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Studying of the Effects of Gamichungsangboha-tang water-extract and
ethanol-extract on IFN-y, 114, T-bet, GATA-3, c-maf in Asthma Model

Tae-seok Heo, Eun-jung Ko', Hee-jae Jung, Hyung-koo Rhee, Hyun-su Bae', Sung-ki Jung

Division of Respiratory System, Dept. of Intemal Medicine, College of Oriental Medicine, Kyung Hee University, Seoul, Korea

Department of Physiology, College of Oriental Medicine, Kyung Hee University, Seoul, Korea’

Objective : This study aimed to identify the different effects of GMCSBHT water-extract and ethanol-extract on Th1/Th2
differentiation by monitoring Th1/Th2 specific cytokine secretion pattems and the transcriptional activities of T-bet,
GATA-3, c-maf, INF-y and IL-4.

Materials and Methods : Spleen cells from eight week-old BALB/c mice were cultured in GMCSBHT extracts containing
medium without activation for 24 hours and with activation for 48 hours. CD4+ T cells were isolated and mRNA expression
levels of INF-v, IL-4, T-bet, GATA-3, c-maf by RT-PCR and secretion cytokines levels of INF-v, IL-4 by ELISA were
analyzed.

Results : GMCSBHT extracts didn't have mitogenic effects on the unstimulated CD4+ T cells. In Thl skewed condition,
GMCSBAHT water extract had no significant effects on mRNA expression levels of INF-y, T-bet and c-maf, but inhibited
mRNA expression levels of IL-4, GATA-3. It showed significantly increased secretion cytokine levels of INF-v, but had
no significant effect on secretion cytokine levels of IL-4. In Th2 skewed condition, GMCSBHT ethanol extract inhibited
mRNA expression levels of INF-y, 1L-4, GATA-3 and c-maf significantly, but had no significant effects on mRNA expression
levels of T-bet. It had no significant effects on secretion cytokine levels of INF-v, but showed remarkable inhibitory effects
on secretion cytokine levels of IL-4.

Conclusion : Results suggest that on Th1/Th2 deviation, GMCSBHT water extract has both amplifving effects on Thl
differentiation and inhibitory effects on Th2, but GMCSBHT ethanol -extract has stronger inhibitory effects on Th2
differentiation than on Thi.

Key Words: Gamichoungsangboha-tang(Jiaweigingshangbuxia—tang), asthma. water-extract/ethanol-exiract, INF-v, IL-4,
T-bet, GATA-3, c-maf
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Table 1. Contents of GMCSBHT

(Gamichungsangboha—-tang)
L e i

%y e =4 HE(g)
PV Rehmannia Radix Vaporata 8.0
Wz Disocoreae Radix 6.0
i Comi Fructus 6.0
Hik% Hoelen 4.0
Pt Moutan Cortex Radicis 40
E B Alismatic Radix 40
HEWF Maximowiczziae Fructus 3.0
KP% Asparagi Radix 3.0
EINES Liripis Tuber 3.0
8 # Fritillarriae Rhizoma 3.0
MEC Trichosanthis Semen 30
U Ansu Seman 3.0

fE(ER) Pinelliae Rhizoma 3.0
ANy Aurantii Immaturus Fructus 3.0
B Platycodi Radix 3.0
OB Scutellariae Radix 3.0
O Coptidis Rhizoma 3.0
H ' Glycyrrhizae Radix 2.0
Total
amount 67.0

3) Antibody$} medium

B Agol A= anti-CD3e(clone:145-2C11), anti-
CD28(clone:37.51), recombinant mouse IL-4, recom-
binant mouse IL-12, anti-mouse IL-4, anti-mouse
IL-12(BD Bioscience, USA), magnetic cell sorting
CD4A(L3T4) microbeads(Miltenyi Biotec, Germany),
mouse IFN-v, IL-4 ELISA set So] AH&-Ed).

