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Effect of Gamipaemo-tang Ethanol Extract on Helper T Cell Differentiation

Jae-ho Shin', Eun jung Ko', Moo chang Hong', Seung Gi Jung?, Mink yu Shin', Hyun su Bag**

1. Department of Physiology, College of Oriental Medicine, KyungHee University, 2. Department of Internal Medicine, College
of Oriental Medicine, Kyunghee University, 3. Purimed R&D Institute

By recently study, GM (Gamipaemo-tang) treatment have worked well on the allergic asthma. The purpose of this
study was effect of GM extract on helper T cell, major regulator of immune system. Splenic cells from 8-week BALB/c
mice were cultured in GM containing media without activation for 48 hours. The MTS assay and flow cytometry study
revealed that lymphocyte treated with GM were not effective on CD4+ T cells. Subsequently CD4+ T cells were
isolated and cultured in GM containing media. Either GM were not effective on CD4+ T cell without APCs. By FACS
scan analysis, the expression of INF-y, IL-4 were down-regulated in the condition skewed Thi and Th2 cells
respectively. Using ELISA analysis, the expression of INF-y is up-regulated and IL-4 is down-regulated in the condition
skewed Th1, Th2 cells respectively. With RT-PCR analysis, the expression of mRNA for INF-y is down-regulated and
IL-4 is down-regulated in the condition skewed Th1 and Th2 cells respectively. The result suggests that GM inhibited
the differetiation of Th2 cells significantly and indicates GM could enhance anti-allergic immune system.
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HE AN ZREA B ARHES MYEtT e,
0]#18t B4 cytokine T}A] Thl/Th2 Eshildd] £Q6 &
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Table 1. Contents of GM (means ethanol extract of Gamipaemo-tang)

Herbal Megcne Amount (Q)
Loncerae - os {4 R 20
Ansu Semen {757 )
Farfarae © 05 (& 7t)
Anemarrrena Asprocelodes (FLR})
Fritv.arae Rrzoma (HH)
Vior. Cortex (B R
Vaxmow czziae Frucius (A %)
Giycy'rhizae Racx (&)
0% aMmoLn's
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3. Antibody @} medium
2 A3loAlE  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 antibody, recombinant
mouse IL-4 (rIL-4), recombinant mouse IL-12 (rIL-12), (BD
Biosciences Pharmingen, San Diego, U.S.A.). Magnetic cell
sorting CD4 (L3T4) microbeads, mouse IL-4 secretion assay
detection kit, mouse IFN-y secrerion assay detection kit
(Miltenyi Biotec, Bergisch Gladbach, Germany), OptEIA mouse
IFN-y set, OptEIA mouse IL-4 set (BD Biosciences
Pharmingen) 50| AMSEHACE 2 AEolA] A Ziiekeg fslod
AFZE medias 10% defined FBS (Hyclone, Logan, US.Al), 1%
penicillin/streptomycin (Invitrogen Life Techologies, Rockville,
US.A) 10 mM HEPES, 11 mM sodium bicarbonate (JRH
Biosciences, Lenexa, US.A.)7} ZgHEl RPMI-1640 (Invitrogen
Life Techologies)= AMZ3IA

4. 1@ dutr- £

HEF BALB/c 89 1188 BFY FAVIE ShiS ¥
cell strainer (BD Biosciences Pharmingen)® Ze{Uiict #& 3
# HlgM el BET MAHE 18l 5 m¢ PharM Lyse (BD
Biosciences Pharmingen)& @1 5827} HFSA]17] & cello] BH
To] Q& tubeo]l 5 meS) mediaE E7ISH & 1,000 rpmollA] 10
27 QUERIGhL AENS HAGCE B MERRES 1
9] mediacll 34171 & trypan blueZ HAMFI MELE &
HolRr

5. CD4+ T cell B2}
HI BRI T 13107 cellso] B0 90 4 mediacl 10 4£9)
magnetic cell sorting CD4 (L3T4) microbeads (Miltenyi Biotec)

