTGGCACTTCGGACAAC
GTGATTCTGAAGTGCTGCGTTGATG
TGTGGTGTTCTTCGTTGCTGTGAG
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FIGURE 1
Protocol of mice sensitization and challenge

which activates downstream signals when they bind to specific
ligands. To explore the effect of the probiotics on TLR4 and
downstream signal gene expression of DCs, gene expression of
TLR4, Myd88, TRAF6, kB, and NF-kB was detected. Compared
with control mice, the expression of TLR4, Myd88, TRAF6, IkB,
and NF-xB genes (Figure 7) was significantly increased after
KV9 and FN3 supplementation; thus, the probiotics indicate
activation of the TLR4-NF-xB signaling pathway.

Effect of oral probiotics on regulating T-
cell differentiation and function

T cells play an important role in the food allergy process,
especially in the Th1/Th2 immune balance (21). To investigate
whether T-cell function changed after ingestion of the
probiotics, spleen cells were isolated from mice after the last
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FIGURE 2

oral challenge, and their ability to produce Th1-related cytokine
IFN-y and Th2-related cytokine IL-4 in vitro was tested.
Compared with control mice, the proportion of IFN-y/IL-4
(Figure 8) in a splenic cell culture supernatant of allergic mice
was significantly reduced. Oral administration of KV9 and FN3
increased the proportion of IFN-y/IL-4 significantly compared
with the allergic mice, but differed from mice in the control
group. To directly evaluate the T-cell differentiation regulated by
the probiotics, the percentage of Thl cells and Th2 cells was
measured by FACS (Figure 9). IFN-y and IL-4 need to be stained
after the Intracellular Fixation and Permeabilization Buffer Set
treatment, which affects the expression of CD4+; thus, this
expressed CD4+ gate by CD3+CD8-. The results showed that
CD3+CD8-IL-4+T cells were predominant in the spleen of
allergic mice and the proportion of CD3+CD8-IL-4+T cells in
the spleen of KV9 and FN3 supplement mice decreased while
CD3+CD8-IFN-y+T cells increased, confirming that the

b b b
OO0 x4+% 666

Allergic symptom scores in mice. Identical lowercase in the figure indicates the lack of significance (p < 0.05).
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FIGURE 3

Changes in core body temperature at indicated time points following first challenge with B-LG in control (A), medicine (B), KV9 (C), and FN3 (D)

group mice compared with mice in the allergy group (*p < 0.05).

probiotics skewed the Th1/Th2 immune balance toward Thl
and thus suppressed downstream allergic reactions. This is
similar to the result of exocrine cytokines from the cell body.

Discussion

The number of patients diagnosed with food allergies has
been increasing in many countries. Evidence has shown that
probiotics can exert a variety of probiotic effects by adhering to
intestinal endothelial cells, producing antibacterial metabolites,

competing with pathogenic microorganisms for nutrition,
strengthening the epithelial barrier, changing the immune
response pathway, and regulating the immune system (22, 23).
In recent studies, probiotics such as B. longum and Lactobacillus
plantarum have shown antiallergic potential in both animal
models (12, 24). In the previous study of our laboratory, six
probiotics capable of regulating the secretion of IFN-y/IL-4 by
peripheral blood mononuclear cells were screened out from 48
strains. Through the food allergy mouse model, two probiotics
with good ability to alleviate food allergy were selected, namely,
KV9 and FN3. In this study, oral administration of KV9 and
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FIGURE 4

B-LG-sIgE (A) in the serum of mice. mMCPT-1 (B) in the serum of mice. Histamine (C) in the serum of mice. Identical lowercase in the figure

indicates the lack of significance (p < 0.05).
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FIGURE 5

The effect of probiotics on DCs. The gating strategy (A) and the effect of oral administration of KV9 and FN3 on populations of CD11c+MHC-II
+DCs (B), CD11c+CD80+DCs (C), and CD11c+CD86+DCs (D) in the intestinal lymph node from different groups of mice. Identical lowercase in

the figure indicates the lack of significance (p < 0.05).

