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Abstract : As a part of our ongoing effort to develop new antineoplastic immunostimulator from na-
tural sources, bioassay-directed fractionationn of polysaccharides from Korean red ginseng was car-
ried out by observing the proliferation of murine spleen cells and the generation of lymphokine ac-
tivated killer (LAK) cells. The acidic polysaccharide fractions proliferated spleen cells and generated
LAK cells in proportion to their acidity in wvitro. The LAK cell which was induced by ginsan showed
tumoricidal activity against both NK cell sensitive and insensitive tumor target cells without major
histocompatibility (MHC) restriction. Adherent macrophages and CD4" helper T cells were involved
in the generation of the LAK cells. The acidic polysaccharide from Korean red ginseng synergized
with recombinant IL-2 (rTL.-2) at lower than 3 U/ml. The optimal doses of the acidic polysaccharide
from Korean red ginseng for the proliferation of spleen cells and for the generation of LAK cells
were 1 mg/m/ and 100 pg/ml, respectively; this means that the mechanisms for the both activities
may be different from each other.
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Fig. 1. Proliferation of splenocytes by culturing with
Korean red ginseng polysaccharides. N :GP
mice splenocytes were cultured with Korean
red ginseng polysaccharide fractions for 48
hrs on microtiter plates and then the growth
of splenocytes was determined by the in-
corporation of °H-thymidine after 4hr puls-
ing with 2 uCi of *H-thymidine: Korean red
ginseng total neutral polysaccharide (KRNP),
total acidic polysaccharide (KRAP), acidic po-
lysaccharide fraction 1, 2, 3, 4, 7(KRAP1, 2, 3,
4, 7).
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Table 1. Generation of LAK cells by culturing mu-
rine splenocytes with Korean red ginseng a-
cidic polysaccharide
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Table 2. Promiscuous cytotoxicity of splenocytes cul-
tured with KRAP

Concen- % Cytotoxicity against YAC-1

Culture® tration

100:1 30:1 10:1

Concen- % Cytotoxicity (E: T=100:1)
tration

Culture’

SC 0.7 0.2 0.1
SC+KRAP 100 pg/m! 9.31 3.15 1.34

SC+KRAP 100 ug/m!  30.21 18.23 9.78
50 pg/ml 8.48 2.79 0.58
12.5 pg/ml 1.03 0 0

YAC-1 P815 HFL/ EL-4
SC 6.9 6.8 3.4 5.4
SC+IL-2 100U/ml 56.7 389 391 434

SC+KRAP 100ug/m 312 213 234 214

*Spleen cell (SC, 1.5x10°cells/m!) from N :GP mice
were cultured with various doses of Korean red gin-
seng acidic polysaccharide(KRAP) and neutral po-
lysaccharide (KRNP) on 24 well plates. On day 5 aft-
er culture, the viable cells were counted and coin-
cubated with *'Cr labeled YAC-1 cells (5% 10°cells/
well). After additive 4hr incubation, cytotoxicity
was determined by counting y-ray in culture su-
pernatant. The experiment was perfome more than 5
times with similar results.

upe} Jubp-FAle] Zokste] ARl spbRbEe
KRAP78] 73%- dizol| ulste] 1008 o]4te} “H-
thymidine incorporation (CPM)-& v}ehjc}.

2. KRAPO|| 2|3t LAK cell MAMs &1}

H2HAJALE r[L-29 FA 5U Fab mlofA|
NKAEZ 5e LAKAZ7F Al sl e g opgsm u) 2
A EE KRAPSF 37 54 &<t wiok$ LAKAE A
A5 o335 Aarslgict. Table 1ol Hi=n}e} 7o)
KRAP-l| oj3) &3F o]&=2 oz LAKAHE7 WA=
R2m 100 ug/miellA] Hdjx& Ho] Effector:
Target cells®] 100:1, 30:1, 10:1 L Yac-1 A%
£ 30.21%, 18.23%, 9.78% Arsislairy.

3. KRAPO|| ?/5l0f MME LAK MIE2| major
histocompatibility (MHC)0|| ZtH| Sl= tMIZE A
s

KRAPel 2]s] A€ LAK Al F7} MHCHl A2+l
o] I EE AbslislerE BEsl] $18ke] NK-cell
o wlzkalA Absl=lE H-2390 YAC-1 4l ¥, NK
Al Foll= AsfEx] dx]ut LAK Al Zolls A==
H-233 <l P815, H-2"3¢! EL-4, H-2"3 2] HFL/b &
M Zoll NEE a5 ESA3A ) Table 2014 2
ule} Zro] KRAP 100 pg/mig] FxollA] 2H5 A .}
A AEe u]& (E:T)€ 100:12 34, YAC-1
SHA| Zoll el = 31.2%, P-815 HAEell s =
21.3%, HFL/b stA| Eell tha) M= 23.4%, EL-4 HA

