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ABSTRACT Grifola gargal Singer, a medicinal mushroom, has been found to be effective for the prevention and treatment

of various chronic inflammatory diseases. However, the effects of G. gargal on allergic diseases are unknown. The present

study investigated the effect of G. gargal extract on allergic bronchial asthma. Asthma was induced in mice by ovalbumin

sensitization and inhalation. The grade of asthma was compared between mice fed with chow containing G. gargal extract and

mice given standard chow. The human mast cell and eosinophilic cell lines were used for in vitro studies. G. gargal extract

significantly reduced airway hyperresponsiveness, lung eosinophilic infiltration, lung interleukin (IL)-13 expression, and

plasma IgE level and significantly increased IL-10 plasma levels compared to untreated control mice. Spleen regulatory

T cells were significantly increased in mice treated with the G. gargal extract compared with untreated control mice. G. gargal

extract significantly suppressed expression of cytokines in mast cells and eosinophils compared with control cells. Overall,

these observations show that G. gargal extract augments the lung population of regulatory T cells and ameliorates allergic

inflammation and airway hyperresponsiveness in mice with allergic bronchial asthma, suggesting the potential therapeutic

benefit of G. gargal extract in allergic diseases.
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INTRODUCTION

The prevalence of allergic diseases is rapidly rising in
most countries around the world with particularly high

rate in developed countries.1,2 The prevalence of allergic
sensitization was reported to be 16–57% in the United States
and in the European and Asian countries.1,2 The high mor-
bidity caused by allergic diseases is associated with low
work productivity, high school absenteeism, low school
performance, poor quality of life, and increased economic
burden.3 Allergic asthma is one of the most prevalent al-
lergic disorders.4 There are about 300 million people with
asthma worldwide and it is estimated to account for about
250,000 deaths per year.4 Allergic asthma is characterized
by a predominant activation of T helper type 2 (Th2) T cells
over Th1 cells in association with increased secretion of
allergen-specific IgE from B cells and enhanced priming and
activation of mast cells and eosinophils.5,6 There is no cu-

rative therapy for asthma. Current therapy is only symp-
tomatic and includes the use of inhaled corticosteroids alone
or in combination with long- or short-acting b2-agonists.7 In
addition, 5–10% of asthmatic patients are glucocorticoid
insensitive and adverse effects following therapy with cor-
ticosteroids are not rare.8 Therefore, new therapeutic options
are currently under development.9

Grifola gargal Singer is an edible mushroom, with anti-
inflammatory properties, that commonly grows in the south-
ern regions of South American forests.10,11 G. gargal is
characterized by forming multipetaloid fruit bodies and by its
peculiar almond flavor. The anti-inflammatory activity has
been attributed to the abundant content of ergothioneine
and ergocalciferol (vitamin D2) in the mycelia and fruit body
of the mushroom.11,12 Three novel sterols (gargalols) and a
new sphingosine with osteoclast-forming suppressive activ-
ity have been also recently isolated from the fruit body of
G. gargal. We have also previously demonstrated that by using
an experimental mouse model, G. gargal extracts can prevent
the progression of atherosclerotic disease by enhancing the
population of regulatory T cells and by stimulating the
secretion of chemokines that promote vascular repair.10 In
a clinical study, we also demonstrated that consumption of
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G. gargal is associated with decreased urinary deoxypyr-
idinoline, a specific marker of bone resorption and osteo-
clastic activity.11

The objective of the present study was to evaluate the
efficacy of oral G. gargal extract (GGE) in a murine model
of allergic bronchial asthma. The suppressive effects of
gargalols on activated human mast cells and human eosin-
ophil cells were also investigated through in vitro experi-
ments.