=

A ERIE & JENG HABIL 5 MOl mediaZ A& ST
e AZADB 24107 cells/ U STt HEE mediad
1l resuspensiont}il Ls separation column (Miltenyi Biotec)&
varioMACS separator (Miltenyi Biotec)o|] ZHX|gF & 3 m<)
buffer (PBS with 2 mM EDTA and 05% BSA)Z columng &
HAF L AERFHEE column QIO T FUSIGECE A ZEFH
0] columnS E5}d #ALE7FE TR 2 meS) buffer2 columnS
3H 7ol W F columng separatorofl 41 23] 5 mS] buffer
Z W71 plungerS EHA CD4' T cellE 22515

ot

Mitoge I= RIA] g3 HIE Luhre] EEE 58
571§l CeliTiter 96® AQueous One Solution Cell
Proliferation Assay (Promega, Madison, U.S.A.)9] protocolE 0]
8315l 5.9 WHEG 0183l CDA' T cellg Ei] 8 & 4x10°
cells/m®] L& 100 A flat bottomed 96-well plateod]
seedingBl9iCt. CD4” T cello] seeding ¥ plateol] JIEEERFE of
BE 2ZES 0, 0001, 001, 0.1, 1, 10 pg/m¢ =L Hrlsin
10 pg/m¢  anti-CD3e  (clone:145-2C11, BD  Biosciences
Pharmingen)7} coating®! plateollAl 2 pg/mé  anti-CD28
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JRARERC] HZE T ¢labs- Balol mixl= @

{clone:37.51, BD Biosciences Pharmingen)Z costimulationd}33
Ch o] E§HEE 48A171EQ 37T, 5% CO, incubator
(Nuaire, Plymouth, US.A)ollA] i8I

7. CD4+ T cell& Thl/Th2 cellE 23}

10 pg/ml anti-CD3e7} coating®! 12-well platesol] CD4" T
cell2 2x10° cells/meQ] BE & seeding & 2 ug/ml anti-CD28%
costimulation3}93iC}. MKERE F2E2 0, 1 ng/mle] =Tof
Al 24A17F €91 37T, 5% CO; incubatorollA] vkt & Thl cell
plate= 50U rIL-2 (Sigma-Aldrich, St. Louis, U.S.A.)$} 10 ng/ mé
rIL-12, 10 pg/m¢ anti-IL-4 (BD Biosciences Pharmingen)E Th2
cell plateoll= 50 U rIL-22} 10 ng/md rIL-4, 10 pg/m¢ anti-IL-12
(BD Biosciences Pharmingen)g H7}5l1 3% Zo 128
split3}3iTh. 48A|17F & cellS PBSE MAHEH & 10 pg/md
anti-CD3e%} 2 pg/ml anti-CD28E restimulation$l & 24A]7}

SO v STt

8. Secretion cytokine &

7.9] gl 2o B38) cell€ harvests)l?] 28] wash
buffer (PBS/0.5% BSA/2 mM EDTA) 2 W E 300 xgof|4] 587¢
LA EZISE & wash buffer2 281 washingdl3tt cold medium
OF 90 w/10%ells 7} HEE NITAHNSS resuspension gF 5
Catch Reagent (Miltenyi Biotec)E 20 u/10%ells H7}511 4°C
oAl 587} incubationdlI warm medium Q& W47} 1x10°
o] HTE 3)4alad 37ClA] 4027} incubation 1T} cold
buffer 5 mE 300 xgollAd] 1027+ YIMEE|EK] washingdl1l
HENS HAT H cold buffer 90 w/10%ellsE M ZAAES
resuspensiondtict. 3710 PE-conjugated Detection antibody,
FITC-conjugated anti-CD4 antibodyE H7ISt & 4Tol|A] 108
7} incubationS} cold wash buffer2 2% washingdt
FACScan (BD biosciences Becton Dickinson, Franklin Lakes,
USA)2E 2451

S

O Iu

9. ELISAE o} &3%} Cytokine L3l

=i
Flow cytometryoll A9} 22 £71

03

o 23518t Th1/Th2 cell
9l 4ZdolA] [FN-y, IL4 WSS FH5] I6le] OptEIA
Mouse IFN-y Set, OptEIA Mouse IL-4 Set (BD Biosciences
01831y
(anti-mouse IFN-y®i= IL4)E coating buffer (01 M
carbonate, pH 9.5)Z 3]415lc] 96-well plateol] 100 xf 4 E55h
& 470l 12A17F S coating I TE Coating$t plateE wash
buffer (PBS/Tween20, 0.05%)F 3H AMASE & Assay Diluent
(BD Biosciences Pharmingen)E 200 xf/well 2 2FsI & 42
oA} 1417} &9t blocking 319iC). THA] wash buffer= 381 A&
SH1L Standard®} AR E 100 o BFSE & 42041 24]17F b
SAlZiCE. Wash buffer2 581 A&l Working Detector
(Detection antibody +Avidin-HRP) 100 uA Z+ wellol] Z7}8t
F AL0iA] 1417t 812 % wash buffers2 108 HAd &

