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Effect of Lactobacillus acidophilus KLDS 1.0738 on miRNA expression in in
vitro and in vivo models of β-lactoglobulin allergy
Jun-juan Wanga, Si-han Lia, Ai-li Lia, Qi-min Zhanga, Wei-wei Nia, Mei-na Lia, Xiang-chen Menga, Chun Lia,
Shi-long Jiangb, Jian-cun Panb and Yuan-yuan Lib

aKey laboratory of Dairy Science, Ministry of Education, and Food Science College, Northeast Agriculture University, Harbin, China;
bHeilongjiang Feihe Dairy Co., Ltd, Harbin, China

ABSTRACT
This study aims to investigate the correlation between the ability of L. acidophilus to
modulate miRNA expression and prevent Th17-dominated β-lactoglobulin (β-Lg) allergy. In
vitro immunomodulation was evaluated by measuring splenocyte proliferation, Th17-related
immune response and miRNA expression in β-Lg-sensitized splenocytes cultured with live L.
acidophilus. Next, the allergic mouse model was used to evaluate anti-allergy capability of
lactobacilli. The β-Lg challenge led to induction of up-regulation of miR-146a, miR-155, miR-
21 and miR-9 expression in both in vivo and in vitro, along with increased Th17-related
cytokine levels and mRNA expression of RORγt and IL-17. However, treatment of live L.
acidophilus significantly suppressed hypersensitivity responses and Th17 cell differentiation.
Moreover, administration of live L. acidophilus reduced expression of four miRNAs, especially
miR-146a and miR-155. In addition, the decreased expression of the miRNAs in the spleen of
the L. acidophilus-treated group was closely associated with decrease of IL-17 and RORγt
mRNA expression.
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Cow’s milk allergy (CMA) is a highly common allergic
disease that affects infants and children who absorb
and utilize the high-quality milk protein. Upon anti-
genic stimulation, activation of naive CD4+ T cells
causes them to expand and differentiate into Th1,
Th2, Th17 and CD4+ CD25+ regulatory T (Treg)
cells. In the past, Th2-dominant immunity has been
found to exhibit a close relationship with CMA.
Recently, increasing clinical and laboratory experi-
ments demonstrated that Th17/Treg immunity imbal-
ances participated in the pathogenesis of allergic
inflammation [1,2]. Accordingly, our previous study
also observed that bovine β-lactoglobulin
(β-Lg)-induced allergy was characterized by inflam-
matory cell infiltration and Th17 cell differentiation
in the colons and lungs of sensitized mice [3].
However, the molecular mechanism of augmented
abnormal Th17 responses, resulting in CMA, has not
been thoroughly elucidated to date.

There is emerging evidence indicating that
microRNAs (miRNAs), as important regulators of
host gene expression, control lymphocyte activation
and functions and are closely associated with autoim-
mune and other chronic inflammatory diseases [4–7].
Previous research found that miRNAs were associated
with the Th1/Th2 balance, which is a crucial contribu-
tor to the development of allergic disease [8].
Subsequently, Takuya Niimoto et al. reported
miR-146a/b, miR-150, and miR-155 promoted IL-17

expression in the PBMC of rheumatoid arthritis
patients [9]. Yao et al. showed that miR-155 directly
targeted cytokine signaling, which functioned as a nega-
tive regulator of the Janus kinase (JAK)/STAT signaling
pathway and resulted in an increase in the proportion
and numbers of Th17 cells in the CD4+ T cell lineage
[10]. MiR-21 was reported to significantly enhance the
secretion of pro-inflammatory cytokines required by
Th17 induction [11]. However, whether the abovemen-
tioned miRNAs may be involved in Th17 cell develop-
ment and tissue-specific inflammation in CMA has not
been thoroughly elucidated to date.

