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Grifola frondosa (GF), distributed widely in far
east Asia including Korea, is popularly used as tra-
ditional medicines and health supplementary foods,
especially for enhancing the immune functions of
the body. To extend the application of GF
polysaccharides (GFP) for atopic dermatitis (AD),
we investigated the effects of GFP on the 2,4-dinitro-
chlorobenzene-induced AD-like skin lesion in NC/
Nga mice. GFP treatment significantly reduced the
dorsa skin dermatitis score and combination treat-
ment with GFP, and dexamethasone has a synergis-
tic effect in AD-like skin lesion by reduced Serum
IgE, mast cells infiltration, and cytokines expression.
These results indicate that GFP suppressed the AD-
like skin lesions by controlling the Th-1/Th-2-type
cytokines in NC/Nga mice. These findings strongly
suggest that GFP can be useful for AD patients as a
novel therapeutic agent and might be used for corti-
costeroids replacement or supplement agent.

Key words: Grifola frondosa; polysaccharides; atopic
dermatitis; Nc/Nga mice; interleukins

Recently, atopic dermatitis (AD) became a major
health topic for the young age children, worldwide. In
recent years, 10-20% of children and 1-2% of adults
suffer from AD."? AD is a chronically relapsing inflam-
matory skin disease, accompanied by erythematous skin,
severe itching, and lichenification with cutaneous hyper-
sensitivity.” AD is a multifactorial skin disease, with
complex interactions of innate and adaptive immune
responses based on a strong genetic predisposition
triggered by various environmental and psychological
factors, allergen factors, like dust mites, and pharmaco-
logical factors.*> Inappropriate treatment of AD can
lead to severe after effect throughout a lifetime, such as
lack of self-confidence and physiological problems.

For typical therapeutic trials to moderate AD, topi-
cal corticosteroids have been the standard treatment of
choice for acute outbreaks of AD, but prolonged
application of high dose can be associated with
atrophogenic side effects. An alternative, steroid-free,
immune-modulatory agent, like the medicinal plant,
including edible mushrooms that could provide a safe
and effective long-term treatment for AD patients,
would add to the treatment options for this compli-
cated disease.®”™

Grifola frondosa (GF) is a Basidiomycete fungus
that belongs to the order Aphyllopherales and family
Polyporeceae. GF has been recognized as an edible
mushroom and enhanced immune function in the east-
ern Asia. Previous studies demonstrated that GF has
ameliorated hypertension,” decreased cholesterol level
from the serum'® and prevented cardiovascular dis-
ease.'” A major component of GF is polysaccharides,
which are distributed in mushroom, and have been
reported to possess beneficial effects such as antitumor
and immunoregulatory effects. Moreover, recent stud-
ies have reported that B-Glucan and mannan, which
are the most abundant components of GF, are strongly
correlated with their immunomodulation effects. These
polysaccharides are recognized by TLRs and mannose
receptors, and activate antigen-presenting cells.'?
What is interesting is that GF enhances the immune
system via oral administration, same as an intra-perito-
neal injection.'” A phase VII trial using GF polysac-
charides (GFP) extract affected the host immune
system without dose-limiting toxicity.'” An oral
administration of GFP may be a useful dietary supple-
ment for healthy individuals to modulate an immune
response.

In this study, we investigated how an oral adminis-
tration of GFP inhibits AD-like skin lesion. In addition,
we evaluated the efficacy of GFP and combination
effect of glucocorticoid in AD-like skin lesion.
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Materials and methods

Chemicals

2,4-dinitrochlorobenzene (DNCB) and histological
analysis materials were obtained from Sigma-Aldrich
(Milwaukee, WI, USA). Enzyme-linked immunosorbent
assay (ELISA) kits for immunoglobulin (Ig)E, interleu-
kin (IL)-1pB,-4,-6, and TNF-a were purchased from Shi-
bayagi (Shibayagi co., Ltd, Gunma, Japan) and Enzo
Lifescience. All chemicals were of the highest purity
grade.

