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Suppressive Effects of GHS in Knee Joint, Regional Lymph Nodes,
and Spleen on Collagen-induced Arthritis in Mice

Nam Woog Kim, Dong Hee Kim*

Department of Pathology, College of Oriental Medicine, Daejeon University

Rheumatoid arthritis (RA) is a systemic autoimmune disease with chronic inflammation characterized by
hyperplasia of synovial cells in affected joints, which might be mediated by the altered activation of Immune system,
ultimately leading to the destruction of cartilage and bone. To examine effects of GHS on rheumatoid arthritis DBA/1J
mice were immunized with bovine type Il collagen to induced arthritis and then treated with GHS once a day for 7
weeks. Oral administration of GHS (200 mg/Kg) significantly suppressed the progression of CIA, which extend is
comparable to that of methotrexate (MTX, 0.3 mg/Kg), a positive control. The severity of arthritis within the knee joints,
which was evaluated by histological assessment of cartilage destruction and pannus formation, was also lowered by
GHS. The production of TNF-and IL-6 in serum was significantly suppressed. The levels of IFN-g in the culture
supernatant of splenocytes stimulated with CD3/CD28 or collagen were dramatically decreased, while those of IL-4 was
increased. The levels of IgG and IgM RA factor were also decreased in the serum. FACS analysis indicated that B cells
(in DLN), CD3+ T cells {in spleen, and paw joint), CD11b+Gr-1+ cells (in paw joint), CD3+CD49b(DX5) (in PBMC) were
decreased and there was increased proportion of CD3+, CD4+, CD8+, CD4+CD25+ T cells in DLN. In conclusion, our
results demonstrates that GHS significantly suppressed the progression of CIA and this action was characterized by the
decreased production of TNF-a, IL-6, and rheumatoid factors, and modulations of immune cell populations.
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U8 SES SU20BUAY (England)oll 4] BRI 65
H9 DBA/1Z 257Y SC U4 ol 3417 & 40
ARBTINCE BE A4 & dE conventional system©O.& 22+
2T, 195 12412 200~300 LuxZE £HEIL, 1241712 ZE W
g AFSIFCL AlEE ﬂoﬂ/\}E (EEhE 221% o), AXg)
8.0% o1, 2R 5.0% 0151, Z31& 8.0% olsl, L 06% 014,
Q1 04% old, kAl 2HA 2HE7hG 28 5] SHolRrt
2) ok

E AEo A3 iRIREE (GHS)S 7+8 S22 uiE
St REEHE QoA Fist = FMsle] AME8IRaL, Av
18 (59 HEW 222 Table 13 ZTh
3) Aler 5 717

Bovine typell collagen, acetic acid, complete freund’s
PSRN fo=Ea ACK 8o

adjuvant, ME T S,
NH,Cl, KHCOs, demineralized water, trypan blue, ethyl ether,

methotrexate, heparin,
collagenase, TMB, antibody biotin- conjugated, formaldehyde,
diethyl pyrocarbonate (DEPC), trypsin-02% EDTA, 34,

S:dimethylthiazol-2,  5-carboxyme  thoxyphenyl-2,4-sulfoph

o
ot
ols

enyl-2H-tetrazolim (MTS),
(DCFH  -DA),
QFll, trichloroacetic acid, isopropanol, Dulbecco’s
phosphate buffered saline (D-PBS) 52 Sigma Al (US.A) A&
8, Taq polymeraseS} Deoxynucleotide triphosphate (ANTP):=
TaKaRa A} (Japan) AEE, “HAIE4L (Moloey Murine
Leukemia Virus Reverse Transcriptase ; M-MLV RT)S} RNase
inhibitor= Promega A} (Madison, US.A) Al&&, IL-4%} IFN-y
< ELISA kit (Boosourse., US.A), antibody Avidin-HRP
conjugeted (R&D system, US.A), FEHo} EF (fetal bovine
serum, FBS)& Hyclone A} (Logan, US.A) A&&, DMED2
Gibco Al (Gaithersburg, MD, USA) AES, RNased
Pharmingen A} (Torreyana, US.A) Al&E, Q17+ ZHEE TNF-a
9} IL-18E= R&D system A} (Minneapolis, USA) AEE,
PE-anti-CD3e, FITC-anti-CD19, FITC-anti-CD4, FITC- anti-CD8,
PE-anti- CD25, FITC-anti-CD69, PE-anti-Gr-1 FITC-anti-CD11b,
FITC-anti-CD49b= Pharmingen A} (Torreyana, Iraq) AMEE,
anti -CD28, anti-CD32 SerotecA} (Oxford. UK) AMEE -6t
o AEEIon, 7IEF YUt Ak B AlokE AMEGI

