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Effects of Red-ginseng Extracts on the Activation of Dendritic Cells
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Abstract : Ginseng is a medicinal herb widely used in Asian countries. Dendritic cells(DCs) play a pivotal role in the ini-
tiation of T cell-mediated immune responses, making them an attractive cellular adjuvant for use in cancer vaccines. In
this study, we examined the effects of Red-ginseng(water extract, edible and fermented ethyl alcohol extract, crude sapo-
nin) on the DCs phenotypic and functional maturation. Immature DCs were cultured in the presence of GM-CSF and IL-
4, and the generated immature DCs were stimulated by water extract, edible and fermented ethyl alcohol extract, crude
saponin and LPS, respectively, for 24hours. The expression of surface co-stimulatory molecules, including MHC(major
histocompatibility complex) class II, CD40, CD80 and CD86, was increased on DCs that were stimulated with crude
saponin, but antigen-uptake capacity was decreased. The antigen-presenting capacity of Red-ginseng extracts-treated DCs
as analyzed by allogeneic T cells proliferation and IL-2, IFN-y production was increased. Furthermore, CD4" and CD8"
syngeneic T cell(OVA-specific) proliferation and IFN-y production was significantly increased. However, CD4" syn-
geneic T cell secreted higher levels of IL-2 in responding but not CD8” syngeneic T cell. These results indicate the immu-
nomodulatory properties of Red-ginseng extracts, which might be therapeutically useful in the control of cancers and
immunodeficient diseases through the up-regulation of DCs maturation.
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Table 1. Effect of Red-ginseng water extract, edible and fermented ethyl alcohol extract and crude saponin on the expression of cell surface

markers. (%)

Conditions (ﬁg/?gi) CD11¢/MHC I CD11¢/CD40 CD11¢/CD80 CD11¢/CD86
LPS 0 24.8 16.5 28.8 194
1 36.3 52.6 349 33.4
1 28.0 12.9 27.1 15.5
Water extract 10 22.9 13.3 23.6 16.7
100 234 14.0 « 23.0 15.6
Edible and od 1 259 18.0 ‘ 533 20.8
ethylea'cl‘;lohoelrg;?agt 10 23.3 14.6 24.8 17.3
100 254 17.4 21.3 17.4
1 245 134 29 156
Crude saponin 10 23.5 13.0 22.8 14.9
100 37.6 384 39.1 31.7

Day 6 DC were stimulated with or without water extract, edible and fermented ethyl alcohol extract, crude saponin(1, 10 and 100 pg/mi)
and LPS(1 pg/ml), respectively, for 24 hours. On day 7, surface expression of MHC class II, CD40, CD80, CD86 and CD11c¢ were analyzed
by two colour flow cytometry. Numbers represent the percentage of double positive cells. The results are representative of three independent

experiments.

A2 MHC class T 2415 t}Ekoz @dsla glom, TA)
¥E U 8438 ANE ¢ e CD80, CD86} 7
AFEAH(co-stimulatory moleculeyes Z8, H&E-=}(adhe-
sion molecule)?! CD11cE 2333 gic). #al o)z} o]
213t FEAFEAS} izl W g FUMT)E CD40S
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2§ AFA extractE® A2 3ol 100 pg/mlol Al
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Fig. 1. Effect of Red-ginseng water extract(A), edible and fermented ethyl alcohol extract(B) and crude saponin(C) on the
expression of co-stimulatory molecules. On day 6 DC were stimulated with or without water extract, edible and fermented
ethyl alcohol extract, crude saponin(l, 10 and 100 pg/ml) and LPS(1 pg/ml), respectively, for 24 hours. On day 7, surface
expression of MHC class 11, CD40, CD80, CD86 and CD11¢ were analyzed by two colour flow cytometry. Cells were gated
on CD11c¢". The numbers indicate the mean fluorescence intensity. The grey histograms represent the negative control staining.



