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Modulation of Th1/Th2 Cytokine Secretion in Human Peripheral Blood Mononuclear
Cells by Water Extract of Acanthopanax divaricatus var. albeofructus Fruits

Suyun Lyu, Binna Noh and Won Bong Park”
College of Natural Sciences, Seoul Women’s University, Seoul 139-774, Korea

Abstract — Water extracts of Acanthopanax divaricatus var. albeofructus (ADA) fruits were used to treat hPBMC to deter-
mine the mechanisms for the immunomodulatory effects. The secretion level of various cytokines including Th-1 type (IL-
2, L-12, IFN-y and TNF-o) and Th-2 type (IL-6, IL-8 and IL-10) were measured using ELISA. A significant increase of Th-
1 type cytokine secretion was observed in the presence of extract while Th-2 cytokine, IL-6 was suppressed. Our results
suggest that ADA fruit extract may influence the anticancer immune responses towards a predominance of Th-1 cytokines

in the immune system.
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Cytokine o1&] 7}x] HQAMEE 2] JhEoiAH, ofy 7}
2] HAAAF2] EASH(activation), A7 (growth), F-3H(differentia-
tion) 5o AFE wA 5 Yt

HAMES] TAHEE FA CD8, cytotoxic T(Te)-3ESE CD4
helper T(Th)-AIZ2 TFECHM2 ok WoInlg-2- 2 Te A
7} A Fd2] MHC class T 83 A3t $oF S 14
o 2H o)FoixH o]gt Tc AE] &A% &35 A
Th ALZ2HE PAH cytokine(interleukin-2)2] T-&o] H 23}
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Proinflammatory cytokines A4FsH= Th-1 A| %= AT
Wd BEUES-(cell-mediated immune response)S 715} 1
IL-2= CD4 T Aol sl ilsl= T AR A3RIxlEA, NK
AX 9 B-AZe} AL £X8MH, Th-2014 Th-102 HA
AAE FEsti NK AEE B33l Foke] Ao)E A
Aot 5 st oA ANEY 5224 (dendritic)d| £l 2)8h
o A IL-125 NK AEE #4381, T Al NK A
3ol 2t INFvE A she 48 e F=Alolt). INFy
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Aol Fet R} Qo219 wgk 97w e] AR acanthoic acid
9] IL-1 ¥ TNF-o #H]9]] u]x]& Ggo] Rag uf ok202D 7
2l Fuat BE erte duleEEe] PUAHE cytokined] F
Aol g FAAR] AFRIE A2 o]Fo XA okt Qlrk 2
Arolxe Sulit gty Al FEES AEE Al g
gl DN AH Z(human peripheral blood mononuclear cells,
hPBMC)ollA] 8|5 Th-1 ¥ Th-2 type cytokineS ELISA
ol gJsle] FAste] FE sl oF o 9 AF 23] S8
7FsdE ERlskuAt sigich

HE 4y

MENE % AE

2k HAA] AA (F)FALIM A Augt g ety
(Acanthopanax divaricatus var. albeofructus, ADA) | E A,
AlA & 50~60°ColH dEo T Azt AxE dijE F
F9) 3 1S T)o] 91 95~125°CY] 258 18K F
Qb 7Hdsle FEdtaL AFFOIR o #HE F spray dryer® F
3l A& EFFEE B ASE ARSI oot &
45 FaFirel €342 9L pore sizeZt THE @
membrane filterel] 213 TR0 o7}E}101 (0.8, 0.45, 0.2 pm)
ARSI 2 Aol AR ISR B a1l B
Az 7443 Aejo] 22 lectin ¥ mitogen?] 28 9 Ao
Z AtE"ch

Human PBMC £2| ¥ Hjgt

APEAE Z53]) 1ASE 73748 200 AlsAEAAA A
Z3 42 RPMI 16405} 1:1% 3)4{3t ¥, Histopaque 1077
(Sigma Chemical Company, St. Louis, MO, U.S.A.) ¢ =<
450X gz 2087 Ye] it Algh W T A (human
peripheral blood mononuclear cells, PBMC)7} 1+ buffy
layer ¥H2 ¥-2 & RPMI 164022 A2 & lysis bufferZ 5
i 2 AEE, o AETE AAACE A 5, AERRS
Tol AXE 5 Ao}, 5% heat inactivated FBS(GibcoBRL,
Grand Island, USA), 100 U/m/ penicillin, 100 mg/m/ strepto-
mycin, 2mM L-glutamineS %2 RPMI 1640(GibcoBRL,

