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Modulation of Bee Venom on Th1/Th2 Cell Lineage Development

Eun Jung Ko', Sang Soo Nam? Moo Chang Hong', Min Kyu Shin', Hyun Su Bae"*

1. Department of Physiology, College of Oriental Medicine, KyungHee University, 2. Department of Acupuncture and
Moxibustion. College of Oriental Medicine, KyungHee University, 3. Purimed R&D Institute

In this study, the immunological effect of a traditional Korea herbal acupuncture, that has been widely used for
the treatment of various immunological disorders including inflammation in Korea, was examined in vitro and in vivo.
In our previous study demonstrated that BV increased the expression of IFN-y mRNA, that plays pivotal role in T cell
response. This study was designated to evaluate the effect of BV on helper T cell development by monitoring Th1/Th2
specific cytokine secretion patterns in artificially induced Th1/Th2 polarized condition and in vivo. The results
demonstrated that BV didn’'t have mitogenic effects on the unstimulated CD4+ T cell, but increased the CD4+ T cell
proliferation upon activation with anti-CD3/CD28 antibody. The Th1 cells were over-populated dramatically in Thi
driven condition with BV treatment, while the Th2 cells were increased slightly in Th2 skewed condition. Furthermore,
under Thi-skewed conditions, the level of IFN-y was considerably increased with BV treatment. Besides, the
expression of T-bet, a transcription factor that plays pivotal role in Th1 lineage programming, was increased with BV
treatment. The expressions of IFN-yand T-bet were also significantly increased in vivo. The results that Th1 specific
cytokine secretion were considerably increased and Th2 specific cytokine secretion were not significantly changed in
vitro and in vivo indicated that BV enhances Th1 lineage development, Therefore, these results suggest that BV might
be desirable agent for correction of Th1 dominant pathological disorders.

Key words : Bee venom(BV), Th1/Th2, IFN-y, IL-4, T-bet, GATA-3, inflammation

A = ERfs S5 1 a0 wsl’shs A2E LuA Qlrk
HAA L BHE EQE ME= CD4+ T cello]H, Aot
%% (Bee venom)2 O] Zdo o] AUE FET AA major histocompatibility complex (MHC)Q} Z3He SZ 8l
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AW JUElL BEE, FF29 22 ApiEYaso] wrysh
* TARAL WS, A2Al BUET S718 1 g3t Sl woiat Th2 cello] TEEHA LOMKE 7)2A MAl, YRS vl@ 7 2
- E-mail : hbae@khu.ackr, - Tel : 02-961-0323 2 ¢Eix 2ol dHESHH Frt. Thl celld] Eslof Zedg
G4 1 2004/08/02 - 48 1 2004/09/01 - AE : 2004/09/30 cytokine2 IL-2, IL-12, IFN-y S0] QoM HAIAZE T-bet

- 1347 -



o] ATk Th2 cell9l £ 5jol] HHF cytokines? IL-4, IL-1 E0] QU
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: *PEQP é‘kﬁﬁmr':— HES] 301 AqE 7ﬂ
ZF i &7 (control group, con), 15
(Bee venom group, BV) W anti-CD3 FA7* (anti-CD3
group, antl—CDB)OE HBEE9) 8 20T Kwond' g}
ol wigh delSEo] BES 1 ng/ke& =2 Woll 100 w, thE
8 100 ¢ PBSUES FABI ©H, anti-CD3 B2
100 p0 FABIHCH?.

T

4 g

2. A&

2 HFollA= & (Bee venom, Sigma-Aldrich, St. Louis,
USA)Z 7lsld AMEsINor, FAIE lee 1818 FAP7]
(26 gage, Boin medica, Gumi, Korea)& AFZ3IICE anti-CD3e
(clone:145-2C11), anti-CD28 (clone:37.51), anti-mouse IL-4
(BVD4-1D11), anti-mouse IL-12 (C17.8), FITC-conjugated
anti-CD4 recombinant mouse IL-4  (rIL-4),
recombinant IL-12 (rIL-12) S BD Biosciences
Pharmingen (San Diego, U.S.A)ollA] T¢]

cell sorting CD4 (L3T4) microbeads, mouse IL-4 secretion assay

antibody,
mouse

3191 2m, Magnetic

detection Kit, mouse IFN-y secrerion assay detection Kit &<
Miltenyi Biotec (Bergisch Gladbach, Germany)oflA] FISIAT}.
MEHOES 5 AFZE mediarx 10% defined Fetal Bovine
Serum (Hyclone, Logan, US.A),
(Invitrogen Life Techologies, Rorkville, U.S.A)) 10 mM HEPES

