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Abstract

Bu-Zhong-Yi-Qi-Tang extracts is a traditional oriental medicine in a mixture type exhibiting strong anti-
bacterial, analgesic, and chemopreventive activities. In this study, we have evaluated effects of the total and
polysaccharide fraction of Bu-Zhong-Yi-Qi-Tang extracts on the T cell proliferation, cytokine production,
and induction of IL-2 receptor and MHC class II. For this experiment, we established CD4" CD8 T cell line
producing IL-2 and IFN~ 7 when stimulated with ovalbumin antigen in the presence of antigen presenting
cells. The significant effect of Bu-Zhong-Yi-Qi-Tang on antigen-induced T cell proliferation in the presence
of antigen presenting cells was observed. The proliferation and IFN- 7 production of T cells was increased
in a dose dependent manner, and expression of IL-2 receptor on T cells and MHC class II molecule on antigen
presenting cells was also induced in the presence of Bu-Zhong-Yi-Qi~Tang polysaccharide fraction. It was
demonstrated that polysaccharide fraction of Bu-Zhong-Yi-Qi-Tang stimulates the antigen-induced T cell
proliferation and the production of IFN- 7 possibly through the increase of IL-2 receptor and MHC class II
expression. Therefore Bu-Zhong-Yi-Qi—-Tang can be regarded as a natural and useful immunomodulator having
a relatively nonotoxic property. Further studies are needed to better characterize the nature of Bu-Zhong~Yi-Qi-
Tang extract.
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A 2EE2212°C, $5E 50%2 2AHFAL, 2L 124]
7t 7¥7 2] light-and-dark cycleZ Tx] sdon THAR
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A3 wljokol] 2 2.3 RPMI 1640, antibiotic-antimycotic-2
Gibco BRL(Grand Island, NY, USA) A && A}4-3ld o,
FCS(Fetal Calf Serum)-& Hyclon &%, 2ME(2-mecap-
toethanol), sodium bicarbonate(NaHCOs), ovalburmin< Sig-
ma(St. Louis, USA) A & A}-g-sladct A2 59 sy
of] g o)A 3 A<l anti-CD4, CDS, IL-2 receptor, MHC
class II(I-A%) mAbs} Ato]E7bele] g A anti-IL-2,
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Z3}o] polysaccharides #3-& 24t} 223 total 2 pol-
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ovalbumin# complete Feund's adjuvant® S22 4o}
F83] F3A7) ool e 32 footpadell A3 F
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Apste] W A7l AE Wy F 2% 7HH 02 ovalbumind}
incomplete Feund's adjuvant® £#2 2 4 o] 283 #3}
A7) Aoz 27 AR Tl o WAt} 34 WY
10 Foll 1A 22l3te] FAZ FFAE e vl FA
Ao A 3914) ovalbuming H7Fshed &0l o8 Bo]z o
2 FA vt AXE FEE TAZEFHS-DE &
stk 45 HS-1 TA 3= CD4', CD8 o) o 34 ==
of] th3f IL-29} IFN- 7 & #1])3H= Type [ BE THZA A
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= £33 TE£A99 C57BL/6 A v A EE ALE-3}
sic}. = C57BL/6 A 9} u] - Bajshe] whl Al E -5
22 vE t}hg-ol mytomycin CE 50 ug/mL= A A 7}3te]
37°Cell A 2587 A 2]’k thg-of) vl AHA £ 3-f- 98 washing
Sq2e=2 4°C, 1,200 rpmeol|A] 39 A A3tz Ao R
AZE Arkste] A3

=2 2 Cell Titer %% Aqueous One Solution Cell
proliferation Assay(Promega, USA)S- A}-8-8}¢1 o, njok
o 100 uLel) Cell titer &9 15014 A7Fsle] 4~8417 5t
wlloF8l ©}2 Microplate reader(OPTImax, Molecular De-
vices, USA)E ©]€38}] 490 nmel A O.D. & A48kt