122 AEE - 92 - MEY - 2

B)

SolEe - EAE - o) EEREL

MHC

class ||

CD40

CD80

CD86

Fig. 1. Continued.

o Al-&3t syngeneic THIE clone& TAAAE2] MHC
EA1e 293 OVA 9 peptidethe Q143k] Bolxoz
w33t}

THI 2o 23 Huhe-& 1| 3l THAE He &

3pet FAGH RS MMCE Aglsle] F418 oA Al7
T AHS AP T)h. WA allogeneic THE Z48 Az
8t A3, & extractd} AE8LEFA extractE: A3 AY
2] 75t BlE] THIES F4o] 3N, 53

[o]

T AR BE 1pugmelA 78 823 F20] dojds
gel3lti(Table 3). ¥H4 crude saponine & extract, 2
SEEFA extractdbe €] 100 pg/miolAq 78 &dks T
AE F20] FEHA.

CD4" syngeneic THIX9] 735, 320 OVAE Az|3HA
2o iz vlwsle] OVAS AE39e o TAESY =
o] FEEATH(Table 5). & extract®} -84 EF4 extract
& AEe9e wie 1pg/misd 10 pgmlold iz 2o &
< TAX 2] FEHAL, 53] 10 pg/mlolr] 717 &3
Hhg-o] dojr #A3I9Ith Crude saponin®] 7% 1 ug/ml
AN 7P &g THIE F2o] FEEIe™ 10 pg/miolA
T3 s THE F2)0] =88 S

X APH R gt HEE A= CD8*
syngeneic THIXZ2] ¢ & extracts 1pug/milold 713 &
S THE F4E F=siilz, A88aT4 extracts: A2l
P72 LE =X & vhgo] Yelsith(Table 7). Crude
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Fig. 1. Continued.

Table 2. Effect of Red-ginseng water extract, edible and fermented ethyl alcohol extract and crude saponin on the endocytotic activity

. Times
Conditions Cone.(ug/ml) T Sy
0 33.5% 33.3%
s 1 23.9% 26.9%
Wat 1 28.2% 36.1%
ater
extract 10 27.8% 35.3%
100 32.0% 32.3%
Edible and fermented ! 33.8% 40.2%
ible and fermente
ethyl alcohol extract 10 31.4% 33.5%
100 34.4% 30.6%
Crud 1 36.7% 352%
rude
saponin 10 29.7% 28.9%
100 9.0% 13.6%

BM-derived DC were generated as described in Materials and methods. On day 7, receptor-mediated endocytosis(FITC-dextran) was ana-
lyzed on MHC class II-PE-positive DC by two colour flow cytometry. The numbers indicate the percentage of MHC class I1" cells that were
positive for FITC-dextran. The results are representative of two separate experiments that yielded similar results.
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saponin £ B & FEAA =& THE 42 FE3%e Ho} 2o ko) L2847 f=E, IFNye] A =
7 53] 100 pg/mlefA OVA Mg djzdreh oF 34 extract 1 pg/mioiAst fejdo= Zvkslie 21g Edsiaict
AEo & 34 L =L & R /Hl 7}21 (Table 4). CD4" syngeneic THIEoIXE IL-29} IFN«y 2
FEE BT FAHNE *Eé BAFAA THRZS & T ozE2 39 A2 10 pg/ml ol3t2 G H U v
frEske Ao Yeikith o el OVAE XEst e ¢ IL-29 IFN-y A

IL-2, IFN-y 244t

FLE JAAS THE7 843 2 o EH|8 cytokine
?l IL-2¢F IFN+E #zsisitt. & allogeneic THX7F &
H]3l= cytokines #aE3t A#, IL-2& FAE &2 290
pg/miz} Wlwdle] & extract 1pg/ml, 284 EFA extract
10 pg/ml, 100 pg/ml, crude saponin 100 pg/miel A Z}z}
653 pg/ml, 357 pg/ml, 440 pg/ml, 589 pg/ml= ZF UIZF

2bako] Zhzh 79.58 pg/miF 117.15 pg/mlE Ev| o] F718)
NTH(Table 6). 28] BAAEE A2 e A=Y 74+ IL-
= & extract B€ FE9 48U EFY extract 1pg/ml
# 10 pg/ml, crude saponin 1 pg/miz 10 pg/michA #4)
o] Z71333, IFN<E & extract 10 ug/ml, 100 pg/ml,
289 FFA extract 1 pug/mist 10 pg/miols Atego] 5
7¥s9.em, crude saponing % 10 pg/mls} 100 pg/miell
A TFN«e] Aate] F7kshe 2& gR1sidth 285l CD8*

