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Infiltration of Mast Cells and Production of IL-31 Cytokine
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Introduction

The present study was conducted with the aim to investigate the ameliorative effects of a new
soybean product (cheonggukjang) fermented with Bacillus amyloliquefaciens SCGB1 (SFBA) in
atopic dermatitis (AD) mouse model. Visual evaluation of AD induction in the mice indicated
the remarkable control of SFBA in reducing the pathological severity of AD-like skin lesions
reported as the SCORAD score of AD clinical symptoms. The results revealed that SFBA
reduced dorsal skin and epidermal thickness to a similar extent with prednisolone. Further
analysis revealed the dominance of SFBA in restraining mast cell infiltration in the dermis;
immunoglobulin-E expression in serum; and TH2 IL-4 cytokine and itch-related IL-31 cytokine
in the mice skin and serum. SFBA also suppressed scratching behaviours in mice induced by
compound 48/80. Further histological findings also revealed the alleviation of collagen fiber
deposition in dermal skin of the AD mice model. These actions of SFBA were examined to be
mediated by its suppression of the phosphorylation activation of key signalling molecules
such as NF-kB and MAPK responsible for the induction of cytokine production. Thus, SFBA
can be considered as a promising functional food for managing clinical, histological and
immunological spectra associated with AD.

Keywords: Cheonggukjang, Bacillus amyloliquefaciens SCGB1, atopic dermatitis, scratching
behaviour, IL-31, collagen

countries affecting up to 20% of children, the majority of
whom outgrow the disease within a few years. Also, an

Atopic dermatitis (AD), an allergic inflammatory disease
characterized by intense pruritus, relapsing inflammation,
and chronic eczematous plaques is caused by either an
inside-out hypothesis mediated by Immunoglobulin E
(IgE) or an outside-in hypothesis whereby disruption of the
skin barrier (due to intrinsic genetic defect or environmental
alteration) lead to sensitization and atopic disease [1]. AD
is a leading cause of discomfort and distress in developed

estimated 2-9% of adults are reported to be suffering from
the disease [2]. In AD, infiltration of T-cells particularly
skewed towards the T helper 2 (TH2) differentiation
produces cytokines such as interleukin (IL)-4, IL-13, and
IL-31 [3, 4]. IL-4 and IL-13 down-regulate the expressions
of filaggrin, loricrin, and involucrin, three components of
the skin involved in skin barrier integrity [5, 6]. In addition,
IL-4 and IL-13 induce B-cell antibody class switching to
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IgE, which is a key initiator of allergic diseases. The
function of IgE in the development of AD is supported by
the beneficial effect of anti-IgE therapy in a number of
clinical studies [7]. IL-31 is a recently discovered cytokine
that is strongly implicated in playing a key role in the
development of itch in the AD in humans and mice models
[8, 9]. Another adverse situation in chronic AD which has
been described in detail elsewhere is hyperkeratosis and
type I collagen deposition, caused by thymic stromal
lymphopoietin (TSLP) and Eosinophil-derived leukotriene
C4 [10, 11]. The activation and translocation of NF-kB into
the nucleus and the activation of mitogen-activated protein
kinase (MAPK) signaling pathways have also been
implicated in the pathogenesis of AD by triggering the
gene and protein expression of AD-related cytokines and
chemokines [12—-14]. Thus, drugs that interfere with NF-«xB
and MAPK activities may provide an alternative therapeutic
strategy for the treatment of AD.

Nowadays, the use of topical corticosteroids for the
treatment of AD poses risks of systemic and local side
effects such as skin atrophy, solar purpura, stretch marks,
increased hair thickness, muscle weakness, headache, and
high blood pressure. As a result, many studies have
explored the possibility of using novel therapeutic
alternatives especially from natural products with fewer
side effects for the treatment of AD. Some of these studies
are focused on the use of fermented natural products, as
such products contain numerous enzymes, microorganisms
and bioactive compounds that are absent in the unfermented
products [15]. One such study reported that during
fermentation with a mold, flavonoid glycosides of soybean
are converted into aglycones by hydrolysis which possesses
biological functions [16]. In addition, soybeans fermented
with different bacteria strains have been shown to possess
biological activities spanning through anti-obesity, anti-
diabetic and anti-inflammatory effects in a number of
chronic human diseases and mice studies [17—-19]. Choi et
al. (2008) showed that the Korean traditional fermented
soybean food (cheonggukjang) exhibits its anti-inflammatory
activity by reducing leukotriene production in lipopoly-
saccharide-treated RAW 264.7 cells and also by reducing
passive cutaneous anaphylaxis and arachidonic acid-induced
ear edema in rats, thus suggesting that cheonggukjang may
be beneficial for several allergic conditions such as asthma
and atopic dermatitis [20]. However, this hypothesis has
not been proven yet. Therefore, in the present study, we
sought to investigate whether oral administration of this
soybean product (cheonggukjang) fermented with Bacillus
amyloliquefaciens SCGB1 significantly ameliorated AD
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symptoms in a mice model of atopic dermatitis and to
demonstrate its mechanism of action.

