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Abstract : In order to investigate the immunomodulatory effects of ginseng, we have studied the ef-
fects of ginseng saponin on the proliferation and cytokine gene expression of human pheripheral

blood mononuclear cell (PBMC).

In the PBMC proliferation assay, total saponin exhibited prol-

iferation inhibition on the PBMC or phytohemagglutinin(PHA)-stimulated PBMC in a dose-de-
pendent fashion. Immunomodulatory effects of ginseng were further investigated using the cytokine
gene expression as the indicators. In the reverse transcription-polymerase chain reaction (RT-PCR)
test, interleukin (IL)-1, TL-2, 11.-3, IL-4, IL-6, IL-13, granulocyte macrophage-colony stimulating fac-
tor, tumor necrosis factor (TNF), migration inhibitory factor and transforming growth factor genes
were expressed in the PHA-stimulated PBMC 48 hrs after cell culture. Among expressed cytokines,
total saponin could increase the expression of IL-1 and TNF of PBMC without stimulation of PHA.
All of ginsenosides, Rb,, Rb., Rg;, Rc, Re, incresed TNF genc expression. Especially, Rb. (20 g/mD
showed most prominent effect on TNF gene expression and it also slightly increased IL-1 gene ex-

pression of PBMC.
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1. Qla}

Total saponin, ginsenoside Rb,, Rb,, Rg& &3]
Aol zsdoll A kol Algslel o, ginsenoside
RC(Sigma G0902) 2 Re(Sigma G1027)& Sigma3)
AR -8 T]istod Albgsledet. Total saponin 2 7t
ginsenosideS 10% fetal bovine serumeo] Soig)=
RPMI 1640 w21 (RPMI 10)¢ll Ay =2 2a)3)7
ol & Aste] - 20Ce] Mubabwa] g

w5171

SRS AR P L TR |
Albel I ko] AlRg-sheivt,

2, U=E s Ha| ol uyet

788 Abgte] sz Ae duel s Ae]sie] w
<= % Hank's balanced salt solution(HBSS)#} % ‘%1:
+3ste) 141 E2] (1600 rpm, 153, A-&)8 5 A
< AAsAh A E pelleto] HBSSE Qo] A 3%
AEf A1Z 2w Ficoll/Hypaque solution 15 mis
AR shell 2418k a 2600 rpmel 4 258-7F
dalieldr F o dxgddbsl E(peripheral  blood
mononuclear cell, PBMC)& #8}sic). PBMCE
HBSSE 28], RPMI 102 18] A&} trypan
blue dye exclusion 2.2 cell] viability7} 95% ©|
A& #elgl 5 A En)oke] Al8-5}oict PBMCS
RPMI 10 wi=jell 1X10° cell/mPs e Y5414 )
FAlEAS whaslon] mleke 7R 4.5% CO. vy
F7ellA A shelot

3. PBMC proliferation assay

lste] PBMC2] H4)el x|z <d8F8 xA}s}y)
#]8}e1 ‘H-thymidine incorporation assay S 4l A&}
vk, ekl b el total saponing 0.25~512 pg/
miEe2 7R H 60417 £k soaled o wlok
60417k “H-thymidine welld 1 pCi®l 2 7)s}o]
16417F ©f wieFstsdvl. wieF F8% cell harvester
(Dynatech Co )2 AFEE glass o3l 543 5
11 tolueneell 25-dimethyl oxazole 4 g, 1,4-bis[5-
phenyl-2-oxazolyl] benzene, 2,2'-p-phenylene-bis

m\m oi)lv

[5-phenyloxazole] 0.1 go] £ 9li= cocktail solu-
tionell el bheta-counter(Packard Co., TRI-CARB
4530) 2 cpmE &R skl

Ql4ke] mitogen® i 2% PBMCS] Z4lo] v]x|
= e dobrizl wlekdl el phytohemag-
glutinin(PHA) & 1 pg/ml 552 #713ked 1207} )
kb F cells 7 slol YAl Reldl o7 33] AH g
= RPMI 10 szl =) %
A7lste] Abzigk why Pi SIERT LY

41712 total saponing
‘H-thy -
midine incorporation assayS Al &hs] o).