2 7o AR e g¥FE7] (HS, Korea),

microwave oven (LG, Korea), real time quantitative RT-PCR

2,7-dichloro-
dihydrofluorescindiacettate chloroform,

RPMI-1640 HHQkeH

(Applied Biosystems, Co., US.A), flow cytometer (Becton
US.A), Japan),
centrifuge (Centrikon, Sigma), bio-freezer (Sanyo, Japan),

Dickinson, spectrophotometer  (Shimazue.
primus 96 thermocycler system (MWG Biotech., Germany),
turbo thermal-cycler TM (Bioneer Co., Korea), heating block,
ice-maker (Vision, Korea), CO; incubator (Forma scientific Co.,
US.A), clean bench (Vision scientific Co., KMC-14001, Korea),
(Biichi 461,
Switzerland), freeze dryer (EYELA FDu-540, Japan), autoclave
(Hirayama, Japan), imager system (Kodak, U.S.A), plate shaker
{Lab-Line, U.S.A), ELISA reader (Molecular devices, US.A),
96-well Costar Al (Corning Inc, Cambridge, Mass. U.S.A) 2
homogenizer (OMNI, US.A) & AFE3ISTE

vaccum pump, rotary vaccum —evaporator

Table 1. The Composition of Gamihaedongpi-san{GHS)

HEL E X (g)
N Erythrinae Cortex 15
+ B Achyranthis Bidentatae Radix 75
i Ledebouriellae Radix 75
B & Angelicae Pubescentis Radix 75
' & Dipsaci Radix 75
1h@mss Epimedil Herba 75
AN Acanthopanacis Cortex 75
Dot Paeonia Radix Rubra 75
I Dioscoreae Tokoro Rhizoma 75
o Asari Herba Cum Radice 75
% Siegesbeckiae Herba 10
B Spatholobi Caulis 10
BAG:EA Corydalidis Tuber 5
S Lonicerae Caulis 10
Total amount 1175
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2. 4
) AR FE

GHS 28 2ol 27 &7 2,000 w2 7Isld 8 £&
7oA A7 FESIH A2 Ag &Y oAl o1F Tt F

Z7%%] (Rotary evaporator, BUCHI B-114, Switzerland) & &%
BIACE. 018 TR BZ ZAZE7] (Freeze dryer, EYELA FDU-540,
Japan)E 0| &35} %ﬂ 7S 5204 g), BE (84T) BES}
WA g5 %E M5l AESIRT
2) UL B 45 (ClA) ZE
(CIA)Z bovine typell collagenol

0.01 mol/ LY acetic acid®} complete Freund's adjuvantE =%t
St & 200 ugE DBA/1] AFoll o5} FAIGIL, 219 & SH<
boosting 5l CIA FEE {Fasldth. 4872 ZA DBA/1J
47 niIE O T2E CAE FHAITIAl 42 423 ClA
& FERI7] IR T, methotrexate (0.3 mg/kg) X218 FHhE
T GHS FOF2E LRIt
3) AR Fo

DBA/1] 47 6 vigi¥g o 2 2= 5l & (WT), A
BEAE A2 &2 thET(Control-CT), I2] I methotrexate
(0.3 mg/kg) A2l GHS MTITFLE LF+0] booster & o2
FAE AlZlGIot 47 A2 SeiAdeE miY 13
47 iy 7 R8I, FERTE MTX (0.3 mg/kg)E
Y 13 ZHZF 01 ml A FZo] FABIew, GHS (200
mg/kg) A1 757 S Y 24 11410 B+ T3
4) Arthritis index (Al) £4

Type I collagen@ & boosting ¥ DBA/1] 4F 2] 2t 4719
gl 4] BEH ASE Mann-Whitney U test] 7)&™0) wlz} wt
HE (Incidence, %)& AESIL, CIA F FE(FH)E 1 F