MATERIALS AND METHODS

Preparation of GGE

The G. gargal was provided by the Iwade Research In-
stitute of Mycology Corporation (Tsu, Japan). Data on the
mushroom are available online at MycoBank (Deposition
No. MB#331520) and in the DNA Data Bank of Japan
(www.ddbj.nig.ac.jp; No. AB539700). The mushroom strain
(G. gargal iwade-GG010; No. NITE P-01952) preserved at
the National Institute of Technology and Evaluation (NITE)
Biological Resource Center (NBRC) was used in this study.
The method of preparation and composition of G. gargal
were previously described.10 Briefly, dried powder of the
mushroom fruit body was dissolved in distilled water and
then incubated at temperatures between 90�C and 95�C for
6 h and then filtered using celite. The fraction was sterilized
by heating at 121�C and then lyophilized before using in the
experiments. Dry baits with or without GGE were prepared
by CLEA Incorporation (Tokyo, Japan) for using in the
experiments, and the content of the baits used in the present
study is described in the website of the company (www.clea-
japan.com/Feed/ce7.html) and in Supplementary Table S1
(Supplementary Data are available online at www.liebertpub.
com/jmf). Two percent (w/w) of GGE was used to study the
beneficial effect of the mushroom because safety of that
percentage was previously confirmed.13

Experimental animals

Female BALB/c mice aged 8–12 weeks, weighing 17–
23 g, were purchased from Nihon SLC (Hamamatsu, Japan).
All animals were housed in a pathogen-free environment.
Mice were kept on a constant 12-h light–12-h dark cycle in
a temperature- and humidity-controlled room and were gi-
ven water and standard mouse chow ad libitum before the
beginning of the study. All experimental animals received
humane care and all procedures were performed following
guidelines described in the Guide for the Care and Use of
Laboratory Animals issued by the National Academy of
Sciences and published by the National Institutes of Health.
The experimental animal protocol was approved by the Mie
University’s Committee on Animal Investigation (Approval
No. 25-20-change1-1; Date September 12, 2016).

Experimental design

For induction of allergic bronchial asthma, mice were
sensitized by intraperitoneal injection of 10 lg of aluminum-

precipitated ovalbumin (OVA) on day 0 followed by booster
injections on days 7, 14, and 21.14 Animals that were injected
with saline (SAL) by the intraperitoneal route on the same
days were used as controls. Once the mice were sensitized,
they were exposed to aerosolized 2% OVA during 30 min/day
for six consecutive days (days 22, 23, 24, 25, 26, and 27 after
the first sensitization with intraperitoneal OVA).14 A UN-511
ultrasonic nebulizer (UN-511; Azwell, Osaka, Japan) was
used for aerosol generation. Animals that received intraperi-
toneal injection of SAL and exposed to aerosolized SAL for
six consecutive days were used as controls.

Mice were categorized into four treatment groups: (1)
nonsensitized mice that received intraperitoneal injections
of SAL and fed with normal food (normal food/SAL group,
n = 7); (2) nonsensitized mice that received intraperitoneal
injections of SAL and fed with GGE diet (GGE food/SAL
group, n = 4); (3) OVA-sensitized mice fed with normal food
(normal food/OVA group, n = 8); and (4) OVA-sensitized
mice fed with GGE diet (GGE food/OVA group, n = 9).
Airway hyperresponsiveness was measured on day 26 using
a whole-body plethysmograph system (Buxco Electronics,
Inc., Sharon, CT, USA), and mice were rechallenged with
aerosolized 2% OVA before being sacrificed.

Measurement of airway hyperresponsiveness

Enhanced pause was measured as a marker of airway
hyperresponsiveness after exposing mice to increasing
concentrations of aerosolized methacholine using a whole-
body plethysmograph system (Buxco Electronics, Inc.) as
previously described.15

Collection of bronchoalveolar lavage fluid and plasma
and tissue homogenization

Twenty-four hours after the last OVA challenge, mice
were sacrificed by an overdose of pentobarbital injected by
the intraperitoneal route to obtain samples for biochemical
and histological examinations. Bronchoalveolar lavage fluid
(BALF) was obtained by cannulating the trachea with a
20-gauge needle before infusing the lungs twice with 0.75 mL
of SAL as previously described.16 The BALF samples were
centrifuged, the cell pellets were resuspended, the number
of total cells counted, and differential cell counts were de-
termined after cytospin centrifugation and staining with
May–Grunwald–Giemsa (Merck, Darmstadt, Germany).
Blood was sampled by cardiac puncture and collected into
tubes containing heparin, and then, plasma was prepared and
stored at -80�C until analysis. The lung tissues were placed
in a protease inhibitor cocktail (Nacalai Tesque, Kyoto,
Japan) and homogenized using a Tomy Micro Smash MS-
100R (Tomy Digital Biology, Tokyo, Japan) as previously
described.16