Probiotics are defined as live or killed organisms
that confer a health benefit on the host when con-
sumed in adequate numbers [12]. Abundant data
support the therapeutic role of probiotics in the treat-
ment of allergic diseases [13,14]. Recent studies dis-
cussed the effect of probiotics strains on regulating
the host immune response at the post-transcriptional
level by regulating miRNAs expression. Giahi et al.
observed that Lactobacillus rhamnosus GG (LGG)
significantly inhibited NF-κB pathways for the pro-
duction of inflammatory cytokines by down-regulat-
ing miR-146a in LGG-treated dendritic cells [15].
Moreover, Liang et al. found that certain miRNAs,
which were involved in gut inflammation and the
mucosal barrier via host-microbiota interaction,
were induced by gut microbiota in the early life of
dairy calves [16]. To date, few studies have
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investigated the relationship between modulation of
miRNAs and antiallergic capacities of probiotics
in CMA.

Our previous studies have shown that heat-killed
L. acidophilus KLDS 1.0738 was able to ameliorate
β-Lg allergy in mice by inhibiting Th17 cell activation
and inducing Treg cell response [17]. However, addi-
tional studies focused on the beneficial immunomo-
dulatory effect of live probiotics. Therefore, this study
aims to expand upon our previous work to 1) explore
the potential roles of miRNAs in the development
and deterioration of the CMA, 2) evaluate the immu-
nomodulatory effects of live L. acidophilus KLDS
1.0738 in the expression of miRNAs in vivo and in
vitro, and 3) analyze the correlation between the
down-regulation of miRNAs by live L. acidophilus
and Th17 cell polarization in the β-Lg-sensitized
murine model.

Materials and methods

Animals

Female BALB/c mice aged 5–6 weeks and with an
average weight of 23 ± 0.92 g were purchased from
Beijing Vital River Laboratory Animal Technology
Co., Ltd (Beijing, China). Animals were acclimatized
to new surroundings for 1 week before experimenta-
tion. All mice were freely fed a milk-free diet and
water under environmentally controlled hygienic
conditions (temperature, 22 ± 2°C; light-dark cycle,
12−12 h). The animal experiment procedures con-
formed to the rules of the Care and Use of
Laboratory Animals of Northeast Agricultural
University.

Preparation of bacteria strain

The L. acidophilus KLDS 1.0738 was provided by the
Key Laboratory of Dairy Science of Northeast
Agriculture University (Harbin, China). The L. acid-
ophilus was cultured in MRS at 37°C for 16 h and
harvested by centrifuging at 8000 × g for 5 min at 4°
C. The bacteria were later washed three times with
sterile saline and adjusted to final concentrations of
approximately 107, 108, or 109 colony-forming units
(CFU/mL) as the low, medium, and high doses of the
live strains and stored at -80°C.

Establishment of animal model

BALB/c mice were randomly sub-divided into 5
groups (n = 6 per group): N: normal group; A: β-Lg
allergic group; live L. acidophilus KLDS 1.078 group
(low dose (L): 107 CFU/mL; middle dose (M): 108

CFU/mL; high dose (H): 109 CFU/mL). Mice in the
β-Lg allergic group and L. acidophilus-treated group

mice were both intraperitoneally injected with 0.2 mL
1 mg/mL β-Lg (Sigma, USA) on days 7, 14 and 21,
which was dissolved in a mixture of Freund’s adju-
vant (Sigma, USA) and sterile saline. Mice in L.
acidophilus-treated groups were intragastrically admi-
nistered 0.2 mL (5 mL/kg wt) bacterial suspension
three times a week from days 1 to 28. Normal group
mice were treated with sterile saline. All mice were
orally challenged with β-Lg (20 mg/mouse) on day
28, except the normal group. After that step, blood
was obtained by removing the eyeballs, and the mice
were sacrificed, after which the spleen, colon and
feces were aseptically removed.

Preparation of splenocytes

Splenocytes isolated from allergic mice were prepared
by pressing tissue through a cell strainer and the red
blood cells were lysed with lysis reagent (BD
Biosciences, USA). After centrifugation and washing,
the splenocytes were adjusted to 5 × 106 cells/mL and
suspended with RPMI-1640 medium.

