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Abstract : We previously reported that polysaccharide isolated from Panax ginseng C. A. Meyer,
stimulates murine splenocytes to proliferate and to be cytotoxic against a wide range of tumor cells
in MHC non-restricted manner.” Therefore, we examined the cytokine mRNA expression induced
by the ginseng polysaccharide in this paper. This study demonstrates that the ginseng polysaccharide
stimulates Thl type cytokine expression such as IL-2 and IFNY, and macrophage type cytokine ex-
pression such as IL-1a and GM-CSF in a dose-dependent manner at different time: 1L-2 mRNA was
induced at 30 min, IL-1a, GM-CSF mRNA at 3 hr, IFNy at 6 hr after the ginseng polysaccharide
treatment. In contrast with these, Th2 type cytokine expression such as IL-4 and IL-5 was not in-
duced. The generation of the ginseng polysaccharide-activated killer cells which was induced at the
optimal doses of 50 pg/ml was neutralized in the presence of anti-IL-2, anti-IFNY, anti-IL-1o an-
tibodies, showing the importance of these cytokines produced by the ginseng polysaccharide. In flow
cytometry analysis, the blastogenesis of IgM+ cells was induced on day 3 and the number of Thy
1.2+ cells, CD4+ and CD8+ cells was increased on day 5. The ginseng polysaccharide also induced
blastogenesis of T cells. In conclusion, the ginseng polysaccharide may have considerable antitumor
immunotherapeutic modality by stimulating the cytokine production from Thl cells and macrophage
and by proliferating lymphocytes.
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vl NCI(National Cancer Institute, NIH)ollA
Wof wbol fxlEvd AYEE | A
5~8 F# 9| vlZwA C57BL/6 -2 AHE-slg]
th ARSA e i 222C, HEE 55~60%2 f-A
ahodar, 12417 He1e) wiokar| 2 vy AL (NIH-
7-open formula)®} E-& xH-Feo] g3kt

(2) it

A (Panax ginseng C.A. Meyer)2 24t
(Z4h) 6d-g A8kt

(3) Al

A B FEES AL H AEa Felel ARt
dialysis tubes= Sigma (ST.Louis, MO, USA)ellA] 4]
3l9dem, FCS(Fetal Calf Serum)¥ Hyclone(Utah,
USA)ell 4, ConA(Concanavalin A), BSA(Bovine se-
rum albumin)+= Boehringer Mannheim(Mannheim,

I—H_HL

Germany) 2. 2%€], LPS(Lipopolysaccharide), poly-
mixin B sulfate, chloroform, isopropanol, formalde-
hyde, mineral oil Sigma(ST. Louis, MO, USA)el|A]
Fgkedet. ['HI-Thymidine2- NEN(Boston, MA,
USA)ell4, RNAzol ™Bs= Biotex Laboratories, INC.
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(Friendswood, Texas, USA)ell4], Ethanol-2 Hayman
Limited(Witham, England)ll4, Se. Ki™ME Agarose
£ FMC Bioproducts(Rockland, Maine, USA)ell4,
size marker?] PBR322-Msp I Digest+= New England
Biolab, Inc.(Beverly, MA, USA)ellA] T-q13}lgic} RT-
PCRell AR8-8F MLV, DTT<= Gibco BRL(Gaithers-
burg, MD, USA)¢lA, RNasin Promega(Madison,
WI, USA)ellA, pd(N), primer, Ultrapure dNTP(2'-
Deoxynucleoside-5'-Triphosphate) set< Pharmacia
(Uppsala, Sweden)oll4] 7-413tsict. PCRell ARg-sE
cytokine primer<= interleukin 1, interleukin 2, inter-
leukin 4, interleukin 5, granulocyte macrophage-colo-
ny stimulating factor, interferon v, B-actin primer=
4] Stratagene(La Jolla, CA, USA)ellA F¢lsle] A8
sl e, Ampli Tag® DNA polymerases= Boehr-
inger Mannheim(Mannheim, Germany)ell4] 7-}5}eq
ARR-El T}, 531 A&ol] AR} anti-IL-2, anti-IFNY,
anti-IL-1, anti-IL-4, anti-TNFa antibody+ Genzy-
me(Cambridge, MA, USA) 2 2 HE] F3]3}3d o,
FACS analysisel] AF8-8F anti-CD4-FITC antibody,
anti-CD8a-R-PE-antibody+ GIBCO BRL(Gaithers-
burg, MD, USA)<lA, anti-IgM-FITC antibody<
Vector Laboratories, Inc(Burlingame, LA, USA)ollA],
anti-Thyl.2-FITC antibody= Sigma(ST. Louis, MO,
USA)ellA] -s]ste] Ag-31sdrt,