Biochemical analysis

Total protein in BALF was measured using a commer-
cial dye-binding assay (Bio-Rad Laboratories, Hercules,
CA, USA). Monocyte chemoattractant protein (MCP)-1,
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interleukin (IL)-4, IL-5, and IL-10 were measured using
enzyme immunoassay kits from R&D System (Minnea-
polis, MN, USA).

Histological examination of lung tissues

Histological examinations were performed using hema-
toxylin and eosin (H&E) staining following standard meth-
ods. Briefly, the lung was excised, fixed in 4% formalin, and
embedded in paraffin. Sections of 5 lm thick were depar-
affinized, hydrated, and then used for H&E or immuno-
histochemical staining. Histopathological assessment by light
microscopy of randomly selected sections was performed by
a pathologist who was blinded to the experimental group. The
lung sections stained with H&E were examined under a light
microscope. An investigator blinded to the treatment group
took microphotographs of the lung fields of all mice. Mi-
crophotographs were taken using an Olympus BX50 micro-
scope with a plan objective combined with an Olympus DP70
digital camera (Tokyo, Japan). A WinROOF image proces-
sing software (Mitani Corp., Fukui, Japan) for Windows was
used to quantitate the grade of cellular infiltration in the lung
fields.

RNA extraction and reverse
transcription–polymerase chain reaction

Total RNA was extracted using Sepasol RNA I SuperG
(Nacalai, Osaka, Japan) according to the instructions of the
manufacturer. One microgram of total RNA was denatured
at 65�C for 10 min and then reverse-transcribed using Re-
verTra Ace Reverse Transcriptase (TOYOBO) and Oligo (dT)
primer in a volume of 20 lL following the manufacturer’s
protocol. Amplification of cDNA was done by polymerase
chain reaction (PCR) using gene-specific primers under
the following conditions: 10 sec at 94�C, 20 sec at 60�C, and
40 sec at 72�C for 28–35 cycles. Supplementary Table S2
describes the sequences of the primers. Electrophoresis of the
PCR products was performed on an agarose gel followed by
ethidium bromide staining.

Flow cytometry analysis

To evaluate the number of CD4+CD25+ lymphocytes,
splenic lymphocytes were incubated with the anti-CD16/32
antibody for 30 min before treatment with the following
specific monoclonal antibodies: fluorescein-conjugated anti-
CD25, phycoerythrin (PE)-conjugated anti-CD3, and PE-
Cy5-conjugated anti-CD4 antibodies. Antibodies against CD4
(rat IgG2b, clone: GK1.5) and CD25 (rat IgG1, clone: PC61)
were purchased from BioLegend (San Diego, CA, USA).

Cell culture

The human mast cell line HMC-1 was obtained from
ATCC (Manassas, VA, USA) and maintained in Iscove’s
modified Dulbecco’s medium (IMDM), supplemented with
10% fetal bovine serum (FBS), 2 mM l-glutamine, 1.2 mM
a-thioglycerol, 100 U/mL penicillin, and 50 lg/mL strepto-
mycin, at 37�C in a humidified incubator with a 5% CO2/

95% air atmosphere. Cells were treated with GGE or puri-
fied compounds for 1 h and then stimulated with 50 U/mL
thrombin for 24 h. Control cells were treated with solvent
alone.

The human eosinophilic cell line EoL-1 was obtained
from the RIKEN Cell Bank (Tsukuba, Japan) and maintained
in the RPMI-1640 medium supplemented with 10% FBS, 100
IU/mL penicillin, 50 lg/mL streptomycin, and l-glutamine.
Differentiation of EoL-1 cells to mature eosinophils was
induced by treating with 0.5 lM butyric acid for 7 days.
Cell number readjustment to 5 · 105/mL was performed
every 3 days.