Pharmingen)@]  protocol & capture  antobody

Substrate Solution (TMB Substrate Reagent; BD Biosciences
Pharmingen) set& 2} well BiC} 100 W H7I5IACE 7 H 4
£0] o]F2 Toj/] 308 £} UIS B F 2 N HS0:E 50
7} 8 & 308 Qkoll Micropalte reader (Molecular Devices,
Sunnyvale, US.A.)E 450 nm/570 nmoljA] 21Tt

10. Real-time RT-PCRE 0| &%} cytokine 23 HH
1) Total RNA Isolation

A7) AgolAet Z2 ZHOE CDA' T cell2 Thl/Th2 cell
2 2515t 5 cell& harvestGlol PBSE A& 311 Trizol Solution
(Invitrogen Life Technologies)& ©[&, M Z&A}Q protocolo] &
5l total RNAE 22|314CE

RAZEAFAEL pellet pestle 0| E5lo] FIBISINCE T2
3 EHofl 500 p9] Trizol Solutiong & 71511 7V Al vortex
ol & 4204l 58237 sI3AIXTE o] E%o tlA] 100 pte]
chloroform3 H715lo] 2t A& & 420l4] 387} Hh3A17] tf
& 4CollA 12,000 xgZ 1587 X Ee] 3Ict. JE5H
tubeol] £71 12 d7]of 250 ut 9] IsopropanolE & 715l 102
A2l A BEZAIEE TR 4TollA] 12,000 xgE 1587 &
2 SIdct 45N E WASH & FHES 500 w 75%
ethanol 2 M &G & 4TollA] 7,500 xg&2 557 Y41 8] 619t
NEHEZ HASH F pellets HAXRSI] 50 wol  diethyl
pyrocarbonate (DEPC, Calbiochem, San Diego, US.A) 2| &
Fa0l RNAE =91 T2 spectro photometer (DU5S00, Beckman
Instruments Inc., Fullerton, US.A)E o|&dlo] HEsl%ir).
2) cDNAS] B4

cDNAQ] &2 M-MLV Reverse Transcriptase (Invitrogen
Life Technologies)S 01&8l0d FAEALY] protocolo]l F£51] 41A]
SIECE 25 49 total RNAo] 1.1 02 10x DNase I Reaction
buffer, 1 4£2] 1 U/ DNase I (Invitrogen Life Technologies)&
H7KSH & DEPC M) EF,E Jol 9kado] 11 wo] A ¢
T ARollA] 1527} migeld] QEEUEA ZE DNAS A|A
SICE Hie & 1 w9 2N E WE 2lske] T %ol DNA
7+ GOl #0l5t7] Y5k PCR BHS-E 5i%iEt 10 e gt
Sl 1 49 0.5 g/ pt Oligo(dT)12-18 primer (Invitrogen Life
Technologies)& H715H & 70Tol|A] 158 &QF ¥ISAl7l & 4]
&3] G20l €ol RNAY] oA RE EOFUCE IS 4
09 5x first strand buffer, 1 42} 10 mM each dNTPs, 2 uf
9] 0.1 M Dithiothreitol, 1 x9] 200 U/t M-MLV Reverse
Transcriptase, 0.5 p0S] 40 U/ud RNase inhibitor (Invitrogen
Life Technologies), 5.5 ut DEPC Az} £E4E Hrlsld A&
BulE 20 E TKET 37°CollA] 60 B2 vlekslo] single strand
cDNAE Eoldirt ghgol vt HFEM 2 72°CollA] 158 7F Bl
2l enzymes EEH 3 SIATE
3) cDNAY] Real-time PCR gl