Materials and Methods

Chemicals

Fluoro-2,4-dinitrobenzene (DNFB), compound 48/80, Eosin,
haematoxylin, and toluidine blue were purchased from Sigma-
Aldrich (USA). House dust mite antigen came from Biostir (Japan)
and a Trichrome Staining Kit was obtained from Abcam, Inc.
(UK). IL-4 and IgE ELISA kits came from R&D Systems (USA) and
Shibayagi Co. (Japan), respectively. Antibodies against NF-«kB
alpha (IxkBa), phospho-IkBa, phospho-ERK1/2, phospho-p38,
phospho-c-Jun N-terminal kinases (JNK), and phospho-NF-xB/
p65 were purchased from Santa Cruz Biotechnology (USA).
Antibodies against IL-31 came from Thermo Scientific (USA) and
Abcam. Antibodies against tryptase were purchased from Abcam
while antibodies against actin came from Biosciences (USA).

Cheonggukjang Preparation

The soybeans used in the study were purchased from a local
market in Sunchang-gun, Jeollabuk-do, Republic of Korea.
B. amyloliquefaciens SCGB1 (KCCM11964P) used for the fermentation
of the soybeans came from the Microbial Institute for Fermentation
Industry (Korea). The soybeans (100 g) were washed and soaked
with four volumes of distilled water at room temperature for 24 h,
after which they were autoclaved for 30 min at 121°C. Thereafter,
the soybeans were allowed to cool to under 40°C. Next, the
soybeans were inoculated with 5% (v/w) of B. amyloliquefaciens
(1 x 10° cells/ml) and fermented for 24 h at 37°C and at a humidity
of 80%. The fermented soybeans (hereafter named SFBA) were
freeze-dried, homogenized, and the powder was stored at —80°C
for future use.

Animals and Experimental Design

Seven-week-old, male, hairless mice, from Orient Bio Inc.
(Korea), were used in this study. The mice were housed in a room
with standard environmental conditions of temperature —22 + 2°C,
humidity 50-60%, and a 12/12h light-dark cycle and fed with
commercial standard laboratory diet and water ad libitum. The
experimental procedures were performed following the Jeonju
University Institutional Animal Care and Use Committee
guidelines (Approval No. JJU-IACUC-2018-9). After one week of
initial acclimatization, the mice were divided into 4 groups (1 = 5)
i.e. Group 1-Normal control; Group 2-DNFB + house dust mite
antigen (AD model); Group 3- AD model + SFBA; Group 4- AD
model + prednisolone. To induce AD-like symptoms and skin
lesions in groups 2, 3, and 4, the dorsal skin of the mice in each of
the groups was sensitized by repeated application of 0.1 ml of
0.15% DNFB (prepared with acetone/olive oil in the ratio of 3:1)
once on days 1 and 4. On days 7, 10, and 13, the sensitized mice
were challenged with 0.1 ml of 0.2% DNFB and 100 mg of dust
mite antigen on the dorsal skin. The mice in the control group
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Fig. 1. Effect of SFBA treatment on the severity of clinical
scores in hairless mice.

(A) Schematic diagram showing the experimental design for atopic
dermatitis induction and treatment method. (B) Representative
dorsal skin photographs were taken at the end of the experiment
showing a comparison of AD-like skin lesions. (C) Clinical score of
AD-like skin lesions in hairless mice was evaluated macroscopically.
The dermatitis score was determined from the sum of all individual
scores. (D) Dorsal skin thickness was measured with the help of a
digital caliper. Data are presented as the mean + SD (n = 5). Bars with
different letters indicate statistically significant difference at p < 0.05.