Assays of mast cell and eosinophil activation

Human HMC-1 mast cell lines and eosinophil EoL-1 cell
lines were cultured in the presence of GGE (100 lg/mL) or
purified compounds from GGE for 1 h before stimulating
with thrombin (50 U/mL) for 24 h. Control cells were treated
with solvent alone. After 24 h, the supernatants and cells
were collected to measure cytokine expression by immu-
noassays or RT-PCR.

In separate experiments, the anti-inflammatory potency of
GGE was compared with the extract of a different mush-
room (Agaricus blazei Murrill), which has been also shown
to have anti-inflammatory property. HMC-1 cells were
cultured in the presence of the same concentrations of each
mushroom extract for 1 h before stimulation with thrombin
(50 IU), and then, the mRNA expression of inflammatory
cytokines was evaluated after 24 h of culture.

To evaluate the inhibitory effect of the three newly iso-
lated sterols (gargalols) from G. gargal Singer on mast cells
and eosinophils, HMC-1 mast cells and Eol-1 eosinophils
were cultured in the presence of each gargalol compound
(GC1, GC2, GC3) for 1 h before stimulation with thrombin
and evaluation of the expression of inflammatory cytokines
after 24 h.

Statistical analyses

Data are presented as mean – standard error of the mean
(SEM). Statistical differences were calculated by analysis of
variance with post hoc analysis using Fisher’s protected
least significant difference test. All statistical analyses were
performed using the StatView 5.0 package (Abacus Con-
cepts, Berkeley, CA, USA). A P < .05 was considered as
statistically different.

RESULTS

GGE attenuates airway hyperresponsiveness

Airway hyperresponsiveness, as measured by the en-
hanced pause (Penh), was significantly increased in sen-
sitized mice fed with normal food (normal food/OVA)
compared with their counterpart mice fed with GGE (GGE
food/OVA) and with nonsensitized mice (normal food/
SAL, GGE food/SAL). No significant difference in airway
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hyperresponsiveness was observed between normal food/
SAL and GGE food/SAL groups (Fig. 1A).

GGE reduces lung inflammation

The total number of cells, the differential count of eo-
sinophils in BALF samples, and the grade of cell infiltration
in the lungs as detected by H&E staining of lung tissue were
significantly reduced in GGE food/OVA mice compared
with normal food/OVA mice (Fig. 1B–E). No significant
difference in the total number of cells, in differential count
of eosinophils, or in lung cell infiltration was observed be-
tween the normal food/SAL and GGE food/SAL groups.

Reduced levels of inflammatory cytokines
and IgE in allergic mice receiving GGE

The BALF concentration of IL-13 tended to be low in
sensitized GGE food/OVA mice compared with sensitized
normal food/OVA mice (Fig. 2A). The plasma levels of IL-4
and IL-5 were significantly elevated in the normal food/
OVA group compared with levels in nonsensitized normal
food/SAL and GGE food/SAL groups, but they were sig-
nificantly reduced in sensitized GGE food/OVA group
compared with the normal food/OVA group (Fig. 2A). The
lung tissue levels of IL-5, IL-13, and MCP-1 and the plasma
and lung tissue levels of IgE were significantly decreased in
the GGE food/OVA group compared with the normal food/
OVA group (Fig. 2B, C). No significant differences were
observed between normal food/SAL and GGE food/SAL
groups.

GGE increases the population of regulatory CD4+ T cells

To determine the effects of GGE on regulatory T cell
population, spleen cells were collected from each mouse of
all groups and analyzed using flow cytometry. The per-
centage of CD4+ CD25+ T cells, which mainly comprise
regulatory T cells, was significantly increased among spleen
cells isolated from GGE food/SAL and GGE food/OVA
mice compared with spleen cells isolated from their coun-
terpart normal food/SAL and normal food/OVA mice
(Fig. 3A, B).

