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Immunomodulating activities of Sarcodon aspratus
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ABSTRACT —This study was carried out to evaluate the immunomodulatory capacity of edible mushrooms, including
Sarcodon agpratus, Letinus edodes and Grifola frondosa in mice. BAL B/c mice were administered 50, 500, and 1000 mg/
kg body weight of various mushrooms five times a week over 4 weeks through oral administration. The control mice
were adminisered digtilled water. No significant changes in body weight were observed. IL-4 and IFNy production
was evaluated with splenic T lymphocytes stimulated in vitro with phytohemagglutinins for 48 hr. The mice group
adminigered Sarcodon aspratus, Grifola frondosa tend to higher ratio of IFNy versus IL-4 than the other groups. In
addition, the ratio of plasma 1gG2a versus 1gG1 was also devated in mice treated with Sarcodon aspratus. These
results indicated that Sarcodon aspratus can enhance type-l hdper T cel-mediated cdlular immunity. And also, S.
aspratus seems to be one of the most useful mushrooms for immunomedicine.
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o] &4, Aol EFIR] F9 EH]9

At WA A EES]
2 AR HES] £,
Z3 Fof W, 7o
ofg] gl FFS mX]7] wjFo]th(Wakshull et al.,
1999; Borcher et al., 1999).

so]H Al (Sarcodon aspratus) 2 ¥ 37H Al (Letinus
edodes), AUAHAl(Grifola frondosa) 52 $-2luzt,
A&, T SollM 28 B oFgo® gy o] &l
HA St SEjuete] A% #A RIZblM = Al 1
Sol, Al 2 ekl W7 & AER Fole] vkt o
24 7Hx& =] #H7t &l ghvh(e] &, 1989; Eun et
al., 1989).

FIHA A
thali A= 3H 9] sl
ALY lentinan 2 grifolan, D-fractionS 3}8+2] o
= X5 1,6-monocosyl-brabched 1,-3-D glucose =
2 EAEe 7bzF 500~1000 kDa o2 ¥&|H T}, o]
=2 AAIEY At EFIR] EHE SXIAA Thl
W8-S SASAIZITEAL BFe{ AiTH(Kodama e al., 2003;
Yokoyama et al., 2004). 53], lentinan 91+ 2 %]
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(7, 2004; & &, 2011;
fractions} griforans 7+, #H <, wdY, 59 A&
oF Qbdo] oA B HIV F2] Al &37F Bl
AtHLiu et al., 2003).
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53] protease 0l ¥3t] B A7 o] FoH
(°] %, 1989; Eun et al., 1989). &1 Ik &

wlok kA2 %

Qx47} B So| FEEe
A &3 (Marayuma et al., 1989)°}, FAREE
Z%138}aL, frocogaactan ©]2k= glycan©] 3 II_H%H.J
Ientlnanoﬂ H)a] hAMES] TNF-a 2t NOE9] HH)
FHa50] d53] FHojural R Aot
(Mizuno et al., 1999). 281} oAl sl H
Axd Ad AFEo] F3] AgHA o= st o]t
7o gy AMEFRoT okg EAoF dy] o] &3
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T Ok MAES deFEEe] X S
AA AFItke e B7F Joi(Moraddi et al.,
2007). ol¢} st 53] vl e HAS
z g o Fole A-97F B7] widl Z2iel o
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wetA ol WAlFe HAxd 3HE 4] 9
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2 AW Al (Grifola frondosayS 2+2t A& 95, o]
TA @A oA A sk AEAE FRsE AR
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I, A EE T FAAZRS AL BHEt AlEE

2 AFox ARE FES 7E 9] ¢ BALB/C
mouseE =Lo}d)] (Koatech, Pyeongtaek, Korea) &
ZHE ol A2 o|(fat 4 keal%, Rodent NIH-
31 Open Formula Auto, Zeigler Bros, inc, Gardners,
m USA)E 1‘!‘7]' x%g/\]yzhjr /\Izé ED/\IA Q_E:
20°C, F=%& 55-60%= +AIsom, a7
12-hour light-dark cycle2 ZA43FA T} SolHA
AAHA, EHA APEA Folze] Ag 2
3 ohel2 sision], Rey e 47t 352l W
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Frol B4 ale] 9 Foskl Fof fge