Cell proliferation assay

The cell growth inhibitory effects were measured by
MTT assay. The collected splenocytes, which were
derived from β-Lg-sensitized mice, were seeded in
96-well culture plates (5 × 106 cells/200 μL/well)
and later incubated at 37°C for 48 h with ConA
(5 μg/mL), β-Lg (1 mg/mL) or β-Lg + various con-
centrations of L. acidophilus suspension (low dose:
107 CFU/mL, medium dose: 108 CFU/mL or high
dose: 109 CFU/mL). Dissolved 3-[4,5-dimethylthia-
zol-2-yl]- 2,5-diphenyl- tetrazolium bromide (Sigma,
USA) was added to each well for 4 h before the end of
culture. The supernatants were discarded, and
dimethyl sulfoxide (Sigma, USA) was added to each
well. The absorbance was measured at 540 nm, and
proliferation ratios were calculated according to the
following equation: proliferation ratio = (Test OD540-
Control OD540)/Control OD540 × 100%.

Cytokines and antibody production from β-Lg-
sensitized mouse splenocytes

The spleens obtained from the β-Lg allergic group
were further used for vitro cytokines and IgE antibody
production assays. Splenocytes (5 × 106 cells/mL) pre-
pared as described above were cultured in 96-well
culture plates in RPMI-1640 medium containing
1 mg/mL β-Lg in the absence (allergic group) or pre-
sence of different doses of live L. acidophilus (low dose:
107 CFU/mL, medium dose: 108 CFU/mL, high dose:
109 CFU/mL). After incubation for 48 h, the levels of
cytokines (IL-21, IL-17, IL-6, TNF-α), total IgE and
β-Lg-specific IgE in the culture supernatant were
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measured using an ELISA quantitation kit (Tiangen,
China) according to the manufacturer’s instructions.
The contents were measured spectrophotometrically
(optical density at 450 nm).

Evaluation of the antiallergic properties of L.
acidophilus in β-Lg -sensitized mice

The antiallergic effects of L. acidophilus KLDS
1.0738 were investigated as follows: 1. After 1 h
of β-Lg challenge, hypersensitivity symptoms were
evaluated as per a described scoring system with
minor adjustments [17]. 2. The mice were weighed
weekly for 4 weeks. 3. The colon was removed
under sterile conditions and stained with hema-
toxylin and eosin (H&E). Histological assessment
of the colon was performed by a pathologist. 4.
The feces were gathered and inoculated on selec-
tive medium (Hopebio, China) for identification
of Lactobacilli, Bifidobacteria, Enterobacter and
Enterococcus. 5 The levels of β-Lg-specific IgE
and histamine in serum were determined by
ELISA (Tiangen, China; Bioss, China). The detec-
tion procedures were performed according to the
manufacturer’s instructions. Optical density was
determined at 450 nm.

RNA isolation and real-time quantitative PCR

The total RNA extracted from murine splenocytes,
spleens and colons was measured using a Total
RNA kit (Tiangen, China) in accordance with the
manufacturer’s instructions. Synthesis of cDNA
was done using 6 μL of RNA template with
FastQuant cDNA (Tiangen, China). Amplification
of cDNA used RealMasterMix (SYBR Green)
(Tiangen, China) and was run in an ABI 7500
Fast ReaL-Time PCR thermal cycler. Thermal
cycling conditions for all reactions were as follows:
1 cycle at 95°C for 30 s, 40 cycles at: 90°C for 5 s,
60°C for 30 s and 68°C for 30 s. The sequences of
Th17-related cytokines and four miRNAs
(miR-146a, miR-155, miR-21 and miR-9) are
shown in Tables 1 and 2, respectively. β-actin
and U6 were used as the reference genes. The
relative expression levels were expressed in CT
values and calculated using the 2−ΔΔCT method.

Statistical analysis

All data were expressed as the mean ± standard
deviation (SD). Data comparison between groups
was performed using the ANOVA-LSD post hoc
test. Analysis of data was conducted using SPSS ver-
sion 19 (SPSS Inc, Chicago). The correlation between
the Th17-related mRNA and different miRNAs
expression in the murine spleen was tested by
Spearman’s correlation analysis. A P-value of less
than 0.05 was considered to be statistically significant.