The BALF concentration of IL-10, a cytokine that pro-
motes differentiation of regulatory T cells, was significantly
elevated in allergic mice treated with baits containing GGE
(GGE food/OVA) compared with their counterpart mice fed
with normal baits (normal food/OVA; Fig. 3C). No signif-
icant difference was found between nonsensitized normal
food/SAL and GGE food/SAL groups.

GGE suppresses mast cell activation

To further investigate the inhibitory mechanism of GGE
on allergic reactions, we examined its effects on the pro-
duction of proinflammatory cytokines from thrombin-
stimulated mast cells. The mast cell line HMC-1 was treated
with GGE (100 lg/mL) and/or thrombin (50 U), and the ex-
pression of cytokines was monitored by immunoassays and
reverse transcription-polymerase chain reaction (RT-PCR).

The concentration of tumor necrosis factor (TNF)-a in the
cell supernatant was significantly decreased in the presence
of 100 lg/mL or more concentrations of GGE compared to
control cells (Fig. 4A). Culture of mast cells in the presence of
100 lg/mL GGE also significantly decreased the concentra-
tion of IL-8, MCP-1, IL-5, and osteopontin (Fig. 4B) com-
pared with control cells. The mRNA expressions of IL-5 and
IL-13 were significantly reduced in cells cultured in the
presence of GGE compared with control cells (Fig. 4B).

Potent anti-inflammatory effect of GGE
compared with A. blazei Murrill extract

Previous studies have shown that A. blazei extract (ABE)
also has anti-inflammatory activity under allergic condi-
tions.17,18 Therefore, we compared the anti-inflammatory
potency of similar concentrations (100 lg/mL) of GGE and
ABE in HMC-1 mast cell lines stimulated with thrombin.
The mRNA expressions of MCP-1 and IL-13 were signifi-
cantly inhibited in cells cultured in the presence of GGE but
they were not significantly inhibited in the presence of ABE
compared with cells stimulated with thrombin alone (Sup-
plementary Fig. S1). The mRNA expression of IL-5 was
significantly decreased by both GGE and ABE compared to
cells stimulated with thrombin alone, but the IL-5 mRNA
expression was significantly reduced in cells treated with
GGE compared with cells treated with ABE (Supplementary
Fig. S1).

Inhibitory effect of gargalols (GC1, GC2, GC3)
on mast cells and eosinophils

The concentration of MCP-1 was significantly reduced
and the concentrations of IL-13 and IL-8 tended to be lower
in the supernatant of thrombin-stimulated HMC-1 mast cells
cultured in the presence of GC1 (Supplementary Fig. S2).
Changes in the concentration of cytokines were less pro-
nounced in cells treated with GC2 or GC3 (data not shown).

The concentration of IL-13 was significantly decreased
and that of IL-8 tended to be low in cell supernatants from
Eol-1 cells cultured in the presence of GC1 compared with
cells cultured in the presence of thrombin alone (Supple-
mentary Fig. S3A). The mRNA expressions of both IL-13
and IL-8 were significantly decreased in Eol-1 cells treated
with GC1 compared with cells treated with thrombin alone
(Supplementary Fig. 3B).

DISCUSSION

The results of this study show that extract from G. gargal
increases the population of regulatory T cells, attenuates
hyperresponsiveness and Th2-mediated allergic responses
in a mouse model of bronchial asthma, and inhibits secretion
of proinflammatory cytokines from mast cells and eosino-
phils.