2 45 59k Folalon] w3 Folgke 200 4R
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AF e A¥=2 HF T B
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anti mouse IgE capture antibody (Phaerngeq)S’Jr
biatin-conjugated rat anti-mouse IgE detection antibody
(PharMingen)E A5}t
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MIZHi2kH LH cytokine ME

lgG1¢] isotype switchingS - =3h= IL-45 T4
o2 3l type-2 ARO|EFCIF} o] Alo]|EFIRIE ] o
ol Z23HaFe-S w|X| & 1gG2a= 2] isotype switching
FE8= IFNy 5 type-l Ale| E7IRIE 2] ik
S Hlw XSk AL 7|EF0 A EHASS J
e WHO R IHEA vk ol& Slal 7} AF
H]g H %ﬂfﬂ v EE 24 well- culture
platedl] 53 5= CO, HIF7]ollA 48r]7F v a3
o} o] o in vitro €433 ¢I3l polyclona stimulator
= phytohemagglutinin (PHA, 5ug/1x106 cdls, Sigma)
= A7V, A ZaeFel W) Al EFIRI < 8+
S sandwich ELISA HPHS ARE3IITE 7t AlolE
7121 ¥ lower detection limit= IL-49] 739~ 4 pg/ml,
22]3L IFNy+= 100 pg/mie] itt.
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Table 1. Body weight change in mice administered with various mushroom

Treatment groups

Treatment time (day)

(mg/kg body weight) Day 0 Day 7 Day 14 Day 21 Day 28
Control (D.W) 16.34+0.53 18.3+0.98 18.59+0.79 18.85+0.74 19.11+0.60
S aspratus (50) 16.50+0.68 18.65£0.85 18.51+£0.94 19.01£0.58 19.11+0.49
S aspratus (500) 16.47+0.86 18.39+1.14 18.98+1.17 19.28+0.76 19.32+0.77
S aspratus (1000) 16.20+£1.03 18.22+1.07 18.66+£1.02 18.90£0.64 19.03+£0.62
G frondosa (50) 16.27+0.46 18.74+0.52 18.85+0.77 19.14+0.67 19.38+0.84
G frondosa (500) 16.56+1.07 18.42+0.81 18.85+£0.95 18.89+£0.74 19.14+0.83
G frondosa (1000) 16.33+0.68 18.42+1.57 18.59+0.78 18.80+0.48 19.06+0.71
L. edods (50) 16.90+£0.55 18.74£0.71 19.35+£0.87 19.36£0.68 19.54+£0.79
L. edods (500) 16.49+0.75 18.35+0.73 19.19+1.21 19.46+0.88 19.69+0.78
L. edods (1000) 16.13+£0.75 17.95£0.50 18.40+£0.57 18.71+0.48 18.84+£0.53
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Fig. 1. Totd IgE circulation levels in the plasma IgE leve Fig. 2. Ratio of cytokine levels in the spenocyte culture

was determined by sandwich ELISA from each
individua mouse (con;control, n=9; S asparatus, n=9;
G frondosa, n=9; L. edods, n=9, dose per treatment).

& W 1gG isotype == =4
HE Fo7F EUaL 3d F A AQgs e 9
Aitelste] A2 dAAM 1gGl % 1gG2a TS

sandwich ELISA ®Wyoz =43t} Goat-anti
mouse 1gG1 % 1gG2a(Serotec, Raleigh, NC) capture
antibody<} peroxidase conjugated anti-mouse 1gG
detection antibodyS AH&-313 T

=}

1 2 1

= F0i0 g HS Hsl

&= Fod & AT S7H W=
2o We AL HrkEy] 98
J\i 71220 ARE AMEETH A FEE
AF AT S7HeS vas A3 2
control 3= felgk o)z gilth
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supernatnats (Dotted line indicates that ratio of control
group, n=9). Splenic T cdls were stimulated with
phytohemagglutinin for 48 hr. The ratio of IFNy vs.
IL-4 production levels was calculated by dividing the
amount of IFNy by the amount of IL-4 in the each
individud mice supernatants followed by multiplication
of 10° (S agparatus, n=9; G frondosa, n=9; L. edods,
n=9, dose per treatment).