Results

Immunomodulating effects of L. acidophilus KLDS
1.0738 in vitro

First, the ability of live lactobacilli to inhibit allergic
inflammation was evaluated by culturing β-Lg-sensi-
tized murine splenocytes in the presence or absence
of various concentrations of L. acidophilus in vitro.
Figure 1(A) shows that higher proliferative activities
of splenocytes in response to β-Lg antigen stimula-
tion was observed. In contrast, L. acidophilus KLDS
1.0738 had a significant inhibitory effect on β-Lg-
sensitized murine splenocyte growth (P < 0.05).
Further analyses showed that treatment of L. acido-
philus KLDS 1.0738 significantly suppressed total IgE
and β-Lg-specific IgE production in comparison with
the cells treated with β-Lg antigen (Figure 1(B,C)).
Additionally, decreased levels of IL-17, IL-21, IL-6
and TNF-α were also observed in the L. acidophilus-
treated group (Figure 1(D)), especially in the high
dosage groups (P < 0.05).

Next, we investigated the effect of L. acidophilus on
the expression of inflammation-related miRNAs in β-
Lg-sensitized murine splenocytes. As shown in
Figure 1(E), the splenocytes stimulated with β-Lg
led to significantly increased expression of four
miRNAs. Specifically, the levels of miR-146a and
miR-155 in the allergic group were up-regulated
more than 5-fold compared to the normal group. In
contrast, treatment of L. acidophilus KLDS 1.0738
significantly reduced the expression of miR-146a,
miR-155, miR-21 and miR-9 compared with those
in the allergic group (P < 0.05).

Table 1. Quantitative RT-PCR primers designed for the detec-
tion of Th17 cell response.
Molecule Sequence(5ʹ-3ʹ)

IL-17 Forward GCAGGCACAAACTCATCCAT
Reverse GGGCGAAAATGGTTACGAT

RORγt Forward AGAAAGAAAAGGGGAACTGG
Reverse CTATTGTGGCTGCTGAGTTC

β-actin Forward CGCAAAGACCTGTATGCCAAT
Reverse GGGCTGTGATCTCCTTCTGC

Table 2. Quantitative RT-PCR primers designed for the detec-
tion of miRNAs.
Molecule Sequence(5ʹ-3ʹ)

miR-146a Forward CGGCGGTGAGAACTGAATTCCA
Reverse ATCCAGTGCAGGGTCCGAGG

miR-155 Forward AAGCGGCGGTTAATGCTAATTGTGAT
Reverse ATCCAGTGCAGGGTCCGAG

miR-21 Forward CGGCGGTAGCTTATCAGACTG A
Reverse ATCCAGTGCAGGGTCCGAGG

miR-9 Forward CGGCGGTCTTTGGTTATCTAGCT
Reverse ATCCAGTGCAGGGTCCGAGG

U6 Forward CTCGCTTCGGCAGCACA
Reverse AACGCTTCACGAATTTGCGT
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Suppressive effect of L. acidophilus KLDS 1.0738
on hypersensitivity

Based on in vitro results, we continued to explore
the protective effect of live lactobacilli against β-
Lg-induced inflammation in a murine model.
Compared to the allergic group, oral administra-
tion of live L. acidophilus KLDS 1.0738 tended to
attenuate the severity of allergic symptoms,
including reducing weight loss and improving
hypersensitivity score (Figure 2(A,B)). The histo-
logical analysis results showed that the increase in
β-Lg-induced inflammatory cell infiltration was
reduced after treatment with L. acidophilus strains
(Figure 2(C)). Furthermore, live probiotics
increased the numbers of Bifidobacteria and
Lactobacilli but decreased the numbers of
Enterobacter and Enterococcus compared with the
allergic group (Figure 3(D)). In addition, allergic
mice treated with L. acidophilus KLDS 1.0738

showed a significant reduction in β-Lg-specific
IgE and histamine concentration in serum
(Figure 2(E,F)). mRNA expression of IL-17 and
RORγt in the colon and spleen were also lower
in the live bacteria-treated group than those in the
β-Lg-sensitized group (Figure 3(A,B)) (P < 0.05).