2. AF Y

(1) ola 2= =0 xH|

WAk 61T 1.2 kg Al
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A #Hsted sujeke] 33+
7hato] AWgAlFiTh 4Cell A F&-x 4t
AHg 3uiEke] 34 SRR 3~538 FFE F
72 Az sgdck T2 Adx BEE 200~300 mio
Ab Fiel ol 3ufeke] oegg shate] of
10E-ZE AlAl EFo] Tt 3] x| ste] olghg
g} ulP g R oshg Bl A
&to] 32} 2= oF 300 ml ol A& A Hr}, £
< vlg] FEAA F cellulose dialysis tubeol
°F 3~4 ml 4 ¥4 Coﬂﬂ HelFHA 33 5
E 12417 912 wksle] A Dlalysis
tube -] &R-& wol TA Ax A7w HAE
o) of& 2Aste] Auiakel wjx|o] 4
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Root of Panax ginseng

1) Extracted with 3 volumes of water
2) Lyophylized

Water soluble powder
Methanol

[ Insoiuhle ] |

1) Dissolved in water
2) Saturated with 3 volumes of Ethanol

1
Soluble

E1hant>l oot |

1) Dissolved in water
2) Dialyzed with water
L 1
I Outer part | | Inner part I

Supernatart I |

Lyophylized

Ol &k CHE Hl(Ginsan)

Scheme 1. Extraction of polysaccharide from Panax
ginseng C. A. Meyer.

C57BL/6 =F9-2F 73 22 o2 XA 75%
AREE-S AR § F WA lA] BRZ A5
v A Z3lelct E2u]4 o 23ke] HBSSE ¢
A AES 8RS 1 ml FAP] SR 2 A8 de
3laz, 50 mi 9418 Ag Tl 679 7oA E E2 1]
24 Al sgel-e- 3} A7 & 1400 rpmellAd 787
AR siodvt A AAS T AE FHAHE 05
m! FCS¢} 4.5 m/ 1X ACK buffers ~7}sle] A&
HAA dgol 3027 A AYTE g
% 30 m/ ®] HBSSE 7}s8led f=hA1A 1400 rpmell 4]
787y AAEE) slgnh. HBSSE 23] AlE F
LCMel &etAA M ESE ZA8}], 1.5+107 cells/
miE ZA)skedct,

(3) MiIt Hf¥

A1 7373 ol] w2 cytokine mRNA W& o] Wzl 2%
e JIATE 15%10° cells/mle] 52 31
500 mg/mie} <A tid] 2E2ES Az A7 A
gahx] 9 Ao o] 25 cm® flaskel] 10 ml o]
E 22 2 flask® 37°C, 5% CO20A 30%, 3417k, 64]
Zh, 24717k ok woksteda, it oA FE2ES
2] 8}A] 2 Ut F 2.5% 10" N vl Az %
o] cytokine mRNA g FHaslr] $1sked total
RNAE F2]3l=d AMg-3ad).

oAb oA FEES 48| wE  cytokine
mRNA #3} A= Ja1F 1.5X10° cells/ml &
FER o] oy Zlk AMeldhR] v 7t 10 ng/
mi, 50 ng/mi, 250 pg/mi, 500 pug/ml 2] A; oA

] o A .zgﬁ%.