Preparation  of  polysaccharides  from  Grifola
frondosa

Briefly, 1000 g of GF fruiting body was purchased
from Animal Bio Resources Bank affiliated in the Kor-
ean National Animal Resources Research Center. The
clean, washed fruiting body of GF was extracted with
5000 mL double distilled water at 110 °C pressurization
condition for 4 h in a reflux apparatus. After filtration
with perlite-coating filter, an extract was concentrated
with a concentrator, and sterilized for 30 min at 90 °C.
The sterilized extract was frozen at —70 °C for
three days and lyophilized until fully dried (Samwon
Freezing Engineering, Korea). The final yield from
fruiting bodies was 76.75 g. The dried extract yield
from crude materials was approximately 2.4% (w/w).

Determination  of  f-glucan  concentration in
polysaccharides

The content of B-glucan in the polysaccharides was
quantitatively determined with a B-glucan assay kit for
mushrooms (Megazyme, Bray, Ireland) according to the
manufacturer’s instruction. Briefly, for the determina-
tion of total (a- and B-) glucan content, dried extract
from the mushrooms fruiting bodies were hydrolyzed
with 7 M HCI at 30 °C for 45 min. Then, 10 mL of
water was added and incubated at 100 °C for 2 h. After
being neutralized with 2 M KOH, an aliquot was dis-
solved with exo-1,3-f glucanase (20 U/mL) plus B-glu-
cosidase (4 U/mL) in 200 mM sodium acetate buffer
(pH 5.0). The hydrolysates were incubated with a mix-
ture of glucose oxidase and peroxidase at 40 °C for
1 h. The absorbance of the mixture was measured at
510 nm. For determining the o-glucan (phytoglycogen
and starch) content, the extracts were dissolved in 2 M
KOH, hydrolyzed, and treated with 1.2 M sodium ace-
tate buffer (pH 3.8). Amyloglucosidase (1630 U/mL)
and invertase (500 U/mL) were added to the solution
and the mixture incubated at 40 °C for 30 min. The ali-
quot was incubated with a mixture of glucose oxidase
and peroxidase at 40 °C for 20 min. The absorbance of
the solution was measured at 510 nm. The content of
B-glucan was determined by subtracting a-glucan from
total glucan (Table 1).

Animals

Female NC/Nga mice (15-18 g body weight, four
weeks of age) were purchased from SLC, Inc.
(Shizuoka, Japan). Animals were housed in specific
pathogen-free conditions in a controlled room with
12/12 h light and dark cycle for two weeks before the

Table 1. Total glucan, a-Glucan, and B-Glucan contents of a
range of GFP.

Total
Glucan B-Glucan® a-Glucan

Glucan content (% w/w) 27.21 +1.24 1835 +0.59 8.86 +0.33
(Extract weight basis)

“Measurement of 1,3:1,6-B-D-Glucan.

start of experiments. Mice pellet food was provided
ad libitum. After two weeks, the mice were randomly
divided into seven groups (n = 3 per group). All animal
experimental study and protocols were approved and
followed by the Animal Ethics Committee, Gyeong
Sang National University (Approved Number: GNU-
130118-M0005).

Induction of AD and oral administration of GFP

To induce AD-like skin lesions, DNCB was applied
to the dorsal skin lesions. After completely shaving
the dorsal hair of approximately 8 cm?” a 200 pL of
0.2% DNCB solution (dissolved in a 3:1 mixture of
acetone and olive oil) was spread two times a week
for three weeks. Once in a week, we shaved DNCB
applied area with razor. After inducing AD, the seven
groups of mice (two control groups and five test
groups) were treated three times a week for four
weeks as follows:

Negative control (NC) group — only vehicle (3:1
mixture of acetone and olive oil) treatment.

Positive control (PC) group — application of 0.2%
DNCB.

250 mg/kg GFP treatment group (GFP1) — oral
administration of GFP (normal saline) based on the
body weight.

500 mg/kg GFP treatment group (GFP2)-oral
administration of GFP (normal saline) based on the
body weight.