Grand Island, USA)© 2 ujoks}ic),

MTT assay

Aol thgk hPBMC Al3E9) HEEE Ao ADA gvf 5
ZE2 5587 Ay &, MTT@E-[4,5-dimethylthiazol-2-y1]-2,5-
diphenyltetrazolium bromide, 5 mg/m/) assay°ll 2|3t &3}
o I3} %, 96-well plateo] AEE 1x10° cells/well &
HE3ka ADA G| FE2E-8 200 w/well) 713 3 484171 Y
&I o] &, MTT &9 50 (5 mg/m)y¥ d7}skar 4x]3k
T fAEsE] A AE AASH DMSO 100 wa H7t
% 595nmol~] ELISA(enzyme-linked immunosorbant assay)
reader(Molecular Devices Co. Sunnyvale CA, US.A)E &%

E8 5433

Cytokine $=¥3} % (ELISA)
96 well plate®l| purified anti-human cytokines(IL-2, IL-12,
TNF-a, IFN+y, IL-4, IL-6, IL-8 and IL-10) monoclonal antibody

(eBiosciences, San Diego, CA, USA)E 2ug/m/Z binding
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buffer(0.1 M sodium phosphate buffer, pH 9.0)° 34 &)A
50 wiwellZ Y2 5 4°Colld sl WkA}&1gith. PBS/ Tween
© 2 Al¥ F, blocking buffer(1% BSA/PBS)Z 200 w/well
7kt F, 37°CollA 2A12F 5ot WRIE T AlH 3, standard
cytokmeiqL hPBMCell ADA EWi252 gJslo] 4243 soup

S 100 WA Y, 4°ColA a5 9x)81th PRS/ Tween® 2
/\1]—, -, biotinylated anti-cytokine detection antibodyZ block-
ing buffer/Tweenol] 331 100 w/wellZ 22 ¥ 37°CollM 1
AlZE &2t BB thA) PBS/Tween® & Al 3 1/1000%
3435k streptavidin-HRP2 100 pg/wellZ  blocking buffer/
Tweenell 3A310] Wit 1ARF ¥4] & MIH&lgdt}. TMB(Sigma
Chemical Company, St. Louis, MO, U.S.A.) solutionS 100
pg/welli 231 15% &, stop reagent® 1M HCIS 50 pljwell

2 Yo, 450 nmol|A ELISA reader(Molecular Devices Co.
Sunnyvale CA. USA)E F35E S350}, oMzt os
ConA(Concanavalin A, Sigma Chemical Company, St. Louis,
MO, US.A)E ARE3K7 21, ConA titration curveE 243 F
2 F5Q) 500 ng/miE AkESle] BE Al o431t

SAIXzE|
e AEAshs 3P RFEeAE Yehjgon Alaiae
ANOVA testE o]&3dlo] {9448 AAsIiTE,

dEEy { oF

ADA i F=&8o| hPBMCH| CHEH MZEM

ADA &7} F2E2 hPBMCell thgt AlEEAS Ek1sh] ¢
3 1052 31435 ADA @vll 258 hPBMCY) AEst &
48717k Sk wilok &, MTT assay°1 23 Mz YEATE ;L

A3rith 1 A3 109 gmie) E5ol4 93103%2) A=ES

Bgom 10°gmie) %EOH/H‘* 998+1.7%2] HEES B
o} meba B Aol ME] BEe] A QG n|A)x) &
E 10°gml 5% o]8ke] F2ES hPBMCH 2] & cytokine
FoREE 333

ADA 20 #3go| Thl cytokine(IL-2, IL-12, IFN-,
TNF-o)2| 24[0f| O|Xj= &

<, 7WA 71 (Acanthopanax senticosus) &715250] NK-
AR D X AIRE Bd3a7)A, IL-1, IL-12, TFN-2) 0|12
Z2A70v3 B v glohY 2 Aola= ADA dnjEE
E2) Azl Wt BEE cytokine?] Aol m|x|= gk
< ¥olr 7] Y6+ pro-inflammatory cytokine$! Th-1 type
cytokine!”9] ¥%2 =459t} oA £a)d hPBMCH
ADA Bl F2ES TR A8l 48A7F B2k vk ¥
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Fig. 1 - Effect of ADA fruit extract on Th-1 cytokine secretion in
hPBMC. Human PBMC in RPMI 1640 (5%) was treated
with the indicated concentrations of ADA fruit extract.
After 48 hr of incubation at 37°C, released cytokines; IL-2
(A), IL-12 (B), IFN-y (C) and TNF-¢ (D), were measured in
the cell-free supernatants by ELISA. A one-way ANOVA
was used for multiple comparisons (MINITAB, release
14.1, Minitab Inc.). Probability values (P-value) of <0.001,
<0.01 or <0.05 were considered significant with 99.9%,
99% or 95% of confidence, respectively.
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wHlE IL-2, IL-12, IFN-y2) 98 ELISAd sl 4519},
I A3, duiFEEe] M7 w2 1 IL-2, IL-12, [FN-y
o] ¥H|Fej7t 25 bell-shape style®] peak HE}E vrelion,
10 g/mie] AFollA Huje] £nlE YelithFg. 1A, B, C).
%, F5ES] S elA cytokmeA +Hl7} FHdlg Holrk
7holRth Y B HE T W2 F %%%—% 2et 3
Foi= cytokine®] #4]7} Az} 7‘*“}~ 2e 4 F Uk

