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A B S T R A C T

Basidiomycetes-X (BDM-X) is a novel edible mushroom recently identified as a new fungi species and is effective
against oxidative stress and anti-inflammation associated with immune response. However the effect of BDM-X
on atopic dermatitis (AD) has not been elucidated. In this study, we have investigated the effect of BDM-X on AD
skin lesions in NC/Nga mouse model. AD-like lesion was induced by the application of house dust mite extract
(DfE) to the dorsal skin of NC/Nga mouse. After AD induction, BDM-X was administered once daily for 2 weeks.
We have analyzed the effects of BDM-X on dermatitis severity, histopathological changes and changes in in-
flammatory and proinflammatory proteins expressions in DfE induced AD mice skin. Treatment with BDM-X
attenuated the development of AD-like clinical symptoms and effectively inhibited hyperkeratosis, parakeratosis,
acanthosis and mast cells in AD mice skin. Furthermore, BDM-X treatment inhibited DfE induced tumor necrosis
factor (TNF)α, high mobility group protein (HMG)B1, nuclear factor kappa (NF )B and inflammatory cytokines.κ

These results indicate that BDM-X inhibits AD through modulating Th1 and Th2 responses and diminishing the
mast cells infiltration in the skin lesions in NC/Nga mice.

1. Introduction

Atopic dermatitis (AD) is a chronic, relapsing and inflammatory skin
disease in humans, caused by a complex interrelationship among ge-
netic, psychologic, pharmacologic, environmental, skin barrier dys-
function and immunological factors (Udompataikul and Limpa-O-Vart,
2012). Disease onset typically occurs by 6 months of age in 45%, by
1 year of age in 60% and 5 years of age in 85% of affected infants and
children. Upto 70% of children have a spontaneous remission before
their adolescence. The skin is an important interface between the host
and its environment. Moreover, a leaky skin epithelial barrier combined

with abnormal immune responsiveness likely contributes to the pa-
thophysiology of AD ( ). The pathogenesis of AD is aKuo et al., 2013
complex mechanism. Environmental house dust mite allergen such as
Dermatophagoides farinae (DfE) causes AD in human (Matsuoka et al.,
2003).

Several animal models of AD have been developed; the NC/Nga
mouse AD model is clinically and histologically very similar to human
AD ( ). Along with the AD-like skin changes, NC/Matsuoka et al., 2003
Nga mice exhibit Th cells differentiation toward Th2 cells, accumula-
tion of inflammatory and mast cells in the skin lesion. Furthermore,
NC/Nga mice are linked to the increased IgE production as well as
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increased Th2 responses ( ).Choi et al., 2013
Topical or systemic corticosteroids are first line treatment for AD.

However, long-term use of corticosteroids causes severe adverse effects.
Recently, medicinal mushrooms have emerged as therapeutic alter-
native for the treatment of AD. Moreover, some medicinal mushrooms
have been used in Japan as traditional Kampo medicines.
Basidiomycetes-X (BDM-X) is an edible mushroom cultivated by Truffle
Japan Co., Ltd. (Niigata, Japan). According to genomic analysis of 18S
and 5.8S ribosomal RNA, this fungus was identified as a novel new
species and was formally registered as BDM-X to the database in the
international patent organism depositing of industrial technology in-
stitute of Japan (IPOD) (FERM BP-10011). Several in vitro anti-oxidant
assay and experimental studies suggest that BDM-X has strong anti-
oxidant activity. In spite of these reports, its effects on clinical sign and
symptoms of AD were not explored. We hypothesized that BDM-X
ameliorates skin inflammation and attenuates clinical signs and symp-
toms of AD in DfE induced NC/Nga mouse model.

2. Materials and methods

2.1. Materials

Biostir AD, a cream containing DfE extract (DfE cream), was pur-
chased from Biostir, Inc. (Kobe Japan). Phosphatase arrest III was
purchased from G-Biosciences, St.Louis, MO, USA. Trizma base, sodium
choloride, sodium fluoride, sodium orthovanadate, 2-mercaptoethanol,
bovine serum albumin (BSA) and tween 20 were purchased from Wako
pure chemical Industries Ltd., Osaka, Japan. All the reagents and che-
micals were of analytical grade and purchased from Sigma or Wako,
Tokyo, Japan, until mentioned otherwise. BDM-X (hot water extract)
was a gift from Mycology Techno Co., Ltd., Niigata, Japan.