Dexamethasone group (Dex) — 1.5 mg/kg Dexa-
methasone IP injection three times a week.
Combination group 1 (C1) — 1.5 mg/kg Dexametha-
sone IP injection and 250 mg/kg GFP (normal sal-
ine) treatment group.

Combination group 2 (C2) — 1.5 mg/kg Dexametha-
sone IP injection and 500 mg/kg GFP (normal
saline) treatment group.

Animals were sacrificed 43 days after the first applica-
tion of DNCB (Fig. 1). Whole blood was collected
from the vena cava, and the dorsal skin tissues were
removed and subjected to histopathological analysis.

Evaluation of dermatitis lesion

The severity of dermatitis was evaluated using the
method described by Yamamoto et al.'> The severity
of dermatitis is evaluated three times a week. The
development of erythema/hemorrhage, scarring/dryness,
edema, and excoriation/erosion was scored as 0 (none),
1 (mild), 2 (moderate), and 3 (severe). The sum of the
individual list scores was taken as the dermatitis score.
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Fig. 1. Schematic diagram of the experimental protocol.
Note: Mice were divided into seven groups. To induce AD-like skin
lesions, 0.2% DNCB was applied to the dorsal skin.

Measurement of IgE concentration in serum

Mice serum samples were obtained from whole
blood, and levels of IgE in the serum were measured
using an IgE ELISA kit for mice (Shibayagi co., Ltd,
Gunma, Japan), according to the manufacturer’s proto-
cols. IgE concentrations were calculated using a linear
regression equation obtained from the standard absor-
bance values.

Measurement of cytokines production

The cytokine levels were determined using ELISA.
Mice dorsal skin samples (100 mg) of the AD region
were homogenized in 1 mL of T-PER tissue protein
extraction buffer (Pierce, Rockford, IL, USA) contain-
ing protease inhibitor cocktail. Homogenized samples
were centrifuged at 15,000 x g for 30 min at 4 °C and
the supernatant was collected. The amount of IL-1p,
IL-6, TNF-a, and IL-4 were determined using a murine
ELISA kit (Enzo life science).

Histological analysis of skin lesions

The dorsal skin lesions were sliced and tissues were
fixed in 8% buffered-neural formalin for 48 h. The
fixed skin tissues were embedded in paraffin wax, sec-
tioned, deparaffinized, and rehydrated using a standard
technique with a minor modification. Skin sections with
thickness of 5 pm were subjected to hematoxylin and
eosin (H-E stain) for the detection of the inflammation
cells, periodic acid Schiff stain (PAS stain) for base-
ment membrane detection, and immunohistochemistry
for the detection of cytokeratin 10 protein. Selected
sections were stained with toluidine blue staining dye
for the detection of mast cell infiltration. Histopatholo-
gical changes and epidermal thickness were examined
by a light microscopy (Leica). For measuring the epi-
dermal thickness, three nonsequential sections were
evaluated, and for each section, the epidermal thickness
was determined by five sequential measurements. An
arbitrary scope was given to each microscopic field,
viewed at a magnification of 200x.

Statistical analysis

The present data are expressed as the mean + standard
error. Statistical significance was determined using one-
way analysis of variance (ANOVA), followed by the

Dunnet multiple comparison test using Instat™ software
(Graphpad, San Diego, CA). P values < 0.05 were con-
sidered statistically significant.

Results

Glucan contents from GFP

GF is an abundant source of polysaccharide such as
B-glucan. After the extraction of polysaccharide from
GF, we measured total glucan, a- and pB-glucan contents
in the GFP and summarized in Table 1. The B-glucan
content in GFP was 18.35 + 0.59% and a-glucan was
8.86 + 0.33%.