Table 3. Effect of Red-ginseng water extract, edible and fermented ethyl alcohol extract and crude saponin are poor stimulators on the

growth of naive allogeneic T cells

Conditions Conc.(ng/ml) Growth(O. D. at 405 nm/490 nm)
0 0.264+0.041
1 0.421%£0.013
Water extract 10 0.365%+0.070
100 0.281+0.039
Edible and f d ethl 1 0.466+0.023
e mented ethy 10 0.381%0.090
100 0.381+0.055
1 0.335+0.102
Crude saponin 10 0.460+0.141
100 0.575+0.053

C57BL/6(H2%) BM-derived DC were generated as described in Materials and methods, harvested on day 7. DC(3X104 cells/well) were
treated with mltomycm C(50 pg/ml) for 25 min, washed, and then used as stimulators in allogeneic T cells(5x 10° cells/well). Naive allo-
geneic BALB/c(H-2Y T cells purified by nylon wool column and used in the allogeneic MLR. Proliferation of allogeneic T cell was mea-
sured by a 5-Bromo-2'-deoxy-uridine Labeling and Detection KitIIl. Data are represented as mean = SD for triplicates. The results are
representative of two separate experiments that yielded similar results.

Table 4. Effect of Red-ginseng H,O extract, edible and fermented ethyl alcohol extract and crude saponin on the IL-2 and IFN-y production

of allogeneic T cells

.. Cytokines
Conditions Conc.(ng/ml)
IL-2(pg/ml) IFN-y(pg/ml)
0 290.67+2.36 45.50+£12.37
Wat 1 653.67+18.86 90.50+8.84
ater
extract 10 276.67£6.13 41.75+0.00
100 201.00+4.71 40.50£8.84
Edible and & ed ethyl 1 262.67+6.13 26.75+3.54
ible and fermented ethy
alcohol extract 10 357.67+1.89 45.50+5.30
100 440.67+£5.19 46.75+3.54
Crud 1 142.67+6.13 30.50+5.30
rude
saponin 10 222.67+7.07 39.25+7.07
100 589.67+5.66 4925+10.61

IL-2 and IFN-y levels in 24-h allogeneic MLR supernatants analyzed by ELISA. The IL-2 and [FN-y contents were calculated using recom-
binant standards ranging from 10 pg/ml to 2430 pg/ml. Data are represented the mean+ SD for triplicates. The results are representative of
two separate experiments that yielded similar results.
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Table 5. Effect of Red-ginseng water extract, edible and fermented ethyl alcohol extract and crude saponin on the growth of CD4" syngeneic
T cell clone

Conditions Conc.(ug/ml) OVA Growth(O.D. at 405 nm/490 nm)

0 - 0.093+0.016

+ 0.115+0.003

1 0.187+0.015

Water extract 10 + 0.198+0.005

100 0.118+0.033

Edible and fermented ethyl 110 N 8;?;18823
alcohol extract ’ '

100 0.088+0.016

1 0.171+0.026

Crude saponin 10 + 0.165+0.008

100 0.091+0.017

Day 6 DC were stimulated OVA(1 mg/ml) with or without water extract, edible and fermented ethy! alcohol extract and crude saponin(1, 10
and 100 pg/ml), respectively, for 24 hours. On day 7, DC(3x10* cells/well) were treated with mitomycin C(50 pug/ml) for 25 min, washed,
and then used as stimulators in CD4* syngeneic(5x10* cells/well) MLR. Proliferation of CD4" syngeneic T cell was measured by a 5-

Bromo-2'-deoxy-uridine Labeling and Detection Kitlll. Data are represented as mean+SD for triplicates. The results are representative of
two separate experiments that yielded similar results.