L. acidophilus reduces miRNAS expression in β-
Lg-sensitized mouse

Altered miRNA expression in the mouse spleen and
colon tissue is shown in Figure 3(C,D). Sensitizing
mice with β-Lg allergen led to induction of high
expression of miRNAs related to inflammation, such
as miR-146a, miR-155, miR-21 and miR-9. In parti-
cular, miR-146a and miR-155 levels in the spleen and
colon of allergic mice were more than 5 times higher
than those in the normal group (P < 0.05). However,
oral administration of live L. acidophilus KLDS

Figure 1. The immunomodulatory properties of live L. acidophilus KLDS 1.0738 in β-Lg-sensitized murine splenocytes.
Female BALB/c mice were intraperitoneally injected on days 7, 14 and 21 with 0.2 mL 1 mg/mL β-Lg adsorbed in Freund’s adjuvant. After final orally β-
Lg challenge, splenocytes (5 × 106 cells/ml) were prepared and cultured with 1 mg/mL β-Lg in the absence (A: allergic group) or presence of various
concentrations of live L. acidophilus (L: low dose, 107 CFU/mL; M: medium dose, 108 CFU/mL; H: high dose, 109 CFU/mL). The cells cultured with RPMI-
1640 medium alone was used as normal control (N). The cells and culture supernatants were collected, and the proliferative response (A), total IgE (B),
β-Lg-specific IgE (C), cytokines (D) and the expression of miRNAs (E) were measured. Experiments were repeated 3 times, and the values are the average
± SD. *P < 0.05 versus allergic group by the ANOVA-LSD post hoc test.
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1.0738 significantly decreased allergen-induced
miRNAs levels in both the spleen and colon tissue
in a dose-dependent manner (P < 0.05).

Correlation between miRNAS and Th17-related
cytokines

Further experiments were performed to examine the
correlation between L. acidophilus strains modulating
miRNAs levels and improving Th17 response. As
shown in Figure 4, there was a significant linear
correlation between the expression of inflammation-
related miRNAs and Th17-related mRNA in the
spleens of the high dose L. acidophilus group com-
pared to the allergic group (P < 0.05). The decreased
expression of miR-146a, miR-155, miR-21 and miR-9
were positively related to decreased IL-17 mRNA
expression, as well as RORγt mRNA expression
(P < 0.05).

Discussion

CMA is an inflammatory disease characterized by
IgE-mediated hypersensitivity and excessive eosino-
phil infiltration along with abnormal β-Lg-specific
Th17/Treg cell imbalance toward Th17 dominance.
Thus, regulators of Th17 cell differentiation and func-
tion are considered to be potential factors for pre-
venting allergic inflammation.

Recently, several studies reported that miRNAs
serve as important regulators of the immune
response, participating in a wide variety of immu-
nological and inflammatory disorders, including
allergic diseases. Sonkoly et al. demonstrated
that miR-155 was markedly induced by both
T-cell activators in PBMCs and allergens in
patients with chronic skin inflammation [18].
Feng et al. indicated that miR-146a played impor-
tant pro-inflammatory roles in murine models of
asthma [19]. Similarly, we observed that

Figure 2. Protective effect of live L. acidophilus KLDS 1.0738 strains against β-Lg- -induced allergy in BALB/c mice.
BALB/c mice were sensitized intraperitoneally on days 7, 14 and 21 with 1 mg/mL of β-Lg plus Freund’s adjuvant at a total volume of 0.2 mL (A: allergic
group). L. acidophilus bacteria suspension (L: low dose, 107 CFU/mL; M: medium dose, 108 CFU/mL; H: high dose, 109 CFU/mL) was intragastrically given
to the β-Lg-challenged mice three times a week from days 1 to 28. Control mice were treated with sterile saline (N). Body weight (A), anaphylactic score
(B), colon H&E staining (C), fecal microflora (D), the production of β-Lg-specific IgE (E) and histamine (F) in serum were measured in the mice. All results
are representative for 3 independent experiments. Results of experiments are means ± SD (n = 6 mice per group). *P < 0.05 versus allergic group by the
ANOVA-LSD post hoc test.
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stimulation with β-Lg enhanced the expression of
four miRNAs (miR-146a, miR-155, miR-21 and
miR-9) in comparison to the normal group,
accompanied by marked lymphocyte inflammatory
influx into the colon and a high IgE level in the
serum. These findings implied that the aberrant
expression of miRNAs might be related to the
aggravated β-Lg allergy.