GFP-suppressed DNCB-induced AD-like skin lesion
in NC/Nga mice

The AD-like skin lesions induced by the dermal
application of DNCB resulted in severe itching, mild
hemorrhage, and erythema on the dorsal region, which
was followed by skin edema, abnormal keratinization,
dryness, and excoriation of the skin. In all groups of
NC/Nga mice, except the NC group, dermatitis sign
and symptoms were rapidly observed during the two
weeks of repeat DNCB topical application. However,
after GFP and combination treatment with Dex applica-
tion for three weeks, these AD-like clinical symptoms
were controlled, except the Dex group. In case of the
Dex group, continued itching behavior lead to an exco-
riation of the skin. Lesions of excoriation were limited
on the hind-leg claw action radius. A photograph of
the dorsal skin lesions of NC/Nga mice from each
group, which was taken at the end of the experiment,
is shown in Fig. 2(A). The dermatitis severity was
assessed twice a week for six weeks. As shown in
Fig. 2(B), the dermatitis score of the PC group
increased rapidly and became significantly different
from that of the NC group by the first week after the
first application of DNCB. Whereas, the dermatitis
scores of other groups began to decrease from the third
week after the first DNCB treatment, and decreased
markedly at the sixth week. Following H-E staining,
hypertrophy of the epidermis was observed in the PC
group, while they were not detected in the NC group.
However, the GFP and Dex treatment groups showed a
decrease in this inflammatory change (Fig. 2(C)).

GFP-inhibited DNCB-induced serum IgE and mast
cell infiltration in NC/Nga mice

The serum total IgE level of each group is shown in
Fig. 3(A). The elevation of the serum total IgE level is
closely related to the severity in AD disease.'® The
extrinsic type of AD shows a high level of IgE as a
consequence of skin barrier damage and feasible aller-
gen infiltration. Application of DNCB for six weeks
significantly increased the serum total IgE levels in the
PC group, as compared with the NC group. However,
the serum total IgE levels were significantly reduced in
all the test groups (GFP1 to C2) as compared with the
PC group. The Cl and C2 groups exhibited a greater
significant decrease in the IgE levels compared with
the GFP1, GFP2, and Dex groups. To investigate
whether the inflammatory cells had infiltrated into the
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Fig. 2.  Effect of GFP on DNCB-induced AD-like skin lesions in NC/Nga mice.

Notes: (A) Photography example of the clinical severity of AD-like skin lesions. (B) The dermatitis score was defined as the sum of scores for
seven different clinical criteria: erythema/hemorrhage, scarring/dryness, edema, and excoriation/erosion. (C) Dorsal skin lesions were removed and
fixed in 4% para-formaldehyde solution. Skin sample was cut with 5 um and stained with H-E. The photographs were taken on the 42" day after
the sacrifice of animals. Magnification, 200x. Data are presented as means + SD (n = 3). Data were analyzed using one-way ANOVA followed by
Dunnett’s multiple comparison test.

*p < 0.05, **p < 0.01 vs. NC; *p < 0.05 NC vs. PC.
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Fig. 3. Effect of GFP on the serum total IgE level and mast cells in dorsal skin lesion.

Notes: (A) Serum total IgE was measured using ELISA method. (B) and (C) Mast cells were stained with toluidine blue stain method and
marked as black arrow. Data are presented as means = SD (n = 3). Data were analyzed using one-way ANOVA followed by Dunnett’s multiple
comparison test.

*p < 0.05, **p < 0.01 vs. NC; “p < 0.05 NC vs. PC.
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Fig.4. Effect of GFP on Th-1/Th-2-type cytokines production quantitative ELISA assay of mouse dorsal skin tissue harvested at the end of the

experiment.

Notes: Data are presented as means + SD (n = 3). Data were analyzed using one-way ANOVA followed by Dunnett’s multiple comparison test.
*p < 0.05, **p < 0.01 vs. NC; “p < 0.05 NC vs. PC.

140
#

120

o

g 100

i

'-E E o b .

