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The aqueous extract of Rhizopus oryzae U-1 (RU) increases the number of Thl cells, which defend
against Salmonella infection and regulate immunity in rats. In this study, we demonstrated the anti-
dermatitis effects of RU in a picryl chloride (PiCl)-induced mouse model of atopic dermatitis. RU treatment
significantly decreased the time-dependent exacerbation of dermatitis scores and increased the final body
weight and food intake. A significant decrease in serum IgE and IL-4 levels confirmed that RU treatment
suppressed the exacerbation of atopic dermatitis. Flow cytometric analysis revealed that RU treatment
significantly increased CD4* IFN-y* (Thl) and decreased CD4* IL-4* (IL-4* Th) cell numbers. Thus, the
oral administration of RU effectively suppressed atopic dermatitis induced by PiCl, and the decrease in the
number of CD4* IL-4* cells and serum IL-4 levels may be partially mediated by RU in mice.
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Introduction

Rhizopus fungi have traditionally been used to produce
alcohol in China and tempeh and fermented soy foods in
Southeast Asia (Meussen et al., 2012). The aqueous extract of
R. oryzae U-1 (RU) improves reproductive functions such as
fertilization rate, fecundity, and hatchability in quails and
chickens (Zhang et al., 1999); prolongs mating season in rats
(Higuchi et al., 1979); increases ovarian steroid hormone
secretion in rats and rabbits (Higuchi et al., 1979; Horiuchi et
al., 1985; Saito, 1980); and improves conception rates in cows
(Umezu, 1973). We previously reported that the oral pre-
administration of RU effectively suppressed liver injury
induced by the oral administration of CCl4 and that the RU-
induced increase in IGF-1 and HGF gene expression may be
partially involved in the biological actions of RU in rats
(Suzuki et al., 2015). Moreover, oral RU administration
protected against Salmonella infection by activating peripheral
monocytes and improving the Th1/Th2 balance in models of
Salmonella infection in rats (Suzuki et al., 2007a). The number
of viable Salmonella enteritidis cells in the liver reduced
significantly to approximately 1% of that in the control group;
however, the number of viable cells in the spleen and

mesenteric lymph nodes was unchanged. Interestingly, oral
administration of RU induced a decrease in the number of Th2
cells and activated phagocytes such as macrophages by a
relative increase in the number of Thl cells. For infections
caused by intracellular parasites such as Salmonella, cell-
mediated immunity is important for defense. Cell-mediated
immunity involves macrophages and CD8* cells activated by
IFN-a or IL-2 secreted from Thl cells (Nathan et al., 1983;
Pace et al., 1983a; Pace et al., 1983b; Zhang et al., 1998). In
cell culture experiments involving human peripheral
neutrophils, Zhang et al. observed an increased production of
superoxide in response to RU treatment. We reported that RU
induced apoptosis in the human promyelocytic leukemia cell
line HL-60 by activating the caspase cascade, including
caspase-3, -8, and -9 (Suzuki et al., 2007b). Thus, the effect of
RU in improving adaptive immunity has been established,;
however, its role in atopic dermatitis (AD) has been examined
for the first time in this study.

AD is classified as a type | allergy. An inflammatory
response is induced by the release of cytotoxic factors such as
reactive oxygen and peroxidase from eosinophils following
eosinophilic infiltration into the derma (Carr, 2013; Simon et
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al., 2004). The hypofunction of the cutaneous barrier caused
by the lower water retention ability of the skin and an increase
in epidermal transpiration rate exacerbates AD, which is a
characteristic of AD. Barrier dysfunction leads to an invasion
of environmental antigens such as from ticks or house dust into
the epidermis. The engulfment of antigens by antigen-
presenting cells causes inflammation. Excessive scratching
damages the epidermal cells, which release inflammatory
cytokines (Bieber, 2008). At the onset of AD, the type of
adaptive immune response is decided by the function of helper
T cells. The function of Th2 cells is necessary for AD onset
mainly in the acute phase; however, Thl cells are needed for
the chronic phase. Th2 cells produce IL-4, IL-5, and IL-6,
which mediate immunoglobulin class switching (Bieber, 2008;
Leiferman, 1994). Therefore, when the helper T cell response
changes the predominance of Th2 cells, allergies develop as a
result of excessive antibody production.