HAY |gE WY HS

SoluA W LA, Bl FEES Fold
FAN IgEPFES T v)ae At

A
Z+o] 614.5+189.1 ng/ml 1t H]3] AMHA F=
£ 50, 1000mgkg Body weight(BW) ool A
Z+z} 461.24+157.9 ng/ml, 511.59+178.9 ng/mo.=
FoHolAE AN AAaEE AFS HATHFg
1). =¥} 3 WARl koM w2 Tk
#2E = IgEHA = ol S AR EEZHA LY
A o, 3 Z71E IgEFA S v 23 HhS-o]
olElg dBg olshlylE Jlor deiA AArk(Peat
o al., 2008).
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Table2. Level of tota IL-4 and IFNy production in spenocyte
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Table3.Level of total 1gG1 and 1gG2a production in the

culture supernatnats plasma
Treatment groups IL-4 IFNy Treatment groups lgG1 1gG2a
(mg/kg body weight) pg/ml ng/ml (mg/kg body weight) mg/ml mg/ml
Control (D.W) 25.14+6.31 19.8+28 Control (D.W) 0.87+£0.24 1.11v0.36
S aspratus (50) 34.23+8.14 235+4.1 S aspratus (50) 0.75+0.54 1.38£0.21
S aspratus (500) 22.54+10.26 252+1.0 S aspratus (500) 1.61+0.33 2.07+0.19
S aspratus (1000) 2343+114 21.8+32 S aspratus (1000) 1.25+0.35 1441022
G frondosa (50) 29.38+5.39 22.1+3.7 G frondosa (50) 0.89+0.24 147+0.17
G frondosa (500) 33.41+£9.43 14.4+5.0 G frondosa (500) 0.97+0.11 0.86+0.21
G frondosa (1000) 24.33£7.25 24.1+3.2 G frondosa (1000) 1.2+£0.12 191+0.36
L. edods (50) 41.24+14.12 30.6+34 L. edods (50) 0.75+0.31 0.95+0.43
L. edods (500) 18.30+8.31 194+21 L. edods (500) 0.96+0.24 141+054
L. edods (1000) 24.45+9.52 186+7.0 L. edods (1000) 0.91+0.26 1.371£0.16
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HAIY IFNy 2t interlukin-4 MM&x&E

IFNy<} IL-4= 7tz Thizh Th2olA E8)5E o
FARI AP EFIRIC ZA o= gk Alo]EF}SI0]
A o ThE Aol EFIRIS] A, EHI7E A8l =
FE AgAES 7S o] AW type-1 response
9} type-2 response?t MEZHA 9] P FAAFE
Adshs Fo3 HER o] &H 3 Tt BIAAE w)
A W IL- o] xR 749 20.1416.31
pg/mild] Hlgl FolHAl F=+& 50 mg/kgBW F<
3 AAA &5 50, 500 mg/kgBW 2T F
A FZE 50 mg/kgBW Fo33F 2] mousell A
Z}z} 34.23+8.14 pg/ml, 29.38+5.39 pg/ml, 33.41
+9.43 pg/ml, 41.24+14.12 pg/mlZ Tzl B3]
A FFo] & AS BHATh T8 IFNye] A4
S5 243 Aye thERTo] 19245.25+2841.2
pg/mie]lem, ol H]&] FolHAl F&E 50, 500
mg/kgBW F-of 2ol A 2z} 23566.24 +4512.8 pg/ml,
25687+1247.66 pg/mlzt A F=E 50 mgkgBW
Fole] 79 30017+3261.5 pg/mlE thztol] H

R
=z

d FEe 4FE HEpltk(Table 2). ©] 234=
type-13} type-2it-3-2] A&l &= H7lsto] of
= %0 Whgo] AIFA] &jlstr] flsl T vl
Ul AAE IFNy 558 IL-4 5522 WHE ratio [H)
Fol U IFNy /@0 gd ) IL-4 FEx1091 7l
skl =, solw Al F== 500 mglkgBW R 3t
IHA FEE 500 mglkgBW FoI2] RatioZ} o)
Z23 Hasle] w2 A4S depllh web
IFNyE SAS=Z 3 typele] WS XA7]2,
type-29] WS- JAlsh=s WA o] AU
ol Y AFellA Aol &g Hgnke 24 5 o
Uel IFNye $AHZ type-1¢] wHgo] dREE W
71-o] AAE A 2 fAkeE Azt & 4 SlekE s,
2011; Shao et al., 2004).