iL-22t IFN-7» &3

OVAES] o5 == ¥ F2 7189 polysaccharides £3)
< A7Vsbe] 24417t vl okgk Ao £ & IL-29 IFN-»
°F-& ELISA(enzyme linked immunsorbent assay)¥H-$
o]-&-3l ZA 3l &, YA} 84 anti-IL-2, IFN- 7 mAbE
coating buffer(0.1 M NaHCO3)ell 3] 431 plateol] &A=k
g7 4°Col A 39 F o} washing €9 (0.05% Tween
20/PBS) 2 2 Al 4 g t}§, 10% FCSE 713 PBS = 2412}
%<} blocking &t i vh. 22 3, vl AN & H A s A 54
8lo] 2 t}& 4A17F Foll washing 802 A A3} o]
2} 814 biotin-conjugated anti-IL-2, IFN- y mAbE 37}
3l9d o}, 147k T washing &9.2.2 A A3 o2, avidin-
peroxidaseS & 7Vslar, 712 (2, 2’ -azino-bis, 0.1 M citritic
acid, HyO2)-2 g o] ¥ XA 4] Microplate reader& ©] 43
405 nmell A O.D. & SA 3t ETFFAE o] &3] &4t
skt olw 7} Afo] E7F]l 9] &4 ‘2’_ A A= 10 pg/mLe] et
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IL-2 =49} MHC class I '83 A= #A3ct 5, 00122 A=t g =7t 2FHE 300 ug/ng}
£2)3F A EE washing $H(PBS, 1% FCS, 0.1% NaN3)2. 1,000 ng/mLel A4+ 100 pg/mLo| A el &) F4]
2 A AAE S, 1A v Se)H g ) Hel Az H) 23 ZA) ko) e on FE Ut B E
1% 107§ & anti-Fc y R /I -specific mAb(2.4G2) & 4°Coll 2] 271 AR gk}, wlebs B Fedrle F2ES
A 3087t blocking®t ©h&, ¥l2 FITC-conjugated IL-2 153 & 7ol S0} 2 A Aste 2ANNSS
receptor, MHC class III-A% mAbZ 4°Coll A 30%7F 94 9)ste] 4EE 10~1,000 pg/mLol A TA Z52 3x10%7)

3lgt}. 9 3 washing $9.02 A A5t 7 FAH EEA 7] 2 AAs
2 wiae) e s, BEepIg £EE0) Uil THE B4S
EA4|x}2) TA Z2 £24k-8-2 T2 A A FE FAAAAEY

AP A= FFESDE e I student t-testE MHC 22}¢} 283 9 € S (peptide) S THE 34 44
o] &3t EH AT F F p<0.05 TN F24& AA 3 (T cell receptor)7} Algjelat doidoi(16). & TH XS F
At Al vb-e-& f =317 Sl = FAAAAE o3 Fdo]

Eso] Heeg BiEE oA, g =7 MHC #x)s}
Aot ¥ nF Agste @A, MHC &2l 23¢ Ael =g TAZ ¢
447} QA st 9A, 245" TAE7FIL-2,IFN- 7 ¢

Mzl stelsTof Cist S4B Z& Alo| Bkl & Hu)ste @A, A3 TAZE L IL-2

BFr|et EE &3 TA XS 4] vh-& A 37| 8-A & At 2palo] Eu|g IL-29 A¥3te 2A 5
Aol A THES2 39 (ovalbumin) FE=5 AR 3}7| | A& oz dofifof gHh(17,18). whebA] ®FQr|eke]

o

fste] st o] APeTh F AL well] TAZ  FEFE] type | RE THEZ} F9& Q4 3le] 24 F4F
4+ 1x10%3x10°, 5x 10702 32 &9 ¥=510,30,100, @, 4 #&& FEshe A3} A, FEIGE o=
300, 1,000 ng/mLZ WA 7= wif 39 Foll FAEE A o) B =R 2 9] 7] 9ste] e e APG A
22319t} o) TAEo $9& ALsae FAAAAE s

(antigen presenting cells)2 C57BL/6 A # ] v A 25 A BFer)99 total £8-E Hrlste] TAE F4] <l
mytomycin CZ M s}e] EQsbA 5x10°0 Arbebdeh. 7 °1AE %& A@steich Total £9 1, 10, 100 ug/mL&
Az TAZS7E S71855 S48 a7l F7hska 47hel S 73Sl q} 223} 7o) 89 ¥ 57} 2RSSR
3, ¥4 Fx 100 pg/mLoiM Ao S-S i) Zzaukey 2yl 7 9% 100 == 300 pg/mlel A
(Table 1). & AZ57F1x1070 o OD.gke] 0.821£0.005,  Hdl FAREE] 45}‘;&:}<Tab1e 2). 28]z =< 1,000