1814 753 7126100

Collagen gt #&EY

M
e

j=)
FEdE

No arthritis
Small degree of arthritis
Light swelling
Medium swelling
Severe swelling

Lo O

5) Spleen, draining lymph node (DLN), paw joint®] A2 55
CIA g3l0) 45371 oF2& Azlsle] 43g 5ok, 4
SEE ethyl etherE TIFAIZ] £ 4F oA spleen, draining
lymph node (DLN) ¥ paw jointE H &3} 015 100 mesh
Z MEE B2l # D-PBSE 5827 H41E2] (1700 rpm)5id 2
3 MA é} % cell strainer (Falcon)oll EXR|AH A E 0]9]9) Ea)
HA 2 2o BEeES AASINCE 1ela #EEe 2A
chopping$t & collagenase 1 mg/ml (in 2% FBS + RPMI 1640)
S @, 37C shaker (180 rpm, 20 min) BQ7]oIA WISKS} &
HAEAg 4ok PHOT 43 HHESINDL OIRE flow
cytometer®] Cell Quest ZE TG 0|F5lo] WEE (%) 2 B4
ot & A E,E MGG 24 28 0x9] M Z5 (Absolute

number)E 4AFEIIKTTH
6) 33 SAx 24

SN EL EFolA VERS Hig} Zol, 4BHE BolITt
&A7100 2}z PE-anti-CD3e, FITC-anti-CD19, FITC-anti-CD4,
FITC-anti-CD8, PE-anti-CD25, FITC- anti-CD69, PE-anti-Gr-1
FITC-anti-CD11b, FITC-anti-CD49bE @1 30 27} &SollA] Ht
SAZC) vk & 33 ol oIE UERIgSE eAle &
flow cytometer®) cell quest ZEIWE 0]Eal] WEE (%)= &
A3 & BN ESE H 831 spleen, draining lymph node (DLN),
paw jointollA12] Erh MES (absolute number)E AFE3IAT

PBMC(peripheral blood mononeucleo cell)& heparin®] &
olA= 7:,\}7]§ AF AREeR MNddlel grg Belgh ¥
SN EE 2SI 015 MEZES ACK §9 (83 g NH,C,
1 g KHCO;, in 1L of demineralized water + 0.1 mM EDTA)E
AeollA 582 B¢ Alslel JETE 8aHAITIL, W] D- PBS
2 23] AABIPCE 015 0.04% trypan blueE H4H% xﬂ
£ ZX3I¥ck 2538 PBMC M ZE 5 x 10°/ml /H]ii =5
Z 4T HY FHHEA (immuno fluorescence stammg)%
A5 flow cytometer®] cell Quest ZZI1YE 0|&3lo] v
g (%2 B4t
7) B EY IL4, IFN-y A& =8

A8 £F & UZHE (2 x 10°/mL)E anti-CD28 (1 u
g/mL) (Serotec. US.A)?} anti-CD3 (1 ug/mlL) (Serotec. US.A)
3HA, 18] 1 collagen type M (1 ng /mL)Z 96-well Costar FA|
(Corning Inc, Cambridge, Mass. US.A)olIA] coating ¥ plateciiA]
48A17F Bt BAWRY B1KCE BI& IL49} IFN-y= ELISA kit
(R&D system, US.A)E 0|83l EH3IMCE 7 welloll CTA 45

S

o) HIZHIE Hie A5 100 wA BF5KL, 1 AR B0t Ao
A WIS F 23] washing &5 EHOE MHT thE antibody

biotin-conjugated S & 1L 3027 WAISIACE THA] 28] 4] & &
%= gHoZ M)A C}S antibody Avidin-HRP conjugeted (R&D
system, US.A) 100 (& XEI3HL, 1 AIRF U204 EXI$ = o
Al AAEIHCE d710] TMB 712& 100 w¥ BF6HL Aol
30 B7F RIS & 100 9] stop EHE A2lEh & ELISA reader
£ 0183814 450 nmollX] FEEE FEIIC
8) U APIET7I B4
477} index S &8 £ ethyl etherZ TSI A& AL
HoZ gag MEs £ g¥= -‘E Zl5idct. 228 EFollA
IL-62 TNF-a 5% 582 CIA
immuno-sorbent assay (ELISA, Endogen, US.A)E MEEE &
BT 7t welloll CIA 79] €& 100 1 (1/100 dilution)?]
BREFH, 1113 50t A2004] BRI & 23] washing &S &
WO MAS T} antibody Avidin-HRP conjugeted 100 (4E
AISIL 1417 A20A gRISE & o] AESKIE. of7]ol
TMB 712 100 p¥ 2F3L Giolx 3083 X8 & 50
w2 stop ENE XI5t ELISA reader 450 nmollA] EBEE
B hols v 2
9) @& W collagen 11 83l 5%