3t

E % 60 [ "

‘-E_ 40 w o

H "
20 F

NC PC GFP1 GFP2 Dex Cc1 c2

Fig. 5. Effect of GFP on histological changes of the dorsal skin lesions.
Notes: Skin tissues were stain with PAS basement membrane stain method. Magnification, 200x. Data are presented as means = SD (n = 3). Data
were analyzed using one-way ANOVA followed by Dunnett’s multiple comparison test.
*p < 0.05, **p < 0.01 vs. NC; “p < 0.05 NC vs. PC.
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Fig. 6. Effect of GFP on histological changes of the dorsal skin lesions.
Notes: Skin tissues were applied with anti-cytokeratin 10 antibody. Magnification, 200%. Data are presented as means + SD (n = 3). Data were
analyzed using one-way ANOVA followed by Dunnett’s multiple comparison test.

%p < 0.05, **p < 0.01 vs. NC; *p < 0.05 NC vs. PC.

dermis after DNCB application, dorsal skin sections
were stained with toluidine blue-staining dye for detec-
tion of the mast cells. Mast cells in the dermis were
markedly increased in the PC group after DNCB appli-
cation than in the NC group; whereas, the test groups
significantly reduced the number of mast cells in the
dermis. However, mast cells number in the Dex group
was higher than the other test groups (Fig. 3(B) and

©).

GFP-suppressed IL-1§, IL-6, TNF-a, and IL-4
cytokine production in NC/Nga mice

Pro-inflammatory cytokines are contributed to the
AD pathogenesis in the chronic stage, and Th2-type
cytokines are dominant in the acute phase AD. As
shown in Fig. 4, repeat application of DNCB treatment
significantly elevated the level of IL-1B, IL-6, TNF-q,
and IL-4 in the PC group compared with the NC
group. GFP1, GFP2, and Dex groups significantly
inhibited the production of these cytokines. The Cl1
and C2 groups also significantly reduced the cytokine
production. These results demonstrate that GFP
decreased DNCB-induced inflammatory cytokines,
leading to the suppression of dorsal skin inflammation
caused by an invasion of the inflammatory cells.

GFP decreased hyperkeratosis and cytokeratin 10
differentiations at dorsal skin lesion in NC/Nga mice

Hyperkeratosis is the main symptom of AD patients,
and cytokeratin 10 is closely associated with epidermo-
lytic hyperkeratosis.'”'"® As shown in Fig. 5, we

GFP1 GFP2 Dex C1 c2

stained the skin tissue with PAS stain methods for the
basement membrane detection. Epidermis was signifi-
cantly thickened with repeated application of DNCB
treatment compared with the NC group. However, daily
supply with GFP and Dex significantly reduced the
thickness of the basement membrane. To gain a better
understanding of the hyperkeratosis, we assessed the
cytokeratin 10 expression. As shown in Fig. 6, a repeat
application of DNCB significantly increased cytokeratin
differentiation in the PC group compared with that of
the NC group. The test groups significantly inhibited
cytokeratin 10 differentiation in the skin dermis.

Discussion

In the present study, we demonstrated that oral
administration of GFP inhibits AD-like skin lesions in
NC/Nga mice with repeat application of DNCB. Inter-
estingly, DNCB induced the clinical symptom within
one week. This is very convenient for induced AD like
the skin lesions, because we control the experiment start
point and, hence, easy to evaluate the dermatitis score
at one time. Indeed, we found that oral administration
of GFP exhibited a significant suppression in AD-like
skin lesions. Moreover, combination treatment of GFP
with Dex inhibited AD-like skin lesions more signifi-
cantly than those of a Dex single treatment. These find-
ings strongly suggest that GFP can be useful for AD as
a novel therapeutic agent and might be used for cortico-
steroids replacement or as a supplemental agent.