4. Primer design Y ¢cDNA 3= £M

7} cytokine cDNA AHABoll A28 primers ]}
algl7] $13ted, Gene bank®5-E] 2l7ke] beta-ac-
tin, interleukin(IL)-1, IL-3, IL-4, IL-6, IL-7, IL-
10, IL-12, IL-13, interferon alpha(IFN-o), tumor

necrosis factor(TNF), migration inhibitory factor
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(MIF),
lating factor(GM-CSF) % transforming growth
factor(TGF)-beta2] 412} 4w & ghuspgct 7t

granulocyte macrophage-colony  stimu-

AENe]

4

fRizbe] ghalal xedp-gle] AlAb F=(codon) S F
Al 02 sense primers uHEAL R A AL
[e]

 antisense prlmergt Pl oo (Table 1), 4718t
primer2} RT-PCRY-& olg3to] 4%l cDNA®]
TR I)NAslb(HItd(,hl 1) el ol gt
Alshedvt vl 2kl & 7 primer®] AFAY-2 gharAd-gell
o= ahodct.

5. AIEY EE= mitogenE XISEl YxHHY o
|2 EE| & RNA 22

PHA =iz citer =%l AEed 7 3}04

RNAzol B(Cinna Co.)%& AH-3ke] total RNAE &

Table 1. Cytokine primers that werc used in RT-PCR

2]gt Cytokine

FAlah e st 17

Z slodck AR 10 miE YAEe Ele] NZE

F78ka HBSSE 23] A% 8k 5 cell pelletel]l RNA-

zo0l BE 1 m/ A7}sle] 1527 A gE Ja}ﬁ chloro-
formS 100 p/A7bele] 1527 Aed&ghat 5] o5
o 10487F whaj sl el Al g8 NS 14l 22] (9500

g, 153, 4C)FF 5] A5 #sled Al Alg 3kl 71
a1 k8] jee-cold isopropanol® #H7Fsle] - 201C
Wil 2417k o)Ak o] RNAE AR A Zc) <14
F2](9500 g, 154, 4°C)3le] RNA A E& s
Afzeoh 2. lHE]Tl 1mie] 75% ethanols 3718}
RNA #1522 144438 5§ Speed Vac{Savante
C().)flif; 7Azx27ck. RNA pelletel]l 20~30 p/g]
nuclease-free DWE A7lstel 80C 53l 10771

o] RNAE 5921, UV-spectrophotometer®

Primer name

¢NDA size (hp)

Primer sequence

[L-1 & 810
[L-1 AS'

IL-2 S 462
IL-2 AS

IL-3°S 459
IL-3 AS

IL-4 S 462
IL-4 AS

IL-6 S 639
IL-6 AS

IL-7 S 534
IL-7 AS

IL-10 S 537
[L-10 AS

IL-12 § 987
IL-12 AS

IL-13 S 441
IL-13 AS

[FNa S 560
[FNa AS

GM-CSFS 435
GM-CSFAS

TNF S 702
TNF AS

MIF S 371
MIFAS

TGF S 1176

TGF As

5'-CCATGGCAGAAGTACCTGAGTCTGCC-3'
5 -TTAGGAAGACACAAATTGCATGGT-3'
5-ATGTACAGGATGCAACTCCTCCTG-3'
5-TCAAGTCAGTGTTGAGATGATGCT-3'

5 -TCATGAGCCGCCTGCCCGTCCTGCTC
~CTAAAAGATCGCGAGGCTCAAAGT-3'
-ATGGGTCTCACCTCCCAACTG-3'
-TCAGCTCGAACACTTTGAATATTT-3'
-ATGAACTCCTTCTCCACAAGC-3'
-CTACATTTGCCGAAGAGCCCTCAGG-3'
-ACATGTTCCATGTTTCTTTTAGGTAT-3
-TCAGTGTTCTTTAGTGCCCATCAAAAT-3'
-GCATGCACAGCTCAGCACTGCTCTGT-3'
-TCAGTTTCGTATCTTCATTGTCATGTA-3'
-ATGTGTCACCAGCAGTTGGCTATC-3'
-CTAACTGCAGGGCACAGATGCCCA-3'
-CTATGCATCCGCTCCTCAATCCTCTC-3'
“TCAGTTGAACCGTCCCTCGCGAAAAA-3
-CCATGTCCTCGCCCTTTGCTTTACTG-3'
5-TTATTCCTTCCTCCTTAATCTTTCTT-3
5'-ACATGTGGCTGCAGAGCCTGCTGCTC-3
5-TCACTCCTGGACTGGCTCCCAGCAGTC-3'
5-ATGAGCACTGAAAGCATGATC-3'
5'-TCACAGGGCAATGATCCCAAAGTA-3'

5 -CTCCTGGTCCTTCTGCCATCATG-3'

5 -CGTGGGTCCCTGCGGCTCTTAGG-3'
5'-CCATGCCGCCCTCCGGGCTGCGGCTG-3

5 -TCAGCTGCACTTGCAGGAGCGCACGA-3'

S I IS RS B S S RS ST S

SIS

'S Sense primer, AS  Antisense primer.