A study on the interaction of intestinal flora and allergy
onset or anti-allergic effects of probiotics revealed that the oral
administration of Lactobacillus rhamnosus GG reduced AD
symptoms in pregnant women and newborns (Kalliomaki et al.,
2001) and that Lactobacillus acidophilus L-92 is effective
against AD in adults (Inoue et al., 2014). L-92 induces the
production of IL-12 by macrophages and changes the Th1/Th2
balance in favor of Thl. In addition, probiotic administration
effectively prevents AD (Lise et al., 1992; Harima-Mizusawa
et al., 2015; Kwon et al., 2018;). In addition, fermentation
products from fungi such as Aspergillus or Rhizopus have been
reported to reduce symptoms of AD (Matsuda et al., 2012;
Kim et al., 2015; Hur et al., 2018). In these reports, AD
inhibitory effects were found in extracts with water or low-
concentration alcohol from whole fermented products of
soybeans and other plants containing fungal organisms.
Although RU is a fungal extract, not a fermented extract, it has
been found to be effective in promoting Thl responses (Suzuki
et al., 2007a). However, it is unclear whether its RU effect can
reduce the symptoms of AD.

For inhibiting or improving the symptoms of AD, the Th2
response, which is induced by the infiltration of immune cells
at the site of inflammation, must be regulated. The application
of RU locally at the site of dermatitis may effectively inhibit
inflammation. We hypothesize the induction of a systemic
immunomodulatory effect of helper T cells upon the oral
intake of RU, based on our previous findings. To test our
hypothesis, we used the Nc/Nga mouse model with picryl
chloride-induced AD. The effects of RU administration on AD
were analyzed through the immunomodulatory effects of RU
on subset analysis of lymphocytes derived from the spleen,
such as CD4* IFN-y* (Th1) and CD4* IL-4* (IL-4* Th) cells
and serum IFN-y, IL-4, and IgE levels.

Materials and Methods

Reagents 2-Chloro-1,3,5-trinitrobenzene  (picryl
chloride; PiCl) was purchased from Tokyo Chemical Industry
Co., Ltd. (Tokyo, Japan). PiCl was recrystallized from 100 %
ethanol solution for purification and shielded from light.

Fungal strain and aqueous fungus extracts R. oryzae U-
1 was isolated from fermentation using ground barley and bran
as the culture medium. R. oryzae U-1 was cultured for 4 d at
24 °C in malt extract medium (20 g malt extract, 1 g
polypeptone, and 20 g glucose in one liter). The fungal cells
were collected, suspended in water (10 g/100 mL) at 45 °C,
stirred for 30 min, and centrifuged at 3 000 x g for 20 min.
The supernatant was concentrated in vacuo to produce a dried
powder. A working solution of the aqueous extract of RU was
produced by dissolving the powder in distilled phosphate-
buffered saline (20 mg/mL).

Mice The animals used for this study were 7-week-old,
specific pathogen-free, male NC/Nga mice (Charles River
Laboratories Japan, Inc., Kanagawa, Japan) weighing 24.2 +
0.4 g. They were maintained on a commercial diet (CE-2;
CLEA Japan Inc., Tokyo, Japan) and tap water ad libitum and
kept at a temperature of 22 + 2 °C, with a relative humidity of
55 % + 10 % and 12 h light:12 h dark. The 12 animals were
divided into two groups; one was sensitized and challenged to
develop AD (AD control group; n = 6) and the other was
sensitized, challenged to develop AD, and treated with RU
(RU group; n = 6).

Model of AD in NC/Nga mice Schematic procedure for
the induction of AD-like skin lesions and oral administration
of RU in NC/Nga mice is shown in Fig. 1. AD was induced
with PiCl in NC/Nga mice according to the instructions
provided by Charles River, Japan. For inducing AD-like skin
lesions, 150 pL of 5 % (w/v) PiCl in acetone/ethanol (4:1) was
applied to the thoracic and abdominal areas and footpads using
a micropipette-nose (sensitization). The challenge was
performed 3 d the sensitization. A total of 150 pL of 1 % (w/v)
PiCl in olive oil was applied to the back and both ears of mice.
This procedure was repeated once a week for up to 6 weeks.
RU was administered orally at a dose of 0.5 mL/kg (10 mg/kg)
using a gastric tube once a day for 10 consecutive days after
the fifth challenge. The AD control group was administered an
equal volume of phosphate-buffered saline. Body weight and
food intake were measured each day from the start of RU
administration to the end of the experiment. All procedures
were performed under the guidance of the Committee for
Animal Experimentation at Azabu University (No. 130410-2).

