Enhanced macrophage function of red ginseng acidic polysaccharide (RGAP) in
combination with IFN-y
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In this study we examined the potential for the synergistic augmentation of the activity
of inflammatory mouse peritoneal macrophages by stimulation with RGAP combined
with IFN-y. The moderate augmentative effect induced by preincubation with RGAP
was observed in the production of IL-1, IL-6 and NO but not TNF-a. In addition, IFN-
y had a low activating effect. Following preincubation with both RGAP A and IFN-y, a
marked enhancement of secretory activity and tumoricidal activity was noted in mouse
peritoneal macrophages. Treatment of peritoneal macrophage with combination increased
the generation of IL-1, IL-6, TNF-a and NO, whereas the production of reactive oxygen
species were not altered. These results demonstrate the synergistic effects on
macrophage function of RGAP in combination with IFN-y and suggest that the ability
of IFN-y to prime macrophages to produce secretory molecules in response to RGAP
may have implications for immunotherapy with this combination.
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interferon, interleukin, tumor necrosis factor®} growth factor <& 333} F =&
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o] MJ2g =4, 53] AAELAZYEE N2 HgxzdA e g gk A+7
3] Folt}. ole} o] YA S8&EHE WARHAEHY ALt EA 2 2
ok A2 AEAQ AA HFEEARZA AL WAz EAY] M =58
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x S gl AAEE virusyt AEE AEZE
At AY dE AEZUelA viruse] HAE AATOZN virusthAol digh Wo] %W ¢
of tigt & WojolA FQ3 JE&S sl WMoY (5-7). AAMEE vgst B4
olsl) &3t & F de=d olgd EZFANA o' EHE A Fo] #E wf virusel
sl A4S S7HAITE 28497 RuEJQa Egk Ao AdED 22 EZo] v
dAeirow tAAEE FAstete] o] FAS AAEeS Basditt (8-14, 15-20).
olgfst i Axe] 8L HAEH AAHE= dAb A2V A=EHo] TNF-a, IL-1,
hydrogen peroxide, NO, cytolytic protease 53 #& SAEZA o3 wlolz]~ ZHEA
9 QrM T S EThal B AT (21-25).
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MEE AAEE ST A 284S Alastat Fabe] FEAL
g T AATE A d9dd A vig Testyda Algdr. aER
ST EAE A Az G Ay FbahgS RS T 7
171 918l WAAZEE primedti= IFN-yo} &7 Aelste] oA 7]l
t}