(Group 1) were applied with the same volume of vehicle
(acetone/olive oil). Groups 1 and 2 mice were treated with saline
while Groups 3 and 4 were treated with SFBA 400 mg/kg, and
prednisolone 10 mg/kg, respectively. Treatment was done once
daily throughout the entire period of the experiment and all mice
received an equal volume (0.1 ml) of saline, SFBA or prednisolone
(Fig. 1A).
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Four-week-old male ICR mice were obtained from the Orient
Bio Inc. (Korea). The mice were housed and fed with similar
conditions as above. After one week of initial acclimatization, they
were divided into 4 Groups (n =5) i.e. Group 1-Normal control;
Group 2- compound 48/80; Group 3- compound 48/80 + SFBA;
Group 4- compound 48/80 + prednisolone. To induce pruritus in
groups 2, 3, and 4, 50 pg/site (0.1 ml) of compound 48/80 was
subcutaneously injected into the left side of the shoulder. Groups
2, 3, and 4 were treated with saline, SFBA 400 mg/kg and
prednisolone 10 mg/kg respectively, 60 min before the injection
of the compound 48/80. The mice in Group 1 were equally
administered with saline. Thereafter, according to a previously
published method [21], scratching behavior was monitored with
micro-cameras (ONCCTV, Korea) for 60 min and the number of
scratches on the site of the compound 48/80 injections was
counted in a double-blinded manner.

Dermatitis Score

The severities of AD-like symptoms were evaluated macro-
scopically by SCORAD method [22], which evaluates the degree
of dryness, erosion, excoriation, and scaling. The overall dermatitis
score was determined from the sum of all individual scores in a
double-blinded manner. The degree of each symptom was graded
from 0 (none), 1 (mild), 2 (moderate) and 3 (severe). Skin thickness
was measured with the help of a digital caliper (Japan).

Histopathological Analysis

On day 16, all mice were sacrificed and the dorsal skins were
harvested. The dorsal skin sections of the ICR mice injected with
compound 48/80 were also harvested. The tissues were fixed in
4% paraformaldehyde in phosphate buffered saline (PBS, pH 7.4)
for 24 h; washed in PBS for 24 h with the PBS changed 5 times;
dehydrated in a series of graduated ethanol (60-100%); cleared in
xylene and finally embedded and blocked in paraffin. Sections of
5um were cut and stained with hematoxylin-eosin stain for
measurement of epidermal thickness, toluidine blue stains for
mast cell quantification, and trichrome stain for collagen
visualization. Immunohistochemistry was performed using anti-
tryptase and anti-IL-31 antibodies for characterizing mast cell
degranulation and IL-31 expression in itch model of atopic
dermatitis, respectively. The slides for immunohistochemistry
were blocked with horse serum (Vector Laboratories, USA) and
incubated with various antibodies for 16 h. The slides were then
incubated with ImmPRESS HRP reagent containing anti-mouse
IgG (Vector Laboratories) for 30 min, followed with incubation for
20 min with AEC peroxidase substrate (Vector Laboratories).
Histopathological changes were then examined under a light
microscope (Germany).

Western Blotting

Protein was extracted using radioimmunoprecipitation assay
(RIPA) buffer (Thermo Scientific). The protein lysates (40 pg) were
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loaded onto either 7, 10, or 12% mini-protean TGX precast gels
(BIO-RAD, USA) and electrophoresed at 100 V for 1.5 h. The blots
were transferred onto Immobilon-P polyvinylidene fluoride
(PVDF) membranes (USA) for 1 h at 100 V. After the transfer, the
membranes were blocked with 5% skim milk-tris-buffered saline
(TBS) for 1 h and then incubated overnight at 4°C with either
antibody for IL-31, phosphor-ERK, phosphor-JNK, phospho-p38,
phosphor-IkBa, or phosphor-NF-kB. To ensure equal protein
loading, the membranes were stripped and reprobed with anti-p-
actin antibodies. Blots were incubated in respective secondary
antibodies (Santa Cruz Biotechnology, USA) in 5% skim milk-TBS
for 2h at room temperature and visualized on an ultraviolet
detection Imaging System (Alliance version 15.11; UVITEC,
UK). Band intensity was measured using the Image] gel analysis
software (developed by the National Institutes of Health,
Bethesda, USA).