2.2. Experimental design

Specific pathogen free female 6 weeks old NC/Nga mice were ob-
tained from Charles River, Yokohama, Japan. The animals were main-
tained in controlled room (temperature 23 ± 2 °C, humidity
55 ± 15%, 12 h light cycle). After 1 week, the mice were randomly
divided into 3 groups, untreated group- received vehicle (distilled
water) (Normal, n = 5); DfE cream treated mice (100 mg/mouse) were
divided into two groups and each received vehicle (distilled water) (AD,
n = 5) or BDM-X (530 mg/kg/day, per oral) (AD+BDM-X, n = 5) and
were allowed free access to drinking water and standard laboratory
diet. The animal experiments were performed in accordance with the
national guidelines and approved by the animal care committee of
Niigata University of Pharmacy and Applied Life Sciences, Niigata,
Japan.

2.3. Induction of AD

AD-like skin lesions were induced in NC/Nga mice using DfE cream,
as we described previously ( ). Briefly,Karuppagounder et al., 2015a
150 μL of 4% sodium dodecyl sulfate (SDS) was applied to the shaved
dorsal skin and ears. After 3 h, 100 mg of DfE cream was applied to-
pically. This procedure was carried out twice weekly for 2 weeks. BDM-
X treatment was started after AD induction (2 weeks from the start of
the experiment) and continued for 2 weeks.

2.4. Evaluation of dermatitis severity

The dermatitis severity was measured every week according to the
eczema area and severity index scoring using the following procedure:
0, no; 1, mild; 2, moderate; 3, severe symptoms were given based on
following manifestation, erythema/hemorrhage, edema, excoriation/
erosion, dryness/scaling ( ; Hanifin et al., 2001 Karuppagounder et al.,
2014).

2.5. Histopathological studies

By the end of the study period, mice were sacrificed, and their skin
tissues were harvested for semi-quantitative immunoblotting studies.
The half of the skin was immediately snap frozen in liquid nitrogen for
subsequent protein extraction assays. The remaining excised skin were
cut into about 2 mm thick transverse slices and fixed in 10% formalin.
Sections of 3–5 μm thicknesses were stained with hematoxylin and
eosin (H&E) or toluidine blue for detecting infiltrated mast cells, re-
spectively. A histomorphological evaluation of all the skin sections was
carried out in a blinded fashion ( ;Karuppagounder et al., 2014
Watanabe et al., 2015). Purple colored mast cells were counted using
20× objective.

2.6. Protein analysis by Western blotting

Western blotting was performed as described previously
( ). The total protein concentration in samplesArumugam et al., 2012
was measured by the bicinchoninic acid method. Briefly, the protein
samples were subjected to SDS polyacrylamide gel electrophoresis and
then transferred to nitrocellulose membranes. Membranes were blocked
with 5% bovine serum albumin (BSA) in tris-buffered saline with 0.1%
tween (TBST) and incubated using the following antibodies: Antibodies
against high mobility group protein (HMG)B1, receptor for advanced
glycation endproducts (RAGE), phospho extracellular signal regulated
kinase (ERK), total ERK, phospho (p)-NF B, total NF B, interferonκ κ

(IFN)γ, tumor necrosis factor (TNF)α, TNF receptor (TNFR)1, cycloox-
ygenase (COX)2 and galectin 3. All the antibodies were purchased from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA) or Cell Signaling
Technology, Inc. (Danvers, MA, USA) and used at a dilution of 1:1000.
After washing for three times with TBST, the membranes were in-
cubated with appropriate horseradish-peroxidase (HRP) conjugated
secondary antibodies for 1 h at room temperature. Further, the mem-
branes were washed three times with TBST and then developed using a
chemiluminescence detection system (Amersham Biosciences, Buck-
inghamshire, UK). The blots were scanned, and the signals were
quantified with densitometric analysis using Image Studio Digits ver.4
(Superior Street, Lincoln, Nebraska, USA). Antibodies to glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) served as control pro-
tein.

2.7. Statistical analysis

Data are presented as mean ± standard error of mean (SEM) and
were analyzed using one-way analysis of variance (ANOVA) followed
by Tukey multiple comparison test or two-tailed -test when appro-t
priate. A value of ˂0.05 was considered statistically significant. Forp
statistical analysis, GraphPad Prism 5 software (San Diego, CA) was
used.