3x 1070 o) 1465+0.076, a3 5x 100 o 1923+ pg/mLol| A& TAES ZAulkgo] o) ZAlwg-nx) okzk

Table 1. Effect of cell numbers and ovalbumin concentrations on the proliferation of Thl cell line

Cell OVA concentration, lg/mL
numbers 0 10 30 100 300 1000
1x10* 0.46310.015 0.6300.006" 0.702£0.089" 0.821+0.005 0.800+0.023" 0.822+0.030"
3x10* 0.538%0.021 0.962+0.015" 1.144+0.032" 1.465%+0.076" 1.509+0.022" 1.597+0.091"
5x10°* 0.609+0.012 1.147£0.043" 1.448+0.086" 1.923+0.012" 1.827+0.026" 1.863+0.139"

CD4" Thl cells were stimulated with OVA antigen for 3 days and the proliferations were assayed by Cell Titer 96® Aqueous One
Solution Reagent. Results are presented as mean*SD of triplicate assays.
*p<0.05; significant difference between untreated control and OVA-treated groups.

Table 2. Effect of Bu-Zhong-Yi-Qi~-Tang total fraction and OVA concentrations on the proliferation of Thl cell line

Total OVA concentration, Hg/mL
(ng/mL) 0 10 30 100 300 1000
0 0.536*+0.032 1.398+0.014 1.546+0.040 1.613£0.009 1.685+0.035 1.386 £0.057
1 0.51710.013 1.480%x0.029 1.634%0.021 1.67910.028 1.705£0.029 1.433%£0.038
10 0.519£0.010 1.451 £0.004 1.644+0.008 1.642+0.083 1.789+0.025 1.464+0.051
100 0.47010.008 1.429%0.020 1.574+0.012 1.640+0.036 1.62910.005 1.377%0.002
1000 0.45210.006" 0.938+0.021" 1.105+0.042" 1.158%0.093" 1.167+0.064" 0.968+0.028"

CD4" Thl cells were stimulated with OVA antigen for 3 days in the presence or absense of total fraction and proliferations were
assayed by Cell Titer 96® Aqueous One Solution Reagent. Results are presented as mean®SD of triplicate assays.
*p<0.05; significant difference between untreated control and total fraction-treated groups.
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o A= ol ek 2} total & Hobsted® 1 sl o
8 Fotsle 2T THAE A2t 9314 Z718)
A 3t Aoz Jelhyel 28] 3 total 3 1,000 ug/mL
& A8 E de F 55 Sl aet FAuEgol
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FANSE S7HA71A Sehe A2 AN T Eel
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< FEHE FHUsld %‘41‘2’}0 52 WgE #A3d=d &
5 T Z7ebed 2 3955 100
ng/mLell A Ho ZFAkE(1 .678i0.019)°l vHebtH(Table
3). 28] %% 1,000 pg/mLellA] TAH E FAES-o]
o AR} 27k A F S TH(1.45510.006). ILE5E2]
g Azl A TAZS] FAUESo] JAHE AL $4
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2] TAE ZA9H-¢ 8 1} polysaccharide 82 27131
o f-2)8HA Zrlete Ao veld o 100 pg/mLE
7Vl & W 7HE 22 FAuESo] el &
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sl T
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charide #&-2 3}l s Bo]H o2 F43}= THZY
FARES ST Al ol AR "37—}%‘4. u}e}
A o8 AP RE Hof 2214988 §-% 3k polysaccharide
¥4 100 ug/mLi /‘} sl ok eyt 7} =2 1,000 pg/
mLE #7139 & d= W27 v 23 A S-S
FE3Got & total -rgp 1,000 llg/mLa q7}elad-S o of
Z7Ro} 238 & FAlukgo] vhehd Aats Apolzt 9l
ot} o]8l 7} total ¥28 Bt} polysaccharide £3 2] A|E
Exo) Ay W&l Aoz A7 wel g A RE
AHg-3kd o}