Table 6. Effect of Red-ginseng water extract, edible and fermented ethyl alcohol extract and crude saponin on the IL-2 and IFN-y
production of CD4" syngeneic T cell clone

Conditions Conc.(ug/ml) OVA Cytokines
IL-2(pg/ml) IFN-y(ng/ml)
0 - <10 0.05+ 0.00
+ 79.58+12.96 11715+ 7.07
1 106.75+ 1.77 87.00+12.37
Water extract 10 + 24175+ 530 148.25+ 3.54
100 126.75+£12.37 130.75+14.14
. 1 131.75+ 1.77 135.75+ 3.54
Edible and fermentcd cthyl 10 + 491.75£19.45 194,50 12.37
100 59.17+ 2.95 87.00+ 8.84
1 130.50+ 7.07 99.50+19.45
Crude saponin 10 + 98.00+ 7.07 123.25+10.61
100 5417+ 0.59 197.90+ 3.18

IL-2 and IFN-y levels in 24-h CD4" syngeneic MLR supernatants analyzed by ELISA. The IL-2 and IFN-y contents were calculated using
recombinant standards ranging from 10 pg/ml to 2430 pg/ml. Data are represented the mean+ SD for triplicates. The results are represen-
tative of two separate experiments that yielded similar results.

Table 7. Effect of Red-ginseng water extract, edible and fermented ethyl alcohol extract and crude saponin on the growth of CD8"
syngeneic T cell clone

Conditions Conc.(ug/ml) OVA Growth(O.D. at 405 nm/490 nm)
0 - 0.094+0.0247
+ 0.101+0.0530
1 0.186+0.0205
Water extract 10 + 0.159+0.0049
100 0.105+0.0622
. 1 0.161£0.0064
Edible and fermented cthyl 10 + 0.159+0.0028
100 0.182+0.0014
1 - 0.176£0.0170
Crude saponin 10 + ' 0.174+0.0141
100 0.277+0.0092

Day 6 DC were stimulated as described in CD4" syngeneic MLR. On day 7, DC(3x 10" cells/well) were treated with mitomycin C(50 pg/
ml) for 25 min, washed, and then used as stimulators in CD8" syngeneic(1x10° cells/well) MLR. Proliferation of CD8" syngeneic T cell was
measured by a 5-Bromo-2'-deoxy-uridine Labeling and Detection KitIIl. Data are represented as mean=SD for triplicates. The results are
representative of two separate experiments that yielded similar results.



126 Ame - WPe - AR - THF - olFH - =S - olH EERELER

Table 8. Effect of Red-ginseng water extract, edible and fermented ethyl alcohol extract and crude saponin on the IL-2 and IFN-y

production of CD8" syngeneic T cell clone

.. Cytokines
Conditions Conc.(ug/ml) OVA TL-Z(pgm) PNy (pg/ml)
0 - <10 <10

+ <10 739.00+ 28.28
1 <10 1069.00+106.07
Water extract 10 + <10 909.00+ 98.99
' 100 <10 909.00+ 49.50
. 1 <10 1754.00+219.20
Bdible and fermented cthyl 10 n <10 1734.00+374.77
100 <10 1734.00+ 28.28
1 <10 1659.00+226.27
Crude saponin 10 + <10 3424.00+289.91
100 <10 9649.00+212.13

IL-2 and IFN-y levels in 24-h CD8" syngeneic MLR supernatants analyzed by ELISA. The IL-2 and IFN-y contents were calculated using
recombinant standards ranging from 10 pg/ml to 2430 pg/ml. Data are represented the mean= SD for triplicates. The results are represen-

tative of two separate experiments that yielded similar results.

syngeneic THI % =3 B extract, 2|82 EFY extract,
crude saponing AZIHUE W BE FEoIM IFN+S 2
HE o8t F7MFHA L, 53] crude saponin 100 pg/
mlolA] 128 o]de] IFN-y Evjge] F718lth(Table 8).
BEA| ¥ allogeneic THIZS} CD4™ syngeneic THIX wHe-3}
© 29 IL-2¢9 ¥HE fE5X & o2 eyt =
Al 7] FFY B4 FEEC] BF SRR $4S 7
wate] THIEES] Ale|EFIQ] BHlEE ZUHA7e Ao= U

ERstt.