ZtZrol Bol wAAL wElEg &35 fsld gee
c¢DNAZ Real-time PCRE AAIBIGCE 1 102] cDNAO] 125 uf
9] 2x SYBR Green PCR Master Mix (Applied Biosystems,

iita!
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o N o
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Warrington, UK.), Z}Z} 1.5 449] 5 uM sense, antisense primer
(Genotech Co., Dae]un, Korea), 85 w9 £F4% dol 25 wr}
EAH 8t & GeneAmp 5700 Sequence Detection System (PE
Biosystems, Warrington, U.K)oll4] PCR&I2ICE PCR ZAE 9
5CollA] 1087 £ denaturationgh & 95T 15%, 60T 602 E
40 cycle ¥H25l9IC). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), Interferon-y (IFN-y), Inter leukin-4 (IL-4) FHA}9]
primer sequencei= Table 2 &} ZC|

c¢DNA= 242+ 1, 1/10, 1/100= serial dilutiong
g M PCR slod HAapag ARSI
amplificationo] thresholdol] T @3¢} Cycle number (Ct)E
2 standard curvesr JI1gA] A=, 24 FAXEY
GAPDHO 218 2kE 0]&310 normalizationd|eitt. PCR
9] EF F 60~95T AWoAe 21¥ signals FHEHSK

dissociation curvef: A GIQATE

32
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Table 2. Sequences of primer used for real-time RT-PCR

Gene 0 19CNuCe0t ce Sequence
CAE Ry 5- GGC ATG GAC TGT GGT CAT GA -3
B FW 5- T1C ACC ACC ATG GAG AAG GC 7
“ Y] 5~ ACA GGA GAA GGG ACG CCA T -3
K. 5- GAA GCC CIA CAG ACG AGC TCA -3
ey Py 5~ TCA AGT GGC ATA GAT GTG GAA -3
Ry 5- 130 CTC TGC AGG ATT TT1C ATG -3
- Fv/ 5~ GCC AGG GAA CCG CTT ATA TG -3
e gy & GAC GAI CAT 010 061 CAG AT 3
CAIA S Fw 5- GAA GGC ATC CAG ACC CGA AAC -3
J Ry 5- ACC CAT GGC GGT GAC CAT GG -3

ELEE!
€l CD4™ T cell®) W&o mIRle @&k

1. IRERMES £5H0] B
20| FHO| APC (antigen presenting cell)

IRLREE: REE0

7F Glol T A AEOE CD4' T cell $E) kg u|X]| =R &l
olod 16 CD4™ T cells: HEEit & REEE =¥UT Soiala
48A17HEQ HHOKSE AT mitogeno] {1 AFERO ~]—‘,§ D4" T
celldl YEgo| ek XX hEg FOIE & UAUCE ot

anti-CD3e/anti-CD28 antibody = activationA}73 & wlol= 1 ng/
molA] CD4" T cell®] #4&EE0] S7HHACE

750+ —=— Non-Activated
P T — . - Activated
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Fig. 1. Proliferation of CD4" T cell in medium containing various
concentratlon of GM extract after 48 hrs incubation Scrted CO4™ 7
Lpooulre teaed v ant CDGesgnt U098 a™ipooes iCag T ocel or rot Cei
oo feraten vas guatthed oy VTS obbd, g "as ira.cate

2. MBEERE EZFE0] Thl/Th2 cell skewed A}&0A]
secretion cytokine Welgko] wxjE ggky gt Flow
cytometry &5

Naive CD4" T cello] fIBREFRHE F&2 1 ng/mE T8}
a2 50 U rIL-2, 10 pg/mé anti-11-4, 10 gg/mé anti-IL-12, 10 ng/mé
rIL-12, 10 ng/m¢ rIL-4& 0] &5Kd 78 &0 Thl celli} Th2 cell
& polarizationgh & Th1/Th2 cell Z&oA]
cytokine 2IHAZFE flow cytometryE QIS Z34, Thl cell
skewed &tZofA] TFN-yQ @l3gfo] 3.9% LAEIRLM, L3
Th2 cell skewed &}l A= IL-49] dkalzto] 3.9% AT %
E151%Tt (Fig. 2).
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Fig. 2. Secretion cytokine expression of Tht and Th2 cell
polarized from ThO Sorted CD4™ T cells were treated with rlL-12, rlL-4 antibodies
to polarized CD4+ T call for 7 days. Cells were stained with FITC-conjugated anti-IFN-
¥, ant-lL-4 and  PE-conjugated anti-CD4 anticodies. A G Cells were incubated in
medium without GM extract as control, B, Or Cells were incubated in medium containing
199/ m GM extract,