L=}
= Z44k-¢-& #] %] 8} polysaccharide 3-8

TMES] |L-29} IFN-» M4 RFEET}

£ AF o) A3 HS-1 Al Z5& type 1 1.3 TA %0]7]
wjEol) THE F4W-E-& #%3h= polysaccharide 8 ¢]
IL-2¢} IFN- y —fu]akoﬂ 1X= a3 st 499 =}
= 5] THZEE= [L-28 Qarste] 2n)gkc}, 203 1L-2
= TA 27} 7} IL-2 B—Zﬂ&]— ZAgbsted TAES] =AU}
& F =3 F TAZEE Al A4k ulals IL-28 =}
Ao} IL-2 84 o B et AHgshe WA o2 S g
(18). webA THIZ F4HE-8-2 5 7HA1 7]+ polysaccharide
o) 31 AFoll da) Aarsts IL-29] ¥u] 5 F7HAA
TAZEL ZA-8-& Z7HA71= 7FeA ol ds) A E3Hgch
HA TAZE 3 57} Z718 ) wel [L-2 Fulgke] &
7+t tHTable 4). & &4 A45o] gl HET(150.3%0.0
pg/mL)ell ¥] 3} 2o gF=< 1,000 ng/mLel 7-+(8,478.0
+478 pg/mL)o} <k 5687 x| F7He v 28] 31 polysac-
charide 8- H7}8lg-& 7 3= 05X Z7} 3
IL-2 ¥¥=Fe] F7be vl A S7tstadeh. 2y 54
315 2ol A polysaccharide ¥+ & A7}l = IL-2 #4]
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Table 3. Effect of Bu-Zhong-Yi-Qi-Tang polysaccharide fraction and OV A concentrations on the proliferation of Thl cell line

Poly OVA concentration, pg/mL
(ng/mL) 0 10 30 100 300 1000
0 0533+0.110 1.320+0.030 1.459+0.037 1.5820.025 1.479%+0.126 1.26610.009
1 0.420+0.023 1.389£0.008 1.470%0.032 1.627=0.068" 1.609=20.009" 1.340+0.005"
10 0.396=0.010 1.290+0.018 1.50320.049 1.634%0.017" 1.635+0.009" 1.389%0.045"
100 0.375+0.004 1.237£0.025 1.489+0.008 1.678+0.019" 1.619£0.004" 1.455%0.006"
1000 0.444+0.014 1.084%0.011 1.292+0.012 1.4660.138 1.453+0.021 1.213+0.064

CD4" Thl cells were stimulated w1th OVA antigen for 3 days in the presence or absense of polysaccharide fraction and proliferations
were assayed by Cell Titer 9%6® Aqueous One Solution Reagent. Results are presented as mean=SD of triplicate assays.
*p<0.05; significant difference between untreated control and polysaccharide fraction-treated groups.

Table 4. Effect of Bu-Zhong-Yi-Qi-Tang polysaccharide fraction and OVA concentrations on IL-2 production of Thl cell line

OVA concentration, pg/mL

Condition

(bg/mL) 0 10 30 100 300 1000
Control 150.3£0.0 15124427 21345+10.6 33885+31.9 4890.4+262.5 8478.0+47.8
Poly (100) 52109 688.9+27" 11164£13.3" 2100.08£530°  39454+239" 68479+716"

Thi cells (3% 10 cells/well) were stimulated with OVA antigen in the presence or absence of Bu~Zhong-Yi-Qi- Tang polysaccharide
fraction. After cultivation for 24 hours the culture supernatant were assayed for IL-2 by ELISA.
*p<0.05; significant difference between untreated control and polysaccharide fraction-treated groups.
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g2 gz vlal Fr1skA 4tk & AW L FE
1,000 pg/mLell A IL-2 ¥u]3Fo] tE27-(8478.0147.8 pg/
mL)ell ¥] 3l polysaccharide ¥3 100 ug/mL-& 7} A9
T-(6847.9171.6 pg/mL)E F7ket o] ofz} 2.3]8 A2
Ao 2 e} wlebA polysaccharide £33 o] THZS &
A& F71A 7] 2L 34 Aol A8 TA 27} vt
£ IL-29) ¥ulgs S7HA 717 o) ofiste Ao v
gyt = o} & TH X7} AASLE Alo] E9}el]l IFN- ¢ &
¥] &2 polysaccharide ¥3 & H7}313 & of HE Tl B 3
FA 5o g} 7t S8l AL 2 YeEhgch(Table 5).
22y IFN- 7 & THAZ S 243 Ag3A = o7l
o} 5ol polysaccharide 3 -2 7181918 v Vel 4]
uhg-o] 2715 A9d ¢ fle Aoz A=

