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Abstract —The antitumor components of the protoplast fusants of Lentinula edodes and
Ganoderma lucidum were examined for immunological activity to elucidate the mechanism
of their antitumor activity. They did not show any direct cytotoxicity against tumor cells.
But being examined for immunopotentiation activity, they increased the number of colonies
in the bone marrow stem cells to 3.0 times. They also increased the activities of the acid
phosphatase in activated macrophages to 2.1 times and the secretion of nitric oxide in RAW
264.7 to 2.2 times, respectively. They activated the components of the alternative com-
plement pathway. In humoral immunity, they increased the activities of the alkaline phos-
phatase in differentiated B cells to 1.6 times and the number of plaque forming cells to 1.8
times, respectively. In ceflular immunity, they restored the depressed response of delayed
type hypersensitivity in tumor bearing mice to normal level.

Key words ~ Lentinula edodes. Ganoderma lucidum protoplast fusant P22: activated ma-

crophage: alternative complement pathway: plaque forming cell: delayed type hypersen-
sitivity.
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P44 tAle] Az i HEE AE
Thol ol m Yk ¥ /Y, HTel B ATFHA
vt FaAggo] & gAEFE el Ase] o
Aok Emel AYAA Gl A2V} 943 ¥
FHE 7 $A P2 Adatdn, o) $RFA
AZRE 223 42 AT U JHHA &
& 9 AAE, Bt T do7ol g 98¢ JE
o Pratgel 71Ae WALH SN FP3}
A71d Bastmz} ok,

e o

AEME - Lentinula edodes (Berk.) Sing.
DMC-1# Ganoderma lucidum (Curt ex FR.)
Karsten DMC-1¢1 44874 Eddosd
Lentinula edodes 4 (PABA’): LE4%} Ganod-
erma lucidum 1 (hypoxanthine’): GL1 & €
FEA FA P28 ST F, 2 HANE A5
&3] 42 £3& DEAE-cellulose ©]-2m%
FAE ol &3le] Be|FAZ dliEA) £g ()3}
FriVe o) & 44 Are-8kdrt,

2MIZ chet =FX ZE - Carmichael 574
Wo] #3led MIT assayE AAlEgict Sar-
coma 180, P383 % RAW264.7 YMEE 1x10°
cells/mlZ =3 & 96 well microplate
(Falcon Co., U.SA.)l well & 100 pl1® &35
o}, Fr.V & 50, 200 2 500 pg/mis] 352 233}
o well T HZ ¥97t 200 7t Sl=% spsidch
HEZeZE FrIV di2l RPMI-1640 #1A](Gibeo
Co., USA)E 100 ul¥ »isi9ict. 37°C. 5% CO,
W71l 207wkt k&, MTT Al2H5 mg/
ml in phosphate buffered saline(PBS). Sig-
ma Chem. Co..USA)E 20 W 7i8led 447 &
<+ ufekslAth 400x gllA AR sk YN
H2]31 100% dimethylsulfoxide(DMSO) 150 pl
2 718 Ohe 40xgolA 3087 wutd . ELISA
Reader(Flow _ab., U.K.)& A3t 540 nmel| A
THF=E 2439 cell growthd #2adct.

OtRAS| =HE M| st ZE- Mgzt
AEEE AFS oM Bk Balb/c wh$2(3.
20~22 g H-2Y% ZF27g sl 241 &

Kor..J...Bparmacogn. e

HEZL R@soz ¥ty HBSS &H(Sig-

ma Chem. Co., U.S.A)°] Sol3lE 26 gauge
FAVIZ dE e FFAELE Fol WAt 300X
goll Al 584 HBSS 4do 2 23] d4l¥a] NAT
F 40% FCS A7} 2XEMEM. ¥iA (Gibco Co.,
USA)d SFAESE 3x10°cells/mle] HES
A7 1% agar §do SAE 50 ul, 40%
FCS &7} 2x EMEM 950 pl, Fr. IV 50, 100, 200
2 500 pg/mlel FEZ 78k 2 TS F HF
agar 257} 0.5% I=E& it & & 2ml
£ 2 £33l 6 well plated]] 224 713te] A2
oA 23 T 37°C, 5% CO, Wil oA 743t
HIFAIZD F 40W)& ShollA] A (Olym-
pus optical Co., Japan)2& A" AL 3=t
(colony) & 2835tk o] W) AZ7} 30 7 o
4B AL 1 Mg Y.
orRA2 CHAIME &AM OlX= HE -4 .