*Spleen cells (SC, 1.5x10°cells/m!) from N:GP(S)
mice were cultured with IL-2 or KRAP on 24 well
plates in duplicate at 37°C in a CO, incubator. On
day 5 after culture, the viable effector cells were
counted and coincubated with *'Cr labeled YAC-1, P
815, EL-4 or HFL/b cells (E:T=100:1). After ad-
ditive 4hr incubation, cytotoxicity was determined
by counting y-ray in culture supernatant. The ex-
periment was performed more than 5 times with
similar results.
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o] IL-2F 300 U/m/®] F=2 wiof3lS wle NK Al
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2 Aol AatE oot weba o] [L-29 &
A wief3S wlv= NK Al 7} LAK 422 A7A %
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A¥E7F LAK A2 Ao} A3 Alz2 zhg-siv) CD
4" N EE helper T Al 22 2h8-81= 7102 3ty
At
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Table 3. Surface phenotype of the precursors of
LAK cells generated by KRAP
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Table 4. Requirement of macrophages in the gen-
eration of LAK cells by KRAP

9% Cytotoxicity
Responder

% Cytotoxicity

treatment* Stimulus (E : T=100:1) Culture’ Concentration _against P815
YAC-1 P815 E:T=100:1
Complement (C')  IL-2 49.4 26.6 SC 7.8
KRAP 40.4 26.5 SC+IL-2 100 U/ml/ 40.5
C'+anti-Thyl.2 IL-2 48.1 28.2 SC+KRAP 100 pug/m/ 34.6
KRAP 14.1 9.6
C'+anti-CD4 IL-2 41.1 23.4 SCa 0
KRAP 21.2 9.6 SCatIL-2 100 U/m/ 76.4
C'+anti-CD8 IL-2 47.7 24.7 SC,.«tKRAP 100 pg/m/ 6.6
KRAP 26.3 9.7
C'+anti-AsGM1 IL-2 20.5 14.1 SC,.o/SC,q (10:1) 0
KRAP 7.3 58 SC,.o/SC.tKRAP 100 pg/m/ 16.6
aQ 6 L
Spleen cells (SC, 1.5x10"cells/ml) from N:GP(S)  gc rgc (9:]) 0
mice were treated with or without antibodies, anti- SC,./SC..+KRAP 100 ug/mi 2.6
Thyl.2, ant1-CD4, anti-CD8 or anti-AsGM,, and lys-
ed with complements. After recounting, antibody SC,./SC.q (1:1) 0
treated cells (1.5%10° cells/m!} were cultured with SC..a/SC.at KRAP 100 pg/m! 30.6

IL-2 (300 U/ug) or KRAP (100 pg/ml) on 24 well
plates in duplicate at 37°C in CO, incubator. Five
days later, the viable effector cells were counted
and coincubated with “'Cr labeled YAC-1 or P815
cells (5x10"cells/well). After additive 4hr in-
cubation, cytotoxicity was determined by counting -
ray in culture supernatant. The experiment was per-
formed more than 5 times with similar results.

7] 8)8}e] v)AA 2ol A adherent cell (SC.)-& AA
gt & LAK A2 A4S 3Hakslodc). Table 404 1
o] wiAAl £l KRAPE 7 #ioFA] 34.6%2] P
815 s 25 Aalslsdvt. Wi, SC..,, 5 ¥IAFA Zoll
A] adherent cell (macrophage)& A& $ KR-
AP2} @A) mioFal-ewl= 6.6% 2 Asl=| ), vt
SC..oll adherent cell (SC.)& 10:1, 2:1 == 1:1 H]
+2 HArhe T A Z Aalso] 16.6%, 26.6% E
30.6% % 3EHSs HFF F ek &4, IL-29
7] 9-o| &= adherent cell2 A|A 3P A E Abs)5o]
A2E] =] o]+ macrophagedll4 #8|=+= pros-
taglandin E.5°] IL-29] 2M-& A3}A|7]= Zle]7]

o Aeg Atgsd. o]2x, KRAP7} LAK Al
Z5 A A 7]+=dE macrophage”} accessory Al
2 A8 gl Ao® AlgE gk

6. AK ME MM UM KRAPLL IL-29| &5
&3

RAP 93 LAK ~l %7} A= o macrophage %
CD4' TA 7} accessory Al F2 2H8-3H8- gk o]
£ accessory Al Ee Apo] E7FQ1E- Busle £ A

“Spleen cells (SC, 1.5x10°cells/m!) from N :GP(S)
mice were cultured with [L-2 or KRAP on 24 well
plates in duplicate. SC were incubated at 37°C in 5%
CO, incubator for 3 hrs in Ty, culture flask and then
the nonadherent spleen cells(SC,..) and adherent
spleen cells (SC,y) were seperated. Five days later,
the viable effector cells were counted and coin-
cubated with "'Cr labeled YAC-1 cells (5% 10°cells/
well). After additive 4 hrs incubation, cytotoxicity
was dertermined by counting Y-ray in culture su-
pernatant. The experiment was performed more
than 5 times with similar results.