Inflammation in asthma

Bronchial asthma is characterized by airway inflammation,
bronchoconstriction, and excessive response to external
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FIG. 1. GGE protects against airway hyperresponsiveness and lung inflammation. Airway hyperresponsiveness was measured by enhanced
pause (Penh; A). Lung inflammation was measured by the number of leukocytes in BALF (B, C). Lung histological sections were stained using
H&E, and cell infiltration area was measured by an imaging software (D, E). Data are expressed as mean – SEM. Scale bars indicate 100 lm for
(C) and 10 lm for (E). Mice fed with normal food received SAL (normal food/SAL; n = 7) or OVA (normal food/OVA; n = 8) injections.
Similarly, mice fed with GGE diet received SAL (normal food/OVA; n = 4) or OVA (GGE food/OVA; n = 9) injections. *P < .05 versus normal
food/SAL group; {P < .05 versus normal food/OVA group. GGE, Grifola gargal extract; H&E, hematoxylin and eosin; OVA, ovalbumin; SAL,
saline; SEM, standard error of the mean. Color images available online at www.liebertpub.com/jmf
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FIG. 2. Reduced levels of cytokines
and IgE after GGE treatment. The
concentrations of cytokines (A, B) and
IgE (C) were measured by immuno-
assays. Data are expressed as mean –
SEM. Mice fed with normal food re-
ceived SAL (normal food/SAL; n = 7)
or OVA (normal food/OVA; n = 8) in-
jections. Similarly, mice fed with GGE
diet received SAL (normal food/OVA;
n = 4) or OVA (GGE food/OVA; n = 9)
injections. *P < .05 versus normal food/
SAL. {P < .05 versus normal food/OVA
group. BALF, bronchoalveolar lavage
fluid; IL, interleukin. Color images
available online at www.liebertpub.com/
jmf
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stimuli or hyperresponsiveness.5 The inflammatory com-
ponent is mainly mediated by activation of Th2 cells
leading to exaggerated extracellular release of cytokines
and chemokines, including IL-4, IL-5, IL-13, and chemo-
kines such as MCP-1 and elevated levels of allergen-
specific IgE.6 This proinflammatory environment results in
increased lung recruitment of activated eosinophils and
allergen/IgE-mediated increased activation of mast cells
and basophils.5 In the present study, we showed that mice
with allergic bronchial asthma fed with extracts prepared
from the medicinal mushroom G. gargal have significantly
less airway hyperreactivity, reduced lung level of Th2
cytokines and MCP-1, with pronounced reduction in the
number of eosinophils infiltrating the lungs, compared with
allergic mice fed without the mushroom extract. Overall,
these observations suggest a beneficial effect of G. gargal
supplement against allergic bronchial asthma.

Regulatory T cells in allergy

We measured changes in the systemic regulatory T cell
population to search for the possible mechanism for the
suppressive effect of the mushroom extract. Regulatory
T cells comprised a group of T cells that are essential for
regulation of the immune system activation to prevent the
development of immune-mediated diseases (allergy, auto-
immunity) and unnecessary expansion of effector T cells.19

Differentiation and increase in the population of regulatory
T cells are regulated by both IL-10 and transforming growth
factor-b1.20 Increased numbers of regulatory T cells in the
airway and peripheral blood are associated with ameliora-
tion of airway hyperresponsiveness and airway inflamma-
tion in chronic bronchial asthma.21 In this study, we showed

that ingestion of GGE significantly increased the concen-
tration of IL-10 and the number of CD+/CD25+ T cells in the
lungs of mice with allergen-mediated asthma compared
with untreated mice, suggesting the possible mediation of
regulatory T cells in the protective activity of GGE against
allergic asthma. Enhancement of dendritic cell-induced
differentiation of T cells to CD4+CD25+Foxp3+ T cells by
GGE reported in a previous study supports the role of reg-
ulatory T cells in the beneficial effect of G. gargal in allergic
bronchial asthma.10

Mast cells in allergic responses

A type I reaction, including allergic asthma and hay
fever, involves the IgE-mediated activation of mast cells
and basophils in affected tissues leading to the release of
Th2 cytokines (IL-5, IL-13), chemokines (IL-8, MCP-1),
and bronchoconstricting factors (histamine, leukotrienes).22