3. Results

3.1. BDM-X improves clinical symptoms of AD in NC/Nga mice

The AD-like skin lesions induced by cutaneous application of DfE
cream resulted in immediate itching, erythema, and hemorrhage on the
ear and back that was followed by edema, superficial erosion, deep
excoriation, scaling and dryness of the skin. In AD and AD+BDM-X
groups of NC/Nga mice, clinical signs and symptoms of dermatitis
significantly developed during the 2 weeks of DfE cream application.
During the course of treatment, the dermatitis score of the AD+BDM-X
group decreased rapidly and became significantly different from that of
the group AD mice. These results clearly suggest the ameliorative po-
tential of BDM-X on the pathogenesis of AD ( ).Fig. 1
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3.2. BDM-X treatment improves histopathological changes

H&E and toluidine blue staining of the dorsal skin sections to reveal
the effect of BDM-X on mast cell degranulation during AD. The results
revealed hyperkeratosis, parakeratosis, acanthosis with varying degrees
of spongiosis in the epidermis and infiltrated mast cells into the dermis
of AD mice. In contrast, BDM-X treated mice showed the reductions in

these dermal changes compared with AD mice ( A, B and B1).Fig. 2

3.3. BDM-X downregulates HMGB1 and p-NF B expression in AD miceκ

We examined the effect of BDM-X on HMGB1 expression. We have
found that the protein expressions of HMGB1 and p-NF B were sig-κ

nificantly up-regulated in DfE induced AD mice skin when compared

Fig. 1. Effect of on time-de-BDM-X 
pendent dermatitis score of NC/Nga
mice with AD-like skin lesions. Each
bar represents mean ± SEM. Normal,
age-matched normal NC/Nga mice; AD,
AD induced NC/Nga mice; AD+BDM-
X, AD induced mice administered with
BDM-X (530 mg/kg/day, per oral)
(From 2 week to 4 week).
*** < 0.001 vs Normal;p #p < 0.05
and ###p < 0.01 vs AD.

Fig. 2. (A) H&E staining of the cross-sectional tissue slices of skin showing hyperkeratosis, parakeratosis, acanthosis and spongiosis. (A1) Quantification of epidermal
thickness. (B) Skin levels of mast cells (red arrow) by toluidine blue staining. (B1) Quantification of mast cells per field. Scale bar = 10 μm. Each bar represents
mean ± SEM. Normal, age-matched normal NC/Nga mice; AD, AD induced NC/Nga mice; AD+BDM-X, AD induced mice administered with . *** < 0.001BDM-X p 
vs Normal; ###p < 0.001 vs AD. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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with that of normal group mice, whereas treatment with BDM-X sig-
nificantly down-regulated their expression in AD induced mice vs AD
group mice ( A and B).Fig. 3

3.4. BDM-X treatment reduces p-ERK and RAGE expression in AD mice

The protein expression levels of p-ERK and RAGE were significantly
increased in the AD mice skin vs normal mice skin, whereas treatment
with BDM-X has significantly reduced their expression in AD+BDM-X
group mice skin vs AD group mice skin ( C and D).Fig. 3

3.5. Effects of BDM-X on inflammatory markers expression in DfE induced
AD mice

Our Western blot analysis indicated that the IFNγ, TNFα, TNFR1,
COX2 and galectin 3 protein expressions were significantly up-regu-
lated in vehicle treated AD mice skin compared to that of normal group
mice ( A–D). BDX-M treatment has significantly suppressed allFig. 4
these inflammatory marker proteins expression except galectin 3, which
showed reduced expression, but not significant when compared to that
of AD group mice ( E).Fig. 4

4. Discussion

BDM-X is an edible mushroom identified as a new fungi species and
registered to the database of the NPO organization for International
Patent Organism Depositing (IPOD) in the Industrial Technology
Institute of Japan ( ). It has showed potent anti-Watanabe et al., 2008
oxidant activity when compared with Agaricus, a commercially avail-
able medicinal mushroom. It has also been reported to strongly inhibit
the lipopolysaccharide induced oxidative tissue damage (Watanabe
et al., 2008). Mushrooms are identified as effective agents against AD
and several studies have reported the beneficial effects of various

mushrooms against skin diseases ( ; Choi et al., 2016 Jesenak et al.,
2016 Park et al., 2015 Suh et al., 2017; ; ). In addition, no adverse events
or severe side effects of BDM-X has been reported (Mizuno and
Nishitani, 2013). Based on these previous reports and upon the strong
antioxidant activity of BDM-X, we have performed this study to eval-
uate the pharmacological effects of BDM-X on AD skin lesions in NC/
Nga mouse model.