F2 gl g7l o2 A7twle], KRAPY} IL-2¢ ¢
g LAK AlZ Ao ojufdt odakg v]x|erls 3t
Fhgdcth Table 5ol H%o] IL-2 wh=o= wijokalE&
& 100 U/miollA 37.1%, 6 U/mlellA 35.9%, 3 U/
miell A 12.2% = 1 U/mieliA 1.1% 2 0.3 U/miolA
0.1%2 A2 Asls- ehdisic). z22)v KRAP
oF A mFS wls [L-2 222 EwolA 36.4%,
40.6%, 36.7%, 17.9% 2 20.6%% IL-2%% 3 U/mic)
3] F=E KRAPS} 34 wioFdlls wi= 100 pg/
m/e] KRAP w5 mjofx| v} Al5xlel okl Abs)
& Bogde) wepd gkl [L-2eM= IL-2
A et g LAK AZe] S fed 4~ gloerma
KRAP?| d3to] B3 g glov} 2] 85Fe] [L-29} §)
mlalS W= KRAPe 2fsff A4 IL-2, IFN v,
IL-1 ¥ TNFo §o] 9&g slo] A4<-4ql A E A
58 BolF= A o2 ALsEdch
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Table 5. Synergistic effect of KRAP and IL-2 on the
generation of LAK cells

% Cytotoxicity against YAC-1

Concentration of [L-2°

SC+IL-2  SC+IL-2+KRAP
0 - 10.1
0.3 U/m! 0.1 20.6
1U/mi 11 17.9
3U/ml 12.2 36.6
6 U/mi 35.9 40.6
100 U/mi 37.1 36.4

*Spleen cells (SC, 1.5%10° cells/m!) from N :GP(S)
mice were cultured with IL-2, KRAP or IL-2 plus
KRAP on 24 well plate in duplicate at 37°C in 5%
CO, incubator. Five days later, the wviable effector
cells were counted and coincubated with *Cr la-
beled YAC-1 cells (5%10; cells/well). After additive
4 hr incubation, cytotoxicity was determined by
counting y-reay in culture supernatant. The ex-
periment was performed more than 5 times with
similar resulys.

&

Kl

olAbg el b dZkAl e NKME, TAXE, A4
AEE T3 d2FFY AQAEE A
A EE A AT FAl ol E oJ2IFF{e Al
FAE A EE AT BAoleba Al Ht

Qi B FEE2HE 75% oetgel FAEE o}
Al A wickeld v EE AR
(Fig. 1), LAK A|l=& A4 A3k (Table 1, Tale
2). LAK A 2= NK A2 2 T AZ& Fe A=
g NK AZE [L-2#e2% $43lsy, T A%
o) 7%= [L-2 o}9]ol| TNFa, IFNY 5 t}2 #bo| &
7lal @ oA Mz} e BE A¥e Ege] YR
g Ao odEA glehrre® Qlal didAlel] 27t
LAK Al A4 7148 gebstr] a8 IL-2¢0 &8l
gA3tEl= AlE Y Al chdAel s B4
AEE 24 A3 [L-200] o3 SAs s AlEe
AsGM1'?] NK AE3 7, aAF chdAlel 2ls) A3
3} 5= MEE AsGM1® @ NK AlZ % CD8'l T
AE dom, CD4* 1 T A E(Table 3)<+ tiA AlE
(Table 4)2] =55 F8 2 39ich

At th Al & Fre] IL-29F A AdsHe
2 2hgs)e] o v (Table 5), At chdalol 27k s}
T FASE AETE Skl wet Fohskdct
(Fig. 1). mheka] 4t chdAle o2 £579] gt o

FAhHA) SRl FRAE AT 8

AAEE FAl BAATIE oA Bt
A 2 e FPsAe) slek.

olN

e %

FIAGA S A s wet 2R’ F 2R
g Ayl w2 a7 F415 2 LAK Al A
AA%E sl Ao A= Agd ¢l
F5 ZAAAe EAAZE R alR]ellA
507k wiekEl v)AA E= Al Al o o3 At
&= Yac-1 $HAIE 2 ApdAbs A o] Absl =2} o2
P815, HFL/b tHZE 2AAFA 8d9] Aljtgle]
Arsadct. ol oz FatriekAlol o3t Ay &
obdZ7 2t 4o A ET) ¥ FYUFE F7R)
Ach FachdAe ofs FAstEl= WM EE
AsGM1* Q) AtdAtsiAl £9} CD8™Al THIEg 2 |
E A¥rt ZAAstEE e HAHE 2 CD4' help-
er TAZZ P23ty A5=9 interleukin 2 (IL-
2)9} Aeaba-g vehigio, FAkchg Ao &gk ozt
T 24158 1 mg/miollA Hwh3-& ¥el vbid AK
AE S 100 pg/miolA] Hakbe-& val e
2 xo} FalcldAel o3t dur5Als 2 AK Al
Aol AHg7) o] ohE 7 o2 Azt

ZAtel 2

2 AT YTHADATAAA A BT FAAT
Apsie] A7 A ek,
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