FN3 reduced the score of allergic symptoms, the production of
B-LG-sIgE in serum, the activation of mast cells, and the
concentration of histamine in serum, and relieved the decrease
of core body temperature, confirming that KV9 and FN3 were
functional probiotics that can suppress allergy in mice. The
exploration of the mechanism found that the probiotics induced
the immature state of DCs, and significantly increased the
secretion of IL-12 in mouse DCs through activating the TLR4-
NF-kB signaling pathway; IL-12 is a central cytokine for the
development of Thl cells (25), resulting in the immune balance
of T cells being skewed towards Thl-dominated direction.
Food allergy is often associated with Th2-skewed immune
responses; IL-4 as a marker of Th2 cells promotes IgE production
by B cells, while Th1 cells’ cytokine IFN-y can inhibit Th2 cells’
function (5). Oral administration of KV9 and FN3 can reduce the
level of B-LG-sIgE in serum of allergic mice; IgE is the main
immunoglobulin in mast cell degranulation, indicating that the
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two probiotics play an immune regulatory role. The DCs are the
most powerful APCs, the initiator and modulator of the immune
response. DCs support and fine-tune antigen presentation
through costimulatory molecules and cytokines. Depending on
the conditions, DCs can stimulate the growth and activation of a
variety of T cells, thereby having varying effects on the immune
response (14). It is well known that the function of naive T cells
needs two specific signals from APC to be activated (26). The first
specific signal is provided by the interaction between T-cell
receptors and the major histocompatibility complex (MHC)-II
on APC. The second signal is provided by the interaction between
APC-provided costimulatory molecule ligands and CD28 and
CTLA-4 receptors on T cells. Inhibition of costimulatory
molecules on cell surface or intracellular signal transduction
can induce T cells to have no response (27). The interaction
between B7-1(CD80)/B7-2(CD86) on APC and CD28
determines whether T-cell reaction occurs (28). DCs have
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strong migration ability when they are immature, and DCs have
strong antigen presentation ability when they are mature, which
leads to a greater risk of food allergy (13). Furthermore, the
expressions of DCs” surface MHC-II and CD80/CD86 can be
used as a marker of maturation (29). In the presence of mature
DCs and the IL-12, they produce T cells that tend to become Th1
cells, which secreted IFN-y, while the DCs induced T cells to
differentiate into Th2 cells that secreted IL-4 and IL-5 under the
action of IL-4 (13, 25). The expression of costimulatory molecules
and cytokines in DCs depends on signals from their
environment, including pathogen-associated molecular patterns
(PAMPs), damage-associated molecular patterns, and cytokines
(30). The key mechanism of probiotics-mediated immune
regulation may be the regulation of DCs’ function. In a
previous study, exposure of bone marrow-derived mouse DC to
irradiated L. casei resulted in strong induction of IL-12 secretion,
a potential strain that stimulates T cells to polarize into Th1 in the
intestinal tract (14). The aforementioned study also revealed that
L. reuteri can induce high expression of B7-2 (CD86)
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costimulatory in DC to polarize T cells into Th2 cells (14).
Huang et al. confirm that oral Lactobacillus murinus
suppressed the expression of OX40L in duodenal, a DC-derived
costimulatory molecule known to promote Th2 responses, and
indicates that DCs’ functions are modulated (31). Furthermore,
Ma’s research on oral probiotics supplementation on DCs
induced CD103+DCs’ expression, which promoted
differentiation of FoxP3+Tregs (32). In this study, the
expression levels of MHC-II, CD80, and CD86 decreased in the
CD11c+DCs in the intestinal lymph nodes of each group of mice
after oral KV9 and FN3. This implied that immature DCs increased
and the antigen presentation ability of DC was positively correlated
with its maturity (33). At the same time, the secretion of IL-12 in
DCs significantly increased after oral administration of KV9 and
FN3 compared with allergic mice.

IL-12 is a central cytokine in the activation of immunity in
the generation of Thl-type responses; defective IL-12
production was associated with lack of NF-kB activation (34). A
study revealed that mice with TLR4 deficiency after allergen
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stimulation showed food allergy and immune tendency to Th2
(35). The author observed that after killing the intestinal flora of
both healthy mice and TLR4-deficient mice with antibiotics, the
mice showed food allergy. In addition, the healthy mice showed
oral tolerance to food antigens, while allergy reactions persisted in
the TLR4-deficient mice, indicating that intestinal microbes play
an important role in food tolerance through the TLR4 signaling
pathway (35). However, C3H/HeJ mice with corrected TLR4
alleles were sensitized and challenged with peanuts in a study
(36), revealing that mice were resistant to anaphylaxis after the
oral peanut challenge; restoring TLR4 function in mice did not
protect them from anaphylaxis. A similar conclusion was
obtained in Berin’s study, which revealed that TLR4-deficient
mice did not show Th2 immune advantage and food allergic
reaction (37). Recent research suggested that TLR4, as an
upstream target of the NF-kB pathway, plays an important role
in oral tolerance to food antigens. In a study on L. casei, Zhang
provided an intervention to achieve tolerant cell CD4+CD25
+Treg differentiation by regulating NF-xB signal in which TLR2
and TLR4 were activated (16). Notably, in our research, the
activation of TLR4-NF-«xB signaling pathway by KV9 and FN3
in DCs resulted in the significant increase in the secretion of IL-12.
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This suggests that the supplementation of KV9 and FN3 enabled
DCs to induce T cells to differentiate into Th1 cells.

In line with this notion, each group of mouse spleen
lymphocytes in FACS analysis was extracted to determine
whether oral KV9 and FN3 had an impact on allergic mice T-
cell function and differentiation. The results showed a
significantly lower proportion of Thl cells in allergic mice
spleen and a higher proportion of Th2 cells compared with
mice in the control group. KV9 and FN3 supplementation
increased the Thl proportion, decreased the Th2 proportion
significantly, and regulated T-cell cytokines of the IFN-y/IL-4
secretion ratio in the supernatant of mouse spleen cells cultured
in vitro. These results indicated that KV9 and FN3 alleviated the
Th2 immune skew induced by food allergy.

In conclusion, our research demonstrated that B. animalis KV9
and L. vaginalis FN3 are potential probiotics against food allergy.
The strains of KV9 and FN3 regulate DCs’ development and IL-12
production to promote Th1 immune and reduce allergic reactions
in mice. These findings suggest that strains KV9 and FN3 may be
used as candidate probiotics to prevent Th2-mediated allergic
diseases. The functional substances of KV9 and FN3 to relieve
food allergy will be studied in the future.
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