s

225 A9sld 25cm? flaskell 10 mi & 271<9]
flask & 37°C, 5% CO. ol A1 6417k F3F viaksloict.

(4) Total RNA isolation

wlokal lubt 25x1070E gk ), 1400 rpmell
A 7R LA Rt wiAE AlAR T AHE A
X5 1X PBSZ 33] AA3g ¥, 1.5 m/ eppendorf
tubell &7, PBSE AA3a 7+ tubes] RNAzol
™B 500 pke gel APt SlEE AXEE A g
7 A|Z] & phenol-chloroform $&H & & RNA
£ F23lgict 8§ & RNA+= DEPC(Diethylpy-
rocarbonate) & A 2|&F HA 2| S 4347
AL, 89 F 1 JdAEE #3hed spectrophotome-
ter?] 260 nmeld FBEE 2 sldc) A F
B FHE ulE o Z RNAS 5 F 4H&3ta, RNA
500 ng= 1% agarose gelell #71%d% A|A total
RNA®] 22| Atef & #laleic)

(5) Semiquantitative RT-PCR(Reverse Tran-
scription-Polymerase Chain Reaction)

1) Reverse Transcription

RNA sample 1 pgs 65Celld 7143t 3, 2143
A5l A @2HA17) F ok tubeel] 5X PCR buff-
er2} dNTPs(10 mM), MLV (2u), DTT(100 mM),
RNasin(1~2 u/mf), pd(N)s primer(0.002 pug/pi}&
o] &3lels =mE3, RNA sampleel &E3FY 10
miA 8 718ty 37°CelA 60E7F WHS-AlA, first-
strand cDNAE 34315t

2) Polymerase Chain Reaction®l] 2}3F AHA Ak
29l DNA AR (first-strand cDNA)S] &%

PCR Egtol-& ofefle] A3} o] FFH9 5X
PCR hbuffer, cytokine primer(1 pM), BSA, dNTPs
(40 pM)E 4ol =A| sdok. 2ol cDNAe]
95CollA] 587k 7l R F, £ 28 uiet Tag
polymerase 2 pi(2.5 UM)E o] & 4o 4], 94°C of|
A} A&2] H-2](denaturing) 1%, 60°ColA primer -
ZH(annealing) 1%, 72°ColA Ak g 4 AR
(extension) 1¥-2- 1 cycleZ 27 WA] 35 cycled HH5-
slglch. wpR]ef] 72:CellA] 1087 o] 2R3 TH
(final extension). A A PCR ukg-o8 50 w/ & 15 ule-
# 3k 2% agarose gelollA size markerdl PBR322-
Msp 1 Digestel &7 A7jed53te 553 cytokine
mRNAS] &3-S #qlslgict

(6) Flow CytometryZE 0|23t 2|I}729| pheno-
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type 24

lAA 2 RE 22d UI-E 1.5X10° cells/
mle] ¥ & 24 well flat bottomed platedl] F-4]
713, ConA 1 ug/ml, LPS 10 pg/mi, 14 thed A 5=
%5 500 mg/mie AHelgt AH MlaA 2 A
37°C, 5% CO A 3%, 597k wiekstadct. vk 3
7} sample®d 1X 10708 #3}ed, 2x10702] A 24
5702 tubeol] EF-3tgicth. M8 FA(PBS, 2%
FBS, 0.05% Sodium azide)2 1 m/ 4 7}3}o] 1400
rpmell 4] 1037} YAl R-e) 8bar A58 A Azt ct
AR AE QA Bl 1/1002-2 8]Asle] 2Als 5
-2 anti-CD4-FITC antibody, anti-CD8a-PE antibo-
dy, anti-IgM-FITC antibody, anti-Thy 1.2-FITC
antibody & 45~50 ¥ 7Fskan AlEe} A7 5
dgollA 1587 k] sledel. A8 5N o8 43
AEEE 3 AFZNg T3te] AAskaL &5 1 ml el
#etal# =9kt Phenotyped] 441 Cell Quest
software programell Wl & AlE= WA= L
of, thel ghAle] Aol oal 3 dFRle] ofAYNkEE
B_l Ao thate] 1 u]8-& EAIEHACE