Scoring of dermatitis The extent of dermatitis was
evaluated based on (1) skin flaring and hemorrhage, (I1) crust
formation and xerosis cutis, (111) edema, and (1V) excoriation
and erosion in the pinna and back skin and scored as follows:
0 = no symptoms, 1 = mild, 2 = moderate, and 3 = severe. The
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Fig. 1. Experimental design of Rhizopus oryzae U-1 aqueous extract (RU) application in atopic dermatitis (AD) model
mice. To induce AD-like dermatitis, sensitization was performed by applying 150 pL of 5 % (w/v) PiCl in
acetone/ethanol (4:1 mixture) to the thoracic and abdominal areas and footpads. The challenge was performed after
sensitization. A total of 150 uL of 1 % (w/v) PiCl in olive oil was applied to the back and both ears. This procedure
was repeated once a week for up to 6 weeks. Mice were either treated with RU or PBS alone for 10 d following the fifth

application of PiCl.

total score of pinna and back skin evaluation were considered
the dermatitis score.

Determination of serum IgE and cytokine The levels of
serum IgE, IL-4, IL-10, IFN-y, and PGE2 in were determined
using commercial ELISA kits (Shibayagi Co., Ltd., Gunma,
Japan; Diaclone SAS, Besancon, France; Cayman Chemical
Co., Ann Arbor, MI, United States), according to the
manufacturer’s protocol.

Subset analysis of helper T cells Lymphocytes were
purified from pooled mice spleens by density-gradient
centrifugation using Percoll (GE Healthcare UK Ltd.,
Amersham Place, England), seeded at 1 x 10 cells/flask in 25
cm? culture flasks, and stimulated with phorbol 12-myristate
13-acetate (final concentration 40 ng/mL) and ionomycin
(final concentration 4 pg/mL) for 12 h at 37 °C. Brefeldin A
(final concentration 2 pM) was added to the cultures 2 h before
cell harvesting. The cells were washed once with PBS and
stained with PE-Cy7 conjugated anti-mouse CD4 antibody
(BD Bioscience, Flanklin, NJ, United States) for 30 min at
22 °C. The cells were fixed with 4 % formaldehyde for 20 min
and permeabilized with 0.5 % saponin PBS solution
containing 0.5 % BSA and 0.1 % sodium azide for 10 min at
RT. Intracellular cytokines were stained with PreCP-Cy5.5-
conjugated anti-mouse IFN-y antibody and PE conjugated
anti-mouse 1L4 antibody for 30 min at RT. Antibody staining
was analyzed using a EC800 flow cytometer (Sony Imaging
Products & Solutions Inc., Tokyo, Japan) on at least 10 000
events, using the software provided.

Statistical analysis Data are expressed as means + SEM.

Differences among groups of mice were assessed using
Student’s t test and repeated-measures ANOVA (using the
Bonferroni multiple comparison). P-values < 0.05 were
considered statistically significant.

Results

Effect of RU on AD skin lesions in NC/Nga mice The
effect of RU on the development of AD-like symptoms by PiCl
was evaluated in NC/Nga mice. Typical AD lesions are shown
in Fig. 2A. In the RU group, skin lesions (erythema, crust
formation, and edema) on the back and pinna in the AD control
group were mild. No hemorrhage and tissue defects were
observed in the pinna. The dermatitis score was evaluated
during 10 d of RU administration. The dermatitis score
progressively increased with time. RU prevented this increase,
and the difference from the AD control group increased
depending on the number of doses (Fig. 2B). The time-
dependent change of dermatitis score was significant in both
groups, but the increment was significantly smaller in the RU
group than in the AD control group (p < 0.05).

Effect of RU on growth parameters in NC/Nga mice The
effects of RU on growth parameters (initial body weight, final
body weight, daily gain, and food intake) are shown in Table
1. Final body weight and food intake in the RU group were
significantly higher than those in the AD control group.

Effect of RU on serum IgE and cytokine levels in NC/Nga
mice Fig. 3 shows the serum levels of IgE (A) and IL-4 (B)
following the end of RU administration. Total serum IgE
levels in the AD control and RU groups were approximately
40 936 and 29 698 ng/mL, respectively. IgE levels in the RU
group were significantly lower (p < 0.05) than those in the AD
control group. Serum IL-4 levels in the AD control and RU
groups were approximately 42 and 17 ng/mL, respectively. IL-
4 levels in the RU group were significantly lower (p < 0.05)
than that in the AD control group. By contrast, no significant
difference in serum IL-10, IFN-y, and PGE2 levels were
observed between mice in both groups.