48 E8 = enzyme—hnked

é?.
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Cll gAY CIA 48 &8
enzyme-linked immuno -sorbent assay (ELISA, Endogen, US.A)
EHoI9TE 7} wello] CIA #F9) &F 100 pf (1/200
dilution)® EF3L, 12 A7 Bt 4T WZRlo] YR8t 5 23]
washing 2H5 BHOE HX S} t}Z antibody biotin-conjugated
€ 21 307} SAISIICE ThA) 23] oAl £ 25 SHOE AA
S} Th2 antibody Avidin-HRP conjugeted 100 p(E AM2I5hL, 1
AR Aol WA & ThA) AR of7le] TMB 7122
100 w8 BFSHIL ehaollA] 30 B YRS & 100 49) stop &

g3 W 5%

HE APISt & ELISA reader 450 nmollA] BT E SH6I9CL
10) EAFE

TS A O ERE ¢ AW mean * standard error2
71231131, 7Y HES Student's T-test BAARHEG 0185}
o} 29514

O
e

o~ 1
\o flio

g 02
e
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2

o
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rr

22

—— CIA-CT

—a— CIA-MTX

16

—&— GHS 200mg/kg

Arthritis index change

7 week

After Drug treatments

Fig. 1. Suppressive effect of GHS on arthritis index of paw paw joint
in CIA mice. Arthritis index were scored according to Mann-Whitney U test at
every six day interval, Following boosterization of collagen mice were divided into
three groups and each group was treated with DW (CIA-CT), GHS (CIA-GHS ; 200
mg/kg) or MTX (CIA-MTX : 0.3 mg/kg) in a daily base. Statistically significant
value compared with CIA-CT by T test (*p{0.01, *p{0.001).

2. Spleen, DLN Y paw joint®] & Al3%<5o] niile A&k
DBA/1] micet] 857t GHSE 4T £0{3} & spleen, DLN

% paw jointoll H8] & HEXN ELLE HES A1, spleendiiA=

FAHE0] 910 + 1.10 (x10%), THETO] 17.20 + 1.00 (x107), MTX
0] 1520 * 1.80 (x107), GHS 200 mg/kg FolTol 8.20 +

2.20 (x107)§ LIER thAEToll HlBlo] 7ol (=p<0.01) U= 7

FIE VEMIAUTHFg. 2).

DLNoj A= Fakro] 43.80 + 18.60 (x10°), THZET0] 7.56 +

324 (x10°), MTX $017%0] 5430 + 3.61 (x10°), GHS 200 mg/kg

=

=]
=
E
)

E
T

Bl

ofn
ok

Fa o] 1950 + 1.70 (x106)Z LIERY, 0] HA] TR HISke]
FYY (»p<0.0l) Ue BV SIE VERNRITHFig. 2).

Paw jointol A= &Ko) 30.3 + 1.20 (x10°), HZET0] 114.0
+ 1.8 (x10%, MTX S0I20] 69.70 + 49 (x10%, GHS 200 mg/kg
Eojo] 5775 + 89 (x100F UER} thETol vk 24
(*p<0.01) U= L& EAE VEMIRITHFig. 2).

20
18
< 16
=
CART)
E 12 *n
ERU)
=
3 8
=2
E;
g 6
B4
2
0
WT cT MTX 200mg/kg
GHS extract
70
&0
<
% 50
Zw
E
Z 30
)
T 20
&
10
0
WT 200mg/kg
GHS extract
140
120
<
el 100
? w0
E
E @
2
§ 40
20

_ 200mgfkg
GHS extract

Fig. 2. Effect of GHS on total cell number of spleen, DLN and paw
joint in CIA mice. WT(Normal), CT (Control), MTX (0.3 mg/kg) GHS (200
mg/kg). Statistically significant value compared with CT by T test (*p<0.05,
p<0.01,p<0.001).