AD is the most common chronically relapsing
inflammatory skin disease present from infancy or
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childhood.'” Most AD patients suffer from not only its
clinical symptoms, but their hideous appearance. A top-
ical application of corticosteroids is the most common
treatment for AD. These anti-inflammatory drugs bind
to the glucocorticoid receptor and activate its down-
stream signal pathway. Due to the concerns regarding
the potential side effects associated with long-term use
of corticosteroids and possibility of corticosteroid resis-
tance microbe appearances, corticosteroid rescue ther-
apy is necessary for AD patients. For this reason,
phytomedicine therapy can be an excellent complemen-
tary method for AD patients. Edible mushroom, espe-
cially GF, has been used as a medicinal herb for a long
time in an Asian country, including China, Korea, and
Japan.’” Recent studies also show that many edible
mushrooms apply to AD-like skin lesions.”'*? GF
increased urine volume temporary, but there are no
severe side effects. Particularly, its immune-modulating
effects through oral administration were studied in nor-
mal mice and humans.'**> Here, we try to focus on
this mushroom not for its nutritional properties, but as
a therapeutic agent. The major active polysaccharide of
GF is B-glucans, and its medicinal properties are
strongly dependent on high molecular weight, ranging
from 500 to 2000 kDa. Our extract might be consisting
of high molecular weight -glucan. For this reason, our
next study will focus on the identification of B-glucan
molecular weight. It is important to realize that chemi-
cal modification is necessary to improve clinical quali-
ties, water solubility, and the ability of stomach wall
permeability.

The serum IgE level is one of the most important
factors in AD patients since high level of IgE mediates
the clinical characteristics in extrinsic AD patients. A
high level of IgE binds to the mast cells and releases
the inflammatory mediators.>¥ We found that GFP and
Dex significantly inhibited the IgE level after DNCB
treatment. However, the serum IgE level and number
of mast cells were not matched in the Dex treatment
group. Both were significantly decreased compared
with the PC group, and the number of mast cells was
still higher than other treatment groups (Fig. 3(B)). It
might be related with continuous itching behavior and
local skin excoriation (Fig. 2(B)). While, combination
treatment inhibits mast cell infiltration and the IgE level
was also decreased in comparison to the Dex single
treatment, these results so far show that GFP might
counteract the side effects of glucocorticoid.

IL-1B, IL-6, and TNF-a promote inflammation and
are called pro-inflammatory or Th-1-type cytokines.
These cytokines promote T-cell activation and activate
inflammation cascade reaction. IL-1p and TNF-a act
synergistically in this process and trigger the expression
of inflammatory mediators.”> This acute-phase reaction
causes fever and stimulates leukocyte to release the
inflammatory mediators. On the contrary to this, Th2-
type cytokines called anti-inflammatory cytokines block
the inflammatory process or suppress the intensity of
the inflammation cascade.”® The human immune sys-
tem is regulated as a highly complex and intricate net-
work of signal pathways. From the balance point of
view, anti-inflammatory cytokines should be up regu-
lated to inhibit pro-inflammatory cytokines. However,
AD patients show a high level of IgE that are released

from B-cells and will bind to mast cells. This reaction
triggers the release of prostaglandin and hista-
mines,”’*® and it makes a typical AD symptom. GFP
treatment significantly inhibited IL-1B, IL-6, TNF-q,
and IL-4. These results suggest that the therapeutic
effects of GFP in NC/Nga mice are associated with
both the control of the pro-inflammatory cytokines and
Th-2-type cytokines (Fig. 4(A)).

Histologically, AD patients exhibit hypertrophy and
hyperkeratosis of the epidermis infiltration of the
inflammatory cells.”?”’ In our study, hypertrophy of the
epidermis was confirmed with PAS staining, and hyper-
keratosis was also checked with immunohistochemistry,
using anti-cytokeratin 10 antibody. Epidermal thickness
and cytokeratin 10 differentiation were followed as a
similar pattern. Also, the combination-treatment groups
show a more significantly decreased tendency than that
of the GFP single-treatment groups.

In conclusion, our study suggests that oral adminis-
tration of GFP modulates the Th-1/Th-2 response and
that mast cell infiltration might be a major mechanism
of the AD-like skin lesion in NC/Nga mice. Also, we
tested a histological analysis and provided evidence
that GFP inhibited differentiation of the cytokeratin 10
and control of the basement membrane after DNCB
treatment. Furthermore, a combination treatment with
Dex and GFP inhibited AD-like skin lesion more effec-
tively. These findings strongly suggest that GFP can be
useful for AD patients as an excellent corticosteroids
replacement or supplement agent.
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