Next, we further investigated the functional role
of miRNAs in regulating the Th17 cell. To the best
of our knowledge, Th17 cells can be induced by

differentiation cytokines (such as IL-21, TNF-α, IL-
17, IL-6) and transcription factors (such as STAT3
and RORγt), all of which are involved in the
destruction due to allergic inflammation. Our results
suggest that the expression of the miRNAs was
positively correlated with both Th17-related cyto-
kines production in β-Lg-stimulated splenocytes
(data not shown) and mRNA expression of Th17
transcription factors in the β-Lg-sensitized murine
model. The data published in recent years indicated
the role of specific miRNA in fitting into the known

Figure 3. Effect of oral administration of live L. acidophilus KLDS 1.0738 on the expression of miRNAs, IL-17 and RORγt in spleen
and colon tissue of β-Lg-sensitized mice.
After antigen challenge, the expression of miRNAs, mRNA expression of IL-17 and RORγt in the colon (A, C) and spleen (B, D) were measured by Real-
Time PCR. All results are representative for 3 independent experiments. The results are means ± SD (n = 6 mice per group). *P < 0.05 versus allergic
group by the ANOVA-LSD post hoc test. N: Normal group; A: Allergic group; L: Low dose (107 CFU/mL); M: Middle dose (108 CFU/mL); H: High dose L.
acidophilus (109 CFU/mL).

Figure 4. The correlation between the Th17-related mRNA and different miRNAs expression in the murine spleen.
The correlation of the gene expressions of IL-17 and miR-146a (A), miR-155 (B), miR-21 (C), miR-9 (D), and the correlation of the gene expressions of
RORγt and miR-146a (E), miR-155 (F), miR-21 (G) and miR-9 (H) in the murine spleen of high dose of L. acidophilus group (dots on the left side)
compared to allergy group (dots on the right side). A value of P < 0.05 was considered significantly correlation.
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regulatory circuits underlying Th17 cell biology. For
example, miR-16 and miR-146a were shown able to
target the 3ʹ-UTR of TNF-α and later regulate TNF-
α signaling [20,21]. miR-16 was also found to be
related to up-regulation of RORγt and down-regula-
tion of FoxP3 in peripheral blood mononuclear cells
of rheumatoid arthritis patients, which finally led to
inducing Th17 cell proliferation [22]. Additionally,
Du et al. demonstrated that miR-326 could promote
Th17 differentiation by targeting Ets-1, a negative
regulator of Th17 differentiation [23]. Murugaiyan
et al. showed that miR-21 could promote Th17
differentiation by targeting and depleting SMAD-7,
a negative regulator of TGF-β signaling [24]. In
addition, miR-146a attracted special attention
because of its NF-κB–dependent induction and tar-
geted attenuation of the NF-κB signaling transdu-
cers TRAF6 and IRAK1 [25]. Although we did not
detect the direct link between miRNAs and STAT3
or STAT5, Yao et al. confirmed that miR-155 could
activate the IL-6/JAK/STAT3 signaling pathway for
Th17 differentiation through down-regulation of
suppressor of cytokine signaling-1 (SOCS-1) protein
translation [10]. In contrast, Yan et al. showed that
miR-155 inhibition in experimental autoimmune
myocarditis resulted in reducing the severity of dis-
ease and inhibiting the Th17 immune response [26].
Consistent with this finding, miR-155−/- mice with
chronic and autoimmune inflammation presented
with defective Th17 differentiation [27]. Therefore,
we hypothesize that inhibition of dysregulated
miRNAs might be a promising therapeutic strategy
for Th17-induced allergic diseases.

Lactobacilli as probiotic bacteria are well known for
their immunomodulatory effects in T-cell-mediated
inflammatory diseases [28]. Our previous study found
that Lactobacillus acidophilus could alleviate β-Lg
allergy by suppressing the aberrant balance of
Th1/Th2 responses with decreasing the level of Th2
related cytokines such as IL-4 and increasing the level
of Th1 related cytokines such as IFN-γ (data not
shown). The identification of Th17 cells revised the
traditional concept that Th1 and Th2 cells predomi-
nantly account for the inflammatory diseases.
Therefore, we further reported the modulatory effects
of heat-killed probiotic or probiotic cell wall extracts in
the balance between Th17 and Treg responses, includ-
ing decreased Th17 related cytokines and key transcrip-
tion factors, reduced Th17 frequencies and Th17/Treg
ratio in CD4+ splenocytes, and suppressed IL-6/STAT3
pathway in murine models of β-Lg allergy [3]. In the
present study, we discussed the anti-inflammation
mechanism of live probiotics. As expected, in addition
to alleviating the β-Lg-induced inflammatory reaction,
administration of live lactobacilli also exerted inhibitory
effects on the Th17 allergic response in in vitro and in
vivo experiments. However, the underlying

mechanisms for lactobacilli inhibited allergen-activated
Th17 and Th2 responses have not been thoroughly
elucidated to date.