RU regulates CD4+ T cell proliferation and
differentiation Lymphocytes prepared from the spleen were
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Fig. 2. Effect of Rhizopus oryzae U-1 aqueous extract (RU) treatment on the development of atopic dermatitis (AD)-
like skin lesions in NC/Nga mice. (A) Photographs were taken on the last day of the experimental period. (B) The
dermatitis scores of mice were evaluated on days 1, 5, and 10 of RU administration. The scores are expressed as the
mean + SEM of six individual animals. Open triangle and closed circle represent the AD control group and RU group,
respectively. Data that differ significantly (p < 0.05) are indicated by an asterisk on the right side of the line vs. AD
control group. Repeated-measures ANOVA (using the Bonferroni multiple comparison) was performed.
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Fig. 3. Suppression of PiCl-induced increased of serum IgE and IL-4 levels by Rhizopus oryzae U-1 aqueous extract
(RU). Levels of serum IgE (A) and IL-4 (B) were measured as sensitive markers for atopic dermatitis (AD) after PiCl
application in the absence or presence of RU treatment. Data are expressed as means + SEM of six individual animals.
Open and closed bars represent AD control group and RU administration group, respectively. Data that differ

significantly (p < 0.05) are indicated by an asterisk at the top of the bar.

stained with antibodies specific for CD4, IFN-y, and IL-4. Fig.
4A shows typical flow cytometric histograms in the absence
or presence of RU treatment, and Fig. 4B shows the ratio of
helper T cell subsets (Th1l: CD4*, IFN-y* or IL-4* Th: CD4",
IL-4%) in 10 000 counts of total lymphocytes. Comparing both
histograms, RU treatment reduced IFN-y-negative and IL-4-
positive cells (lower right quadrant), shifting the differentiated
subset from IL-4* Th cells to Thl. The Thl cells in the RU
group were 2.5 %, which significantly increased compared to
0.3 % in the AD control group (p < 0.05). IL-4* Th cells were
significantly reduced to 9.4 % compared to 41.4 % in the AD
control group (p < 0.05).

Discussion

Our findings revealed that RU suppresses AD-like
dermatitis induced by PiCl application in mice: 1) Treatment
(oral administration) of RU significantly suppressed the PiCl-
induced increase in dermatitis score (Fig. 2). 2) Final body
weight and food intake were significantly increased by RU
treatment (Table. 1). 3) The levels of serum markers for AD,
such as IgE and IL-4, decreased upon RU administration (Fig.
3). RU treatment improved the helper T cell ratio (significant
increase in Thl cells and significant decrease in Th2 cells) in
the spleen (Fig. 4).

In NC/Nga mice, dermatitis symptoms are progressively
exacerbated after 6 weeks (Matsuda et al., 1997). In this study,
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Table 1. Effects of Rhizopus oryzae U-1 aqueous extract on growth parameters in NC/Nga mice.

AD control RU
Body weight (g)
Initial 243+0.7 242+0.5
Final 248+0.7 26.8 +0.3*
Daily gain (g) 0.06 £ 0.22 0.19+0.20
Food intake (g/day) 5.14 £0.15 5.94 £ 0.23*

Data are expressed as means = SEM of six individual animals and data that differ significantly

(p < 0.05) are indicated by an asterisk.

Body weight was measured on the first and last days of the Rhizopus oryzae U-1 aqueous extract

(RU) treatment.

Daily gain and food intake are shown as per day during RU treatment.
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Fig. 4. Change in the population of Th cell subsets upon Rhizopus oryzae U-1 aqueous extract (RU) treatment in
NC/Nga mice. (A) Representative flow cytometric histograms indicating CD4*/ IFN-y* (Th1l) and CD4*/ IL-4* (IL-4*
Th) cells. The plots were pregated on CD4* cells and examined by the levels of IFN-y or IL-4. (B) Ratio of CD4*/ IFN-
v" (Thl) cells and CD4*/ IL-4* (IL-4* Th) cells in total lymphocytes. Data are expressed as means = SEM of six
individual animals. Open and closed bars represent the atopic dermatitis (AD) control and RU administration groups,
respectively. Data that differ significantly (p < 0.05) are indicated by an asterisk at the top of the bar.