Fig. 1A+ hPBMCel| ADA &vl5EE2 223t ¥ IL-29 &
HEE S5 dajo|th, ml ¢ R FEA0* gm)e) FEE
& Aget Afelm IL-29] a7t S7sks e, 108 g/ml 2
107 g/mie] 252 st Aol IL-29] Bul7}h Hui65
HDE F7FsAch =3t vl ¥ W] FE(10%~107 g/mh)
o] gujFEEo] IL-29] #HIE S/ AE & & Uit
(Fig. 1A).

T3 [L-129) #5245 50 9108 ~10" g/mh)ol A
ol A oR Zﬂﬁ% A& & 3%leH, 108 gmid) &
‘:J FEES A A, Hasnz S71eIvk(Fig. 1B).

53 hPBMColl ADA F2E55 A2t F IFN-yQ) Enjojis
4% A, 3355 W20 ~10° gm)olH TFN-y2] &
Hl7} Ao Frisidon, 10 gml F59) FE28 A2

A5, HAAGANE S7IBISTHEg. 10). 53] IL-2 ¥ IL-12
4 FHHE A T7ME FEE 55U 10 g/miolx IFN-
v BHIE FA TR s & 5 U o)9) e A=
IL-2= NK AlZ9] 4935 F30719, IL-12= T A4 NK A
o] gJsle INFyE AdsHAl sh= 793 f5A0)0, INFy
= WRAES B9850 IL-129] && STl ARIDS 51
vkdEly Q)

hPBMCell ADA €l #E5-& A7) ¥, TNFa] H0E &

s A3}, IL-2, IL-12 2 IFN-yS] 799 t}27 ¥ o&A

o7 FRR= A& & AReH, 10%yml LY FEES
Aelet 744, TNF-a2 ¥1)7h 4.80) AE= 97 F7lshe 2%
o 4= 2I%1thFig. 1D). ZT(RPMI 1640+5% FCS)& Th-1
cytokine ¥H]o] QABFS x| = AoT LERdT)

ADA i $282| Th-2 cytokine(IL-6, IL-10)2] £4]0]| O|
X= L&

ADA @l 250l 2|3t Th-1 type cytokine®] #4]$} Th-2
type cytokine®] #H]9}e] FAAJE Yotri] 93l hPBMCe
FEES TEE APt 48ARE FRE vkt - 1R type
2 cytokine(IL-6, IL-8, IL-10)2] & ELISA°] &3} =435}
et

AT, WS- WL 990 %5 108~108 gl 1L-
6°] 7k AadEigion], (10~10" gm)e) &8-S A3
7% IL-69) E7} FA) Fashe 2 0= Jeldrh(Fig. 24). &
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Fig. 2 — Effect of ADA fruit extract on Th-2 cytokine secretion in
hPBMC. Human PBMC in RPMI 1640 (5%) was treated
with the indicated concentrations of ADA fruit extract.
After 48 hr of incubation at 37°C, released cytokines; IL-6
(A), IL-8 (B) and IL-10 (C), were measured in the cell-free
supernatants by ELISA. A one-way ANOVA was used for
multiple comparisons (MINITAB, release 14.1, Minitab
Inc.). Probability values (P-value) of <0.001, <0.01 or
<0.05 were considered significant with 99.9%, 99% or 95%
of confidence, respectively.

