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Abstract

Immunostimulatory roles of ginsan,
a polysaccharide purified from Panax ginseng,
on the antigen—presenting capabilities of

dendritic cells
Supervised by professor Hong-Gu Joo
Mi-Hyoung Kim

Department of Veterinary Medicine,
Graduate school,

Cheju National University

Ginsan is a polysaccharide purified from Panax ginseng and has an
immunostimulatory effect. Dendritic cells (DCs) are the most potent antigen-
presenting cells (APCs) and play a critical role in immune responses.
However, the effect of ginsan on DCs has not been studied yet. In this study,
we demonstrated that ginsan increased the wviability and induced the
maturation of DCs. The expression of maturation markers, major
histocompatibility complex (MHC) classII molecules, and a costimulatory
molecule, B7-2 (CD86), on DCs were significantly increased. Ginsan with a
dose of 10 pg/ml induced the production of nitric oxide (NO) from DCs, but
the production of NO from ginsan—treated DCs was profoundly less than that

of a representative maturing agent, lipopolysaccharide (LPS). Ginsan



enhanced the production of cytokines such as interleukin (IL)-12, tumor-
necrosis factor (TNF)-alpha and IL-10 from DCs. Ginsan—treated DCs
increased the proliferation of allogeneic CD4" T lymphocytes compared to
control DCs. CD4" T lymphocytes activated by ginsan—treated DCs produced
a significant amount of interferon (IFN)-gamma and IL-4 in same
experiments. It 1s thus suggested that ginsan may stimulate immune
responses. Taken together, our results suggest that ginsan may enhance the

DC-involved immune reactions through modulating the function of DCs.

Key words: dendritic cells, ginsan, immunostimulation, antigen—-presenting

capability
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TFAAAE (dendritic  cells; DCs)x= =3t FAAAAE  (antigen—

presenting cells)ZA] w72} T FXFE 2p=38le] AGHHES Aehe IS

e
MHC H&AE AxigHol AAlet=d, wza T "X = ofd REg3h]

FAsY, FAEAEE B8 A AA s FAEAMES s
TAGAEZ R vAds FAGAEE dYEH 5ol Hoya, Ads
TANAEE AXxEH 53X 2e] & | interleukin (IL)-12 &2 Aol E71I

BEH7F F7FEo] & AAlY o]t WAl FHo] SrMET. FAASAES
A48 interleukin (IL)-1, tumor necrosis factor (TNF) S¢ 954
MolEF7F1y T  #H3xEgte]  CD40L, lipopolysaccharide (LPS), CpG

oligonucleotide &9 UvAE FAAHAE S g o]FoxY. Az

FAZGAZANE B Solded FAASS Tt FLAAAZELL T
HIEZ7Ee Heukgo]  #Hofste= A F-2HEAF (adhesion molecule)9t
FAASEA (costimulatory  molecule) o]  Edo]  FAlo]  FriEt
FAGHE] & dgmtesS Jdoy|=d o Fas [1, 2, 8]

Ginsan< <14t (Panax ginseng C.A. Meyer)olA F=3 UIHF
(polysaccharides)@ A4, o]de] A& Eo|A ginsan®] WAL o8 ¥E

DA sA 7= A 2dA = 283

o

|

Zo]l B3 A 9l Ginsan< lymphoid
cell& #A=sle] Z=241S F%dx IL-1, IL-2, interferon gamma (IFN-y),
granulocyte macrophage colony-stimulating factor (GM-CSF) &9
Mol EFF1-S HH|3FA Sht}. Ginsans WA AM|ES] A3 T8-S 7HX L =,
npe-~ E7F ] A MEES ginsan¥ A BYE S W] nitric oxide (NO)
Aol F7tstdlem o UAAEE FEAES} A MY Al FTEAES

AFAAE 4ozt [4,5, 7]
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FA A 9 vk

6-77%8 ¢ 47 C57BL/6 wh+-25 TYste] AsE Aol AT &
71257l APl ARESEATE A FEE]YFS o]l Al wel Wit
[3]. vh9-25 QFAMAA 42 diEE¥ FdES 9% $ Hanks balanced
salt solution (HBSS, Sigma, St. Louis, MO, USA)Z FAsle] 4 MEE
AU, WA 0.83% w/v ammonium chloride potassium (ACK) lysis
tod ZFAE T e AEFE