=

18 e gholss - Ay -

) il

A

RNAS ko) 528 248 § A2 -23asdd
sJuk-S(reverse transcriptasr-polymerase chain
reaction, RT-PCR) A& ol ARg-3}ich,

6. ATA-ZEEAHAMNES

RT-PCR< Perkin ElmerAl2] RNA PCR kit(N
808-0017)% ol&stict. FHEaAHAS
{polymerase chain reaction, PCR)-8- A&l 25
mM MgCl2-& 4 ul, 10XPCR buffers 2pl, 10
mM dNTPsE 7+ 2 ul, 20 U/ul RNase inhibitors
1w, 50 U/pie] 9 ALE Ax(reverse transcriptase,
RT)Z 1w, 15 uM oligo dT primerE 1 pl A7}t
o] &3tsla o7]el 80:CollA 10 F-7F WAAIZ] &
RNA 2 pugs E3st1 572 33 £58 20u=
o] GHAES EgES AR of7)el
mineral oil& A7} F Ao 1087 Tl
PCR machine(Perkin Elmer Cetus 480)°ll 2]
42°Coll A 603, 99°CollA 5%,  4°Coll4] 537 HEg-
AlA AAAEARES ghRslleh, AAALE AN
o] Bt Al 25 mM MgCLE 4 ul, 10xPCR
bufferg 8 W, =755 655U, Ampli tag DNA
polymerase(5 U/uDE 0.5 pl, sense ¥ antisense
primer(15 uM)E 27+ 1 we Hrkske] Egsle] &
gE A E3HES AR £ A7) PCR
machineel] ¥l FgFEAAANNS-S AA k)
PCR®] #7212 95:Coll A 337t 15] v--A1A DNAS
WAL F , 95C 1%, 56'C 14, 72C 402~1+%
302% 1 cycleZ o] F 23~303] ¥HEAA 7+ A}
o]E7}al9] cDNAE F£FZAzlen, zFHo=
72:Coll A 787 DNA A& #4412 & PCRE F
a3}k PCR AHES 1~2% agarose gelidellA] %
713 5-8ko] AL ® cDNAE #Hasledvl, RT-PCR2
28142 H7)éel7] 9)sle] internal standarddl be-
ta-actin®] &S FAlol AAB )

7. PCR cycle, HI2FAIZH Y AFZEHAL mitogen X
|7} =&Y T cytokine FXX} S0 O]
= g

A zejelH s RT-PCRHE o83l PCR cycle
Z719} ool whE A} FFo| FIHH E v]als)
a1, Abe]l kel 54z o] 7 AbE] HA A
< Astgl o, wiokA Edo PHA, & AbE 2
7} ginsenoside S o7 FE & Mgt 7 A7 A&

A delzl 2AES o] &3ske] RT-PCRE AAskiL

P

Wld7] - A - Al - HH A sred]lateke] A

o1
°33F3} cytokine A2} ol ] A]
steict. Total saponine] ¥ Yrtalte] ZA
2= odzke otojrr] 9t TRl
0.25~512 ug/mi &2 F3 Alx
%1% “H-thymidine incorporation assay& A A&
A Ee] 24 Alxde] et STRERE A
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Fig. 1. Effect of total saponin on the proliferation of
human PBMCs (A) or PBMCs primed with PHA (B).
For priming (B), human PBMCsm treated with PHA
(5 ug/ml) were cultured for 24 hrs and they werem
washed to remove PHA. PBMCs or PBMCs primed
with PHA werem treated with each concentration of
total saponin for 60 hrs. The cells were pulsed with
*H-thymidine for 16 hrs and were harvested for
them measurement of incorporated amouts of “H-thy-
midine into DNA of PBMCs.
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d Wsks e 5 olerkE #elsr] Sl &
g} oFe] RNA= oligo dT primer& AF&-8led o X“]'
gk % PCR cycle & =e]3te] beta-actin cDNAE

&gk A7 PCR cyclee] £71ghel| u}2} beta-actin
cDNA ofo] vlax g Z7ighs wolvh(A A A=),
A cytokine gene W& A1 7HE- 7 Asl7] ¢fsked vl
oFF- 24417, 48A17F B 72