The release of Th2 cytokines further promotes allergic re-
sponses, while the secretion of chemokines increases the
recruitment of inflammatory cells at sites of allergen en-
try.5,6 Here we cultured mast cells in vitro in the presence or
absence of GGE and evaluated the grade of mast cell acti-
vation by measuring the expression of cytokines. The pro-
tein secretion of TNF-a, IL-8, and MCP-1 and the mRNA
expression of IL-5 and IL-13 were significantly down-
regulated when the cells were cultured in the presence of
GGE compared with control cells. This anti-inflammatory
activity of GGE was significantly stronger than the extract
of A. blazei, a mushroom that has been previously reported
to have antiallergic activity. Previous studies showing that
a component of G. gargal can activate the 50 adenosine
monophosphate-activated protein kinase, and that the 50

FIG. 3. The regulatory T cell popu-
lation is increased by GGE. Spleen
cells were isolated and treated with
anti-CD4+ and anti-CD25+ antibodies,
and the number of Tregs was assessed
by flow cytometry and expressed as
percentage of total cells (A, B). The
concentration of IL-10 in BALF was
measured by immunoassays (C). Data
are expressed as the mean – SEM. Mice
fed with normal food received SAL
(normal food/SAL; n = 7) or OVA (nor-
mal food/OVA; n = 8) injections. Simi-
larly, mice fed with GGE diet received
SAL (normal food/OVA; n = 4) or OVA
(GGE food/OVA; n = 9) injections.
*P < .05 versus GGE food/SAL; {P < .05
versus normal food/OVA; xP < 0.05
versus normal food/SAL. Color ima-
ges available online at www.liebertpub
.com/jmf
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adenosine monophosphate-activated protein kinase nega-
tively regulates cell signaling in mast cells suggest the po-
tential role of this protein kinase in the suppressive activity
of GGE.23,24 Overall, these observations support the hy-
pothesis that GGE protects against allergic asthma by in-
hibiting the activation of mast cells.

Active components in G. gargal

Many compounds found in mushrooms have been re-
ported to exhibit immune-modulatory, anticarcinogenic,
antiviral, antioxidant, and anti-inflammatory properties.25–29

For example, the extracts of A. blazei and Pleurotus eryngii

FIG. 4. Suppression of mast cell ac-
tivation by GGE. Human HMC-1 mast
cell lines were cultured in the presence
of GGE (100 lg/mL) for 1 h before
addition of thrombin (50 U/mL) for
24 h. Control cells were treated with
solvent alone. The expression of cyto-
kines was evaluated by immunoassays
and by RT-PCR (a, b). Data are ex-
pressed as mean – SEM. N = 3 in each
treatment group. xP < .05 versus throm-
bin (+)/GGE (-) group; *P < .05 versus
thrombin (-)/GGE (-) and thrombin (-)/
GGE (+) treatment groups; {P < .05
versus thrombin (+)/GGE (-) treatment
group. RT-PCR, reverse transcription-
polymerase chain reaction. Color images
available online at www.liebertpub.com/
jmf
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have been shown to protect against allergic responses in
in vivo and in vitro experimental models.17,30 GGE contains
several components, including b-glucan, polyphenols, and
flavonoids. b-glucan can inhibit the expression of cytokines
(TNF-a, IL-6) and chemokines (MCP-1) and flavonoid
glycosides can prevent allergic responses and the production
of nitric oxide synthase and cytokines.31–33 Here we isolated
three novel sterols (GC1, GC2, GC3) from G. gargal, as-
sessed their inhibitory properties, and found that one of the
compounds (GC1) significantly suppresses the secretion of
IL-13, IL-8, and MCP-1 from mast cells and the expression
of IL-13 and IL-8 from eosinophils. In addition to sup-
porting the protective activity of GGE, these findings indi-
cate that sterol components of GGE are also important for
the protective activity against allergy.