LAY, HFAES 2x10° cells/md ¥%E 5% heat-inactivated fetal

Oft
ik
kel

bufferg Ah&ate] A2olA 10&3F W&

bovine serum (FBS), 2 mM L-glutamine, 100 U/m¢ penicillin, 100 pg/mé
streptomycin (Invitrogen, Grand islands, NY, USA) ©] #7}¥ RPMI-1640
B =] (nvitrogen)oll 5] 6-well culture plateol] BjS3A Y. 18]x2 10 ng/ml
recombinant mouse granulocyte—-macrophage colony stimulating factor (GM-
CSF, Biosource, Camarillo, CA, USA)E wlAdl H7}skAdth. TAGMEE 5%
COy7F &35+ 37T incubatorel A ¥jsk & 24wl A sfx] 2 W A3} T)
ek 23 4dAjo = 5o ] Qli= lymphocyte, granulocyteE A|A3}7]
Al AA WA= A AL, GM-CSF7F 32398 A= A2 wA st vk
6-100ll 70%¢] HiAE nASE A WIAE FH7betar, Aol W =
FANAETE dojdll & 0.4% trypan blue (Invitrogen)® M3 =

hemocytometero| A M EFZS A4Sl A3 o] AFE-3FA T}

MTT assay
FARAELE 510" cells/well2 96-well culture plateo] ¥ il ginsang 1.6, 8,
40, 200, 1,000 wg/m= 73t 5% CO.7F 35 %+ 37T incubatorel A

A8AIZF wikstsitE. 0.5 mg/mé 3-[4,5-dimethylthiazol-2-yl1]-2,5-diphenyl-



tetrazolium bromide (MTT, Sigma) &-& FH7lsto] 24A%F &t widst &
0.01N HCle] H7}¥ 10% sodium dodecyl sulfate (SDS, Sigma) £ 100
pe/well2  A7bsgitt. Aopgls Azl o3k MTTe] 2gdel eofs A4
849 formazan crystal® SDSZ  £3|A]7Z] ¥ microplate reader

(Molecular Devices, Sunnyvale, CA, USA)E ©o]&3}e] 570-650 nmollA

off

EYES 249

o -

I

Nitric oxide 574

FAFAEES 10x10" cells/well2 96-well culture plateo] ¥l 1 ug/ml anti-
CD40 @& £ (BD Biosciences, San Jose, CA, USA), LPS (Escherichia coli
O55:B5, Sigma), ginsans Ad $ 48217 wjFakaltt. A4E NO9| ¥
Griess reagent (Sigma)E ©o]&35le] AX wjdd Fo] EA3}=  nitrited
Hej2 SA43S . 40 mg/ml Griess reagent?} AE viYAS 1:1 9 H|E=Z

233} microplate reader (Molecular Devices)®= 570 mmoll A =7 3} % ¢},

FARANEZE 5%10° cells/me] AE %2 24-well plated] 231, ginsans
At 4827w gtk Al vk} Foll EAsk= TNF-a, IL-12, IL-
109] %S Felslr] Y&l ELISA kit (Biosource)2 AF&3}3Ith. Allogeneic
CD4" T cell ¥ ginsans A FAGAEE 7 54 <t wigs =
4o NS o] &38te IFN-y, IL-4 ELISA (Biosource)® At 3%
=42 microplate reader (Molecular Devices)E ©]-83Fe] 450 nmolA]

ERET

Flow cytometry
FAFAFANA AL FEAAQ MHC class 1T #2+2} CD867F M EFEH] &=

e A A ALIPANE H9rh FALAEA purified anti-



mouse CD40 ©&E3¥A (BD Biosciences) 1 pg/ml ¥ ginsan 10 pg/mlé-S
Agete] 243 wigRE Sl FAGe] AlHE Ao ARSIl
FAGME ®He| & Fce receptorg Awsle] H|Eo|HbES HAZ 3]
938N, purified anti-mouse CD16/CD32 ©& &3+ (BD Biosciences)E 0.5
1g/100 pl F7yaske] 4ColA 158-7F ¥-3-AlFt}. Biotinylated anti-mouse I-A°
gz  (BD Biosciences)®} biotinylated anti-mouse CD86 & (BD
Biosciences)E 2tz 0.5 ug/100 pl Z7}ste] 4CoA 3087 wk-g-3lich 1
%o streptavidin—fluorescein isothiocyanate (FITC, BD Biosciences)E 0.5
1g/100 pb F7tste] 4TolA 30t ®REgatth. Z2F 34 w3 $ol wash
bufferg AF&3te] MEE 23] MU 5% FBS9F 0.1% sodium azide7}
A7leYl PBSE  staining buffer®t wash buffer® A&t AIZE 1%
paraformaldehyde”’} #7}¥l  staining buffere] wHo} WA BRAI} IFo
FACSCalibur flow cytometer (BD Bioscences)®lt CellQuest software&
o]-&slo] AT