£ AN MEude Ast] AL mediat=
10% fetal bovine serum(FBS, JRH BIOSCIENCES,
USA), 1% penicilli/streptomycin(BD Bioscience,
USA) 10mM HEPES(JRH BIOSCIENCES, USA),
2g sodium bicarbonate(JRH BIOSCIENCES, USA)
7} 3" RPMI-1640(BD Bioscience, USA)S A}

$3tsich
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2. h&

) ¥ gz F9l

429 BALBL oh9-2e| HBE 23d FA7]
2 98t & cell strainer(BD Biosciences, USA)Z
Aok #dstE v HEF AAE 9
3}a] 5mf Pharm Lyse(BD Bioscience, USA)E W1
SEZE 3HEAIZ] TS cello] HA-50] gl tubed] 5
09 mediaE #H7}3 ¥ 1,000rpmoll A 1087 €4
25l A=de AT Fe cell pellet 1md
9} media®E suspension 3 3 trypan blueZ staining
s} NE4E ZRAAT.

2) CD4+ T cell £8

ujA AZF 1x107cells/90ul B EF 10409] mag-
netic cell sorting CD4(L3T4) microbeads(Miltenyi
Biotec, USA)S #718le] 1587 4TAA ¥H-g31
ok 1,000xgoll A 1083 dA®ed & F3dE
AAS Smie] media® washingdtgth. H-2
pelieto] 1x10°cell/500409] F57} H 53 mediaZ
11 resuspensiond}{ T}, Ls separation column(Miltenyi
Biotec, USA)& varioMACS separator(Miltenyi Bio-
tec, USA)ol A=]3F & 3ml2] buffer(phosphate buf-
fered saline(PBS) with 2mM EDTA and 0.5% bovine
serum albumin(BSA))Z columng E#AI7]1 A%
EHAL columnto 2 Q18T M EF-fredo]
559 wAV7bE oA 2mee] buffer=
columng 3¥ sF79th Columng separatore] A
233 @R F 5p09] buffer® ¥ plungerE E¥A
CD4+ T cell2 clutiond}$ich.

3) 4EE 3 34% 3%

Mitogen© 2 2} wb2] 92 vlg qlub7o| AES
& =3317] 93] CellTiter 96° AQueous One Solu-
tion Cell Proliferation Assay(Promega, USA)2] pro-
tocolE ©]-83t5 2)°] WS o|8dte CD4+ T
cellg 58] & F 4x10° cells/mi] FEZ 100404
flat bottomed 96-well plateo)] seedingst . CD4+
T cello] seeding B plateo] pnokiF Lw T 34
43 L FEHEL 0,001, 0.1, 1, 10, 100pg/ml %=
2 #Hrvska 2pg/md anti-CD3e(clone:145-2C11, BD

cell

columng



Bioscience, USA)7} coating® platecil 4] 2ug/mé anti-
CD28(clone:37.51, BD Bioscience, USA)E costi-
mulation3}Ac}. o} el EIHE-S 48471 Ft 37T,
5% CO; incubator(Nuaire, USA)oll A ufjekstgdch,

4) CD4+ T cell& Thl/Th2 cellz X3}

2ug/ml anti-CD3e7} coating™ 12-well plateso))
CD4+ T cell & 1x106cells/mlE seeding &+ - 2ug/ml
anti-CD28 2 costimulationd}x, £ ojgtg g &
T Dk ERTE O, 1, 10pg/mbe] 2ol A 24A17F
%<} 37C, 5% CO; incubatordi 4| w]%F3tsith. Thi
cell plates= 50U rIL-2(Sigma, USA)9} 10ng/ml, rIL-
12, 10ug/mf anti-IL-4(BD Biosciences, USA)E &
8}al, Th2 cell plates) & 50U rIL-29} 10ng/mé rIL-4,
10p¢/mé anti-IL-12(BD Biosciences, USA)E 3 7}3}
o Z4Z wigkstm 49 3ol cellS PBSE washing
Sk & 2ug/ml anti-CD3eS} 2ug/ml anti-CD28E. resti-
mulation$t & 24X|17F S-ob wilckslidc)