In brief, the results of this investigation demonstrated that
extract from G. gargal increases the population of regula-
tory T cells, inhibits the expression of proinflammatory
cytokines, and attenuates inflammation in an experimental
model of allergic bronchial asthma, and that the sterol
component of the mushroom can directly suppress the se-
cretory activity of mast cells and eosinophils.
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Supplementary Data

Supplementary Table S1. Content of Each Type of Food

With and Without Grifola gargal Extract

Content
GGE (+)

food
GGE (-)

food

Moisture (%) 9.15 9.15
Crude protein (%) 17.37 17.37
Crude fat (%) 3.78 3.78
Crude fiber (%) 5.05 5.05
Crude ash (%) 6.15 6.15
Nitrogen-free extract (%) (carbohydrates) 56.50 58.50
GGE (%) 2 0

Source of proteins: soybean meal, whitefish meal. Source of fibers: wheat

bran, defatted rice bran, alfalfa. Source of carbohydrates: corn, wheat flour,

milo. Both GGE (+) and GGE (-) foods also contain standard amounts of

vitamins A, D3, E, B1, B2, B6, B12, niacin, pantothenic acid, folic acid,

choline chloride, calcium, and phosphorus.

GGE, G. gargal extract.



Supplementary Table S2. Primers for Reverse Transcription-Polymerase Chain Reaction

Product size Sequence (50 / 30) Tm Reference Location Product size

GAPDH
Sense GGAGCGAGATCCCTCCAAAAT 61.6 NM_001256799 108–128 197 bp
Antisense GGCTGTTGTCATACTTCTCATGG 60.9 304–282

IL-5
Sense TCTACTCATCGAACTCTGCTGA 60.0 NM_000879 112–133 132 bp
Antisense CCCTTGCACAGTTTGACTCTC 60.8 243–223

IL-13
Sense CCTCATGGCGCTTTTGTTGAC 62.4 NM_002188 39–59 134 bp
Antisense TCTGGTTCTGGGTGATGTTGA 60.7 172–152

MCP-1
Sense CTCTGCCGCCCTTCTGTGCCTG 74.0 NM_002982 82–103 539 bp
Antisense ACATCCCAGGGGTAGAACTCTGG 72.0 620–602

IL-8
Sense ATGACTTCCAAGCTGGCCGTGGCT 78.0 NM_000584 1–24 292 bp
Antisense TCTCAGCCCTCTTCAAAAACTTCTC 72.0 292–218

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL, interleukin; MCP, monocyte chemoattractant protein.



SUPPLEMENTARY FIG. S1. The anti-inflammatory activity of
GGE is more potent than ABE. Extract from A. blazei was prepared to
compare its anti-inflammatory activity with GGE. The concentration of
the extract from each mushroom was 100 lg/mL. Cells were cultured in
the presence of either mushroom (100 lg/mL) extract and then stimu-
lated with thrombin (50 IU). The human mast HMC-1 cell line was used
and the expression of cytokines was evaluated by RT-PCR. Data are
expressed as mean – SEM. N = 3 in each treatment group. *P < .05 versus
thrombin (-)/GGE (-)/ABE (-) treatment group; xP < .05 and {P < .05
versus thrombin (+)/GGE (-)/ABE (-) treatment group. ABE, Agaricus
blazei extract; GGE, Grifola gargal extract; RT-PCR, reverse tran-
scription-polymerase chain reaction.



SUPPLEMENTARY FIG. S2. Component GC1 of GGE inhibits
secretion of cytokines from mast cells. The human mast HMC-1 cell
line was used and the expression of IL was evaluated by immuno-
assays. Cells were stimulated with thrombin or saline in the presence
or absence of GC1 purified from GGE. Data are expressed as
mean – SEM. N = 3 in each treatment group. *P < .05 versus thrombin
(-)/GC1 (-) and thrombin (-)/GC1 (+) treatment groups; {P < .05
versus thrombin (+)/GC1 (-) treatment group. HMC-1, human mast
cell-1; IL, interleukin.



SUPPLEMENTARY FIG. S3. Component GC1 of GGE inhibits secretion of cytokines from eosinophils. The human eosinophil Eol-1 cell line
was used in the experiments and the expression of ILs was evaluated by immunoassays (A) or RT-PCR (B). Cells were stimulated with thrombin
or saline in the presence or absence of GC1. Data are expressed as mean – SEM. N = 3 in each treatment group. *P < .05 versus thrombin (2)/GC1
(2) and thrombin (2)/GC1 (+) treatment groups; {P < .05 versus thrombin (+)/GC1 (2) treatment group.
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