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Abstract — Protein-polysaccharide fractions separated from nine Korean wild mushrooms were subjected
to an in vitro screening test for lymphoblastogenic activity. Of these, PPLE, the protein-polysaccharide frac-
tion of Lycoperdon pedicellatum, showed the most potent activity, and were further investigated for its anti-
tumor activity. When intraperitoneally injected into ICR mice once daily for six days at a dose of 30 mg/
kg, PPLP strongly inhibited the growth of sarcoma 180 tumor cells, showing the inhibition ratio of 97.6%.
PPLP also showed én vitro inhibitory activity on sarcoma 180 or leukemia L1210 at the concentration of
500 ug/m! or higher. These results strongly suggest that PPLP might exert its antitumor activity through
immunostimulation as well as inhibitory activity on the tumor cells.
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GAE BEX71E 0] €3to] PEC Y sarcoma 180
cellZ 875351535},

dEEY W O

CHHCICHR] Al2e| M4t - &2 7oA Azsh oy
oA AEEe @aN-dENe 749 T“a”éi’ﬂ
ATHAY AL AYF BE 5T} AFRoA B2
okzre] Tpog SRl Z L=t ”‘_r”ﬂ"*«]
oA gGA SR kgton fajEes
10 mg/ml JE9 FEox Ao 77k AEE e}
itk

Lymphoblast 44 XI= &2} - lymphoblast A4
2= FI= E4F SH-thymidine uptakeE =431
A 5 glony, of WL ] FHYAE AR
sflofgt ¥t ozl lymphoblast® AFE AESL
o}& (subtypey= 4 4 ok T2Y flow cyto-

metry= HAMY S-AAAE AREEHA] S Sk oY
2} lymphoblast o} #-4% 7}s3slt) ojd] 2 A3
A 52 o9 flow cytometryS ©]E310] Phellinus
linteus(SARNENX, A2N'I3} Ganoderma lucidum
EAHAR) DRSS lymphoblast AJ49A1= &3}
g 45 vk 9lom 9 B o= 9% opd
H2t9] lymphoblast 94 &3 5-& #4391
TL A3, Table Iefl vheERA HEe} o] 2443 F9)
oM diAgez nljekst aart B o,
4817t Fole g a3t YeRtA 100 pg/ml 5
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Table I - Ir vitro Lymphoblastogenic effect of protein-polysaccharide fractions separated from the carpophores of Korean
basidiomycetes on the splenocytes® of BALB/c mouse

. conc. 24 hr 48 hr
stimulan!
(ng/mi) FSC mean® % increase’ FSC mean % increase
; ; 277.34 0 270.38 0
Concanabalin A 2.5 350.78 26.5 520.19 92.4
100 295.72 6.63 317.28 174
Lycoperdon perlatum 2 283.09 2.07 297.91 10.18
) 100 297.05 711 327.16 21.0
Lycoperdon pedicellatum 25 286.95 3.47 306.93 135
L occaria o2 N 100 290.95 291 314.01 16.1
ceana vinaceoaveianea 25 285.11 2.80 301.59 115
— 100 277.56 0.08 290.55 746
uUsSUla migricans 25 27654 -0.29 280.96 391
100 292.15 531 32754 211
Russula bella 25 287.66 3.72 303.92 124
) ) 100 284.69 .65 307.19 136
Lepista sordida 25 278.29 0.34 291.86 7.94
manite sisoates 100 27921 0.67 289.78 718
maniia sp 25 273.18 -1.50 277.73 2.72
. . 100 292.79 56 316.18 169
Amanita longistriata 25 284.17 2.46 207.10 9.91
B ) 100 278.17 033 27750 263
croporus. coccineus 25 276.15 -0.43 272.28 0.70

The splenocytes were cocultured with protein-polysaccharide (100 pg/m!) or Con A (2.5 pg/mi) for 24~48 hours.
SFSC mean is the mean value of Forward Scatter (FSC) of 10,000 cells analysed.
“% increase={(T-C)/C} %X 100, where T and C, respectively, stands for FSC mean of the treated and the control cells.
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Fig. 1 —In vitro effect of protein-polysaccharide fractions
of four mushrooms on the CD4/CD8 ratio of
splenic lymphocytes of an ICR mouse. The cells
were cocultured with the samples (100 pug/m/) for
48 hours and then two-color immunofluore-
scence-stained with FITC-conjugated anti-mouse
CD8 monoclonal antibody (mAb) and PE-conju-
gated antimouse CD4 mAb prior to flow
cytometric analysis. Each data point shows the
mean value of 10* cells. LPL: Lycoperdon perlatum,
PPLP: Lycoperdon pedicellatum, ALS: Amanita
longistriata, RBL: Russula bella.