2217 W) A EZ 242} 57
1.-2 1L.-4
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Fig. 2. Determination of optimal incubation period
for maximum cytokine gene expression of PBMCs.
Human PBMCs treated with 2 pg/mi of total saponin
(S), 10 pg/m! of PIIA (P) or none (C, control) were
cultured for 0, 24, 48 and 72 hrs. Complementary
DNA of MIF, TNF, IL-2, IL-4 genes were amplified
from total RNA of cultured PBMCs by RT-PCR.
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slod RT-PCR¥.©-% IL-2, IL-4, MIF = TNF¢]
cDNAE FEA70) IL-2= PHAR b5 &
48217k wioFa) & o) 712k bdlol yiopow, [L-4%
48A17H PHA R =}=F8F Tollx]nl v]ekslA] 71&5
glrh, MIF2F TNF= t 22737} total saponing ]3|
F -1 PHAE A 3|8 2ol 4] e =gl e of
o) kel H A A 7EE 4847 o] dlek(Fig. 2).

718 A8 B2 saponin ¥ PHA Aol &
I aleo] F5% = cytokine FAARE dolyy]
s}o] total saponin % PHAY el 48A17) wjokal3- 7+
2] RNAZHE beta-actin, IL-1, IL-3, IL.-4, IL-6,
IL-7, IL-10, 1L-12, IL-13, IFN, TNF, MIF, GM-

o x

r°"
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0
i‘l

beta-
actin IL-1 11.-3 {1.-4
C S P csp C S P C S P

IL-10 IL-12
cCsSP CSP CSP

GM-CSF TGP
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Fig. 3. Screening of cytokines that were expressed
in the PBMCs stimulated with PHA or total saponin.
PBMCs treated PHA (5 pg/ml, P), total saponin (2
pg/mi, S) or control (C) were cultured for 48 hours.
Cytokine messages were amplified from total RNA of
each samples by RT-PCR.



20 I P
CSF 2 TGF9 ¢cDNAE RT-PCRu 2.2 st
o}, IL-7, IL-10, IL-12, IFNS 253ell2] §43% %)
okgl o L-3, IL-4, IL-13, GM-CSFi= PHAE #}
3} ol Al uE viade] H 9l heta-actin, IL-1, IL-
6, TNF, MIF = TGF & Axe] apoli= gle

)27, saponin Folv U PHARFS H5-ol| 4]

1 234567

11.-1

MIF 1 234567

TNF 1 234567

Fig. 4. Effects of total saponin on the cytokine gene
expression of human PBMC. Human PBMCs trecated
with 0.2 (lane 1), 2 (lane 2), 20 (lane 3), 200 (lane 4),
1000 (lane 5), or 0 (lane 6) ug/m! of total saponin or
1 ug/m/ of PHA (lane 7) were cultured for 48 hrs.
Expressed amount of cytokine genes of each samples
were measured by RT-PCR.
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Fo-upAE - HE 2 TEjel Ak
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ol = rh(Fig. 3).

Fig. 321 A3}ellA tiZ7- U total sponin A<
off A whal-g wal *P‘ﬂxj}ﬂﬂ o= total sa-
ponine| o]5e] whHle|| vlx= cdgks Mgl
ul & ehall el total saponing 7 w2 #H71s)
o] 48417} BiokgkE RT-PCRE A A& A3} 1L-10]
total saponin 2 pg/miFelA diZell vEl St

Floj o, TNF7F 20~200 pg/miFsolla] tfFitol

vs] Zr)aks meiew, IL-2, IL-4, IL-6 '@ MIF=
o) 27 saponin® & 77k #ol 7} gl vh(Fig. 2, 4).
olabe [L-2¢} o] lymphokine activated killer

IL-1
123 456

TNE
12 3 456

Fig. 5. Effect of total saponin on the exprescxor‘. of
IL-1 and TNF genes of PBMC. Human PBMCs treat-
ed with 0.2 (lanc 1), 2 (lane 2), 20 (lane 3), 200
(lane 4), 1000 (lane 5) pg/m/ of total saponin or con-
trol (lanem 6) were cultured for 48 hours. Com-
plementary DNA of IL-1 and TNF were amplified
from RNA of each sample by RT-PCR.
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(LAK) cell®] 3+ o7 ¥yFE|ge
W LAK cell®] 7]%10] elrtell 2]} au-
tocrine 1L-29} A Z7} w2
v (Fig. 4), 71€} plaque forming cell®] F7} 5
Yol 4]o] elake] zhgz wad%] cytokineﬂ =]
7ol o}gh7l o 2= Holx] oiizrh Qlibel] ofsf
o] Z7}=l IL-13} TNFi= =r} ”403741011 ozt o
uke-g- mjsfEbs eytokine oA, IL-1-2 ook

pro-inflammatory effect® 7}x|v] edahd o gl
IL-69F tl8o] T cell ¥ B cellZA 32 =304
IL-2 ¥ IFN#} v}l NK cell®] 716-& Z7H17]=