AFE B3 JFE LolRr] $i8) &3k gi2A
¥ 232El #v]¥E acid phosphatases] 84&
Suzuki 579 Wl e} ekt 4~5 FH
o] ICR v}¢A(3, 20~259)8 BT, Fr. VE
28 A4 3 BT, sarcoma 180% ¢
9] AZE MR o]t ¢ 2T 4 Fr. VE F
g ¢ g FoFo Uxon ddaveitt
subal s ARt} AR FoE sarcoma 180 Al
X = (1x10" cells/ml) 0.1 mIE #h¢-29 &
Z &) Rl o] 48 al 24M7F TRE EEH A8
TAFog Uyol Aedse Fr. IV 20 mg/
kg/day s ¥ 13] 593 T8t BAE &
o] AMZ Aze FULE FFT FAYENH
59 & mp$AE XAMA7)3, PBSE B4 AELE
&t 300x goll M 1087 Al Zejstdct. 4=
A EE 1%x10° cells/mle] HI=& 10% FBS 7}
RPMI-1640 #1=} (Gibco Co., U.S.A) ¥/A17
3 37°C, 5% CO, vid7lel 24)13F wjeksted
plateol] 524 thal A Egtg 3k Acid phos-
phatase2] 4 232 ol @& 2] Azl
0.1% Triton X-100(Sigma Chem. Co., U.S.A)
< 100 ulE 718 o 0.02M p-nitropheny!
phosphate/0.1 M citrate buffer(pH 5.0)& 0.5
ml 7} 37°C, 5% CO, uid71elA 1 A1k whg
A7 F 300x gl 5 B AR F de A
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g@;zﬁcwm 0.2 M borate buffer(pH 9.8) 1
e skt g FAN F 405 nmelA &
B2 PR dAMEe gL e 2
& Ao gk AT
Acid phosphatase activity (p-nitrophenol
pmol/10° macrophages/60 mins.)=1.15x0.
D. at 405 nm

Nitric oxide 40|l D|Xl= L&k - 23l 4
M Zzto] Bulste Aoz ¢33 nitric oxide?]
Aol piR = FEFE Lot 7] 918 Choi 5 9 W
Wol we} mhpxol @elT 7)ol RAW264.7
cell line& ©)43l nitric oxided WA F W3}
g FRsAY. AZeks flaskel Wt RAW
264.7T A X E 1% trypsin(Gibco Co., USA)S
2 sl "ojdl £ serum free DMEM(Gibco
Co.. USA)SZ 300xgel A 5 23 338 Q4=
2l AlE % 2x10° cell/ml2 ZA3td. 24 well
multiplate £33t PBS 20 ploll HF 5=
7} IFN-y 10-U/ml(Sigma Chem. Co., U.S.A.).
[FN- 10.U/ml®} LPS 1 ng/ml(Gibco Co, U.S.
A). Fr. IV 50, 100, 200, 500 ng/ml % IFN- 10
U/ml$} LPS 1 ng/mlo] S =5 ¢ Arlsted 4
ANZE B 37°C, 5% CO, Wig71ollA wiekst &,
10%7} S1=2 FBSE Hrbsla 37°C, 5% CO, W
F71914 48 Al F<b wjekataet. 400 % gell A 30
3 A4 EsI A 100 ulehE #skd EL-
ISA titer tek plateol &71 ¥ 100pl Griess
reagent(Sigma Chem. Co., USA)E ¥ 10%
3t Aol W & ELISA Reader(Flow Lab.. U.
K)E AHg3td 540 nmelld EB3=E £3312 so-
dium nitrite®] 232X nitric oxided] o
AFAIRL nitritee] FEE A4tstdo