(7) Activated Killer (AK) cell NS &5

a7 A AE-L- 427 "Cr felE-g o] 8313
o} 2R A2l BAF AEE 24 well plate(Cor-
ning, New York, USA)ell v AE7} 1.5x10°
cells/ml ] %= &4 3 30 U/m/ 9] IL-2 % &
AP B3 ES 95 F 2 ml A 37C, 5% CO, w7 el
A 59 Eot wiekstsict 59 F wiek] 2 mi & 15
m! tubedl] %71 HBSSE. 23] A& stz A2 5%
= 5% 10° cells/m! & A sl B4 AL, WAt
A 59 1448 NalrO& 200 uCis 71sted 37°C,
5% CO, wjek71ol4 60487t wioFaled s, 33 A& s}
o] 5x10* cells/m! B =5 Aslgdch o|n] F4]
& o 2HE Ao} Cr 28 AY %A AEE
100:1, 30:1 == 10:19] ¥]go] HEE U-bot-
tomed microplate(Corning, New York, USA)el
a2 37°C, 5% CO, w74 41 7F 52t wiekstsdvt.
4A17E F 2,200 rpmellA 537 A EelEka A
A-e (0.1 m/® F3 y-counter® A= Fel¥!
ACrof] &3t y Ale] =S EAsled, oh-ge Al 9
& % Al E EA (cytotoxicity)-& A&t 7 A ¥
& 2vf4(duplicate) 2 slglem 4 A¥XZE mu-
rine leukemia cell line?l YAC-1& ARE-3lodx, %

=AY

tlo

58] o1 shelch,

% Cytotoxicity = E_z x 100

E : Experimental release (cpm)
S : Spontaneous release (cpm)
M : Maximun release (cpm)
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1. A|ZHH10| 2 cytokine mRNA EISQ| His}
&

oIt chd Al & Jabtel wloFAl, Thl AlEelA &
B]%] = [L-2 mRNAE vlolghx] 308-3kol| vh& x| o]
A} 24 A 7712] ubele] X)4:-5]9) 2, macrophageell

cl

123 465 6 7 89

IL-2 (451 bp)

IL-1c (263 bp)

uum GM-CSF (279 bp)

IL-4 (279 bp)

IL-5 (342 bp)

"

Fig. 1. Photographs of representative RNA-polymerse
chain reaction products electrophoresed on 2%
agarose gel stained with ethidium bromide. La-
ne 1 through 5 are normal spleen cells which
is incubated for 0, 0.5, 3, 6, and 24 hours,
respectively, and lane 6 through 9 are spleen
cells which is incubated with Ginsan (500 pg/
m/) for 0.5, 3, 6 and 24 hours, respectively.
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A E8)E = IL-1a, GM-CSF mRNAX vlokgl x|
3217k o] He Wae] f-=xglch Thl M Eol4
#H]E = [FNY mRNAE 64)7F o) 33E] 244717}
A A &2 07 A o] f-LE i) Th2 A%
ol Ev|HE IL-4, IL-5 mRNAE Q4 oigd a2
A e]abx] oFe 7o} nlaste] foA e FtE
B2 4 Hslck(Fig. 1).

2. Ql&} polysaccharide2| 22| U2 cytokine
mRNA 59| Hs| BHE

Ak ohdAl ] gk H‘ii} o &Jgk Jate cyto-
kine mRNA 23-& 33 A3}, Thl AXEelA] &

BE = IFNY mRNAS] 7% 10 pg/ml o|A] 3lo]

E3AE veld9der, Thl Ao Hujx=
IL-2 mRNA®} macrophage“ll4] 4|5 & IL-1a,
GM-CSF mRNA®] 749 10 ug/mi o4 250 ug/ml

1 2 3 4 5

IL-2 ( 451 bp)

| IFN-y (404 bp)

IL-10 (263 bp)

GM-CSF (279 bp)