(JRH Biosciences, Lenexa, U.S.A.), 11 mM sodium bicarbonate

1% penicillin/streptomycin

(JRH Bioscience)7} EZgHe RPMI-1640 (Invitrogen Life
Techologies)& AMEGI9IT)
3. HI& eI+ £l

&%t BALB/c ntRA9] HIZE HE FAVIE 3k

ook

% cell strainer (BD Biosciences Pharmingen)E ZtithAr}
Aok WA Zol HdET MAHE Y15Hd 5 ml PharM Lyse (BD
Biosciences Pharmingen)& &1 587} vtSA|ZIC) Cello] 25
Hol@li= tubeoll 5 m9] culture mediaE H7FS £ 300 xgol 4]
1087 AUED|6HL d5HE AASING g2 AZF[ES
1 m2] mediaZ suspension 3t F trypan blueZ @EAHFI] AT

22 EREIr

4. CD4+ T cell 28]
H] BRI TR 1x107 cells/90u S5 10 p0l magnetic cell
sortmg CD4 {L3T4) microbeads (Miltenyi Biotec)& & 7}5ic 15
FIF4TolA] 9-33F &, 300 xgollA] 1027t /X8 o & 3
1 AL 5 me] media® MBI &2 HNZIHE
ol 1x108 cells/500400] =L7F ZEEE mediaZ W1
resuspensiong}®IC}. Ls separation column (Miltenyi Biotec)&
varioMACS separator (Miltenyi Biotec)oll FAISH & 3 mS)
buffer (PBS with 2 mM EDTA and 0.5% BSA)Z columng &
SUVSE AT *ﬂi—‘?—%—oﬂg column}O 2 Z0lEI%ict. A ZE S
o] columng Eld mid Uiz thA] 2 me@l buffer2 columng
3 HEESIICE Columng separatorofl A 22]al W £ 5 mlQ)
bufferg ¥ plungerg ZTIA] CD4+ T cellE elutiondIATY.

o

eaR=}

2o =X
5T

2 RS WK e 6wt 4ESS &H
8t7] Hdl CellTiter® 96 T™™ AQueous One Solution Cell
Proliferation Assay (Promega, Madison, U.S.A.)9] protocolE ©]
8515 CD4+ T cellS BE] & & 4x10° cells/mS] 5L % 100
wtA flat bottomed 96-well plateol] seeding ST} CD4+ T cell
7} seeding ¥ plateo] 12ES 0, 0.01, 01, 1 & 10 pg/md =T
H7b8IL 10 gg/mé anti-CD3e (clone:145-2C11, BD Bioscience
coating®  plateollA] 2 pg/ml  anti-CD28
(clone:37.51, BD Bioscience Pharmingen)Z costimulation}$3
0]4te) EZFIEE 48A)7HE0 37T, 5% CO: incubator (Nuaire,
Plymouth, US.A)ollA{ HiQESIQITE

Mitogen©.

Pharmingen) 7}

6. CD4+ T cell& Thl/Th2 cell® 2 B3}
10 pg/mé anti-CD3e7} coating™ 12-well platesof] CD4+ T

- 1348 -



8 RZMo| helper T cell Bdof ulz]= F&k

cellg 2x10° cells/md 2 seeding S8 £ 2 pg/ml anti-CD28E
costimulationd} 1, #5 0, 10 ng/mlS] FFollA] 244]7F EQF 3
7T, 5% CO; incubatorofl 4] HiFSIACE. Thl cell plate= 50 U
fL-2 (Sigma)e: 10 ng/mé rIL-12, 10 gg/m¢ anti-lL-4 (BD
Biosciences Pharmingen)Z& {6y, Th2 cell plateof= 50 U
rIL-29} 10 ng/mé rIL-4, 10 pg/ml anti-IL-12 (BD Biosciences
Pharmingen)& A7lokd ulgkotl 3 Fo 1222 splitd}3d

48417} & cellg PBSE A&XEE & 10 pg/ml anti-CD3e2} 2 pg/
m anti-CD28% restimulationd} & 24A]7HE0} nisiarH?.

