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Abstract — To examine the potentiation of Macrolepiota procera extracts (MPE-4) to act as adjuvant enhancing the tumor spe-
cific anti-tumor immune response, tumor vaccine prepared by boiling (HK vaccine) admixed with MPE-4 and immunized in
mice. Vaccination of mice with HK vaccine in combination with MPE-4 resulted in higher inhibition in tumor metastasis com-
pared with the mice of HK vaccine alone treatment against live syngeneic tumor cell challenge. The splenocytes from mice
immunized HK vaccine mixed with MPE-4 was able to elicit a stronger cytotoxic T lymphocyte (CTL) response as compared
with HK vaccine alone. In addition, the splenocytes from MPE-4 admixed HK vaccine immunized mice secreted a higher con-
centration of Thl type cytokine such as IFN-y, and GM-CSF. Furthermore, the adoptive transfer of splenocytes from mice
immunized HK vaccine and MPE-4 led to a more robust anti-tumour response than the HK vaccine alone. Overall, these results
indicate that MPE-4 is a good candidate adjuvant of anti-tumor immune response.
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o] 7ido] HEFojoF e} Fool Tt a9l He
5o I58 Sl A2 AR (professional antigen
presenting cell; APC)?] dendritic cell (DC) B-+= macrophage
o 938k FAM|E F 2] (phagocytosis), 7 (processing) 2
T Al3o) thet LA Al (antigen presentingy= S UH S ©
FEACNN Z5AQ) @ a1ttt Z AR AL g
A5 F1lo) gt T4 A=lEdS 7= CTLY] A
AR FFAF Y FeolM 7P Tagk 240, wheba
APCO] 43} 7158 71 adjuvante] =L FGAM E 7}
TR E AAre] o3 e 8 I s e
frel 7P ek g Algdnt?
FEWMA I Agaricaceaey| E3= E5HA (Macrolepiota
proceray> FEUEHE X§Fete] MlA ZHA] o EEsh 5
guigtolxe 58] do] HgAellA Hol A2jst7el &
FTHA Z2 ZoWAlo® Bea ot S2ALS 218
Aol Bt Aejedol] tigh =70 s =Rl
2270 ababag?) 9 gokatg o] et Zlo] U 9l
Ak, T AgwAle] e A77F JgE A vl
slod S elol Al A7t Elo] A e WAl T2l 8t
olth. & A7 o] AFAH 42 S5t
o] AAAGA AFo] o3 Fd5F A5 7122, ¢
ZE Aslste] A FFMAle] HAo] o5 S A
o] frieol] oA A FEEo] TP w5
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HESE - 47 6-85739] #HM BALBLE (F)2FAE
4] 2 ol fathela ABFEGNN A vt
e AR 5410 vhEY Yol A H w3 dilew
& BINEEPNETIDE A FFo, e
28 WA Gs Folste] ALgsint.

Alok 2 Mz — vIAE 9 Fpzme] wjeRe 915k
RPMI-16403} Eagle's minimal essential medium (EMEM)
Wl ], fetal bovine serum (FBS), vitamin solution, non-

essential amino acid, L-glutamic acid 5 Gibco(Carlsbad,
CA, USAWPIIA 43I A 2EF2] colon26-M3.1
lung carcinoma % B16-BL6 melanoma®] Hj¥FS 7.5%
FBS, vitamin solution, sodium pyruvate, non-essential amino
acid, L-glutamine®| -3 EMEM ¥IX]E lymphocytes®] ¥l
oro 759 FBS7} 3F&-¥ RPMI-1640 A2 717} o83}
1=