5] Th-1 cytokine(IL-2, IL-12, [FN-)9] ¥u]Z 7] Z7}A)7)
= %& FEQ 10 gmiel M= IL69 #1]E FA 72
71 2 & F gleh 99, I8 9 1109 Bule 5

E10P~10g/m) WA ezt FTIEAY d3t gl A
% YEgTHFig. 2B, 2C). th2T(RPMI 1640+5% FCS)&
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Table I - Determination of ADA fruit extract cytotoxicity against APBMC! using MTT assay’

Conc. (g/ml) 0 10° 10°®

107 10 10° 10*

Viability 100 99.8+1.7 976=1.1

96.9+24 93.0x0.3 88.7+1.0 72.3*14

ICells were added in 96-well flat-bottomed tissue culture plates in the absence or presence of ADA fruit extract at various
concentrations for 48 hours at 37°C in a humidified, 5% CO, atmosphere.

The production of formazan was determined by measuring the absorbance of the compound at 450 nm with a spectrophotometric 96-

well plate reader was used for comparisons.

Th-1 cytokine 0]l Fee F2] = A 0F Yehyic),

Th-2 cytokine(IL-4, IL-6, IL-10)- anti-inflammatory cytokine
ojt], A A WoIt-S-(humoral immunityyg £28c}H2Y Th-2
A EE Th2 typel-4, IL-6, IL-8, IL-10 ) cytokineS 4]
slo] TAEZS] 84& AASEA Th-1 type cytokine?] JAke:
71T}, Wb Th-2 type cytokine®] Za A7 )s
o] Bdglef Foe TS A F kP B AolA ADA
drfl $&E<] 23 Th-1 type cytokine FH|Z7 = 1169 &
H|AA 9} AHo] Qg FoF FHF)

4 £

WA ASe) Wi o ® AMEY & Q7lE A, BAE
5o 2L e Aom A vkt Hz, A ety
(Acanthopanax senticosus) Z715550] NKAE W Al zE
9571, IL-1, IL-12, [FN«yQ] ¥812 A7tk B
= vk Ik o7k Aol thst AfeE M erl] A F
ZE0] gEdoldd W Ak A3t B ubt gtk 19
v AR sjelA 7 go] AlAEEL S dderts] 4
dje]] tigt AL WA AFE =F Holr},

Hohkgo] ojugh Wk g frew 1t sl= 212 Th-A¥7}
oJ® E£H9) cytokined AAFsh-1ke] Eeiglom Th-1 A3E2)
93t W Th-2 AXEe] QA IS 715 vil$- F23 o
& v = ek wep FokH el ukgolAls, Th-0 A
M Th-l type®® FEHEE dH= Zlo] Ml¢ Fasinp 1Y

& ATl ADA gull FEES Aud AR By o
A FoA FnlE= Th-1 @ Th2 type cytokines Z743to]
ADA?| ¢t oAl 9l X &g afef] w3 JEES Felsin),

2 A%, GHFEESY M8 TR U 112, IL-12, [FNwy
o] ¥u)ge)7} ©5F bell-shape style?] peak HEIS LER oW,
23] ke Adelel HA (optimum) T/t EABR: 218 & 5
A3}, o, HAZAIF0] = AXAO] lectinS PBMCe]
23 AP nrEEHEEARIT A= HU)Y lectind A
P& Wt AE5T lecting #2|gt 9ol cytokine?] £
B7} o 93 Ao® Ry np ek

w=o.
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107 g/m)9] FrjFEEEo] IL-29] ¥ulE F7AZH, IL-29)
Erl7E Hoh 6500 7H4] SISl BEE, TL-12 Bl IFN29] &
H)E SAE 0] WMol ANAor Zlelgion, 53] IL-2
2 IL129) #0E A TPVIE FEE 55 10 gmiel
A IFN-2] 201E FA S7RKE 218 & < A3t &5 TNF-
o= IL-2, IL-12 ¥ IFN+9) 7399 t}2A 5% oJEdoz ¥
n7k Z7teiglom, 55 Heel <Jste] Aol 4.8 St

w3 97N A FE 5ol 2sto] #H)7 Th2 cytokine?)
FE 598 Aok, e WE WY F9FE07~10° gm))
oM IL-62] Eu)7} AR ZHasiom, 53] Th-1 cytokine
(IL-2, IL-12, TFN=)¢} Bu]2 A4 S7)7)1E 559 101y
mpllA TL-62] IS FA A7 )E 23S & 5 3iSich o8
U IL-8 2 1L-109) #1)E S35 E1078~10° g/m) H A
okt Z7kshAL WET AL

B AT Aol EY o7 du) 252 proinflammatory
cytokine?! Th-1 type cytokine?] ¥8]E F7FA1A MEZWZHA
HoAnt-$& £ A7, anti-inflammatory cytokineQl Th-2
cytokine?| ¥H]S JAAA A WS AAAA virus
5 AIE W A6 TRAE gt s52] oo B8 F 7
AS AR FiiErh
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