Ribonucleic Acid (RNA) Extraction and Reverse Transcription-
Polymerase Chain Reaction (RT-PCR) Analysis

Total RNA was extracted and purified from excised dorsal skin
using the Ribospin II Extraction Kit (GeneAll Biotechnology,
Korea). The extraction was done following the manufacturer’s
specifications and the RNA extracted was stored at —20°C. The
RNA (1 png) was reverse transcribed to cDNA using a PrimeScript
RT Master Mix (Takara Bio Inc, Japan) following the manufacturer’s
protocol with a T1I00TM Bio-Rad Thermal Cycler set at 42°C for
1h. ¢cDNA was amplified with Stratagene Mx3000P (Agilent
Technologies Inc., USA) using the SYBR Premix Ex Taq (Takara
Bio Inc., Japan) following the manufacturer’s procedure. The
standard cycle settings were: 95°C for 5 min, 40x (95°C for 30 sec,
62°C for 30 sec) followed by a dissociation curve ramping from
95°C to 55°C and back to 95°C. The following primers were used:
sense, 5-CCT ACC CTG GTG CTG CTT TG-3" and antisense, 5'-
CTG ACA TCC CAG ATG CCT GC-3’ for IL-31 ; sense, 5'-CCA
GGA GCC ATA TCC ACG GA-3’ and antisense, 5-CTG TGA
GGA CGT TTG GCA CA-3’ for IL-4; sense, 5-GGC TAC ACT
GAG GAC CAG GT-3’ and antisense, 5’-TCC ACC ACC CTG TTG
CTIGTA-3" for glyceraldehyde 3-phosphate dehydrogenase
(GAPDH). All samples were run in triplicate and fluorescence
data of target genes were analyzed for relative quantification
using GAPDH as a control.

Enzyme-Linked Immunosorbent Assay (ELISA)

On day 16 serum samples were collected and stored at —20°C.
The samples were used in measuring the levels of IL-4 and IgE,
using ELISA. The measurements were performed according to the
manufacturer’s protocol. The absorbance was immediately read at
450 nm on a spectrophotometer reader (Switzerland).

Statistical Analysis

Data are presented as the mean + SD (1 = 5). Statistical analysis
was performed using one-way ANOVA followed by Duncan’s
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multiple comparison tests. The p-values of < 0.05, were considered
statistically significant.

Results

SFBA Ameliorates Clinical Symptoms of Atopic Dermatitis

At the end of the 16-day treatment course, the anti-AD
potentials of SFBA were evaluated by measuring the
SCORAD clinical scores of AD, and the thickness of the
excised dorsal skin. As shown in Fig. 1, repeated application
of DNFB + house dust mite antigens led to an induction of
AD-like symptoms in this study. The severity of the skin
lesions was significantly reduced with oral administration
of SFBA to the AD mice (Fig. 1B). Also, there was a
significant reduction in the SCORAD clinical scores of
atopic dermatitis (dryness, erosion excoriation oozing, and
crust) in mice treated with SFBA (Fig. 1C). In addition,
treatment with SFBA also led to a significant reduction in
the dorsal skin thickness in the mice AD (Fig. 1D). To
further analyze the efficacy of SFBA, we microscopically
examined the dorsal skin sections of the mice. We
confirmed that DNFB + house dust mite antigen challenge
markedly induced epidermal hyperplasia and oral
administration of SFBA prevented epidermal hyperplasia
(Fig. 2A). Prednisolone, a positive standard used in this
study showed similar results with SFBA.

SFBA Prevented Infiltration of Mast Cells in the Skin of
the Atopic Dermatitis-Mice Model

In the present study, repetitive application of DNFB and
house dust mite antigen induced enormous infiltration of
mast cells into the dermis of the dorsal skin of the mice.
However, when the AD model mice were treated with
SFBA, marked suppression of mast cell infiltration into the
dermis of the dorsal skin of the mice was observed (Fig. 2).
As expected, prednisolone demonstrated similar results in
preventing mast cell infiltration and degranulation in the
dermis of the dorsal skin of the mice.

SFBA Suppressed the Production of Interleukin-4 in
Atopic Dermatitis-Mice Model

The effectiveness of SFBA was also investigated in the
present study by measuring the TH2-specific cytokine, IL-4.
Figs. 3A and 3B reveal that the AD model group expressed
the highest levels of IL-4 mRNA and IL-4 in the skin and
serum respectively, compared with the normal control
group. In contrast, the AD model group, co-administered
with SFBA, considerably suppressed the expression of IL-4
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Fig. 2. Effect of SFBA treatment on epithelial hyperplasia and mast cell infiltration in the dermis of the atopic dermatitis mouse

model.