TMZe| |IL-2 =8 F==2}

FAxFo2 FulEE IL-2¢ TAE 39 el s
A& IL-2 4A 9 Agsted TAZESY FAHEE Fr=F
t}(19). & AT ol &3] Bul= = 1L-29] ool 543t
T IL-2 5-8-A 9] aope] F7hshd IL-29F A3t IL-2
S8 oFol Z7t3lx TAES FANMS & 713t of
ZA THE ZAu-e-& 27} 417 & polysaccharide £ & o)
TAHE TR IL-2 58-A 9 D3 fS SV A TAZS

AN WHHERES)Y TAZE 24 §5 &3 1089

ZAuke-g 27X 7R ol de) A ES G & TAZ

N oFd Al ol 841(100 ng/mL)7 817 Al A Z(5% 10° cells)
2 Hrlele] wkgA7l 2T L 27 polysac-
charide ¥3 (100 pg/mL)& H7}g AFT-& 48417 w3
£} NycoPrep ™ 1.077A(NYCOMEM PHARMA AS, Oslo,
Norway)E ©]4-3lo] TA 298 Fel3lgc) £88 TAZ
of IL-2 5&-Al o) tls} SolH o2 Agse FEFE FAE
A7}ste] FAFEA7E IL-2 44 hulae] uhgd ek
vz BA T o A 3] G5 og A5 2848
9%) 8.t} polysaccharide ¥&-& A7} A T(91.2%) A
IL-2 &4 9] ¥hg ofo] Z7}sl= 2 o2 vrebydoh(Fig. 1).
2 3 F7]eke] polysaccharide ¥38 & 34 A4l o3y
ZA e TA 22 IL-2 $4-A2) udg 2714 A TAZE7}
u) g [L-2¢9} Ajtstel FAMESo] Flete Aoz Az
o},

Log

e

SAMAIMZS] MHC class || *E= 1}

TH Z9 Z4)uk-8-& A A A 271 ol & 34 e =
9} MHC class #2129} A3He 3447} TAZ e84
2 AF519 S o Ao deh(20-22). ol v FUA AN AL
o] 4l 3} MHC class I 532 o] ubgl oko] Z7}sle] B
o g2 TAE FU5EA 5 A53hd S-S S

Table 5. Effect of Bu-Zhong-Yi-Qi-Tang polysaccharide fraction and OVA concentrations on IFN-r production of Thl cell line

Condition OVA concentration, ng/mL

(pg/mL) 0 10 30 100 300 1000
Control 05%0.0 16.4+0.8 19.1%£0.7 26704 33.3%06 496104
Poly (100) 1.2+£0.0 182+0.2 219107 37329 39.8+1.3" 61.0+0.4"

Thl cells (3x 10" cells/culture) were stimulated with OVA antigen in the presence or absence of Bu-Zhong-Yi-Qi-Tang polysac-
charide fraction. After cultivation for 24 hours the culture supernatant were assayed for IFN- 7y by ELISA.
*p<0.05; significant difference between untreated control and polysaccharide fraction-treated groups.
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Fig. 1. Effect of Bu-Zhong-Yi-Qi-Tang polysaccharide fraction on the expression of IL-2 receptor.

CD4" Thl cells were incubated with OVA antigen in the presence or absence of polysaccharide fraction for 2 days. Thl cells were
then stained with FITC-conjugated anti-mouse IL-2 Receptor mAb (solid lines). Dotted lines indicate the unstained controls.
Representative result of the three experiments is shown.
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