7. Th1/Th2 cell®] Secretion cytokine =54

CD4+ T cellE 8.9] vhH 3} Zbo] 316k cellE harvests)
o wash buffer (PBS/0.5% BSA/2 mM EDTA) 2 mlo]] 25 A
71 & 300 xgolA] 58E7F 24187 o & wash bufferz 2
washinggl%i Tt Cold mediumEZ ME 10670 90 w7t T8
cell pelletE resuspension BIC} Catch reagent (Miltenyi
Biotec)E cell 10°7HE 20 W& AZISEL 4TolA] 527}
incubation5}Z warm medium@.& cell £27} 10°707} H & 3]
2510 37TColA] 4087} incubation BT} Incubation 8} tubeo]]
cold buffer 5 M S5 300 xgol4] 1027 24 BE|5HL,
AZUG M B £ cold bufferZ cell 10705 90 B 1L cell
pelletE resuspensiond}itt. 3710l PE-conjugated Detection
antibody, FITC-conjugated anti-CD4 antibody& 7} $F & 4C
oA 1027} incubationd}g3T}. Cold wash buffer2 28 MZ 3}
% FACScan (BD biosciences Becton Dickinson, Franklin Lakes,

USA)CE 245Irt

8. In vivoollA] T cell activation
1 mg/kg BHES 100 4¢ A BALB/c mouse®] 27+ ol 3

S0F B OF & 4 pg anti-CD3 100 @ E niA o] FAUSLT 14]
7 Holl HiZE A& o & g% Y50l 80T EEelirh

9. B celli} T cell®] MES &5

87E 9} BALB/c female mice®] 2z} Wol 885 1 mg/keS
100 02 3 Ft Fo3t & 8|E Yattg 228 T 24-well
platesol] 1x10° cells/ Q) =52 Mz seedingd}il 48A|17HE
QF 37T, 5% CO; incubatorol| A1 HIQFSIATE 300 xgol Al 1087}
M Hilgle]l MEZE harvestst & cell pelletS cold wash
buffer (PBS, 0.1% NaN3, 1% FBS)oll resuspensiond}irct. 7]
of) FITC-conjugated anti-CD8, B220 andtibody$} PE-conjugated
anti-CD4, CD3 antibodyE H71gt & 4TolA] 408 S¢Qt
incubation5}93ir}. Cold wash bufferi 28 A& S & FACScan

(BD biosciences Becton Dickinson)& 0|38 EA319iC}

10. Real-time RT-PCRE 0]&%} cytokine 2 &3
1) Total RNA Isolation
CD4+ T cellg 238}8F Th1/Th2 celli} #£5 1 mg/ke 100 0~

£ 394 =9 BHE nlRAY spleen2 HE sl PBSE

washingg}1l Trizol solution (Invitrogen Life Technologies)ol]
R Z&ALS) protocole] =3+ total RNAS 222|519 A ZAA
SE pellet pestleZ 02310 FRSFIUCH TR Balo]
500 2] Trizol solutionZ H7}GIAL 7HIA vortexst & 41 20
A BEZY HISAIZACE o] EHoll T 100 #£9) chloroformE &
716l & A2 F Aol 3ETF 2RI TR 4CalA]
12,000 xg= 1587} A2 sIlch 4EUE MEE tubeo)
27112 7)ol 250 uQ) IsopropanolS H7}ale] 1027} 420
A BEZAIZICE THA] 4TollA] 12,000 <gZ 1527 4B §
AEAE AT F pelletE 500 p09} 75% ethanolE A&

4CollA] 7500 xg= 527 ANED] oIt 45UE A
ot & pelletg 74X 50 9 diethyl pyrocarbonate
(DEPC, Calbiochem, San Diego, US.A) 2] EF<%0]| RNAE
=0 }E spectrophotometer (DU500, Beckman Instruments
Inc.,, Fullerton, US.A)E o|&dld FE It
2) (DNA9] gt