(A) Morphological changes of dorsal skin stained with hematoxylin/eosin stain showing epithelial hyperplasia. (B and C) Toluidine blue stained

tissues showing mast cell infiltration into the dermis. Images were taken at 10x magnification. Data are presented as the mean + SD (n = 5). Bars

with different letters indicate statistically significant difference at p < 0.05.

mRNA in the skin tissues and IL-4 in the serum of the mice.
Prednisolone also suppressed IL-4 mRNA expression in the
dorsal skin and IL-4 in the serum of the mice.

SFBA Suppressed the Expression of Immunoglobulin E
in the Atopic Dermatitis-Mice Model

The expression of IgE in mice serum was evaluated in
this study. As shown in Fig. 3C, higher levels of IgE was
found in mice serum applied with DNFB + house dust mite
antigens. In contrast, oral administration of SFBA suppressed
IgE expression in the serum. Also, oral administration of
prednisolone slightly suppressed IgE expression in the
mice serum.

SFBA Suppressed Expression of Interleukin-31 in Atopic
Dermatitis-Mice Model

The efficacy of SFBA was also investigated in the present
study by measuring the itch-related inflammatory cytokine,

IL-31. Figs.3D and 3E reveal that the AD mice model
group expressed the highest levels of IL-31 mRNA and
proteins, compared with the normal control group. In
contrast, the AD model group, co-administered with SFBA,
considerably suppressed the expression of IL-31 mRNA
and protein in the mice skin tissues. Prednisolone also
suppressed the expression of IL-31 mRNA and protein in
the mice skin tissues as expected.

SFBA Significantly Reduced Itch in Atopic Dermatitis
Itch-Mice Model

The effect of SFBA on the relief of itch in ICR mice was
investigated in the study. Injection of compound 48/80 on
the dorsal skin of the mice induced scratching behavior in
the neck of the mice. This scratching behaviour was
significantly reduced in the mice treated with SFBA or
prednisolone (Fig. 4F). Further histopathological examinations
of tissue-stained sections showed a reduction of mast cell
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Fig. 3. Effect of treatment with SFBA on T helper cytokine, Inmunoglobulin E and the itch-related interleukin-31 cytokine

inhibition in the mouse model of atopic dermatitis.

(A) Dorsal skin tissue samples were collected and RT-PCR employed to determine the expression levels of IL-4 mRNA. (B and C) Serum samples
were collected and used to measure IL-4 and IgE by ELISA. (D and E) RT-PCR and western blot analyses were employed to measure mRNA and
the protein expressions levels of IL-31 in the dorsal skin tissues, respectively. Where applicable, data are presented as the mean + SD (n = 5). Bars

with different letters indicate statistically significant difference at p < 0.05.

infiltration and degranulation as evidenced by the decrease
in the expression of tryptase in the dorsal skin of the mice
treated with SFBA (Figs.4B, 4C, and 4E). Also, the
expression of IL-31 in the skin of the mice treated with
SFBA was found to be decreased (Fig. 4D). As expected,
prednisolone demonstrated similar effects with SFBA.

SFBA Suppressed Collagen Deposition in Atopic Dermatitis-
Mice Model

In this study, processed skin specimens were also stained
with Masson'’s trichrome to explore histological changes
produced in collagen fibers. Results obtained are shown
in Fig. 5 as photomicrographs representing the degree of
collagen scaffold deposition in the dorsal dermis. DNFB +
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house dust mite antigens led to massive collagen
deposition in the dermis. This showed that repeated topical
applications of DNFB + house dust mite antigens that led
to fibrogenesis with elevated production and deposition of
collagen fibers in the dermal layers. However, when the
mice induced with AD were repeatedly treated with SFBA,
there was a considerably lower degree of collagen fiber
deposition in the dorsal skin dermis. Prednisolone also
prevented collagen deposition in the dermal skin.

SFBA Suppressed the Activation of Cell Signaling
Molecules in the Skin Tissue of Atopic Dermatitis-Mice
Models

To understand the mechanism of action of SFBA in
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Fig. 4. Effect of treatment with SFBA on scratching behavior in compound 48/80-induced itch in ICR mice.