Allogeneic T cell proliferation assay
FAAAAE7F allogeneic CD4T T celle A=Ed= HS Falsty] 9 s)
AlsERTE. BALB/c vh¢-29] HIRS F=8t] T celle ¥ ¥ anti-CD4
(L3T4) microbeadsZE ©]-83F magnetic cell sorting (MACS, Miltenyi biotec,
Bergisch Gladbach, Germany)2.& CD4" T cell& EFE83890 9
Al ol A= RPMI-1640 vi#]o] 2 mM L-glutamine, 10% heat-inactivated FBS,
0.1 mM non-essential amino acids, 1 mM sodium pyruvate, 10 mM HEPES,
50 uM 2-Mercaptoethanol (Invitrogen)S F7}ste] A3t 96-well
culture plateo] CD4" T cell& 1x10° cells/well® Y1 o]7]9] ginsans
Aeet FAGAELE 5x10° cells/well2 FH7Iste] 5UzF 7 wgssith
TAIMES ginsans A elste] 293 vt 5 3]gsio] wiAR 23] A3

S ALgstet)h, o] W FAAAES CD4A' T celle] HSS 1:20, 1:60, 1:180,



1:5400.2  wjkstgel, w49 1 upCi/welld  [PHlthymidine
(PerkinElmer, Wellesley, MA, USA)= #FH7lsle] 18A17F nj kst & 5 Ao
M XE filtermat (PerkinElmer)e| harvestd}e] liquid scintillation counter

(PerkinElmer)E o] -&3te] EA5t. Ay B9 #=% WALA=E (counts

per minute; c.p.m.)S Hir + FFHAZ YERYA T

Statistical analysis

Ase A Wl e 4¥e Fu gEAQ A¥Ade B + EFAds

AR Tukey-Kramer Y 4dHS o 2483t p < 0.059



FRAFAE e ginsan?] FE ¥ AT F AXEAH G}

ol HEE oA ¥ WS FALHNEE dET (10002 Fil A=
H ST 1.6 wg/mlol = 95.9%, 8 wg/mlolA = 100.5%, 40 pg/mlolA =
95.8%% MXE HAeo]l wlwA sred whE], 200 pg/meel A= 79.6%, 1,000
pg/mAl A= 72.6%% WEFRE 200 pg/me ©1Fe] AlwolMe fFolA U

Al EEA o] AT (Fig. 1.

1

0 200 1000

Viability (%)

Ginsan conc. (ng/ml)

Fig. 1. The viability of DCs was sustained by ginsan. DCs were seeded at a
concentration of 5x10* cells/well in 96-well culture plates. Cells were
treated with ginsan for 48 hr. MTT reagent was added into wells for 24 hr
and insoluble crystals were dissolved with 10% SDS solution. The
absorbance was measured at 570-650 nm using a microplate reader. The
absorbance value of the non-treated cells was set to 100%. Results are
means * S.D. of three independent wells. Data are representative of three

individual experiments. **, p < 0.01; **x p < 0.001



FARFAZ 3 ginsan A8 ¥ NO AA

Hred AP 4] B2 nAds FAGAEE S4dET (0.5 iMe®, LPSE

O

T3 ginsane FoIgh
FAGAZAAE NO BAZFS Hueint. LPSE A3k FAGAZAAM =
0.01 wg/me] 7% 47.1 uM, 0.1 pg/me®] 79 60.0 uM, 1 pg/mee] -9 75.1
IMZ s EH o2 NO Aol F7le e AEds Btk Ginsans A2 g
TFAGA A= 1 pg/meell A 0.5 uM=E ST B3

ES
Aol AYHA ke, 10 pg/mielA 10.9 uM= v & A=At (Fig. 2).

k3kk
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§ 50 i sokok
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o: 30 =
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.2 20 \ k3%
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0
imDCs 0.01 0.1 1 1 10
LPS DCs (ug/ml) Ginsan DCs (ug/ml)

Fig. 2. Ginsan stimulated the production of NO from DCs. DCs were seeded at
a concentration of 1x10° cells/well in 96-well culture plates. Cells were
treated with LPS or ginsan for 48 hr. The NO levels in the supernatants of
DC cultures were quantified using Griess reagent. The absorbance was
measured at 570 nm using a microplate reader. Results are means = S.D. of
three independent wells. Data are the representative of three individual