51]

_O__Ih

2 d7olrs B T4te] E(water) extract, A 8HE
T4 extract ¥ T4 FEEZHEH £ AZ crude
saponing ©]-8-3l] MGG v7fishe AT B4
a3 el Lolrgith 2 A FAANE = crude
saponin 100 pg/mte He|SAL w XA 2] AEFH
216l MHC class II, CD40, CD80, CD862] -argo] =
7Fet9 2, phagocytosiss 743t Th. 3 AN EE ]
g FAFH LS allogeneic TAIZES A wigatde: w),
SRS = extract, 28H 85 extract, crude sapo-
nin 25 allogeneic THE9] £249k-2 §ratga, 1L-29}
IFN-y9] Aibde F7H7)= RS Feleiinh, &3 CD4*
syngeneic THIZe} CD8* syngeneic THI¥9 wHgoA %
THIE] F28He-S =4 FE382™, CD4™ syngeneic
THFEANA IL-29 IFN-y2] A2+ 714713, CD8*
syngeneic THIZANA = IFN-yy A4S Z7HA7)1E AL 3

o1akgdtt. olbe]l A#E crude saponing®] A-$- FAIAA 3
o] NEEH FEAFEAY] S Fudll A5S A%
o=2X TAIZY #4& FAIIe Aoz AzEy, &
extracts} 424 EF4 extracts crude saponinFe THE
71202 THE 8A4skE fedshes 2e ¢ & Ak et
A Age] AN THAIE, & B extract, AEEETFH
extract, crude saponin &5 XA E AL FLEdle
= 434 5ol8 THE 84315 o843 JAX| 7
ol &8 F U= 7ol doa AlEdE

&

ol
o

INERETT

o

] =88 200589 % KT&G &9 2¢laaks] o7y
A el 9t Ao, oo A= UL

ISE=E

1. Chang, Y. S., Chang, Y. H. and Sung, J. H. : The effect of gin-
seng and caffeine products on the antioxidative activities of
mouse kidney. J. Ginseng Res. 30, 15-21 (2006).

2. Park, M. G. : Korean ginseng. Korea Ginseng and Tobacoo
Research institute, Seoul Korea, p.63 (1994).

3. Brekhman, I. . : Gosudarst Isdat et Med. Lit. Leningrad. 1-
18 (1957).

4. Kim, N. D., Han, B. H,, Lee, E. B. and Kang, J. Y. : Studies
on ginseng on antistress effects. Ko J. Pharmacog. 10, 61-
67 (1979).

5. Joo, C. N. : The preventive effect on the saponin fraction of



Vol. 30, No. 3 (2006)

8.

10.

11.

12.

13.

14.

15.

16.

17.

Panax ginseng C. A. Meyer against ethanol intoxication of
rat liver. Proc. 4th Intl. Ginseng Symp. 63-74 (1984).

. Elma, Z. T, llian, E. Z. and Christina, L. H. : Effect of gin-

senoside Rg, on insulin binding in mice liver and brain
membrane. Phytotheraphy Res. 5, 46-48 (1991).

. Henishin, C. C., Lee, R., Wang, L. C. and Liy, H. J. : Effect

of ginsenoside Rb; on central cholinergic metabolism. Pha-
macology. 42, 223-229 (1991).

Kang, S. Y, Kim, S. H., Schini, V. B. and Kim, N. D. : Dietary
ginsenosides endothlium dependent relaxation in the tho-
racic arota of hydercholesterolemic rabbit. Gen. Pharmac.
26, 483-487 (1995).

. Fearon, D. T, and Locksley, R. M. : The instructive role of

innate immunity in the acquired immune respones. Science.
272, 50-53 (1996).

Brightbill, H. D., Libraty, D. H., Krutzik, S. R., Yang, R. B.,
Belisle, J. T, Bleharski, J. R., Maitland, M., Norgard, M. V,
Plevy, S. E., Smale, S. T, Brennan, P. J., Bloom, B. R,,
Godowski, P J. and Modlin, R. L. : Host defense mech-
anisms triggered by microbial lipoproteins through toll-like
receptors. Science. 285, 732-736 (1999).

Aliprantis, A. O., Yang, R. B., Mark, M. R., Suggett, S.,
Devaux, B., Radolf, J. D., Klimpel, G. R., Godowski, P and
zychlinsky, A. : Cell activation and apoptosis by bacterial
lipoproteins through toll-like receptor-2. Science. 285, 736-
739 (1999).