HA| Chel B2l &Asl0f CHet X2 - 2] diA)
7 2 (alternative complement pathway)el g
28-S Yotr7] sl Adachi £ WPo wat
At BAEQ AN Algh 3 0.4 miel
Fr. IV % zymosan A(Sigma Chem. Co., U.S.
A)E 47+ 1.0, 2.5 2 5.0 mg/mI¥ 7Fstx 37 °C,
5% CO, wizlolA 1A1Zt wikdt ¥ GVB
(gelatin 1 g. NaCl 8.65 g, sodium barbiturate
(Veronal, Sigma Chem. Co., USA) 2.06 g/&
°l2% 1L. pH 7.4)-EGTA Mg* £ (EGTA.
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“Sigma Chem. Co., U.S.A) 0.3 ml} E7H8F7

(RRBC,Sigma Chem. Co., U.SA)E 02ml
(6% 10" cells/ml) 7F3tdTh. 37°C. 5% CO, #i%k
7194 1417 wiekstn GVB-EDTA(Sigma Chem.
Co.. USA) &9 2 mi& 7istd w-& ZAAZ
Z, 300x gell A 583 Al Edte] A& A
F35 2 414 nmel A &3k

aieAcl B mT #AMsief olis I
Ohno 54 W™ ulz}t #3128 B Y979 %9
o ¥ =lE alkaline phosphatase® %31
v} ICR wh$2(3. 20~259)8 AFETFHOR
AR FEH e v3g &5l 100 mesh
WA BT F A2 AX RS LSMEA
(lvmphocyteseparation medium.. Gibco Co..
U.S.A)dl H3] 2:19 v]&2 Hriste] 400xg
M208 7 dAdRsYh. dHEAEEN 24s
HA FH3ked 300xgellA 584 33 dilEe]stod
AAE F 1x10° cells/mlZ 8t welld 1 ml &
$3ahx Fr. IV 50. 200, 500 % LPS 50 pg/mlel
FEZ 78] HERIZE 2mlt HES 819
37°C. 5% CO, ¥Ml¥7191A 48 A7t vjekdt ohs
400 x goll A 1027 A Eelste] A de vigla,
F& A A E ) p-nitrophenyl phosphate in 50
mM sodium carbonate buffer 1 miE 7§ o}
& 37°C. 5% CO, vi71elA 1 A|ZE vbg-AlZTH
W) 0.3N NaOH €< 500 pulg 7hsted vh-&-&
F2A2] F 405 nme|A FREE SHion,
B 9379 alkaiine phosphatase 842 th&
2o wrel AAFAth. Alkaline phosphatase
activity (p-nitrophenol pmol/10° lymphocytes
/60 mins.)=1.15 x0.D. at 405 nm

neAe| et HMME(plaque forming
cel)0ll OjX|= P&k-B o9 23t 58& H4
37) g, W H¥F(sheep red blood cell,
SRBC) A& 34 gM 44%% Cunning-
hame] W& 7MEFsid s JIAR
Tao 9 op2-2(ICR, $, 20~25 )9 RYsl= 4 4
droz ¥F3ta 2t weivk subeld ARt
TS WEFLE YR 2T FUAH & FATL
2 ke fz2TH 2479 A 1Tl sar-
coma 180 43 &eel(1x10" cells/mD 0.1 ml
& ulg-20] Aol o]A3tArt. oA 2441 F

™o
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FH HETE AAdTE U E FAT
£ Fr. IV 20 mg/kg/day & 12 13) 593 871
2 FARIEY. $4 98 79 ¥ SRBC(1x10
cells/0.1 ml, sheep red blood cells, Korea
media. Korea)E 57 ol FAlste] WA A
o RGN -4 E 5Y Fofl AFETYoR
AN A HZS HE8e] 7] EUE v
E2lsled HBSS 2.5 mlol]l FR/A17]3, WA %

b

SRBCE HBSS &doz 38 AH3m(400xg,
5%), 20% (v/v)7} =5 HBSS & ¥/31%
©}. Agar underlay® 1.4% agar® HBSS 9
ol o culture platedl Z$tt}. Agar overlays
0.7% agar® 0.5 mg/ml DEAE-dextran(Sigma
Chem. Co.. U.S.A)S¥ HBSSel 43| w9 £,
47°C2 #A%t. 5 ml round-hottom tube
o, 800 ulel agar 447} 150 ule] SRBC & 250
ple] A E F{AL FA] E3hslod o] EFAE
culture plateell 7F3l3L smearing 3td 28 ¥,
1080 &M% Guinea pig complement(Gibco
Co., US.A)E 0.1 ml 7}8ta, 37°C, 5% CO, vl
F7ioNA 2412 v FstA Tt Wi ¥ ¥ gEw
BAEANE 8 33