M REE MZ - 2 A0 18T 2ALe 7
T Rt S A3, AFEH O ZTE 7|Sek
S 4 EGYIN AESG S F
AAAE AT FHe) 10)Ehe RS A
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7Ft F 4°ColA 1687 &8I0 FE2EL 94Ee
(1,800xg, 30 min)& &3t &S 3|5k, s471x%
oA A EFEES THISIIAL, T MPE-4
= J37]2 3190k MPE-4& PBSE 046191 50 mg/mle)
TEE ZA %, 02um2| pore sizeE 7FA|+= membrane
filter(Whatman, Philadelphia, PA, USA)Z ©]&3lo] o3} &
o] & 4°Col| BAsIHA Al 283t

FHHAO| K= — ulal Aol ARG FUAIEE colon26-
M3.1 carcinoma®]™ 7] WEE WP o2 A zskeh” oF
%319, T THHNEES trypsin-EDTAE o]8-5}e] Al
2 flask= - 2] &, MGiAE B 18], 2 F
PBSE ¥ 33] AlHFoZA FBS Aws AAsIA &
pulAe] A= AIE (1x10"/ml)E PBSe &EF %, 100°C
oA 3087 TEITOZ FYMA (HK-vaccineyS A28
}.

FEATo| =Y A Mol MY A5
colon26 ZH-E] L& Aol AHEF2 colon26-M3.1
carcinomas ©|-&sh= A E T
oh'? w A o] WMol o3 dEok B =4S 98t
colon26-M3.1 carcinoma A ¥5= 2x10°% #|Z¥ HK-vaccine
WAl TH= 5.8 HK vaccinetMPE-4(50 ug)S BALB/c v}
F2=0] gt 13] 52 25 JHH o= F 23] WSt
2HE W 14¢ F g F<U colon26-M3.1 carcinoma
(2.7x10° cells)S EH FAlalith % HE 149 Fo v}
G5 ST T2 F471R] FHE 2ESle] Bouin's
ol Hold FUE A F, LY H FE S
A3kt

OFA0IM NK-celle] M — nle-2=25E] NK-celle] A
71E 7ol B A e AAET? F, anti-
asialo GM1 &% (Wako Pure Chemicals Industries, Ltd.,
Osaka, Japan) 50 pl& SYHET 1€ 2 3240l 22 Jd
w20 HAFAL ST

HIZMZe| ZAME &5 —BALB/c w520 HK
vaccine @5 5-& HK vaccinetMPE-4(50 ug)s 15+ 7+4
o7 F 23] WYsiiit. HEHY 15 $ AoRIE colon26-
M3.1 carcinoma Al ZE FAF 3, 14Y0] AAd npex &
2 A2 5 e FHIsI). Zhzke] v Al
£ 5x 10 cellsiwello] H%= round bottom 96 well plateol]
plating 332 colon26-M3.1 carcinoma A (1 x 10" cells/
wel)E H7FetaL 6417F wi ettt MY 95 &, 45
10 W FRskaL vPgA|azel| ofate] Al FFAaEe] &
=& FA37] 913t LDH kit (Bio Vision, Mountain
View, CA, USA)®] §4-& A|lz=Ate] A3l w2} H7fsar
450 nmollA FBEE S8 ITh HIPAIEe o5 SAIE

As1AS el lslel Tasint.
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Cytotoxicity (%) =[(OD value of experimental group-
OD value of spontaneous group)/(OD value of untreated
group-OD value of spontaneous group)]x100

Cytokine = 4] — BT L] FME sl 2/dol
A AFESE UM E 2 QXS FAS 2o E FH &
3Y7E v st HIPAIE wi s dell =% cytokine
¢l IFN-y, GM-CSF, IL-2 ¥ IL-49] &7 7} cytokine®]
thgk ELISA kit (Pharmingen, USA)S- o]-&3}o] ZARISITH

Adoptive Transfer — Yol ARE-gH HIPgAM E= HK-
vaccine 2 HK-vaccinetMPE-42 W&}y HEHe] &
74 3 A= colon26-M3.1 carcinomaES EHFAFSIAL
144 @22 78 HGA 25 AEsATh M2 vk
2= colon26-M3.1 lung carcinomaS EHFAH2.7x10° cells)
& Ak 1Y &, 1 sy vhe-2E FHlsslnh o
HE 1Y 5 203 Zzke] ugA Z(2x10° cells/mouse)y=
HAFARE Folo] Y itk AE HE 149 &
of vk-2E SAIH AL, Hell Mol| T +1TE
Qs