HAIYE & L 1gG1, 1gG2a MM+&=

1gG1-2 Th2ol|A ] E = IL-49] oJsl] f¥]=
FAZA TF7] FHNES T L2714 RIS
S S7HE = FAlolH, 1gG2a= ThlolA EH] &
= IFNpl 9JalM == FA2A] IL-49] A5
o] FRIEH Ham= oz dHA ot o|H g
1gG1+} 1gG2a°] %] 2] wist= AW Ao H
o590 H3lE dS3E T Ue T8 ARRE AAA
3tk 39 1gG1Y 1gGas 4 st 1 YA
HIE A% 43, 1gG1e] o2 "=+ 087+
0.24 mg/mie]l Hla} Fo]HAl F&+& 500, 1000 mg/kg
BW FofZoA 1.61+0.33mg/ml, 1.25+0.35 mg/mi
2 7P SUkelden, E3HA F5E 50 mgkg
BW Fol#29] 0.75+0.31mg/ml = #|2)3 x|
AR &% S7HIRAAY =g 7S Bt &
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Fig. 3. Ratio of IgG2a vs. 1gG1 leves in the plasma (Dotted
line indicates that ratio of control group, n=9). Mice
administered with various times hot water extracted
mushroom of 50, 500, 1000 mg/kg body weight dose
or control (D,W) for 4 weeks, 5 times. The ratios
were calculated through dividing the amount of 1gG2a
by the amount of 1gG1 in each individua plasma (S
agparatus, n=9; G frondosa, n=9; L. edods, n=9, dose
per trestment).

3l IgG2a0] 2 2] 7%~ 1.11+0.36 mg/mi
oldl wlsf AxWAl FEE 500 mglkg BW Fold
oAl 0.86+0.21 mg/mlz} XTHA FEE 50 mgkg
BW F¢] 0.95+0.43 mg/ml& A&ty RE +
oA thzEol| Blete] Frkele el UERsTH
(Table 3). o]0l W} type-29+-3ol] Hodd 1gG1} o]l
3288 3= 1gG2a & /Al BFUF iR Kok
=7 4= L JHAl W 1gG2a thH] 1961 <5
FA v= YeElATHFg 3). solHA FE=
50 mg/kg BWSF SAIHA 322 50, 1000 mg/kg-BW
Fojol| A izl vs) 1gGa <=2 ¥t 7 =
Al YT ol type2ikg-o] AAEHA <A type-
17kgo] AxlEE W75 2d5o] A
H AgoA] FolwAl 9 WAL, BEuwAle] &
T FEES AFEN TS A3 solmAl
AL A2 IFNy 7 S7HE = 733 Yl
ey MazeA FEsIA N, I W 1gG2a/Gl
o] Hl&oA 1gG2a0] F=7t AR H2 733
< YERSIE ol& oAl AR FEE
1A Aol EAHAS 77 T3k AF ] HA
IFNye] 4749 S7F, 1gG1+
< T type-l MHHS0] type-2
]

¢
A FARE Fd2 UEi

o

o

jus)
=
o2
12
o
o
)
X
e

thH(Shao et al., 2004).

WAl o3t W xde] F8 A2 gAY
NK (natural killer)sl 3£, DCs (dendritic cell)3} 72+
APC (antigen presenting cell)7} #]41¢] polyssccharide=

972

¢

oz QA8 WAle] wE polysaccharide®] 3}
SHA 9] zlol= o] APCOA EH|EH = Alo|&E
7iQ19] ol wiet MEst @Ale] ThHEE Thy,
Thitst2 =gt o] o o]&9 Thy, Thel 3}
of wat Zt7t MESA, dEEhee Fa A=
type-l HH33} AN HAALHS HIsi= type2
HkSg-0 2 1}
291 HAAJE oA type-1, type-2@t-g-o] HA3] +3
< o] FaL o, F#HAQ SHAA L] AUz
A= " F4420 9¢S & 4 Atk (Furue
and Kitoh, 1981; Han et al., 2010).

B2 AFolAl MAle] polysaccharide £©] type-1
g ofsl HYXHGTE Aslste ZoE HIE
ATh 53] WAL polysaccharide]! lentinans
DCs®] MHC II, Toll-like receptors®] &l-S ZthA|
A WS =o]aL, DCIA IL-129] F7F= Type
1985 34, o]0 &3t ThHlZ= IFNye] S7t
2 olojA= dde] HexA 3R o]o Xtk (Murata
et al.,2002). 5=3F JAHALS] t3E2] polysaccharidel]
D-fractione thA M Z9} DCIA IL-125 F7HA17]
3L o]= NK Al 243} IFNy2] F712 o]oA] o]
HA] type-l RS FFXIAZ|5L Thiel o3 A=A
A W3S 7siA71Al Fth(Kodama et al., 2003;
Kodama et al., 2002).