experiments. **, p < 0.01; =x* p < 0.001



FA A E tg ginsan A §F IL-12, IL-10, TNF-a2] A4t

oltrd AHYE A Ee nAL FAMAEE YEFRLeE T ginsans
Fogt FAFAEe sttt [L-129] A2 ginsan 0.1 pg/mee] 745 441
pg/m= WE (576 pg/mhHRvk Sekar, 1 pg/mbe] A5 1072 pg/mlE
xR 28 7k=F S7kskelon, 10 wg/me] 7§ 5151 pg/mtE  10W]
S7Feklt (Fig. 3A). IL-109 A4e vAs FAGAEANA 314 pg/m,
ginsane 0.1, 1, 10 pg/m®] %= V= A 49 27 0, 67.2, 129.4
pg/mE YEHAT " A A E HlE] ginsan 10 pg/meollA IL-109
Aol 4w F7Fskith (Fig. 3B). WA s A ZAIESH anti-CD40 G224
1 pg/mE A2d s FA2ATAA TNF-ao A4S z+H2b 35, 55 pg/ml=
SANETOR AREEHJT LPS 1 pg/mbs A3 FAAEE FYNETOZ
T, ginsan 10 we/mS A FAGAES wlasioith. Fg ozl A
1,805 pg/ml, ginsane A3 FAAAMEANME= 1,610 pg/me] TNF-a7}
AAE wA & FAGAERT 464 F7Hea, FAUERTFEOE 25 WA
A=A (Fig. 30).
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Fig. 3. Ginsan increased the production of IL-12, IL-10 and TNF-a from DCs.
DCs were seeded at a concentration of 5x10° cells/well in 24-well culture
plates. Cells were treated with ginsan for 48 hr. Thereafter, [L-12 (A), IL-10
(B) and TNF-a (C) secretion in culture medium were detected by ELISA. The
absorbance was measured at 450 nm using a microplate reader. Results are
means * S.D. of three independent wells. Data are the representative of
three individual experiments. Immature, non-treated DCs; CD40, DCs
exposed to 1 pg/ml anti-mouse CD40 mAb; LPS, DCs exposed to 1 pug/ml

LPS; Ginsan, DCs exposed to 10 pg/m¢ ginsan, ***, p < 0.001
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imDCs CD40DCs GinsanDCs
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Fig. 4. Ginsan increased the maturation marker, MHC class Il molecules, and
a costimulatory molecule, B7-2 (CD86), on DCs. DCs were seeded at a
concentration of 5x10° cells/well in 24-well culture plates. Cells were
treated with 1 xg/mé anti-CD40 mAb, 10 pg/ml ginsan for 48 hr. Cells were
stained with biotinylated anti- I-AP, biotinylated anti-CD86 antibodies and
Streptavidin—FITC. Stained cells were analyzed using flow cytometry.
Results were expressed as the mean fluorescence intensity (MFI) calculated
according to the formula: mean fluorescence of sample — mean fluorescence
of control. Data are the representative of three individual experiments.
ImDCs, non-treated DCs; CD40DCs, DCs exposed to 1 wpg/ml anti-CD40

mADb; GinsansDCs, DCs exposed to 10 xg/m¢ ginsan.
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Ginsan A& 93t FAAAAESY alloproliferative capacity ¥ 3}

Anti-CD40 @E2FAE A FAGAHES} ginsans A2 FAGAE=
UhEEE BlE o] AlEu] ol mAd s FAGAIE HlE] o] UA allogeneic
CD4" T cell®] S2& dozit. Ades 9 54" HAAE (cpm)s

Bzt EEaAds YA (Fig. 5).
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Fig. 5. Ginsan-treated DCs stimulated allogeneic CD4" T cells in mixed
leukocyte reactions (MLRs). DCs were treated as described in Fig. 4. DCs
were harvested, washed with the media. CD4" T cells were seeded at 1Xx10°
cells/well at 96-well plate and then cocultured at a range of concentrations
of DCs. In 5-day coculture, cells were pulsed with 1 uCi/well of
[*H]thymidine for last 18 hr. [*H]thymidine incorporation was determined by
liquid scintillation counter. Results are means = S.D. of three independent
wells and expressed as counts per minute (c.p.m.). Similar results were
obtained in three other experiments. ImDCs, control cells; CD40 DCs, DC
exposed to 1 pg/mé anti-CD40 mAb; Ginsan 10 DCs, DC exposed to 10 pg/mé

ginsan. **, p < 0.01; **xx, p < (0.001
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Ginsan H# " FRAAE 93] A=H CD4" T cells9 cytokine A4k
Anti-CD40 SZE2FAE A FAGMES ginsans A2 g FAGAMEZE
u| Al <& A AAE] Hl&] CD4™ T cell24%¥ IFN-yoF IL-49 XS

4‘
<7 #H e (Fig. 6).
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Fig. 6. Ginsan—treated DCs induced IFN-y and IL-4-producing allogeneic
CD4" T cells. DCs and CD4" T cells were cocultured as described in Fig. 5.
After 5—day coculture, the level of IFN-y (A) and IL-4 (B) in culture medium

was detected by ELISA. The absorbance was measured at 450 nm using a

14



microplate reader. Results are means = S.D. of three independent wells. Data
are the representative of three individual experiments. Media, CD* T cell
only; imDCs, control cells; CD40 DCs, DC exposed to 1 pg/ml anti-CD40

mADb; Ginsan 10 DCs, DC exposed to 10 gg/ml ginsan. #** p < 0.001
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