SAXE| - tixtel gk A ko] A felid2
Student's two-tailed r-tes
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o4l HK-vaccine®] 32 SIAAIAIEZS] CD11b 2 CD86

THJAE AR 2 HK-vaccineol] o1& FEF B9 f=
o] TS SN o m FAANAES] FAA
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AN TN PAE s 4 T ALY BHRE
S5t & FPAASS FEshe 7150] 98-S F
oL geEe]HQ) Weukg-S fEE AHeIA|S) B4
512 /)22 @) o) wAoly SR FEES A
"ol BYAATE Aol 9eL AAsAG? 25
vlse] AU BH5 715e 22 B e S
A FEEo] SR N 0§ S| f=

[e}e) A :

H HASHA R MPE-45 5210l Fofsidict. dd43, &
& tjztol v]Ele] HK-vaccineTHs: 13] WHAA| 74.2%S
HK-vaccine®] MPE-4E &%l W A3}t 2F 96.5%9]
ZTgdolso] A=A A 23] HYA]|= HK-vaccine
T HA o BT oF 90.9%2] H2 FTEHo] oA S
Bolom ojuf MPE4E FA9 Hgh 242 99.1%°] &%
Hol A &S HYo=A FAFCE FololA =2 &
g0l A= ATH Table I). ©1#3F A2 =MPE-47} HK-
vaccine?] Hol 2Jgt FYH 93-S FZIAF|= adjuvant
o] IS HoFe At d5F S XA
+ adjuvant S92 AN EL] FLAN TS FXIANF
o2 fEant " olgd adjuvant®] 716 FE F
AAMAEL] B ZAF) A (co-stimulatory molecule) A4 =
S N EA AGEAHS S7MIIIE IL-123 2+ cytokine]
Aol el Bl 9Iek Y o] o] Aol MPE-
45 222 QAN EEZRE L1228 Y2k cytokine
inducer241¢] 7]%50] 3128 gl 3 u}? MPE-49] 8=
& 4E Feshke adjuvant 249 sk ol ¢ st
U= 29] IL-12 A4k 22 cytokine inducer2412] 71
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Table I. Inhibition of tumor metastasis produced by colon26-M3.1 carcinoma following vaccination with HK vaccine and

MPE-4
Group No. of tumor colonies Mean+SD Inhibition %
Tumor control 111, 115, 106, 121, 138, 149 123.3+16.7

1 time HK alone 25, 37, 31, 30, 38, 30 31.844.9% 742

immunization MPE-4 alone 102, 98, 89, 145, 121, 116 111.8+20.1 -
HK+MPE 4,5,4,3,6, 4 4.3+1.0% 96.5
2 time HK alone 11, 9, 11, 16, 9, 11 11.2+.6% 90.9

immunization MPE-4 alone 112, 98, 136, 129, 105, 142 120.3+17.9 -
HK+MPE 0,2,2 20,1 1.2+1.0% 99.1