AD is an inflammatory skin disease, which has a complex patho-
genesis, and it encompasses susceptibility genes, immunologic re-
sponses, environmental triggers, and compromised skin barrier function
( ). AD-like skin lesions in NC/Nga mice are likeLeung and Soter, 2001
those of human AD, showing various grades of signs and symptoms such
as hemorrhage and erythema, followed by edema, superficial erosion,
deep excoriation and skin dryness ( ). In our study weNgatu et al., 2012
showed that repeated topical application of DfE resulted in increased
clinical symptoms of AD mice, whereas treatment with BDM-X sig-
nificantly improved the DfE induced AD clinical symptoms in NC/Nga
mice. Most patients with AD are pathologically characterized by hy-
pertrophy and infiltrated inflammatory cells such as T lymphocytes,
monocytes/macrophages, eosinophils, neutrophils and mast cells (Karki
et al., 2012). In this study, hypertrophy and infiltrated inflammatory
cells in the dermis were observed in the AD mice. These changes were
associated with inflammation in skin tissues. Oral administration of
BDM-X suppressed DfE-induced skin hypertrophy, morphological
changes and infiltrated inflammatory cells, suggesting that treatment
with BDM-X is effective in ameliorating the clinical symptoms and
histological changes in AD mice.

Moreover, inflammatory responses such as hypersensitivity and al-
lergic reactions are mediated by mast cells and the allergen cross-
linking of surface IgE dependent mast cells activation stimulates the
degranulation and release of histamine, prostaglandins and cytokines
( ). Histological examinations revealed that BDM-XKim et al., 2012
possesses a significant inhibitory effect on mast cell degranulation

Fig. 3. Effects on HMGB1, NF B,BDM-X κ

ERK1/2 and RAGE protein expressions.
Western blots show specific bands for (A)
expression of HMGB1, expressed as a ratio
relative to that of GAPDH, (B) expression of
p-NF B, expressed as a ratio relative to thatκ

of NF B, (C) expression of p-ERK1/2, ex-κ

pressed as a ratio relative to that of ERK1/2
and (D) expression of RAGE, expressed as a
ratio relative to that of GAPDH. Each bar
represents mean ± SEM. Normal, age-
matched normal NC/Nga mice; AD, AD in-
duced NC/Nga mice; AD+BDM-X, AD in-
duced mice administered with .BDM-X
* < 0.05 and *** < 0.001 vs Normal;p p 
#p < 0.05, ##p < 0.01 and ###p < 0.001
vs AD.
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possibly due to the inhibition of IgE hyperproduction. Interaction be-
tween IgE and allergen triggers the production of pro-inflammatory
factors and cytokines such as TNFα and IFNγ. The Th2 cytokine IL-6
activates IgE production and released from B cells and binds to mast
cells. On the other side, Th1 cytokines such as IL-2 and IFNγ play im-
portant roles in cell mediated immunity and skin inflammation (Kim
et al., 2012). Similarly, galectin 3, a beta galactoside binding animal
lectin expressed in epithelial as well as immune cells, is critical for the
development of T-helper cells mediated inflammatory immune response
( ; ). Similarly, COX2 is reportedLarsen et al., 2011 Saegusa et al., 2009
to be a mediator, which is crucial for the development of AD (Ahn et al.,
2016 Karuppagounder et al., 2015b Karuppagounder et al., 2014; ; ).

In the present study, we have identified that the AD induced in-
creased protein levels of TNFα, TNFR1, IFNγ, COX2 and galectin 3 were
inhibited by treatment with BDM-X. Given the importance of these pro-
inflammatory cytokines in AD, our present data suggests that BDM-X
suppressed pro-inflammatory factors and cytokine responses in in-
flammatory skin diseases such as AD. In addition pro-inflammatory
mediators such as HMGB1, RAGE and NF B mainly associated with skinκ

inflammation and elevated HMGB1, RAGE and NF B levels indicatesκ

hallmark of skin diseases ( ). Activation ofKaruppagounder et al., 2015b
RAGE by HMGB1 can induce reactive oxygen species (ROS) as well as
other downstream signaling pathways involving ERK and NF Bκ

( ). Similarly, MAPK signaling is activatedKaruppagounder et al., 2014
in inflammatory skin diseases and inhibitors of this pathway reduce
skin inflammation in various rodent models of human skin diseases
( ). Recently, we reported that HMGB1 and NF BIpaktchi et al., 2006 κ

activate pro-inflammatory factors and cytokines in AD NC/Nga mouse
model ( ). In the present study, we haveKaruppagounder et al., 2015b
found an effective suppression in their levels, after BDM-X treatment in
AD mice.

In conclusion, we demonstrate that the oral administration of BDM-
X attenuated the development of AD like skin lesions and ameliorates
clinical sign and symptoms in NC/Nga mice induced by DfE.
Furthermore, the BDM-X effectively suppressed infiltrated mast cells,
IFNγ, as well as TNFα and pro-inflammatory factors. These results
suggest that BDM-X could provide an effective alternative treatment for
AD.
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