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Abstract — The present study was designed to explore an immunostimulating activity of crude extracts of Macrolepiota pro-
cera, and a combination therapy of cisplatin and Macrolepiota procera extracts which can potentiate the anti-cancer activity
of cisplatin. For these, water extraction of Macrolepiota procera were performed at 4°C(MPE-4) and 100°C(MPE-100). In
experimental metastasis of colon26-M3.1 cells, prophylactic intravenous administration of MPE (80-2,000 pg/mouse) inhibited
tumor metastasis compared with tumor control. Peritoneal macrophages stimulated with MPE produced IL-12 as well as
induced tumoricidal activity. In an analysis of NK-cell activity, i.v. administration of MPE (200 pg/mouse) significantly aug-
mented NK cytotoxicity to YAC-1 tumor cells. The combination treatments of cisplatin (20 ng) and MPE (100 ng) exhibited
prolongation of lifespan in colon26-M3.1 tumor bearing mouse. These results suggested that MPE stimulate immune system
non-specifically and application as adjuvant in cancer treatment.
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(Carlsbad, CA, USA)A}oll A :IL°1 AT TS EZF
! B16-BL6 melanoma®] Hl|
&e 7.5% FBS, vitamin solution, sodium pyruvate, non-
essential amino acid, L-glutamine®] &-}%¥ EMEM \iHX]E
macrophage % lymphocytes®] %2 7.5% FBS7} g%
RPMI-1640 WA & 2t} o]-8319 2™ 5% CO,, 95% H=
gl 37°C2] ®j %7](Thermo Fisher Scientific Inc. Waltham,
USA)lA v Fsaitt. Al 5] SSA o gk Al E54
ZALE 9I8lo] 5x107/welle] WEE 7} FHHEE 96-well
plate®] Z} wellell plating $+ 5, ]E o] HFEFE7F 2mg/
ml 58 31.3 pgml} =7 27 % 3270 wjerslan). 2t
=29 MEZ 54 3= WST-1E ©]83k= cell counting
kit(EZ-Cytox, Daeil Lab. Seoul, Korea)E ©|-&3}od A=A}
o] A3l met 450 nmolX FBEE ST

MacrophageZFE{ #44HEl Cytokine2| 58 - BALB/c
nl$-2~ol] 3% thioglycollateE 1 ml B7F5AFSIAL 3 59|
AFEEHOE v E AT F, Bk RPMI-1640
Hj2] 10 mlE FUsk] 57 U A3 (peritoneal exudative
cells; PEC)E A3l th 483 PECE 24 well culture
platedl] 1.5x10°/mle] FE& 2Asle] BFaigirt. 2417 5
oF v ¥3led macrophageS: platecl] _'_74 5 wjokolo g A
sty FAEZR Fe AEE AA S 0431 F=(0.5 -
500 pg/mhE =HE 7t AlRE H7lekal 2447 B v
skt Cytokine A 2he 913 =2 2= lipopoly-
saccharide(LPS; 1 pg/ml, Sigma-Aldrich, St. Louis, MO,
USAy= 01%3}013} W ujoretE F, w5l fie 2

HIE TNF-o ¥ IL-129] 5732 7} cytokineol] g+ ELISA
klt(Pharmmgen, San Jose, CA, USA)S —+§3te] A=Ak
A Zlel whe} Z7gskich.

NK-cell 8 &8 -657% 9] Balb/c "= 200 ug®]
7} A EE AUFARSIAL 3Y Fof mhe-2o] ¥t HitA
o2 Fsho] B E(effector cell; E)E F=H] 3%t} U-
bottomed 96-well plate®l] P22 HE AL ¥ A E o}
NK-sensitive MEZZ &# 7 YAC-1 A2 (target cell; T)E,
E/T H17} 100:1, 50:1, 25:1, 12.5:10] H== A3l 64
7b &<t 3F vt vl R Sl dalEeE Fot
o Wi dTHES FS & AslE GAE7L 2] gk LDHE

o 1=
A4S kits

o] &-&lo] | Al (Promega)2] Aol wle} =4
skt

Cytotoxicity (%) = [(experimental release - spontaneous

colon26-M3.1 lung carcinoma 3

release)/(maximum release - spontaneous release)] x 100
OFR20IM NK-celle] MH — A3xo] o AFo

o5k FUBYo] NKAE] B3] oJ5te] FuseA
H215] 918, ThEARIE NKcelle] AAE 7=



Vol 41, No. 2, 2010

WY AL FyE AASEY F, vz 5ou) 34
% anti-asialo GM1 & *J(Wako Pure Chemicals Industries,
Ltd., Osaka, Japan) 500 ulE& S48E 19 2 344 7t
7} B72FAL sl

AlE7t F0{El OFR2A2| macrophagedl 2|8t SLMIE
ool B - ARG Fool] o3 thA A vyl Al E=A
2HE A7) 91 ¥ FES BALB/c PR E o &
S92 200 pgdl 7k AFE P2l HAFA st
FAE 2 § whe-iE BN B RRY B
£ 3t lE o 2E PBSE FAIS nleAE %
&1}, 96 well plate®] ZH wellell 2.5x10° celle] T4l E
£ B33, target A EZ colon26-M3.1 cell2 #7131l
12A1 7F&QF vl 3k A . ofw] T2 M2 : target cell$]
colon26-M3.1 cell®] H]&2 Z+Z} 100, 50, 25, 12.57} ¥=
5 2k Mg 9k F, A5 100 pls FRskal A
¥ Az A=E Z43}7] $15ke] LDH kit(Promega,
Madison, WI, USA)®] &4 A|xAke] A Fof we} A7t
StaL 490 nmollA S8 EE SA ST A ol &gt
A ES] elH] & TRl eJste] Fslgitt.