the experiment was completed with the sixth application of
PiCl, but AD-like dermatitis appeared in the middle of the
exacerbation period, and we expect the symptoms to worsen
further if the study period is extended. Therefore, the
improvement of dermatitis by RU administration is not due to
the disappearance of PiCl-induced AD and spontaneous
remission. Notably, the improvement of dermatitis occurred
through oral administration and not local application of RU,
because RU administration improves AD through changes in
immune cell action. Food intake and daily weight gain are
suppressed in PiCl-induced AD NC/Nga mice (Seino et al.,
2012). Improvements in growth parameters such as high final
body weight and food intake in RU-administered mice suggest
reduction of stress due to dermatitis. In addition, in PiCl-
induced AD NC/Nga mice, the up-regulation of Cdknla
inhibits the cell cycle and down-regulation of PPARa Acoxl,
and Cpt2 suppresses f-oxidation of fatty acids and inhibits

lipid metabolism to induce the formation of fatty liver (Seino
et al., 2012). The promotion of hepatocyte proliferation and
suppression of fatty liver by RU (Suzuki et al., 2015) may have
some effect on AD improvement, but we have not conducted
those examinations in this study.

RU was reported to shift the Th1/Th2 balance to Thl and
protect against infection in the Salmonella infection model
(Suzuki et al., 2007a). The effect of RU on immune cells is
expected to be exerted in AD. The number of IL-4 producing
(Th2 or Tfh) cells gradually increased in NC/Nga mice as skin
inflammation was exacerbated with the induction of AD (Kim
et al., 2011) or human allergic disorder (Kamekura et al.,
2015). Naive helper T cells differentiated into subclasses, such
as Thl and Th2 cells, upon antigen stimulation and cytokine
release but were eliminated by apoptosis if antigen stimulation
was not performed for approximately 1 week (Hildeman et al.,
2002). In this study, AD-like skin lesions exacerbated with
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time because the mice were continuously stimulated with PiCl
every week. Therefore, in the AD control group, the symptoms
of dermatitis progressively worsened after the fifth application
of PiCl (Fig. 2B). However, in the RU group, the dermatitis
score at the fifth application of PiCl was maintained for 5 d,
and the increase in the dermatitis score was significantly
smaller than that in the AD control group. In our previous
report, RU induced the differentiation of naive helper T cells
into Thl cells by activating innate immune cells such as
monocytes (Suzuki et al., 2007a) and induced apoptosis in
leukocytes in vitro (Suzuki et al., 2007b). Thus, RU treatment
induces the IL-4 producing cells to apoptose and causes the
differentiation of naive Th cells into Thl cells through the
components of the innate immune system, such as monocytes
and macrophages. Indeed, RU administration significantly
reduced the levels of serum IL-4 and IgE, which are produced
by activated B cells (Fig. 3A, B). However, no difference in
the serum levels of IFN-y and PGE2, which promote
differentiation into Thl cells through the PI3K pathway, was
found between both groups.

Unlike Tfh cells, Th2 cells cannot localize to lymphoid
follicles, where B cells differentiate into antibody-producing
cells (Fazilleau et al., 2009; Harada et al., 2012; Vijayanand
et al., 2012). Although CD4* IL-4* cells are classified as Th2
cells and Tfh cells, they could not be distinguished in this
study. However, IL-4 induces a class switch from IgM to 1IgG1
and IgE in B cells and the differentiation of B cells into plasma
cells and memory B cells (Howard et al., 1982). Moreover,
peripheral blood Th2 cells were reported to invade the
lymphoid follicles and differentiate into Tfh cells (Glatman
Zaretsky et al., 2009).

Meanwhile, it has been recently reported that 1L-31
produced by Th2 cells is involved in the expression of pruritus
in AD (Dillon et al., 2004, Bilshorough et al., 2006), and
scratching behavior is reduced in AD model mice in which the
IL-31 receptor is knocked out (Dillon et al., 2004, Sakata et
al., 2019). In the AD patients, suppression of pruritus has a
great effect on improving the QOL. However, in this study, IL-
31 gene expression in the local of dermatitis and blood 1L-31
concentration were not measured. In the cytokines produced
by Th2 cells, IL-31 is an important and essential substance for
the expression of pruritus, but then, IL-4 induce class
switching of IgE (Delphin et al., 1995) and together with IL-
13 damages the skin barrier function by reduce of filaggrin
production (Cha et al., 2019, Furue, 2020). Importantly, all of
these cytokines are produced by Th2 cells and exerts negative
effect on the exacerbation of AD. RU administration
significantly reduces the number of IL-4 producing cells
(including Th2 cells), blood IL-4 concentration, IgE level, and
improves dermatitis score. Therefore, it is considered that RU
administration improves AD by regulating the differentiation

of helper T cells but not block the pruritus caused by IL-31 in
local. This effect of RU may be difficult to improve AD such
as immediate pruritus control, but it may be possible to expect
a fundamental improvement from a long-term perspective.
However, suppression of pruritus is a high priority in the
treatment of AD, and it is a very interesting issue whether RU
can suppress pruritus in AD.