cDNAQ] 3142 M-MLV Reverse Transcriptase (Invitrogen
Life Technologiesy& O8I} 2.5 g9 total RNAO] 1.1 409}
10x DNase I Reaction buffer, 1T ©9] 1 Unit/f DNase I
(Invitrogen Life Technologies)& 718t & DEPC Ag] £HF4
E ol gkao] 11 ol XA 3 & 4 2oflA] 15823} sl olo]
LEHREA EE DNAE MK 2k & 1 w9 9o
2 WE 2ol T Fofl DNAZ} Joll=A] &0lsh) 218}
of PCR BlSg ot 10 wo) ¥heol 1 w9 05 pg/mh
Oligo(dT)12-18 primer (Invitrogen Life Technologies)& &7}t
S 70°CollA] 155y B¢t ¥FSAIT] & A143] LSl Eo RNAY]
O|AF AR E ZolF Y B2l 4 9] 5x first strand buffer,
1 409] 10 mM each dNTPs, 2 9] 0.1 M Dithiothreitol, 1 9]
200 U/ut M-MLV Reverse Transcriptase, 0.5 w9 40 U/l
RNase inhibitor (Invitrogen Life Technologies), 5.5 u¢ DEPC &}
2l EF/5E Uk A5 Rl 20 WE WEIL 37Col4Af 60
234 uldsiod single strand <DNAE EHY8I9ICE diSo] &t
SFEHE 72ColA 1587 BBl enzymeg BEH S} SIQICE
3) cDNAY] Real-time PCR H}&

7z Bo| |AAr wWe ZEob| Yokl waE
cDNAZ Real-time PCRE AAISIRTE 1 109 cDNAO) 12.5 w0
9] 2x SYBR Green PCR Master Mix (Applied Biosystems,
Warrington, UK), ZtZ} 1.5 £9] 5 uM sense, antisense primer
(Genotech Co., Daejun, Korea), 85 w8 EFFE Eo] 25 u7}
EA $tE GeneAmp® 5700 Sequence Detection System (PE
Biosystems, Warrington, U.K)ol|4] PCR&IQICE. PCR ZHE 9
5CoIA] 1027} &) & denaturationdt & 95C 15%, 60°C 60X E
40 cycle ¥HEEIGCE. GAPDH  (Glyceraldehyde-3-phosphate
dehydrogenase), IFN-y (Interferon-y), IL-4 (Interleukin-4) &
ZALS] primer sequence= Table 13} ZT}.

¢DNAE Z+2+ 1, 1/10, 1/1002 serial dilutiond}t & 7}
g 374 PCR &lo] B AESIck 4 HE
amplification0] thresholdof] T&8} Cycle number (Ct)& 71

X

T},
;5"_
ol

o

M 12 ol
{0 1o 1
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19% - Yie
Z standard curve® JEdA] e SI9I ZF SHXS dEE2
GAPDHY9] ,_o‘_ﬂrloto 0] &3l normalizationd}$irt. PCR Hh

=g

—O’] B "I"

60-951 AlolollAQ] 2%W signale ZEE350

dissociation curve ZMJEIGT)

Table 1. Sequences of primer used for real-time RT-PCR

Gene Orgonuclectide_sequence
CAPDH RY 5- GGC ATG GAC TGT GGT CAT GA -3
FW 5- TTC ACC ACC ATG GAG AAG GC -3
4 FW 5- ACA GGA GAA GGG ACG CCAT 3
c Rv 5- GAA GCC CTA CAG ACG AGC TCA -3
Ny Fw 5- TCA AGT GGC ATA GAT GTG GAA -3
RV 5- TGG CTC TGC AGG ATT TTC ATG 3
Tbet FW 5- GCC AGG GAA CCG CTT ATA TG -3
Ry 5- GAC GAT CAT CTG GGT CAC ATT -3
GATA3 FW 5- GAA GGC ATC CAG ACC CGA AAC -8
Rv 5- ACC CAT GGC GGT GAC CAT GC -8

EEEE
1. 50 :‘f—ElET CD4+ T celle] W&o nR}= Gk

#30] FHO) APC (antigen presenting cell)7} 3o %

HOoF CD4+ T cell *“5—0{] ekeg nX=A #elsly

Sl oo o A
eome 1o 2o

CD4+ T cellg BEE|3 & BES sLWE FHshT 484170
HierSH 23 mitogeno) e AtEHollAiE CD4+ T celld} A

ol @@ WAX w82 BT £ AYch
anti-CD3e/anti-CD28 antibodyZ activationA|Z1 & Wole s

(10 ng/me)ol Al CD4+ T cell®] MER0] Z7151900 IE
(10 pg/mb)oll A= ZABIATE (Fig. 1).
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Fig. 1. Proliferation of CD4+ T cell in medium containing various
concentration of BV extract after 48 hrs incubation Sorted CD4+ T

ce. were reated wer annCi3e/ant CO28 antboaies 1o actvate 7 ocell, or not Cell

profiferation was guantiied by V7S assay. Lror bars (ndcate SEN.