Cytotoxicity (%) = [(OD value of experimental group -
OD value of spontaneous group) / (OD value of untreated
group - OD value of spontaneous group)] x 100

EeF Mo| Yl _ AF9] 45U I+ colon26 HEZ

HE] Ao 780l MEFR] colon26-M3.1 carcinomas: ©]
S5l AHEE £ FHo] RYS o83t AEsE
2 Z}7Z} BALB/c PH-2E ARSI OH, T HES
colon26-M3.1 carcinoma Al £F9] 7 ¢ np$-29 3x10°
cells2 AHFALiv) It % HF 149 Fo npei
£ YA FFe] £47]13R1 HE A Z31e] Bouin's
LN Hold TS IAGAZ F, T ] FE S

100

80 4

60 -

40 -

20 4

No. tumor colunies

0-
Control 2000 400 80 16
conc. of MPE-4 (ug/ml)

117

et e, AlFe] ot g5 Ho| a3 TN
3 2 o2 AN, AlRE T HE
2 Aol 13] FWFAH0.8-50 mg/kg)stR o+ 2+t 5
nlg] o] uhe-2E o] &3l 't vh-o) A AES
215}ed 3x10%9] colon26-M3.1 carcinoma cellsS & A}
3ol 1Y $HE 3Y 722 1 mgkgd] cisplatin 2 27t
WAl F25S 717t 5 mgkgd T 2 BAlo| & 73] &
AR BlaL AE A7RA] HEERSI T

EAIXME| - thxtol ek A 7ke] 5AF foAde
Student's two-tailed rtest® F-2J35}T}.

Za g o3

S2HA FEE0| oW F0{0] 25t SYTO| X
o —4°C 8 100°Ce] 28 FE 2N FEE0 A
124 W (innate immunity) X84 S A7) $13H
colon26-M3.1 carcinomas ©|-83F SEHARLAAAN T4
ZAole] mA= S SIThFig. 1). TEEE 294
o zb whg-z=oll 16, 80, 400 2 2,000 ug® MPE-4 2
MPE-1005 72t 13] A Fofgt Az}, o] &8 e}
Y& MPE-4 % MPE-100%] &%= 7} 400 2 2,000 ug
o7 Fghzrel vlste] 24zt 96% H 81%°]Att. S
o2 Fos FYe] HolE A= MPE-42] Fol g
% 2= 80-2,000 ug®l 3L MPE-1002] 73 9= 400-
2,000 ugelom o]g-iFe] Fofol|a] mhe-LollA] 234 of
ek B8 AAER] Qi) Flo] oA AYeke]
Fofol 93t Fokxlo] oA E3+= 2 macrophage S
NK-AE 5o AAAGA 7 A3t 711sE a3l
2 Bazo] Qe w9 B Ajge] Rojo o3 AU
71+2] EAdste] vigk At 8E )

FAHM FEEQ| ME Y &3 - 20

Fol

‘

(

= T
R4

i

100

80 -
60 -
40 4

20 - x

No. tumor colunies

0-
Control 2000 400 80 16
conc. of MPE-100 (ug/ml)

Fig. 1. Effect of Lepiota procera extracts on the tumor metastasis. Groups of five BALB/c mice were inoculated i.v. with 3x10°*
colon 26-M3.1 arcinoma cells. All mice were administered i.v. with the indicated doses of the sample 2 days before tumor
inoculation, and euthenized 14 days after tumor inoculation for evaluation.

*p<0,001, compared with the untreated group (by Student's two tailed -test)
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Fig. 2. Effect of Lepiota procera extracts on the growth of tumor cells. Colon26-M3.1 carcinoma and B16-BL6 melanoma were co-
incubated with the indicated doses of MPE-4 and MPE-100 for 72 h. The proliferation of these cells was measured by a cell

counting kit described in Materials and Methods.
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Fig. 3. Effect of Lepiota procera extracts on induction of cytokines from macrophages. Peritoneal macrophages (1x10% ml/well)
were treated with the indicated doses of samples in 24-well plate for 24 hr. The level of each cytokine in the supernatants of the
cultures was determined by ELISA kits. The level of cytokines in the group treated with LPS (5 pg/ml) was as follows. 1L-12;

535.8+46.7 pg/ml, TNF-o; 204.5£76.4 pg/ml
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Fig. 4. Effect of Lepiota procera extracts on the enhancement of NK cell activity. A) NK activity was determined by a 6 hr-
incubation assay using by LDH kit. B) Effect of anti-asialo-GM-1 on the inhibition of tumor metastasis by Lepiota procera extracts
*p<0.01, compared with the control group (by Student's two tailed #-test)
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Fig. 5. Effect of Lepiota procera extracts on macrophage-
mediated cytotoxicity against tumor cells. Peritoneal macrophages
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*p<0.01, compared with the untreated group (by Student's
two-tailed z-test)
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Fig. 6. Synergic effect of Lepiota procera extracts on the life
span in tumor inoculated mouse treated with cisplatin. Ten
BALB/c mice per group were administered i.v. with Lepiota
procera extracts and cisplatin for consecutive 3 day interval
after colon26-M3.1 cells inoculation. The survival times of
tumor-bearing mice were monitored until the mice succumbed
naturally.
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