Five BALB/c mice per groups of mice were vaccinated and inoculated i.v. with colon26-M3.1 carcinoma cells 14 days after
final vaccination and killed 14 days after tumor inoculation for evaluation. The mean +SD of metastasized tumors are shown.
*p<0.05 compared with the indicated compared group by Student's two-tailed #-test
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MPE-42| ZM=Z S0/ HASZ g — A0
tiste] AelgdS 7H= 7] tEA Q] 254 2= NK-
Ao} ME=SA TAH I (cytotoxic T-lymphocyte; CTLYF &
HA Atk B 23S HK-vaccined)] MPE-4S £83}
o f=¥ FTF o] TY HIEolH HAME 5 A
HAAE FA e AEFe] sl NKAEe] 28}
o5t 715RIAE gRlsh7] f18te] ATt mhe-2olA
NK-cell®] A|A+= anti-asialo GM-1 A& AR 2] 8}
of AAatdth? A8 A3, anti-asialo GM1 4 S 2]
SHA] 282 Advh-2e FEHE HES A= oF 720
o] o371 Alo] AL HK-vaccinetMPE-4Z FA]ol H
oAgk Az oF 1070 B=2] A7t FAHHLZA Table 13
TS FAe] FEo] AAlFe] JAFHA. $HH, NK-
ME AAE 9131 anti-asialo GM1 A E H2]et oAl
= 21T} 38 o]/l oF 309719 &7t Aol Ho A
Hukg-2o| Al NK-AZ A A7E 5814 o] Fo1A Uas
BRIt NKAZZE A€ vhe-2olld] HK241E MPE-
49} Egtate] Ak A9, oF 11719] 7t @/do] =of
NK-AEZ7F AAE 7= o5t FFo] AAazrt
Q17 = A thFig. 1). WekA HK-vaccine+MPE-42] T & o]
oJste] Fxe T A & Hoste AsAE
= FH2F NK Al27F o5 e 234E den &
Alof] Aol oJsle] FUYAMEE Aslsh= e EE Al E
=4 TAHE7) Bojditke AL s AAkelgieE ™ o)
n] o] e] A oA] HK-vaccine?] W& =2 Z0kA| o
sk TAZ] 452 Fedty RyEet” o
2} HK-vaccine®] H el &gk 5 WO fFrolA
MPE-42] &3} thgt A &3t a4 9|ste] HK-vaccine
@5 9 HK-vaccined] MPE-45 &3}8le] HABIAL 4bolol

tlo o
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Fig. 1. Effect of anti-asialo GM1 Ab on tumor metastasis by
colon26-M3.1 carcinoma following immunization with MPE-4
and HK-vaccine in mice.
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= colon26-M3.1 A2 E JES w227 E A v
22| colon26-M3.1 A2 ot MESA TAHE S =
Alstict. A8 A3}, MPE-4= HK-vaccine WY wR9-29]
olgt Al Z=Ad THIES] AE Aef 4o FelahA 531
7= A= UERITHFig. 2). o]2lgh A=A THI ] ¢
g T E Al S T2 T A2t AAkske cytokine
of elate] -3 9)7]o] AR RE AL H]
A EZTT Arkel= Zh eytokine2] A4 1S ZALSIATE

EAME S0|H cytokine MAt0f| O|X|= &3 - HK-
vaccine®] oA MPE-49] YTy = 53 3=
HES] 98t HAnpe-A2 RE & vgA| xe] T4
Al EolA] cytokine BAFEFAS ZAFSHATHFIg. 3). &
Ao AR glo] vlA| ERke] v -5 ollA] TFN-y2
ArbsS AR A3}, AdvR-22(normal), TFHS HE
3l vh9-2x(tumor control) & MPE-47HS- 445 1494
o] FAFSE vR-22(MPE-4 alone)2H-E A& v A L= F
2138k IFN=ye] A2+ EA4do] ittt 28y} HK-vaccine ©F
= (HK-vaccine alone) -2 HKE#AI+MPE-4E TSI &
SHEE HES vl (HK-vaccinetMPE-4)2] B]AA| 2=
AAFFLR ML 2= glolE o] gh IFN-ye] A
218 Bk 28y 7 7He] IFN«ye] ALkl HK-
vaccinetMPE-4 0] HK-vaccine ©5 T 7-20f H]
slo] oF 2u] F =S IFN-y A4t 442 29 oh HK-
vaccine Y PR-29] HIZGA| L7} AAE AJA= Qlo] =
2 IFN-y2] ALPdS 1Rl A2 vhe- SIAYA] mlg-2oof] &
Asle JES Azl thate] =& Al HRkES