IL-4 (279 bp)

| 1L.-5 (342 bp)

Fig. 2. Photographs of representative RNA-polymera-
se chain reaction products electrophoresed on
2% agarose gel stained with ethidium bromide.
Lane 1 through 5 are normal spleen cells,
ConA-treated, doses of 10, 50, 250 pg/ml/ of
Ginsan-treated spleen cell, respectively. The
spleen cells are stimulated for 6 hours.
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Atololl 4] 8-3F o]&x] o 2 whal¥gict 18] ), Th2
A2 B E S [L-4, IL-500 3loiAE o F A=
A2ItA] ob:E Aol wiste] fo)A gl E4E 2
e 4= gld o (Fig. 2).
3. Flow CytometryE 0|28t I}72| pheno-
type £
HlAo g Re] Relsle] <Ak ohdAel g4 3U7
vl oFgt °UJr:t1 —s«l IgM+ Alxe= AA Az F
62.3% U, &2 27 A o} AE 2ja}x] ¢
A I--2f H]m—/‘] A g2 Sk =22 g
blastogenesis”} §1413] dAxt-3-& oF = glgict. vl
¥t ¥ 3R ol| obF- Am He]eiA] Wk bt F
Thy 1.2+ A¥= 37.9% ohvt Q1A chd-A o} 3hA| vl
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Fig. 3. Representative fluorescence histograms of
splenocytes stained with (a) o-IgM antibodies
or (b) o-Thy 1. 2 antibodies or (¢} o-CD4 and
0-CD8 antibodies. In this experiment, 2% 10’
cells were used for one staining and dead cells
were excluded by Cell Quest software pro-
gram.
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Table 1. Neutralization of the generation of ginsan
induced cytotoxic cells by anti-IL-1o., anti-
1L-2, or anti-IFNY antibodies

% Cytotoxicity

Culture at E:T=100:1
SC+IL-2 76.319.8
SCH+IL-2+¢lL-10 75.7+8.7
SCHIL-2+alIL-2 28.4+5.2%
SCHIL-2+alFN-y 77.0£10.0
SCHIL-2+alL-4 75.7+11.1
SC+ginsan 64.9+6.8
SC-+ginsan+alL-1e 31.5+8.6'
SC+ginsan+alL-2 6.5+0.6"
SC+ginsan+oIFN-y 6.0+1.2"
SC+ginsan+alL-4 60.5+9.0

Spleen cells (SC, 3x10° cells/well) from C57BL/6 mice
were cultured with rhlL-2 (30 U/ml) or ginsan (50 pg/
ml) in the presence of anti-IL-1a (10 pg/mi), anti-IL-2
(10 pg/md, anti-IFN-y (8 wg/mi), or anti-IL-4 an-
tibodies (8 wg/mi) on 24 well culture plates in tri-
plicates at 37°C in 5% CQO, incubator. The cytotoxicity
against Yac-1 was measured on day five of culture as
described in Table 1. Triplicate wells were performed
in each culture. Experiment was performed more than
twice. In each experiment, the cytotoxicity of the cul-
tured splenocytes showed almost similar patterns.

* Significantly (P<0.01) lower than controls with IL-2.

" Significantly (P<0.01) lower than controls with gin-

san.

& BE Az 7Y 564%74A Fbsld e,
blastogenesis7t dwt-2-8- oF 5= glgic). wiokal
587 olli= CD4+A 2 CD8+ A E7} 14k i)
S AelshA] 942 dadolle 27} 27.9%, 8.3%4
o, it ohAlE AdE FellMs ZHt 39.09%,
17.6%%. E713ldc} (Fig. 3).