0fRAS] T Qiuby EHASi0) Chet A8 -Lag-
range®| Wg¥'d Fslo} SRBCA W@ 143 2
uk-3-(delayed type hypersensitivity, DTH)
< ZF8%ch HPEEZ 4~5 F49 ICR v}¢
2(3. 20~25 @) & AHESIAT. 429 v e
weo] 24zt Sutele] mpexg AMEEATH 23
sarcoma 180 ¥ @t (1x 10’ cells/mb) 0.1
mlE oh-29] 9F g R o o] gla thE 272
BHer 3, a8 A44E A daxdd Ng F
AFo 2 el Aejadse} Fr. IV 20 mg/kg/
dayE "4 13] 597 5938t} AE F9o iR
ot g, SRBC 5X10°70 8 vhg-20] me2] o) 3
Absted AL oY, 59 F 5x10°719) SRBCE
oh4-28] 2 8% dulgo) HaFAET o] o
2F dupgele AHAGFE FAIE Hax 2
AT 24, 48, 1247 o 5 (Lutde) wE
9]l F7)E outside micrometer(Mitutoyo
Co., Japan)E AH&3td A8t L 8% U
A 9F SEAE @ £38 Uuigd Bz 2

Wzhz FA83 DTH el A% Ashe
2 o o

otMizxof cHst FFFQI &it-Sarcoma 180,
P388 ¥ RAW264.7 A ol 443 % Fr. IV 50,
200 2 500 pg/mlE 78l wigE ¥ MTT assay
2 AN g 9T J2EE 23T 2 9
9] FEHSAME 3719 SAlZ e APAQ
cytotoxic E7E VERA] &3tch(Table I).

D}RAQ ZEDT M0 Chgt E-~2IR Al
9 4 4 E3jo nlE Fr. Vo] 98 B3]
71 98t AAE FEgsE 34 49, Fr. IV

Table 1. Effects of Fr. IV on average viability of
tumor cells in tissue culture

Average viability of

Dose
Tumor tumor cells (%)*
(g/mb (Mean+S.D.)
Sarcoma 180 50 90.96% 6.41
: 200 8493+ 791
500 77.24+ 6.32
P 388 50 92.60+10.64
- 200 87.79+ 2.10
500 78.71x 511
RAW 264.7 50 89.76x 1.74
200 88.58+10.37
500 84.75+ 6.27

0.D. of treated group
X 100
O.D. of control group

* Average viability (%) =

25

Number of colony

Medium 50 100 200 500

Fr. {V (pg/mi)

Fig. 1. Effects of Fr.f{V on colony formation of
the murine bone marrow cells. * p<0.05, ** p<0.01.
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100 pg/ml F=XE HET] Wlgte] < 3.08,

900 pg/mIIAE oF 154 A5t 27T
e BEdME q2TH 2 HolE Jeilx 929k
tH(Fig.1). °|R 22 Fr. IV 100 pg/mld]A ¥ ]u]
ZYR AT DA B4 AE) Z4 @ 23l
B ES & 4 UL,

OFRAQ] CHAIMIE SHAISHY O|xls & - 24
3t A E25E 24lsE £29 acid phos-
phatase®! ¥ 23 3el QA xe] G0l o)
& Fr. IV 93¢ A58 23, AT vla) ¢
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20 7 TREA‘IED*
=y
>
g 154
<
%]
w2
s
o
= 1.0 T
oy
<@
=
o
~
.a '5 -
<
0.0

NORMAL - TUMOR

Fig. 2. Effects of Fr.IV on the release of acid
phosphatase of peritoneal macrophages.

p-nitrophenol umol/10° lymphocytes/60 mins=
1.15%0.D. at 405 nm.

80 _—

60 -

20 -

Nitrite concentration (uM)

o L2
CONTROLIFN IFN+LPS 50.0 1

(=3

0.0 200.0 5000

Fig. 3. Effects of Fr.IV on nitrite production in
RAW 264.7. Control vs.*, p<0.01: * vs.**, p<0.01.

1235

HRPAME 14% Bastdou, Fr. IV 42

At o 2.1 Z713HATHFig 2).