Steinman, R. M. : The dendritic cell system and its role in
immunogenicity. Annu. Rev. Immunol. 9, 271-296 (1991).
Hart, D. N. : Dendritic cells : unique leukocyte populations
which control the primary immune response. Blood. 90,
3245-3287 (1997).

Bell, D., Young, J. W. and Banchereau, J. : Dendritic cells.
Adv. Immunol. 72, 232-255 (1999).

Banchreau, J., Briere, E, Caux, C., Davoust, J., Lebecque, S.,
Liu, Y. ], Pulendran, B. and Plaucka, K. : ITmmunobiology of
dendritic cells. Annu. Rev. Immunol. 18, 767-811 (2000).
Kronin, V., Winkel, K., Suss, G., Kelso, A., Heath, W, Kir-
berg, J., Von Boehmer, H. and Shortman, K. : A subclass of
dendritic cells regulates the response of naive CD8 T cells
by limiting their IL-2 production. J. Immunol. 157, 3819-
3827 (1996).

Suss, G. and Shortman, K. : A subclass of dendritic cells

ZHZA] FAGAE B3t a3

18.

19.

20.

21

22,

23.

24.

25.

26.

127

kills CD4 Teells via Fas/Fas-ligand-induced apoptosis. J.
Exp. Med. 183, 1789-1796 (1996).

Baskar, S., Clemens, V, Glimcher, L., Nabavi, N. and
Ostrand-Rosenberg, S. : Rejection of MHC class II -trans-
duced tumor cells requires induction of tumor-encoded B7-
1 and/or B7-2 costimulatory molecules. J. Immunol. 156,
3821-3827 (1996).

Fields, R. C., Shimizu, K. and Mule, J. J. : Murine dendritic
cells pulsed with whole tumor lysates mediate potent anti-
tumor immune responses in vitro and in vivo. Proc. Natl.
Acad. Sci. USA. 95, 9482-9487 (1998).

Boczkowske, D., Nair, S.K., snyder, D. and Gilboa, E. : Den-
dritic cells pulsed with RNA are potent antigen-presenting
cells in vitro and in vivo. J. Exp. Med. 184, 465-472 (1996).
Zitvogel, L., Mayordomo, J. L., Tjandrawan, T., DeLeo, A. B.,

Clarke, M. R., Lotze, M. T. and Storkus, W. J. : Therapy of
murine tumors with tumor peptide-pulse dendritic cells:
dependence on T cells, B7 costimulation, and T helper cell
l-associated cytokines. J. Exp. Med. 183, 87-97 (1996).
Fong, L. and Engleman, E. G. : Dendritic cells in cancer
immunotherapy. Annu. Rev. Immunol. 18, 245-273 (2000).
Timmerman, J. M. and Levy, R. : Dendritic cell vaccines for
cancer immunotherapy. Annu. Rev. Med. 50, 507-529
(1999).

Ahuja, S. S., Reddick, R. L., Sato, N., Montalbo, E.,
Kostecki, V, Zhao, W,, Dolan, M. J., Melby, P. C. and Ahuja,
S. K. : Dendritic cell (DC)-based anti-infective strategies:
DCs engineered to secrete IL.-12 are a potent vaccine in a
murine model of an intracelluar infection. J. Fmmunol. 163,
3890-3897 (1999).

Zheng, L., Hung, X. L., Fan, Z., Borowski, L., Wilson, C. C.
and Rinaldo, C. R. : Delivery of liposome-incapsulated HIV
type 1 proteins to human dendritic cells for stimulation of
HIV typel-specific memory cytotoxic T lymphocyte
responses. AIDS Res. Hum. Retroviruses. 15, 1011-1020
(1999).

Inaha, K., Inaba, M., Romani, N., Aya, H., Deguchi, M., Ike-
hara, S., Muramatsu, S. and Steinman. R. M. : Generation of
large numbers of dendritic cells from mouse bone marrow
cultures supplemented with granulocyte/macrophage col-
ony-stimulating factor. J. Exp. Med. 176, 1693-1702 (1992).