(A) Morphological changes of skin stained with hematoxylin/eosin stain. (B) Toluidine blue stained tissues showing mast cell degranulation. (C)
Immunohistohemically stained tissues showing tryptase, a marker of mast cell degranulation. (D) Immunohistohemically stained tissues showing
IL-31 expression in mice skin tissue. (E) The number of mast cells in the dermis was counted. (F) The number of scratches was recorded. Images
were taken at 10x magnification. Data are presented as the mean + SD (n = 5). Bars with different letters indicated a statistically significant

difference at p < 0.05.
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(A) Representative trichrome stain for collagen fiber deposition. (B) The color density of trichrome stain-collagen fibers was measured with the
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ameliorating the signs and symptoms of the AD, the
activation states of some key cell signaling molecules that
are involved in directing the expressions and productions
of AD-related cytokines were investigated. The results
obtained showed that mice in the AD mice model group
had higher levels of activated IxB, NF-xB/p65, ERK, p38,
and JNK (denoted by their phosphorylated state),
compared with the baseline group. Administration of SFBA
to mice in the AD model group significantly suppressed
the phosphorylation activation of all these signalling
molecules in the mice skin (Fig. 6).

Discussion

Recently, as different treatment methods are proving
ineffective for the treatment of AD, scientists have begun to
focus their interest on the development of alternative
therapies for the treatment of atopic dermatitis which
constitutes a nuisance to humans. In the present study, the
preventive effectiveness of SFBA using a hairless mouse
model of AD was explored by examining various AD-
related parameters including AD severities and signaling
mechanisms responsible for the induction of AD-related
cytokines. The increased clinical scores and skin thickness
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observed in the study were expected to be caused by the
activation of underlying inflammatory cascades associated
with AD pathogenesis. These inflammatory reactions
provoke pathological ~ processes, including
accumulation of inflammatory cytokines in the dermis,
epithelization, and keratinization. The results revealed that
daily oral administration of SFBA did not only significantly
reduce the clinical scores of AD but a significant reduction
in the dorsal skin thickness and epidermal thickness were
also recorded. In addition, SFBA prevented various
pathological features of the AD such as severe erythema,
hemorrhage, the release of exudates/transudates, edema,
superficial erosion, and dry skin as seen in the obtained
images. The results obtained for SFBA treatment were
comparable to that obtained for prednisolone treatment.
Therefore, these findings suggested that SFBA was
effective in maintaining skin integrity distorted by the AD,
and were associated with minimal symptoms of dryness

various

and erythema.

AD is characterized by infiltration of inflammatory cells
into the dermis of the skin. This was true for this study as
the AD mouse model showed a large number of
inflammatory mast cells in the dermis. The infiltration of
mast cells to the dermis of the dorsal skin was in response
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Fig. 6. Western blot analyses showing the effect of SFBA on
the phosphorylation status of various cell signaling proteins
in the skin of atopic dermatitis mouse model.

Proteins from the tissues were electrophoresed by SDS-PAGE, blotted
onto a PVDF membrane and incubated with respective primary and
secondary antibodies. The membranes were visualized using ECL
western blotting substrate from Promega or Super Signal Western
Dura Extended Duration Substrate from Thermo Scientific. The
density of each band in the immunoblot was analyzed using the
Image] gel analysis software. Bars with different letters indicated a
statistically significant difference at p < 0.05.

to the allergic inflammatory reaction in the skin caused by
the repeated applications of DNFB and house dust mite
antigen. In contrast, AD-induced mice treated with SFBA,
like prednisolone, showed remarkable control of
inflammatory mast cell infiltration into the dermis of the
dorsal skin. The TH2-specific cytokine-IL-4 was also
measured and found to be highly expressed in the skin
tissues and serum of AD mice in the current study. Also,
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IgE was found to be increased in the atopic mice group.
This was in accordance with other studies that reported a
high level of IgE in atopic mice that was due to activation of
underlying inflammatory cascades in response to repetitive
applications of DNFB [23, 24]. IL-4 is a key player in atopic
dermatitis that signals through IL-4 receptor alpha and
activates TH2 cells to further release IL-4, 5, 6, and 13
expressed in atopic dermatitis [25]. IL-4 also mediates the
production of IgE in B cells during maturation. IgE then
mediates the infiltration and degranulation of the mast cell
that causes further infiltration of other inflammatory cells
that are associated with AD [26]. Remarkably, our study
showed that daily oral administration of SFBA to mice
induced with AD minimized IL-4 and IgE production. The
inhibitory effect of SFBA on IL-4 and IgE could be
attributable to the action of SFBA to mitigate the progression
of the adaptive immune response involved in AD.