5) Real-time PCRE o]&

I
(1) Total RNA isolation

CD4+ T cell-g #2]dto] Th1/Th2 cellz 23}t
pellet& PBSE washings}iL trizol solution(Invitro-
gen Life Technologies, USA)ol #|x2Ate] protocol
off &3t total RNAE £#]8159t} Cell pelletL-
pellet pestles- ©]8-3lof Hd3slsidict gasld &
Holl 500409] trizol solutions 718l 7P A
vortex3F F Ao A 587 whS- A7t} o] Lolo]
THA) 100409) chloroform$ A7}sted & 4o & A
SolA 3B WA TR 4TOlA 12,000xg%
1527 A48 39tk FE5A8 A2 wbed)
713 97190 250409 isopropanol L E7}Eted 105
T A2 AR A 4T 12,000xg
B OISED 94%Y itk 3Edas AAR =
pelletS 500402 75% ethanol® A A3l 3 4T oA
7.500xg2 SEZE AR S AEA e AAH
3 pelletg 7238t 50409) DEPC (diethylpyroca-
bonate) 2 & FH5o RNAS =91 thS spec-

trophotometer (DU530, Beckman Instruments Inc,

gt cytokine B AR

USA)E olfatel Hustair,
2) CDNAS T4

cDNAY & Ad(reverse transcription) & M-MLV
Reverse Transcriptase(!nviirogen Life Technologies,
USA)Z ol &-stdrh

2.54g9] total RNA] 1.1402] 10xDNase 1 Reac-
tion buffer, 108l 1U/ul DNase I(Invitrogen Life
Technologies, USA)E #718 % DEPC A 2§
FE Wol wifo| 1ol HA & F AN
SE wdste LEHAUSA S DNAE AA
Ptk vk & ipe] whEAS w2 RBelsle F
ol DNAZ} dolsl=A] #e1dtr] ¢35t} PCR

S5 stk 10400 WA 1u09] 0.5u8/ub
Oligo(dT)12-18 primer(Invitrogen Life Technologies,
USAYE H7Feh & 70ToA 158 5 wheA)z
T A48 G0l ¥ol RNAY o]a72E FojF
Ark BReAol| 4409) 5x first strand buffer, 1.09)
10mM each dNTPs, 2402] 0.1M Dithiothreitol, 140
o] 200U/ M-MLV Reverse Transcriptase, 0.5402]
40U/ RNase inhibitor(Invitrogen Life Technolo-
gies, USA), 5540 DEPC A EF4E 7}l
HE RIE 202 WEIL 37CAA 6083t vk
3to] single strand ¢cDNAE A8ttt vhgo] &
o RS T2ToA [1SEA Wi dete] enzymes
B84 shgith

(3) cDNA®] RT-PCR whg

Zzte] Bol g WHLE SHa)) skl
X H cDNAZ RT-PCRE- HAI8IATE 14029] cDNA
o) 12.5402] 2xSYBR Green PCR Master Mix(Ap-
plied Biosystems, UK), 47 1.5402] SuM sense,
antisense primer(Genotech, Korea), 8.540¢] 2542
goy 2507 HA 3+ & Gene Amp 5700 Sequence
Detection System(PE Biosystems, UK)ojA PCR3}
At

PCR 7L 95T A 1087t 2% denaturationd)
% 95T 15%, 60T 60%E 40 cycle HHESIHUT.
GAPDH(Glyceraldehyde-3-phosphate dehydrogenase),
IFN-y, IL-4, T-bet, GATA-3, c-maf -F-H A <] primer

o —
3 de
£

=
i
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sequence= Table 29} 7t}

cDNAE Z}4} 1, 1/10, 1/1002 serial dilutiondt
% 2} 353 3708 PCR3} Fze A48k
7} ¥k3-< 9] amplification®] thresholdol] =23} cycle
number(CH)E 7] 2.2 standard curved 12(A A
FIAL 7 FrAAe] FdHFE GAPDHO| W #
& 0]8-3}9 normalizationd}$]t}. PCR ¥k =7
F 60~95T Atelof Aol =4 signalg £33}t
dissociation curveE 2434t