Research on certain miRNAs advanced our under-
standing of the impact of probiotic bacteria on intest-
inal barrier function. It was determined that both
miRNAs expression and intestinal microbiota-
mediated host gene expression were important
aspects in the control of innate immunity [29].
Subsequent reports investigated the interaction
between probiotics and miRNAs response. For
instance, Archambaud et al. demonstrated that oral
treatment with two Lactobacillus strains modulated
the expression of miR-192, miR-200b and miR-215
during L. monocytogenes infection [30]. Zhao et al.
indicated that LGG supplementation protected the
liver from ethanol-induced liver inflammation by
decreasing ethanol-elevated miR-122a in a mouse
model of chronic ethanol exposure [31]. Kalani
et al. found that miR-155, as a pro-inflammatory
molecule, was inhibited by L. acidophilus in LPS-
treated human umbilical vein endothelial cells [32].
Accordingly, we focused on the effect of probiotics
strains in modulating the miRNAs induced by β-Lg
allergy. Our initial in vitro studies showed that treat-
ment of live lactobacilli strains down-regulated four
miRNAs in β-Lg-sensitized splenocytes, especially
miR-146a and miR-155. Consistent with the results
in vitro, administration of live L. acidophilus KLDS
1.0738 to β-Lg-sensitized mice also prevented high
expression of inflammatory miRNA in spleen and
colon tissue in a dose-dependent manner. Further
analysis revealed that the expression levels of the
four miRNAs were positively correlated with mRNA
expression levels of IL-17 and RORγt in the L. acid-
ophilus -treated group compared with those in the
allergic group. Collectively, these data suggest that
live probiotics as immune modulating agents, have
the ability to inhibit miRNAs expression, which
might be linked to decreased Th17 differentiation in
CMA. In addition, miRNA was also involved in the
regulation of allergen-induced Th2 responses in aller-
gic airways disease [33]. This raises the question
whether manipulating the miRNA could provide a
novel approach to influence Th2 related inflamma-
tion in β-Lg allergy. Thus, The relationship between
miRNAs and Th2 cell activation and differentiation
in β-Lg allergy will be discussed in future works.

Additionally, further research indicated that the
immunomodulatory activity of probiotic bacteria
was relevant to the activation of the Toll-like
receptors (TLRs) signal, which induced the release
of downstream inflammatory cytokines [34,35]. In
the previous study, we also found that administra-
tion of L. acidophilus KLDS 1.0738 to sensitized
mice elevated TLR2 transcription levels, as well as
the TLR2 protein levels in colon tissue, along with
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a significant inhibitory response in IL-17, TNF-α
and IL-6 production [36]. As the primary role
players in innate immunity, several miRNAs have
been shown to negatively regulate the expression
of key proteins participating in the TLRs/NF-κB
signaling pathway [37,38]. Furthermore, regulating
TLR-responsive miRNAs, such as miR-155, miR-
21 and miR-146a, was able to inhibit or enhance
the TLR-triggered inflammatory response [39–41].
Therefore, whether miRNAs mediating TLR
ligands initiated by TLR2-recognition of bacterial
components were responsible for reducing allergic
inflammation warrants further research.

Conclusions

The present in vitro and in vivo studies revealed that
the increase in miRNA levels may be involved in the
development of Th17 inflammation during CMA.
However, live L. acidophilus KLDS 1.0738 supple-
mentation not only decreased the expression of four
miRNAs (miR-146a, miR-155, miR-21 and miR-9)
but also attenuated β-Lg-induced Th17-dominated
allergy in mice. Our present understanding of the
role of miRNAs in the regulation of allergic diseases
is still notably limited. However, these findings help
to elucidate the mechanism of beneficial microorgan-
isms and open new avenues for preventative therapy
of food allergies.
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