**significantly different (p<0.001) from the
control.
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Fig. 2-A flow cytometric analysis of the antitumor
activity of PPLP against murine tumor sarcoma
180 cells. The peritoneal washout cells were
depicted on FSC/FL1 contour plots. Regions R2
and R3, respectively, encompass the peritoneal
exudated cells (PECs) and sarcoma 180 cells.
Before analysis, the peritoneal washout cells
were stained with FITC-conjugaed anti-mouse
CD45 mAbs to distinguish PEC from sarcoma
180 cells. Panel A and Panel B shows the
representative result of a control mouse and a
PPLP-treated mouse, respectively.
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uje}x] PPLPS 3tar= PECY #% 71 ¥ o]
Z29) A3l 7I91% Rog Hel) o)) ¢ A}
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Table II- Antitumor effect of PPLP* against sarcoma 180 tumor cells in ICR mice

sarcoma 180 cells” PEC?
n
( XN;‘(‘)%":JHS) % inhibition® ( XN%‘;bf;ls) SI°
control 12 336.4 £ 112.0° - 239.6 = 58.1 -
PPLP 12 8.1 * 3.5** 97.6 825.5 £ 62.3** 2.45

“PPLP (30 mg/kg) was ip injected once daily for six days (days 0, 1, 2, 3, 4 and 5) and sarcoma 180 cells (4 X 10° cells/
mouse) were ip implanted on day 4.

®The cells in the peritoneum of a mouse were washed out on day 7 using 5 ml of heparin-saline and then
immunofluorescence-stained with FITC-conjugated anti-mouse CD45 mAb to distinguish the peritoneal exudate cells
(PECs) from sarcoma 180 cells. Sarcoma 180 cells (FL-1-negative cells) and PECs were simultaneously counted for 20
sec using a FACScalibur flow cytometer at the flow rate of 35 p/min.

€% inhibition=(Cy-Ty)/Cy X 100, where Cyand Ty, respectively, stands for the number of sarcoma 180 cells of the control

group and the treated group.

9The PECs (FL-1-positive cells) were counted as described above.
¢8I (stimulatory index)="Ty/Cy, where Cy and Ty, respectively, stands for the number of the PEC of the control group and

the treated group.
feach data stands for mean * S.E.
**significant at p<0.01

vivo FPET} B3| ascitic tumorell thdt dA¢rEate}
= 93 BA7) J& Aoz FgP

$H Lycoperdon &(ZENAE) &3k HAES
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thgAls Ao d7Alse g 19773 E3Eg9
vl Ik 38\ Lycoperdon pedicellatumdl| 2|4
t dFE v gled, 58] 1 A g A
Hd A7 A= A Fol B 4 Qlvh webd
Lycoperdon pedicellatum®] 3LAE 3 4 lymphoblast
WA A= ZFel B AT B ITEA] Ho) F
%0 Ro7 Halt},

3 i vitro lymphoblast EA A= I 713
Hold PPLP7F Fgol e ekaes v
Po=H flow cytometryE ©]-835+ lymphoblast 484
AT &34 A0S I HAYY PR A9 /8%
THOE ol F USS dA H

PPLPY| in vitro YMZE X3l §3 — Table Il
vERd vke} Zo] PPLPE sarcoma 180 94X tf
& e Ao wE BT S 24 AlRE wik
& tizTolM ) sarcoma 180 AEE0] 984%U ) Bt
3 PPLP 1000 pg/m/ AHgroiis 2.7%0 33314
79 BE &AM APEENRS € & A9l
L1210 AlZ+= PPLPY] A3liz-&] i3l sarcoma 180
Hop 2ol WgkcH(Table ).

a2y Agel 7]<st viel o) PPLPY lymp-
hoblast 4 A2 &3H= 100 pghnl E= 25 ugml
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Table IIT — Cytotoxicity of PPLP on mouse sarcoma S180
cells and mouse leukemia L1210 cells

PPLP? sarcoma 180 L1210
(wgm) 24 hr 48 hr 24 hr 48 hr
0 98.4° 97.4 95.9 97.6
250 88,5 85.0 91.0 81.2
500 82.7 84.2 89.5 87.7
1000 2.7 13 714 80.0

“PPLP is the protein-polysaccharide fraction separated
from the carpophores of Lycoperdon pedicellatum.

®The number represents the % viability of the tumor cells
cultured for 24 hr or 48 hr in the presence or absence of
PPLP. The viability was flow cytometrically analyzed
using PI exclusion method.

B0l HEs] @2 9 sarcoma 18001 th3E A
EIh= 500 pug/ml ofstelld wh$- mekith= A3,
in vivo FAAFANAY A Fo £ 1Y 30 my
kge 22X AF 1 g F 30 pgoll EFFcH= A, a8z
AE Fo7t tiF-E AAE o]2] Hof| o]FoiM Fo
H AETt AellA drEAY wldElg ovlehs A
55 7iekshd, PPLP7}F ICR vh-2ollA sarcoma 180
Hgetoll tisl] Hols del&yl(Table = PPLPY &
A Ao 7108E 7FsdS Wk B 4 k.
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