6) ELISA WS ©o]&3t cytokine WdZF &3

S AFTE 49 WS o831 E3%H Thl/
Th2 celle)] AEHol A IFN-y, IL-4 A8 ZA 3}
7] €18l OptEIA Mouse IFN-v Set, OptEIA Mouse
IL-4 Set(BD Biosciences, USA)2] protocol-2 ©]-43}
& capture antobody(anti-mouse IFN-v X+ IL-4)E
coating buffer(0.1M Carbonate, pH 9.5)2 3] A5}
96-well plateol] 100x8 % #3381 & 47Col overnight
5t coatingdl gtk Coating3} plateE wash buffer
(PBS/Tween-20 0.05%)Z 3 washingdt & assay
diluent(BD Biosciences, USA)E 200ul/well ¥ £
& T AoA 1A 53 blackingd} Gt} thA]
wash buffer2 3% washing3} 1 Standard®} Sample

< 100p0¥ E£FF F 4294 2412 wh3AIZ T

Table 2. Sequences of Primer Used for RT-PCR

- Gene

Oligonucleotide Sequence

Wash buffer2 5% washing3}al working detector
(Detection antibody +Avidin-HRP) 10042 2} wello]]
btk Ao 123t ¥k-g ¥ wash buffer=
1091 washing &+ & substrate solution(TMB Substrate
Reagent; Pharmingen, BD Biosciences, USA) setE
7} well vit} 100408 H7H8HAT A& oFE X
oA 308 T ¥HE- & ¥ 2N HaS048 50u0 H7t
3} & 308 <lol] micropalte reader(Molecular Devi-
ces, USA)Z 450nm/570nmel| 4] &1t

7y #atoHh

E 2A1Y datar= mean+SEM(Standard error of the
mean) o2 FA)5 G ARl §9A H7hE Prism
3.02 software(GraphicPad Software, USA)E o} 83}
o} Student’s t-testE AAIEHSI ).

. # %

1. ek L TR0l 2218 CD4+ T cellg] ¥E ¢
Salof alxe %o
kg Ll Fako] o] APC(antigen presenting
cel)7} glol= ZgA o= CD4+ T cell AJEo F
& "xE=A Bt 18] CD4+ T cells #2gh
3wk EHTES sEUE Bo3ta 48X et

RV 5 GGC ATG GAC TGT GGT CAT GA -3

GAPDH
Fw 5'- TTC ACC ACC ATG GAG AAG GC -3
L4 RV 5'- ACA GGA GAA GGG ACGCCAT -3
FW 5'- GAA GCC CTA CAG ACG AGC TCA -3'
IFN-y RV 5- TCA AGT GGC ATA GAT GTG GAA -3
FW 5'- TGG CTC TGC AGG ATT TTC ATG -3'
T-bet RV 5'- GCC AGG GAA CCG CTT ATA TG -3'
FwW 5'- GAC GAT CAT CTG GGT CAC ATT -3
GATA.3 RV 5- GAA GGC ATC CAG ACC CGA AAC -3
FW 5'- ACC CAT GGC GGT GAC CAT GC - -3
c-maf RV 5 ATC CGA CTG AAG CAG AAG -3
FwW 5'- TCC TTG TAG GCG TCC CIT -3'
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W %3k A} mitogeno] ¢l AEAME CD4+ T
celle] AEE AFL AR g I 4
ARt el anti-CD3e/anti-CD28 antibody 2 acti-
vationA| & W= pukiif e T B 3289
A& FEENA Lug/mis} 10pgmlol M =& HES
= YEHIYE Lpgmt o139 SEdliE 55 o2
Hog NEg

o] Badhe BT e IHFig. 1).