Z3lal e AR AZIE A, MPE4E FAl9] W g

40

Cytotoxicity (%)
3 3

—_
Lan)
1

Normal Tumor  HK-vaccine  MPE-4  HK-vaccine
contral alone alone +PE-4
Fig. 2. Effect of MPE-4 on enhancement of CTL activity
against syngeneic tumor cells. Splenocytes from mice
immunized each vaccine were harvested and incubated with
colon26-M3.1 cells. Cytotoxicity activity was determined by
commercially available LDH kit after 6 hour of culture. The
mean = SD of triplicate determinations are shown. *p<0.05
compared with the indicated compared group by Student's two-
tailed #-test.
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Fig. 3. Cytokine production from splenocytes of mice immunized with HK vaccine and MPE-4. The splenocytes of each
immunized groups were collected from mice and cultured with live colon26-M3.1 cells for three days. The levels of cytokines in
the culture supernatant were measured using an each ELISA kit. The mean + SD of triplicate determinations are shown. *p<(0.01

compared with the indicated group by Student's two-tailed #-test.

745 =2 IFN-yo| Artaar vepd 22 94 MPE-
47} HK-vaccine®] Helol| o]gt A9NRg-S S3IM7]= &
dol Aes Sk 2HE AR H AT FA]o] HK- 9
Aol Mol &gt Ata = FE TAHE w7l eSS
o] 71¢18hs UL AT IFNi= 5= Thl
typee] T cell, 32 FAxe] tisle] AsiEe 7IKE CTL
o] Aaksh= cytokine® Z MPE-47} HK-vaccine®] o]
o5k IFN-y©] A4S of vl = F7HAZ] 21 MPE-47}
HK-vaccine®] ol &3t CTLS E4J3H(Fig. 2) %= helper
T celle 7Zf31= cross-primingol] 9§+ CTLe] &dslE <
ANTE 71%50] g s Ak 0 @, 2
THEZZHE granulocyte ¥ monocyte 52 H 2 A E
29| E3} 9 28 F£18k= GM-CSFe] A4FsE % [FN-
yol AAkt SYe 3RS Bl olg 3= MPE-47}
FPHES} FAll HAA] TFANEEE F=5KE dendritic
cell (DC) 52 macrophage®} 72 FAANAIAE2] A
oo SRNNFOEA, A5 Yol tEtetke T AEE 24
8 A71e 7150] g Ao ARHYTE THE 4%
o1z}ol IL-29] 73-%- HK-vaccine®] ¢} 2 HK®AI+MPE-
47F H=ek ARE BYou T4 thxwrdl Hlske] folst
Al w2 A S BT ool 3= MPE-47} HK-
vaccine®] Yol oJ5te] FEE= FUE0)H wH-gollA &
AN T H T AES FHIE HolleS =ol= adjuvant

o] Adrhe g B ¢k, thEZQ] Th2 type
9] cytokinesS! IL-4= F2 B-A|EQ] WS FEsh=
cytokine® = L&zl v}, Zb o] wh-29] HZGA| £ 9] IL-
4 ARl ol g 2ol 7t QIR =R eFskeh. whaba
MPE-4E adjuvant® W gt A3} X %= HK-vaccine®l
ojg FFF &4 T aF= IL49 22 Th2 type®]
cytokineol] 9|3t B-A| 2] &3} FH Hl= [FNy 59
TE olF= AEG "o &Sl ot WISt &
91 AT