o

ZAH6d T, FAF 304, FadabEAlb) 600gS AlEEe] Hulk(v/w)el 80% EtOH<S 7hskal
80°Coll A 3AIA 48] FEF381o] ALE UG HFE8A AES AAAL, FE2F A4
FEAALE N EE AL
A FET Al
2 X Charles River Breeding Laboratories At¢] C57BL/6 AF (65-8F)8 U4 E2ZHE
FTaol A&t BE Ak EWE dgo] gl mla2 SigmailelA FsHA
ALE3FE T RPMI640= W= GIBCO (Grand Island, NY)Aloll 4] Fetal bovine serum
(FBS)+ W= Hyclone (Logan, Utah)AFoll A Z+Z} 2d8Fo] AR5t
FANAATZAY dFEHL AA
b FabE S 60°CelA 29 Bk 4 Ax 3 & FRste] 300gS E4(957100°Cel A 3
AIZHY 48] arE) R FE8le] o] & $He] o] 37| (Ultrafilteration kit, Millipore, Pellicon 2,
Cedford, MA, USA)E o] &3slo] Ex%F 10 KD o3 olstz YTt o5 Ex# 10
KDol g9 &zt gh§tEel 95%9] ol &&S 5 (v/v)7hste]l 4°Ceoll A 24A13F 2] 53t
5 dZ ARl Fgadol T AT A (RGAP, red ginseng acidic polysacch)ES o) #&
2] s} A T}
TN ZAZEEH S EY £ € A
TakakA g A 2gS 10mM Tris-HCL buffer(pH8.0) dir 70mLoll &3l 3+ 3 o3} (3um)3}k
o] Z+H o) loading 3ttt Z¥-& DEAE-Sepharose CL-6B 4A| & 50mL Z=33}% 3L, bed
volum(100mL)2] 5#8§¢l 500mLe] 10mM Tris-HCl buffer(pH8.0)% washing 3 & 0.5M
NaCle] 3Hr¥ 93 buffer® &&3 F st7lod M=t Adadd 40 o8 4%
T w9 ggo] gd g4 4ES RGAPE W3t 5% RGAPE A=4dddA 273Y
e THTE FAStY 945 AAG & sAAXE ] ST E AHESES
EZAAREY 29 v
Thioglycollate (Difco Labs, Detroit, MI) 1mlE 29| B o] Fojsti 3-49 F 74zt
ether® <QHehAl A7l & EZAE Fo A Axe] EEE 98t 5 mle] RPMII640 # =]
7ol FAbeta Z £5 the oAl FAIE AFESEe] fE3ked Al 1000 rpmeoll A 10+
AA R At FHE MAEE 10% FBS 3 RPMII640 Aol dgA|zl & AlEX &
NS Teflon—coated petridishel]l il 37°C, 5% CO2 wj<k7]o Al 2A17F vjokslar 23] A
e A ke AlEE A AT F 0.1M EDTA 300 ul ¢ 1.5% FBS & D-PBS &
15 ml& platee] 2 AES EeA7 G2 1x10° cells/mle] FE2 XA A
of AF-&3FA .
GAE AEFEH A
B16 S F Azl tist A Mxe] gdaasE FAHS7] 28] 96 wellol HAAELE 1 x
10° cells/well?] 5% Y3 RGAP, IFN-y, RGAP+ IFN-y ¥ LPS+IFN-y (YA xS
o= Z+zF AHEsk & Bl6 S 1 x 10° cells/wello] H =2 7}slar 1841 75 <oF v 3l
MTT (2 ug/ml) 25 ul & 7}star 4A17F ¢ sfst & AAE formazans DMSOZ 59l
% Microplate reader® 540 nmol Al Z43to] LA E AME 52 thS3 2o] AAsHS T
9% of control = 100-[{OD macrophage + tumor target OD macrophage}/OD tumor
target]x 100
NOY BAHE =3
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platee] <71 & Z+zFo] welloll 100 ul®] Griess A ¢FS 7}8lod Microplate reader® 540 nm
ol FHEE ZA3AT. NOFEE NaNO2E Abg3te] ZA3 T+ oz e A4k
3t th Griess Al 2F2 =7/ =< 0.1% naphthylethylenediamine dihydrochloride, 2} 5%
H3PO4-& el =21 1% sulfanilamides &% E§s 2102 AL§A 7 w50 ALE-31S
=3

TNF-q, IL-1, [L-6 A4 %3

TNF-q, IL-1, IL-6& ELISA KitZ o]&3}o] ZA3sdt}

3. 244 %

7F E4FEE (RGAP)o 93 A AL cytotoxicity 57 2 &84 =33

HooApE A7 B A FE3 o) 2 A E(peritoneal macrophage)$t ™ A Al £ (raw264.7
9} 1C21) 28] a A AA &A= A Al E(microglia, C6) 5 T kAol th2] A
EE o] &3t RGAPY &3, NO, IL-1, IL-6 #H]5o] that AHH< §%5S =
Atk RGAPE 0.1, 1, 10, 100 ug/ml ©=o 2 Az Pe o fAAE o A zAE &=
UEbA ekgtth (A% %9 RGAP 1. 10, 50 ng/mlel A% A ZAME Z 37 1SS &9).
22 FE A NO¢ TNF-av #H|7F 57k A &%k3, RGAP 1, 10 ug/mlell A 77} 1L-1
7 IL-6 &8[7F %kt Fbelsith. tiA Az Fehatgol 9lolA NO® TNF-ae ¢ 3ho]
9 Fadk oz 4y di=d, RGAPZF A Aoz haH e &§94z8S F7HA7]
A Eale AL olyd Fo ddmilER BEuE FUHA7A Eed e Ao