2. Real-time PCRE& 0| &%t cytokine 2 M ALRIA}

SEf4 - D2 - S - 0/FT - o3 - Ha

o 3}8F Th1/Th2 celiol A total RNAE B8ln
cDNAE 34314 real-time PCRE A3l o g M

$dAe] DRES ¥9 BoE e Rk
1Y GAPDH
Z}zte] fAAke] w3 S normalizations)y] 5}

o] internal controlZ 4 A}R-FH GAPDHE dissocia-
tion curved} 71 Bol &5 sampled] Cighg 713
o2 ZAH standard curve= Fig. 29} 2t} Stan-
dard curveE ZAJsh=v) ARR-E datad] MBI AL

e Ent A3 R'E 099660 2 LJERIA standard curve=
JICREE LA P58 SISt CD4 TeellS SY % mag noz agxan.
A B
750 750+
,\3\ "/_/*\_ _/ \\\ @ ;’ » )
T 500- ™ g 5001 P
‘% ~=- Non-activation E ‘% ﬁ }’/
& —— Activation 2 ! .
= = | =~ Non-activation
& 250- & 250{ —— Activation
3 U BT R R
0 ¥ T T T [)—I — T Y T ¥ -
0 0.01 01 1 10 100 0 001 0.1 i 10 100
Concentration of GMCSBHT(ug/ml) Concentration of GMCSBHT(.1g/ml)

Fig. 1. Proliferation of CD4+ T cell in medium containing various concentration of GMCSBHT extract after 48 hrs

incubation.

Sorted CD4+ T cells were treated with anti-CD3e/anti-CD28 antibodies to activate T cell, or not. Cell proliferation was quantified by MTS

assay. Error bars indicate S.E.M.

A HO extract, B : EtOH extract.

A. Dissociation curve of GAPDH
10.0

7.54
5.0

& 2.5+

0.04

25 . , .
60 65 70 75 80 8 90 95

Temperature("C)

|

B. Standard curve of GAPDH

40~

R’=0.9966

307 Ct=-3.95%(con)+29.31
O

20

10 : T i 7

0 1 2 3
Concentration of Template(log)

Fig. 2. Dissociation and standard curve of GAPDH as internal control.

A : After PCR reaction, the signal of fluorescence at every temperature from 60 to 93°C were detected to confirm no non- specific PCR

product and primer dimer. Rn : Normalized reporter.

B : Serially diluted ¢cDNA(1, 1/10, 1/100) applied to PCR. The threshold cycle numbers(Ct) of each concentration were used to make standard curve,
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2) IFN-vo] A)x& &3}

IFN-y 5-AA o) d}& real-time PCR Z3} disso-
ciation curvei= nonspecific PCR producti} primer
dimer®] P4 QIAUA A& BT Frd Ct gt
o AP ARAEH R*= 099282 VERIA stan-
dard curve HFH3 Ao AAHD

Standard curveE o]8-3}0] QL sample ¥ IFN-v
FraAte] AulHgl k& GAPDHY] wd e o] &3}
o 1} 2 2 M normalizationd}t}. Thl skewed A
ol A IFN-vS] mRNA WAL ki Ll Mg &

FEgol e Yy 2| MR #

gt |R

28 FoF2 controlF ¥ WInEtd 1ug/meol A
2% Z7}8Q1 10ug/mlE 18.5% AL
U 25 §9A4L At dEE FEE FoTe
control 27} BIwate] 1pg/mioll A 54.9%2] ZHA a5
£ F9A(P<0.05) A YERIR S 104g/mic) A
£ 30% #asRo o2 gIithFig. 3).

X

3) IL4
IL-4 §A=}te]] th3l real-time PCR Z ¥ dissocia-
tion curve:= nonspecific PCR productt} primer dimer

A. B.
150+ 125+
o < 100+
g T g
= 1004 s
0 8 751
2 a
Q Q 50_
> 50 E
é =254
0 ’ 0 )
Con 1 10 Con 1 10
Concentration of GMCSBHT (ug/ml) Concentration of GMCSBHT (ug/mi)
Fig. 3. Expression level of IFN-y.
Each amounts of mRNA were normalized with respective amount of GAPDH.
Con : Cells were incubated in medium without GMCSBHT extract as control.
GMCSBHT : Cells were incubated in medium containing 1, 10 pg/mi GMCSBHT extract.
* p<0.05. A : H,0 extract, B : EtOH extract.
A, B.
125~ 1251
100 —T= 100 ——
w754 il ]
IJQ: g 75
% 504 G 507
3 A
225 H 25
Con 1 10 Con 1 10
Concentration of GMCSBHT(g/ml) Concentration of GMCSBHT (ug/ml)

Fig. 4. Expression level of iL-4.