4. =5 4

B4 A EF rhiL-2 2-2 <At chgal 22) slollA]
anti-IL-1e, anti-IL-2, anti-IL-4, anti-IFNY anti-
bodyet &7 547k wiokslaict, IL-2¢0 o)sle] 4=
%= LAK Al 2= anti-IL-2 antibody ZA13}ol|4] &
8] ZFasv, anti-IL-1o, anti-IL-4, anti-IFNy
antibody ZxH3tellA] 7h4¥ %] e¥ofrt. ub, 214k o}
FA o3 fEEE AK AFES anti-IL-4 an-
tibodyE #19J& anti-IL-1e, anti-IL-2, anti-IFNy
antibody&xfslell ] 5% &3] 244 sleic), me)
A, AK A2 Aol 7hetsh= cytokine [L-1a,
IL-2, IFN-yo]®, IL-43= o338 %] odi=t}= 7o
o 5 9licH(Table 1).

7 gl gli= 2l

Ab vl Aol 2)3k cytokine mRNA®] =+ 329

LI

Thl A% % macrophageZ%¢€ AA = cyto-
kine 2 oFA|Fol gl A EA wod vk 271 A
ok A8 vhehin], Th2 Al¥R e gasls
cytokine > A 2EA] wiod whe-& A alsh= 7o o
214 gleh v ahebsd, Qlat thAls Thl A2 %
macrophage 2 5€] A4 ] IL-2, IFNy, IL-1c,
GM-CSF2] mRNA W&l & 27} 2|73 0v, Th2 A%
2 5B AJAJE= IL-4, IL-5 mRNA o) 13
= PIAA wske g, gl wied ) akge] s
Eek(Fig. 1, 2).

A eb Al gk A2 Vel AKAIZE A
Ashed], anti-IL-10, anti-IL-2, anti-IFNy 34 &
Aatell A sHAlE Aralso] AslEgdom g, AK A
2] AL o5 cytokineol &]3le] o]RojH L2 3
aldtedvh(Table 1). zzeiu}, <14k chedsof o] <)
I FA%E anti-IL-10, anti-IL-2, anti-IFNy &
Ao eate] <dgFE ubz] ¢igko m & (data not
shown), A4b vhedall 5-3]o) o&k AK AlZ A 2
a7 FA] 22, 28 713 84 Bale] AR

thE- 7o 2 whetbEc),

At chd Aol ofsle] 2415 o)t subsets &
4R Ak U ke M S B A

2.2 HB}A]F)5= blastogenesisS F-E3H, Thy-1.2+

A Z, CD4+A ¥, CD8+A| 5 244 7) 3 3} blas-
togenesisE 3= -8 Falslodch(Fig. 3).

AE F EdEAE 7FsAo] 2l LPSel| 2)gk o

S 7] 9lsled, Polymixin B Aol 2|8 o)ub
FAe PlAE dee IbEskelet. LPS9) poly-
mixin BE &7 Ae]g #9-= LPSel| 2§t 9ls}t
TAE AA3] AAsh, ConA 22 <At vheka
FE& 7H wlA el A polymixin B] 24

0{4

el M Fale oJalm)#] okgkoma qlak chds
FE9] Qlubrol B 8-S LPSIA S5 7
obdg &aled 4 °]9«it}(data not shown).
o]l el Moy Tkl T A E 4 NKAH =,
macrophage®t 248 B A A ZE AAF 27
3t 54 L ke glo] # olA B A S )
= 8% 7kl 2% ofvigie} e aleba], ThiAlE 9
macrophage 2% Lytokmec’] AL sk, o
AEE Atsfshs AKAZS AXAZ) Q14F ohga =

= 4)1‘
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[

ol A4 el &t W Z7bA R JibE slsAle] sl
I Ata o)

2 o

alak thed Aol oJale] frEE cytokme mRNA
E B3 A3} Thl AlFEdA] 2u)=)= 7oz o
21 IL-2%} IFN-v mRNA, macrophagei—.—Ei )
= 7o g dedzl IL-1ast GM-CSF mRNAS] =
g goF oEA o7 F7t AlH o, Th2 Al el A
BulEle Ao® obedR IL-49} IL-5 mRNA2] 23
< apo)7} et w7, T3P e ofte] AK AlE
Aol IL-1a, IL-2, IFN y7} "asicl qlat
Aol 28 F71E a9 subsetS flow cy-
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