=13

=

2. 1%880] Th1/Th2 cell skewed 2}&ollA] secretion cytokine
ol plXl= A

Naive CD4+ T cellol] #25 10 ng/ml Fci6kL 50 U ril-2,
10 pg/ml anti-Il-4, 10 pg/m¢ anti-IL-12, 10 ng/mé riL-12, 10 ng/
ml rll-4& O]236lH 7€ &QF Thl cells} Th2 cellg £33 &
Th1/Th2 cell ZFoIA EolZ= UAY S
k=1%¢]

2018 ZA 3 Thl cell skewed 2}&olA] IFN-
¥Q BFaEro] 21% 2 4AlF30n, w6k Th? cell skewed 21240y

secretion cytokine

flow cytometry =

RLIE RS

A IL49] wksigio] 188% A Ae FelsINTt (Fig. 2)
< A " B
39 9

10!
b

L4
10?

100 o 10° 103

CD4
Fig. 2. Secretion cytokine expression of Th1 and Th2 cells
polarized from ThO Sorted CD4+ T celis were treated with rlL-12, riL-4 antibodies
to polarized CD4+ T cell for 7 days. Gells were stained with FITC-conjugated anti-IFN-
¥, ant-lL-4 and PE-conjugated amti-CD4 antibodies. AC: Cells were incubated in
medium without BY as control. BD: Cells were incubated in medium containing 10 ng/
m BY exfract.

3. #350] Thl/Th2 cell skewed &}ZolA] IFN-y, IL-4, T-bet,
GATA-3 mRNA 23lo] m)x)s glat

[oRa)

BES Eo5lL CD4+ T cell 78 0 23518+ Thl/Th2
cellol 4] total RNAZ Eg]5l2 cDNAZ 5l real-time
RT-PCREIC 24 FHXQ] whalzkal #7115t Z3k= thay 2

1) GAPDH

Zv730]  FRRANe]  wUSEHE  normalizationdl’]  915KA

internal control 24 A}E% GAPDHY] dissociation curve@} 7}

& o] =% sample?] Ct 3t 71E0E ZFH¥E standard

curves Aeks Oﬂr/} Standard curveZE ZMFl=0 AMRE data

9] LMg3HBAE AT R2= 0.99%6F LIERIA] standard curves=
HEE AOT O
2) [FN-y

IFN-y SZA Xkl thst real-time PCR Z 3} dissociation
curve®} standard curves= MEHSIQITE Dissociation curves
2 e%d A2
S8 Ct 9 AEIARS AN R2E 0.9928
standard curves= HZAGL AOE OIAZUCH
Standard curve® 0|23l ¢ sample ¥ IFN-y FHALQ] A4
iEel  ek2  GAPDHO) =g o835l UsoEX
normalizationSI9iCt (Fig. 3). Thl skewed 2}&olA] ¥ 10
ng/ml T8t 0] controlT} Bl WSl 119.5% S7F8I%ICh

3) IL4

IL4 FHAX] the} real-ime RT-PCR Z I} dissociation
curve®} standard curver= MERSIICE Dissociation curves
nonspecific PCR productl} primer dimer®] 842 IAE AL
2 IR on 55 Ct 39 HE3HEAMZT R2E 0.9992

nonspecific PCR productlt primer dimer9]
2 I CH
Z UERIA

Q.
huay

o 1-=
Z UEhIA] standard curves FHETH RALE QIHEACH

Standard curve& 0123} ¢S sample & L4 FHAL] 2Jrf
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1255 FZN0] helper T

2l 2 GAPDHY wdigkg ol&sld  UsE2EH
normalization&}3E} (Fig. 4). Th2 skewed &&olA #E 10

ng/ml F$t 0] controld} HWEI 8.7% S7I8IATH

300+ —Jcon
=R BV
=
T 200
o
a
<
54
iy
2 100
L

0
con 8v

Fig. 3. Expression level of IFN-yEach amounts of mRNA were normalized
with respactive ameunt of GAPCH. con = conre!, BV : 1 mg/ke Bee venom.