* p<0.05, ** p<0.01.
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A : HO extract, B : EtOH extract.



o] AL YU AL HojF 5w Cr gy A
HHARMAT R'E 099922 ehIA standard
curve® XA R0z AAHY)

Standard curveE ©]-§3}] A& sample W
A A %2 GAPDHO| wH@g o] g-
te] U228 normalizationd}t}l. Th2 skewed
Fehell A IL-49] mRNA 82 fjskiE b T
& FEE 5L controlitd vlwate] 1pg/miol
A 8.6% F7FR OV ol 9o 10ug/ml

1.4

i

0 o

BEfY - TEY - BN - O/FT - HE7 - H27|

4) T-bet

T-bet &-Axlol]l th3h real-time PCR A3 disso-
ciation curves= nonspecific PCR productt} primer
dimere] FAL ¢l9d e Bomv Bxy ¢t

HAM L NE

7o) ABHARTMAY R'E 0994608 JERIA

AME 31.3% ZAEHE §249(P<0.05) YA standard curve= ZZ g 102 Q1A .
BT 8E 55 5932 controlF 3} ) Standard curveE o]-§&te] A& sample B T-bet
A. B.
150+ 150+
@ & [
F 1004 £ 100-
g a8
S <
5 0
2 50 B 504
& e
0 0
Con 1 10 Con
L Concentration of GMCSBHT(g/ml) Concentration of GMCSBHT(ng/mi)
Fig. 5. Expression level of T-bet.
A : H:O extract, B : FtOH extract.
A. B.
1251 125
g &
= 1001 T % 1007 5
% a
RN % 754
= 9
< 504 g 501
5 <
254 &) 254
0 & W
Con i 10 0 Con 1 10
L_ Concentration of GMCSBHT(11g/ml) Concentration of GMCSBHT (ug/ml)

Fig. 6. Expression level of GATA-3,

* p<0.05.

A HO extract, B : EtOH extract.
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mEEELE TR 23 olEte FEHo| WE fY 27| HRol HH MR

AR AUlFQ & GAPDHe| #das ol
3le] e 24 normalizationd}Jch. Thl skewed
38o) A T-bete] mRNA FHLFL ks La T
E FZE FAoFL controld# w28t 1yg/midl]
M 22.5%, 10pg/mlollAle 3.4% Z718l904 &
94 g dEE FEE FATL controlT
3 ul@ete lugmfAE 458%, 10pg/mislME
48.2% ZAslP ot {4 QUiFig. 5).

5) GATA-3
GATA-3 $-3x}o] th3} real-time PCR 23} disso-

ciation curve= nonspecific PCR producti} primer
dimere] H4& QAW A& BoFo & Ct
gre] APIHARN AR R*E 0998302 EhIA
standard curve= A3 Ao AA=HAU.
Standard curveE o]8-5fe] L& sample H GATA-3
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Fig. 7. Expression level of c-ma.
* p<0.05. A : H;O extract, B : EtOH extract.
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Fig. 8. Analysis expression of cytokine polarized Thi1 cell into Tho.

Sorted CD4+ T cells were treated with anti-IL4, rIL~12 antibodies to polarized CD4+ T cell for 5days. Afer 5 days, the IFN-y expression

was measured by ELISA.

Con : Cells were incubated in medium without GMCSBHT extract as control.
GMCSBHT : Cells were incubated in medium containing 1, 10 zg/mf GMCSBHT extract.

** p<0.01,
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A : H,O extract, B : EtOH extract.
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Fig. 9. Analysis expression of cytokine polarized Th2 cell into Tho.

Sorted CD4+ T cells were treated with anti-1L-4, riL-12 antibodies to polarized CD4+ T cell for 5days. Afer 5 days, the 1L-4 expression

was measured by ELISA.
*** p<(.001.

A+ H,O extract, B : EtOH extract.
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