Nitric oxide A0l DIRiS P& - vh-5-2:-9) &)
T 7199 RAW264.7 cell line& ©]&38l nitric
oxided] BAF WaE 1 AR nitrited] ¥ %
2 3359E v, IFN-y 10 U/mIzHs M2 R& o
de d2Z# zlols Helz] #sked, IFN-y 10
U/mi¢t LPS 1 ng/ml& &7 g Aol o]
¥} 119, Fr. IV 500 pg/m1 2 IFN-y 10 U/mils}
LPS 1 ng/ml& M@ ZAole IFN-y 10 U/ml
¢} LPS 1 ng/mlS A el Z 2ok oF 2 24
F7ketath (Fig.3).

B A 222 g3l 0jXs Y& - 24 o
A Az GAsel P Fr. Vel 9% HED
A3, 1.0 mg/ml =AM E 2T FABIAL
U, 25 2 5.0mg/ml sEAE 742 18%%
40%% BAE g43tAZHFig.4).

oA B QT gAsol 0jxl= e -B A%
F71 314 A= B L= alkaline phos-
phatase 84& 3% 23, Fr. IV 500 pg/ml
FEolA tzTel vld 16w FUleH o FA
2FQ LPS 50 pg/mliXE 2.0u0 F7hstdch
(Fig.5). 8AM X (plasma cell) & &3 2
3, Fr. IV $j 9] SRBCol| gk 88N F4ME
FE 22 vls B4 A FATA 149, &
Ag B FoA 1.8 2 B8] 78I HFig.6).

100
— *
N ® Fr. 1V I
~ ® Zymosan A -
£ 80 o J
o |
-t
o]
g
2 ° & .
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= 40
g !
2 1 .
o 20 A
g
o
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1.0 2.5 5.0

Concentration (mg/mi)

Tig. 4. Effects of Fr.IV on the alternative com
plement pathway. * p<0.01.
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50 200 500
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Fig. 5. Effects of Fr.IV on the alkaline phos-
phatase in the murine spleen cells.
p-nitrophenol umol/1x 10° lymphocytes/60 min=
1.15x0.D. at 405 nm. * p{0.01.

¢
[ ] contrOL

FZ 7] TREATED
.

80 A

ol

40

PFC/Total spleen cells(1 x 10%)

NORMAL TUMOR

Fig. 6. Effects of Fr.IV on IgM hemolytic plaque
forming cells. * vs.**, p<0.05.

OpRA9| T lymphocyte E&dsiol CHEt St~
SRBCel didt Ay 7l ute-S £58% 23, 3
A AR Bore) A o 113% /e, 4 o
2ol A ATl vla) gag weol & A8 F
ool 7% 130%7HA) S7Fet A tH(Fig. 7).
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2 | ~e— Normal+ Fr. IV
—=— Normal + Saline

Footpad swelling (mm)

—a— Tumor + Fr. IV
—v— Tumor + Saline

0.0 —L. L L
24 48 7
Time after elicitation (hrs)

Fig. 7. Effects of Fr.IV on the delayed type hy-
persensitivity response.

m Z¥R Ao Bad oA 4P 2P 2
7, 100 pg/mle] FEAM SFA 2 AHTE 3.
ouff Z=7}AlZch YA ES acid phosphatase
g4o| Fr. IV 5] 4% ¢ dixTel =& 2.
184, nitrite®) RlE 2.24 F7AR LM, 24 o
A Azel BASE A ARSE AR
28 FHME 5o Z7F 2 alkaline phospha-
tase®] EA4st2 Hol B 43t7el BadAd: &
Aahe ¢ 4 Uitk W AP T U ARF o
ol ukg o) glol A ¢ o4 Fell M AshE Whgo) Fr.
IV B oM Zr}sledn}, ol 4o nlFof g3t
A A 22 ARl g 382 FEA L 2
A A ELEAS JehdtrBoke e 1Y 7
Aoz AA WS FUAA A7} 715E B

AR c2H YErd S @ F AU
Ab AL
o] o] 209 Avle URE FIHSAFA
@ 2 Aqgtigta A2 E/NEd FAE (KOSEF-
RCNDD)9] du|2 $2EAden old ZAtsh=
o

=
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