200008+ 150000+

1256604

1EN-y (pglrnl)
IL-4 {pgymi}

!
|
7. 150000 j
F
i
i
!
|
r

s 100030

1309654 o e S
Thi_oan Tr_GM The_con Th2 GV

Fig. 3. Companson of secreted cytokine from Thi and Th2 cell
Sorted CD4™ T cells were treated with 11L-12, riL-4 antibodies to polarized CDA™ T cell
for 7 days ELISA assay of the IFN-y and iL-4 expression in polarizing condition on 7
days. Con: Cefis were incubated in medium withcut GM extract as control, GM: Cells
were incubated in medium containing 1 ng/ml GV extract,

3. NMEEE/RE Z2ZE0| Thl/Th2 cell skewed 2AMEHjA]
cytokine @Szo] nR)= ko it ELISA &7

Naive CD4™ T cello] MKERE Z&E2 1 ng/nl Fo5HT
50 U rlL-2, 10 pg/m¢ anti-1-4, 10 pg/m¢ anti-IL-12, 10 ng/md
rlL-12, 10 ng/mé rIL4E o} &3dld 78 &QF Thl cellit} Th2 cell

- 1400 -



Z 23l ¢ & 45AoA cytokine WZE ELISA B E 0]
510 Z-¢F Z3, Thl cell skewed 2t3ollA] IFN-yQ| a}32f
2 32% &7FA17) §FH Th2 cell skewed 2120l A= IL-4 vialgd
g 3% ZAAFe

4. MRERE Z&E0] Thl/Th2 cell skewed 2}&of|A] IFN-y,
IL4, mRNA w3z o]x]E= Fakol] gt RT-PCR &5

MHERE FEES Folole] 74 S¢F siekst Thl/Th2
cellolA] total RNAE Eg|5lil cDNAZ 4J5kd Real-time
PCRECEN FAXI wagrs Erist 2ike v 2k
1) GAPDH

21710l [FAANe] UEBE  normalizationghr] 161
internal controlZ4] AMEE GAPDHE] dissociation curve@} 7}
Z o] S22 A9 Ct Y 71FESFE A E standard curve
= NEBIE) Standard curveE AFEERE=T A12E dataQ] A
el HEAZA T R2E 099662 LIERJA] standard curves= &&

IFN-y FAXto] gl real-time PCR Z3} dissociation

curve®} standard curve= Y2F5}9IC}  Dissociation curves

nonspecific PCR producti} primer dimer® 42 JAUH A&
Borm s Ct 319 H83A R E30 R2E 09928 Lie}
L] standard curver HASH ACSE Q1FIAC}. Standard
curveE 0183l ¥ A15Y IFN-y FAA] duidel ek
GAPDHY glsiZtEg o]&26ld Lhs S EH normalizationd}R3rt
(Fig. 4). Thl skewed 2184l NKERE FEEES 1 ng/ml F
rAgatel =4

o3t ol thATH Hwsio] 13% 2

125+

-~ 100

754

504

IFN-y/GAPDH(%

254

[+]

Con GM

Fig. 4. Expression level of IFN-y Each amounts of mANA were normalized
wath respective amoun: of GAPDH.

3) IL4

IL-4 X0l thdh real-time PCR Z ¥ dissociation curve
9} standard curver AJEIGIC}.  Dissociation  curves
nonspecific PCR productL}t primer dimer®] 42 g3E AS
HojFEm 552 Ct 3l Jg3ARH AT R2E= 099928 Vet
LIA] standard curves= HASE A O F QIAZIYCE Standard
curveg 0|83l ¥ A|GE IL4 FHAL AthEQ) ok
GAPDHQ| 9l5i2tE o] 238l L= O 24 normalizationd|ed
(Fig. 5). Th2 skewed &&ol|A JIKERE FEEE 1 ng/ml &

ofgh orol thETE3 Hlusle] 51% Z43ki

125

. 1004

-

x

B 75

&

3 50+

=
254

0

Con GM

Fig. 5. Expression level of IL-4 fach amounts of mRANA were normalized
with respective amount of GAPDH.
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