In addition, there are some very interesting findings
regarding Th2 cell differentiation recently. Treg subset that
specifically suppresses differentiation into Th2 cells plays an
important role in suppressing the Th2 reaction (Curotto et al.,
2001, Zheng et al., 2009, Rudra et al., 2012). Meanwhile, it
has been reported that Treg cells are reprogrammed into Th2-
like cells under inflammatory of Th2 response and promote
inflammation by producing IL-4 (Noval et al., 2015). The
relationship between these Treg cells and Th2 reaction plays a
very important role in the promotion or suppression of AD. In
the present study, it has not been possible to determine whether
the suppression or promotion mechanism of AD by these
functions of Treg cells is involved. Therefore, there is no doubt
that the fact that Th2 response is suppressed by RU
administration is a major factor in improving AD, but the
midstream of the Th2 response suppression mechanism by RU
has not been elucidated.

As shown in this study, RU has the effect of alleviating
the AD symptoms. RU is a fungal culture extract and is not a
purified substance; it is a mixture of various fungus-derived
components, but the active ingredients in RU have not been
identified. In fermented extracts of Aspergillus or Rhizopus,
which have been reported to have anti-AD effects, the
involvement of water-soluble polysaccharides as active
ingredients has been suggested (Matsuda et al., 2012; Kim et
al., 2015; Hur et al., 2018). Meanwhile, the immune cell
activation mechanisms of fungi themselves have been studied
in pathogenic fungi, and it has been reported that innate
immune responses, mainly phagocytic cells, and adaptive
immune responses, mainly helper T cells, are important for
infection defense (Bartemes and Kita, 2018). Specific
structures such as B-glucan, mannan, and chitin have been
reported as water-soluble fungal components recognized by
pattern recognition receptors (PRRs) such as Toll-like
receptors on antigen presenting cells (Levitz, 2010), and a
glycoprotein recognized by the C-type lectin receptor called
Dectin-2 has also been newly reported (Ishikawa et al., 2013).
Meanwhile, many fungi such as Aspergillus and Candida are
characterized by the presence of B-glucans and chitin as cell
wall polysaccharides, while chitin and chitosan are the major
polysaccharides of cell wall components in zygomycetes
including Rhizopus. Chitin is a pl1,4-polymer of N-
acetylglucosamine in which the hydroxyl group at position 2
of glucose is replaced by an acetylamino group, and chitosan
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is a Pl,4-polymer of glucosamine in which N-
acetylglucosamine is deacetylated. (Younes and Rinaudo.
2015; Gow et al., 2016). N-acetylglucosamine is important as
an antigen recognition mechanism in innate immunity by
specifically binding to mannan-binding protein (MBP), a
component of complement, and activating the complement
system. (Kilpatrick, 2003; Nakagawa et al., 2003). MBP is
also strongly expressed in the small intestine, suggesting its
involvement in mucosal immunity (Uemura et al., 2002;
Nakagawa et al.,, 2003). Administration of N-
acetylglucosamine has also been reported to have
immunomodulatory effects, activating NK cells and increasing
their production of IFN-y in mice and humans (Matheson et al.,
1984; Hulikova et al., 2011).

Since RU is a water-extracted fungal culture, there is a
high possibility of containing high levels of polysaccharides
derived from the fungal cell wall and monosaccharides derived
from it as described above. In some fungal species, such as
Aspergillus, B-glucans are located inside the mannan layer,
which is less permeable and porous in living fungal cell, and
may be hardly recognized by PRRs depending on the fungal
condition (Brakhage et al., 2010; Gow and Hube, 2012). Since
RU does not contain viable fungi, it is likely that these
endogenous polysaccharides are exposed during the extraction
process and may be involved in the functionality of RU.

In conclusion, RU treatment effectively improve AD in
NC/Nga mice, which involved suppression of IgE production
from B cells following significant increase of Thl cells and
significant reduction of the number of IL-4* Th cells and
serum IL-4 levels. However, helper T cells subset that
produces IL-4 on which RU acts is unknown.
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