o 2@y RGAPZF IL-13 IL-69] wvl& AfAor S7H7]a s

g sto] B35 dEE o] Q= Aol

Y. RGAP/IFN-yoll ¢J 3+ dqia A &4 g3

RGAP7} =502+ OIAAXLE &Agste] W97 5& S4A 7= vl eksbA vl o &
A3 A AYEHAS w, 5 adjuvant® A H NS tAAEe] st A JF
v AoR J|Usta, 2 polysaccharide® (o, LPS)e} g4 A= ddaxs =
st Al7]a = IFN-yoF 7 AHegtoazs 1 g%S AF7tetdnh. A+ 23 RGAP
Fo7 giAAEZ AHEds W FriekA Fdd I8 NO9 TNF-a A4 o] IFN-y
o} RGAPE 34 A dsu F24 UA S7tekd e, =8k [IL-17 IL-69 &vl& v$-
A Z7FsFA Y (Fig. 1 & 2). o]8 3 A3+= Han 5(26)°] RGAPE Taxol(paclitaxel) &
Aot A FoAPSH synergic 5 YEFNT, RGAPZ} cancer therapy®] adjuvant®
AHEE TS A S AA Y Aol FAFstT

it 2 o

ZAFEEC g W zHz g I AFANES TR ]
Az Feorayrs Busta vl Z RGAPE T3k HEoA Ea3k g2 A LoA NO
of MzkalA 283} P815 mastocytomao] W3k AU T HAE B L, I ] A E
H %= Zelatgdnt. o] W3] Ao ® RGAPE FolatgdSu o2 A9
71 el Aot gy B AFEd A 42383 in vitro systemol A=
RGAP7} A H Aoz hAAEe] NO EHE FT7hskA ekgka, IFN-yeke] =gA gle <] &)
AR NO #H|E oz, olgd Ayt AR Fold RGAPE A X <438 3
E 02 W9HAEZEGFEE T-cellgl AR JdFS vAa, g2 dA9AEdA Euse
IFN-y 59 cytokine®] RGAPS} 7 ti2lAlxe] s i o=z4 NO, TNF-a 59 #
HE Z7HAA daAdxe gd84de S7RAATE S 7HsshA stk ol 20029
Chois (27)°] 2HEF AW AFolA IHFZEL AXA W 7 7PN 71 A |, 5
AFEEo o3 dAAEY g 2 EXFe TUE FE (& qo =) AEA
He 5o g2 WA aEe] A3t vttt Ae WEy dXE} 20043 Suh 5
(28)0] T3 9J¢k3 Al =& F RGAPE HzldSu Aol os) #AHEAd IL-2 &
v 7} oAl F7bekdtheE BalxE RGAPO 93 e gAsts ongva & 5 U
w2k RGAPo] 3k in vitro systemol] A 2] H <
A7 ositial AlgETh
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Cytotoxicity (%)

Untreated IFH-r RGAP IFH-fRGAP

Figure 1. Tumoricidal activity of RGAP/IFN-y-stimulated macrophages against B16
melanoma cells. Macrophages were treated with RGAP/IFN-y and co-cultured with
target cells for 18 hrs. MTT assay was performed as described in materials and

methods. +Significantly different from the group treated with RGAP or IFN-y alone;
P<0.05, *Significantly different from control (no treatment); P<0.05.
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Figure 2. The effect of RGAP/IFN-y on production of IL-1 (a), IL-6 (b), nitrite(c) and
TNF-a (d) by macrophages.

Macrophages were treated with RGAP/IFN-y for 18 hrs. Culture supernatants were
collected and the levels of cytokines and nitrite were measured as described in materials

and methods. +Significantly different from the group treated with RGAP or IFN-y alone;
P<0.05, *Significantly different from control (no treatment); P<0.05.
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