2 AT AT WA A FEEES TS AF
of o] AT FIHAE FATE AF A AHA
IFNy <71, 1gG2a] $-Aloll 23 type-l &7le] A
= ol wAlel polysaccharided! lentinanzt D-
fraction®] type-1 REgell €Jgh W 25 st
U e ZAo g AdET T3 FolHAl E5FEE
< HA AFHNA NE IFNye] S7ke} 1gG2a
| $AIZ type-19h-g- &7lof o3t HY 2d5 9
HA] 7] sh= AR yEth HE 2 A A3
= oAl EHSRIES e E dojxl Axprt
ofA|FE FolHAl 54 Aol EarAle]lentinan,
AR A2l D-fractionzt 7o) thAJHIE 2 NK, DCs
9} 7+ antigen presenting cell (APC)e] A4S =
o type-1¥H-E HEE B3l LTS AT
78S AA & Aok ey AAF o E E
oA EFFEE] type-19} type-2 B
Ao HA| #FAQ SHAA F Zfol7} glo]
HARRGRES] AUzl A7} ofd o] F WY
d A7 AR FAH
F 2o EZ5 FolHAC] polysaccharide ¢ HBP
9} HCP = polysaccharide ¢] 58 & ZZ4o] zZ+z}
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(1—6)--d-glucopyranosyl, (1—6)-a-d-gl ucopyranow
resdues 7HAAL Qlow, tim 2 9 T FA4S A9l
31, (3—3)-f-d-glucopyranosyl, (1—4)-5-d guoopyrawl
2719 S A AL 9L0) Hng]xﬂu].(Han et

- AT

al., 2011). o|= Z7+¢] polysaccharide?! E37H A<
lentinan, AXWAL]  grifolan, D-fractionz} 7+o]
type- ¥ FXIANZE F UA APCE XH’SP

ponsx:chande*A 3 %7%‘?% H|s=gh dﬂ] LA
o], & AollA] O]‘ﬂ%i type-1 Wk

s I ATl | = 7}X]31 de o=

fd

fu

t polysaccharideS-2-
A3 ek 2%

h:]— Uits]- ho]tq
A —r%fi} poly%lccharlde o] fucogalactarh: in vitro
Aol thaAE2] TNF-08} NORA o] S71ehe:

Ao, TNF-o 2718 745 F3HA9] lentinan
Hop of 431 =4 FEEOEN HA7T S S
7] 43t 238 VX Aeg E 4 Qlti(Mizuno

et al., 2000).

HA % l "Hﬂ ﬂﬂﬂ ARG wx3l7] 9siA ©
5] F0 PR B el Fols) 4] ol
ojxor & Ao 7 FIET) Ed WAL B &

ZE8l= 7139 AsAo| ThE ¥ X} Zol(d

%5, 2008), FolAle] A guste] A= 1544
F 2 Aooprom w8 F Ak Feae 3
s 79k,
o ok
e =
B AT AgHA, 53] SolwAle] MezE]
SAAS 7] oRE BrAe] Slstel S5
o B 7S 9da Folual B QAL EumAl

9

Ho

RS |

=%

o] AREE AT WA
W 1gG1 ¥ 1gG2a =
Fg o8t T B‘ Z
g43 A3 A= |FN}/9]‘ L-
sttt A3 A3 Fol =
FoAH A FE2= 500 mg/kg BW<S
oA ZHE IFNy/IL-49] ¥)7F T2 ol v]s
AegS Ao w3 I3 U 1gG2allgG1e] H]7
-] 7§T°ﬂ e FHTE 4T
o} 6]—]:]]—0] a}/\ XL_Q_J,} 7}
T2 FXE 7Fsdo] e, 2 a3t
Alolv AW A v awste] 2]
SRl o RN AAXHE 75 A3t SHAA S

wAole} Alg T,

NI
1_.—|~

8 358 ol

>1vﬂ

HAlel =2

2011 e St A€l
QU ok B A7E 9st] A
o= A7 xS =yt

=

BE!

Azl

o

s

I

%, o]A14. 1995.
5730 &gk A

A&, sHAl&

57

0.

a

21573

i)

, °]-83%. 2011 WAL FH-o WY

. S E AR5 88 A]. 18 961-966.
01_9., 71_.2_1;1_ 2011. }\LQ.}:H/R—]O] o_:11 =z Z] oﬂ u]j
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