1501 Jcon
B BV
S
T 1004
o
[+
<
g
<
3 50
0

con BV

Fig. 4. Expression level of IL-4 Each amounts of mRANA were normaiized
with respectve amrount of GAPDH.

4) T-bet

T-bet SFAXN] S} real-time RT-PCR Z3} dissociation
curve$} standard curvem= MEFSIQICE Dissociation curves
nonspecific PCR productL} primer dimer®] 842 gl AL
Z #Zogon] S5 Ct 4o g7 24d R2= 0.9%46
Z UERIA standard curves HESE ACE QIAIUCE
Standard curveZ o|23l] G sample ¥ T-bet FHANY] 4}
el 9k2  GAPDHOl UdEEre o838l ValQEH
normalizationd-Q3C} (Fig. 5). Thl skewed 8ol BEE 10
ng/mtS ot 70| controlz} HI W3 23.7% ZS7ISIMEL

con
EEE BV
1504
<
T 100
=]
o
<C
(O]
%
2 50
=
0

con BV

Fig. 5. Expression level of T-bet Each amounts of mRNA were normalized
Vit respectve amount of GAPDH,

cell 230l v)Rl= G

5) GATA-3

GATA-3 S8 Xkl thd} real-time RT-PCR Z ¥} dissociation
curve$} standard curve: AZE5IGIC) Dissociation curves
nonspecific PCR productL} primer dimer®] &2 e Ao
Z gRIEen sTE Ct 3o HE3ARAN R2= 09983
2 UERIA standard curver HEF ALCE QIFHHUCL
Standard curveZ O|&3l0] ¢ sample & T-bet FHANY &
THEQ] 2 GAPDHO wEE ol8dld Us2EM
normalization5l3iE} (Fig. 6). Th2 skewed H&olAl= &E 10

ng/mE Foigh ol controlt A9 Alo]7} giATh
Jcon
125+ == BV
& 1001
T
g s
<
Q
«? 50_
<
<
TR
0
con BV

Fig. 6. Expression level of GATA-3 FEach amounts of mRNA were
normalized with respective ameunt of GAPDH.

4. In vivoatollA] #30] B cell} T cellol] ulX]e= Fek
In vivoalollA] #30] B celld} T celld] G&k& v|X[=A] &
Q15171 15k #4351 mg/keS 100 ptE FHZ ol 38 B &
A5k HIANS A &S & splenocyteE 2EIBHY 48A17HE
ot & M E ZEA8S 283 21 B celld] YEEES anti-CD40,
Lipopolysaccharide (LPS) antibodyE activation AlZ3& mf thE
o vBskd @l S8l e, T cell &A] anti-CD3E
activation A2 wW ME ZA180) 2 vlusid 5715t
HOoLt B2 RolE HolAl AUt (Fig. 7).

< T

C—icon.
ER= BV
250+
22 200+
{1
K3
® 1504
i
2
2 1004
Q.
K
O 50
Untreated LPS anti-CD40 anti-CD3

Fig. 7. Proliferation of splenocytes from BALB/c mice Spenccytes
response 1o plate-bound ant-CC40 (a-CD40), ant-CD3 antibody or fipopolysacchande
(LPS}. Cell prohferation was quantfied by MTS assay. Error bars 1ndicate SEV.

5. In Vivo“Oﬂ/\i 1£550) B celld} T cell 23 of n]X]= Fek
01 B elsh T ol 920 o1l @sre 01l 91

el mg/kgg 100 WZ 2zt ol 38 5¢F T35l splenocyte

E B2#|38 & FITC-conjugated anti-CD8, B220 andtibody@}
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228 - @S

PE-conjugated anti-CD4, anti-CD3 antibody % flow cytometry =
243 23 B cell®) TR B125td 3.2%, T helper cell
81% E715192L1, T cytotoxic cell 0.4% ZA5HAT} (Fig. 8).

w3 B

V —Nl g 357275 0

100 101 102 403

1 3
coa 100 C;)od 102 10

Fig. 8. Flow cytometric analysis of lymphocytes from BALBjc
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