= ekt 7]‘—3 RHol= whailalg eleld] SI=5
TNF& 27 27]0lliz W5auel 2lste] ey of

A& 771 A
4457t
% obl 7o 4zh¥]
= A A
xd 2
=]

r$L‘ OIN (2 of

Beta-actin
Rbl Rb2 Rgl Rc Re
06123123123123123

T e T S0 A W B A e I W W v~

iL-1
Rbl Rb2 Rgl Rc Re
01231231231 23123

TNF
Rbl Rb2 Rgl Re Re
0123123123123123

Fig. 6. Effects of ginscnosides on the IL-1 and TNF
gene expression of human PBMC. Human PBMC
treated with Rb,, Rb,, Rg,. Re, Re at the 0.2 (lane 1),
2 (lane 2), 20 (lane 3) pg/ml of ginsenoside or
control(lane 0) were cultured for 48 hrs. The mes-
sages of beta-actin, IL-1, TNF were amplified from
total RNA of each samples by RT-PCR.

ol 2 Cytokine frH =k ubdd W3} 21

2] 712 kA 29
o, [L-17F ] %
& cytokineS. 2 ¥ 3=

3 A Rell4 2] qlide] oAl v S

Agh wouEyhe] d3dg oS gf e Fié} 48

7} oleka Absxlch
Z2A1412) ginsenoside A£% IL-13F TNF9

urgl Z7tol] yhodsh= 218 A AEr] glste] dxd

Htsl 7 sfefelof (0.2~20 pg/ml %2 Rby, Rb,

Rg:, Re W Re& 7+7F A 7)alod 48417 wjoFs)ar 7+

Algor HE] RNAS 553 5 RT -PCRY &%

IL-1, TNF 2 beta-actin®] cDNAS £-FA1A Rk

]r 2 ATl A beta-actin®] cI)NA7P B]$=3}HA|
FEgE Mo “3401] Ab8-gF RNAZ A4

«]ﬂ 27} 9185 #eld 4= gldr) Ginsenoside %

of A mtz¥ofctaltol 2hgsjod [L-12] S F

7FA 7] 732 Rb,(20 pg/mi)o] sl ot el f- 52

A egkow], TNFO| &g 57H4]7]= 72 Rb

(0.2~2 pg/mb), Rb.(20 ug/ml), Rg,(0.2 pg/mb),

Re(20 ug/ml) = ReEolglen] 53] Rb.o| 2hgo]

713 Z¢abAl vebdel(Fig. 6). 2 ARE o vl&)] 7}

ginsenoside®] IL-1 gene &%} 32 ol i

Agle) Axpulo 2= A7) 9129 ginsenoside?He
£33 =& total saponintf 7]e} AdR-o] &3}

k]
0
& 2Alal 59 Aejo] Washrhm A7k A4

s144e) Blefshe s oo
0374]3} oé 74]3 o

H]— 18 20 %AE ‘qol A
i \_.

[

Fkﬂ

o[n

of olgt WAy ale) v)matE w294
o5 2lobns) sk ol A gat i
el walEe fAe] Aols e PCR

(differentlal display PCR) 22 FApsbAL; wi=

T2 21 A mRNA #He g ool & 4 3le &
Aaparal o 2EA{ Y (serial analysis of gene ex-
pression)2 AAlsHs o] 2hgfe] "slvtw AR
=g

(@] Ot
=L i |

NAke] WA gt 2HE7)KE et y] )3
al7+e] peripheral blood mononuclear
cell(PBMC)®] F4]oll vIx]+= 233k} cytokine 3
2p b of] vl x| o 3Fg FAbskel)

F2ALEE PBMC wiekdel 0.25~512 ug/ml
FTERE H7lste] wfekEhS

*H-thymidine incor -



22 WhE-S - ghalss - AJAlY -
poration assay S A&k A3 Al E2] FA12 phyto-
hemagglutini(PHA) A} -6l Abatglo] H7lsl A
Fde) FErt FTHESE qhhEkgoh

Reverse transcription-polymerase chain reac-
tion(RT-PCR)2- ©] &3} cytokine gene &l A& o]
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