Itch is another symptom of AD with a mechanism that
has been poorly understood. For this reason, treating itch
in AD has proven difficult especially with the use of just
histamine receptor blockers. Recently, a newly discovered
cytokine, IL-31, has been found to be one of the sole
mediators of itch in AD. Suppressing or eliminating IL-31
in AD patients could be beneficial in treating itch in AD
[27]. Therefore, in the present study, we also investigated
the effects of oral administration of SFBA in AD mouse
models. Repetitive administration of DNFB and house dust
mite antigen led to an increase in IL-31 mRNA and protein
expression in the dorsal skin of mice in this study, similar
to a report from a previous study [28]. This increase in IL-
31 mRNA and protein expression was suppressed when
the AD mice were treated with SFBA, and the effect was
comparable in magnitude to mice treated with prednisolone.
The fact that SFBA decreased the expression of IL-31 in the
mice skin pushed us to investigate the effects of SFBA on
scratching behavior in mice subcutaneously administered
with compound 48/80. Compound 48/80 activates mast
cells in mice skin to release not only histamine but also
other mediators including IL-31, which directly activate
nerve fibers, thus inducing itch [29]. Compound 48/80 in
this study indeed increased mast cell infiltration and
degranulation as evidenced by the increase in the
expression of tryptase, and increased the expression of IL-
31 in the skin of the mice. There was also an increase in
scratching behavior induced by compound 48/80.
However, SFBA pre-treatment significantly inhibited the
infiltration and degranulation of mast cells, IL-31 expression,
and scratching behavior in the mice. This protective effect
was comparable in magnitude to the mice treated with
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prednisolone. Thus, it can be inferred that SFBA can reduce
itch in AD mice by inhibiting the infiltration of mast cells
into the dermis of the skin and expression of IL-31 in the
skin tissue of mice.

Collagen deposition had previously been reported in
atopic dermatitis mice [30]. Also in this study, an increase
in collagen deposition was recorded. This could be as a
result of the repeated topical applications of DNFB and
house dust mite antigen that led to fibrogenesis with
increasing production and deposition of collagen in the
dermis. Lower collagen deposition was observed when the
mice were administered with SFBA. The results were
similar to the mice administered with prednisolone. The
lowered collagen deposition might have contributed to
improving the clinical scores reported for this study as
decreased fibrogenesis and hence lower collagen
deposition reduces skin fibrosis and scar formation. It can
be suggested that the effect of SFBA on collagen deposition
might be a result of its action in alleviating underlying
inflammatory reactions involved in the initiation of
fibrogenesis.

To understand the mechanism of action of SFBA in
ameliorating DNFB and house dust mite-induced AD, we
verify the phosphorylation status of signalling molecules
that mediate inflammatory mediators and cytokine
production in immune cells. Here, we found that DNFB
and house dust mite antigen up-regulated the phos-
phorylation activation of ERK, p38, and JNK, IkB-a, and
NF-kB, and oral administration of SFBA remarkably
suppressed the phosphorylation activation of these
signalling molecules in the mice dorsal skin. Prednisolone
demonstrated similar effects with SFBA. These results
suggest that SFBA suppress TH2-IL-4 and itch-related IL-
31 cytokine via suppressing IxkBa and NF-kB activation as
well as suppressing the activation of MAPKSs (p38, ERK1/2,
and JNK) in a mouse model of AD, which offers a potential
mechanism for the amelioration of the AD-like symptoms
in mice.

In summary, our data, to the best of our knowledge
showed for the first time that oral administration of SFBA
ameliorated AD symptoms induced by DNFB and house
dust mite antigens in hairless mice model of AD. SFBA was
able to improve SCORAD scores of AD, reduce dorsal skin
thickness, prevent collagen deposition in the dorsal skin,
and reduce the infiltration and degranulation of mast cells,
scratching behavior and expression of IgE, IL-4, and IL-31
through its prevention of NF-xkB and MAPK activation in
mice skin tissue. SFBA may serve as an effective food for
preventing AD and inhibiting its progression.
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