H9OIPAL| HIEME AAXE o5t &8FY St -
SRAZZ], WAS Y & QA Z27} o] 2 F mhg-29]
HIZAA 2] D (adoptive transfer)oll 213+ 5% 243
o] f= &IZE ZABIITHFIg. 4). =, Table 1 A3}ol|A W)
Al 28] HY wl9-28) FUgE 2719] npeA2HE A H]
M| EE o|n] colon26-M3.1 carcinoma’| HEH vh$-220]|
HAFAPH o2 JFADstaL Tl A aIE AR}
Stk A8 A3} HK-vaccineS W & QM| EE o]2]3l )
FEERY A2 AN EE YD rheie 2T
of Hale] oF 42.4%°] F&Ho] A EHE,"” HK-vaccine
+MPE-45 WA 7= oF 71.4%°] S/ Fo] <
Aa=s 29t o] Ad3k= MPE-47} HK-vaccine®] R
of eJste] fEE= CTLS HAIE Al ¥ (Fig. 2 53
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Fig. 4. Induction of T cell-mediated anti-tumor immunity.
Spleen cells from indicated treated mice were transferred to
colon26-M3.1 carcinoma cell inoculated BALB/c mice. *p<(0.05
compared with the indicated group by Student's two-tailed #
test.

A7 7%l 23 Aew ARyt AR
A vlolg] s 32 ¢F Bo] T AlZe] YPFde=2 3ol o
gele ZeAlEe] 98 Ea| TAHxZe] & digk A+
A o] FaiEle] gt} o33 AT YAIEl Wik CD4”
T AX 52 CDS T ME7} £ et ZFEA T2 uj&-
23S AABIAL 9oL, H2ollE o8 d THIES] 2H5E
< SXIAF17] fl8te] Al diste] 7R ]2 Al
EE T M} FA e gozA S F53E=
e Qs Yok meb 2 %ol MPE-49} HK-
vaccines Aol WYl 7-$7} HK-vaccine 52 HAASH
HIZGA3E0] joddol vlste] S8t 5 &) I3
B AL #41817] ¢l5te] MPE-49]] ©J3te] EAdslE= o
& 7] TR/ ZEAze] gk ZAg At st
AFEE T oFgAE 52 MA S 2 RE] 2|3 lentinan
5o g AR el e Huke-S ST
£ 7150l Jdrks AL 7 deig kPP B Ao AL
B3 27N FEES AHHG A S5t ok &t
Zrgo] Qltke AL ojn] RyPE, B Ao FU
of thglk Mo WkS-S FXIAF|= adjuvant 0] o] ¥t
S0 vh, ko2 FZMAl A A& - Ui
o] 2 2 B4 st A+ 87E A

M
rh

A FEEQ] MPE-49] 4ol tig Sol4 W5
¥ a3E ZAR] $18K colon26-M3.1 carcinoma®ZF-E]
A Z¥ HK-vaccine’} E31ste] H & Alolol= MM
£ olAste] HAH nhe2o] FYF Hol AAlTS Akt

T}, HK-vaccine?he- Wt 790l H|3}e] HK-vaccine®ll
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MPE-45 &9ste] st A3} fofgh Fgxo] JA|axt
7} YERATH. MPE-49} HK-vaccine®] ™ol o]l gk
22 NK-cell®] €733t o3k A2 ol on MPE-4
= HK-vaccine®] Fol 2|3t CTL &AL =ol= 750l
AT E3F HK-vaccine @5 &2 HKS} MPE-4E &3}
stod A mhe-2~o] HIAA| EZE AolS)= colon26-M3.1
cell2 AA= & w%F Ad5 ol ALHE cytokineS ARG
Az} WAl Eo]Fel [FN-y 2 GM-CSFe] AJito] F7ie]=
738S Bt} HK-vaccine®] MPE-42 FA|o W51 &
AEZE o]2) gt npe-22HE A BIZAEE colon-M3.1
carcinomaZ ©]2]3} np$-2of ke 3 A3} HK-vaccine
S WA vhg-20] v EE P 5o Bl
E2 Y @40 AR HUS. o] AFHEFE MPEA4=
FTFMALe] AAA] Fol| ek Mg ARSI

7 Fe] 7012 Fol5pl AISHE adjuvant B0l S
2 Felsac
olges
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