HIZW CD19+ M ELE absolute numberE AHESH A3,
HAEC) 432 £ 89 (x10%), AART0) 1184 + 59 (x10%), MTX %
ool 814 + 89 (x10%, GHS 200 mg/kg FoiT0] 496 + 59
(1092 ViR, thZRTol 815l R4 (**p<0.01, **p<0.001)
e 4 aNE VERRICKTable 2).

(2) CD3+ wslol] n)x)E EE

HIZHN CD3+ M Z4hE S,

absolute number®. 4}&3F A3, &
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Collagen IIZ BT CIA BEY AF9 vt MxwMEES oA an

2320] 374 £ 29 (x10%, THETO] 42 £ 2.2 (x10%), MTX £
0] 529 + 3.1 (x10%, GHS 200 mg/kg STO] 262 + 2.7
(x10% 2 LIERTHTable 2).
(3) CD3+/CD69+ w5lol njX|= FEk
HIZ CD3+/CD69+ A|EE absolute numberZ AHETH
A3}, 470] 45 £ 0.0 (x10%, HETO] 235 + 15 (x10%), MTX
BE0JF#0] 47 £ 1.3 (x10%, GHS 200 mg/kg $0T0] 57 + 1.6
(1092 UERL HET0] 8ISk |4 (*p<0.001) A& 4
AI}E UEMIATHTable 2).
(4) CD4+ 5ol mX])= EEk
H]ZhH CD4+ M E4E absolute number®E AHESH A1), &
AT0] 205 £24 (x10°%), HETO] 218 + 44 (x10°), MTX £2
0] 30.6 + 3.1 (x10%, GHS 200 mg/kg ST0] 158 + 3.1 (x10%)
E UERITHTable 2).
(5) CD8+ &80l t|il= F&F
HIZhY CD8+ M| E4*E absolute numberE A1&¢ 21, &
A20] 16 £ 03 (x10%, THEZO] 2.2 + 0.3 (x10°), MTX AT
0] 2.2 £ 0.2 (x10%, GHS 200 mg/kg STl 1.4 0.0 (x1092
UERY bR 7ol HIGkd |94 (=p<0.01) U= 24 g3E Ul
ERNSICHTable 2).

Table 2. Effects of GHS on Absolute Number of Cells in Spleen of
CIA Mice

GHS
WT "l MTX 200 maZka
€019+ x10% 432 + 89 1184 = 59 814 = 89™ 496 + 59™
CD3+ (x10% 34+ 29 4222 529=*31 262+27
CD3+/CD6S+(x10Y) 45+ 00 235+ 15 47 £ 13" 57 16™
Cha+ (x10f) 205 24 218+ 44 30631 158 + 31
ch8+ (x10% 16+03 22+03 22+02 14=+00"

2) DLN W} HEM Zo niX= FE
(1) CD19+ W5lol] PIRl= Eek

DLNOJA] CD19+ M|E<E absolute numberZ AFE3 2
3, F4P0] 1053 £ 3.2 (x10%, THZRT0] 353 + 1.5 (x10%), MTX
Eoi 0] 1020 + 6.7 (x10%, GHS 200 mg/kg T T-0] 56.3 +
45 (x10HZ LERY, IETO) HISIH S48 (*p<0.01) UE &
7} A& UERRICHTable 3).

(2) CD3+ gdlof| miX|= J&

DLNolA] CD3+ M| Z 45 absolute number®. A8 A3,
HAF0] 3115 + 4.7 (x10%, HETC] 36,6 * 5.1 (x10%, MTX %
o] 0] 4072 + 2.1 (x10%, GHS 200 mg/kg F0]0] 127.8 t 6.6
(x10%Z VIR, thETol BI5l {4 (**p<0.001) Q= S7}
ENE LIERAACKTable 3).

(3) CD4+ slol] nX)= P&

DLNOIA] CD4+ M3ESZE absolute numberZ AME3F A,
Hakro] 2232 + 107 (x10%, THETO] 251 + 7.9 (x10%), MTX
EojFo) 2736 + 2.8 (x10%), GHS 200 mg/kg FHT0] 95.6 +
23 (x104& UERL, tiZTol HI5k FI4 (*p<0.001) A=
&7} 35 VERNRACKTable 3).

(4) CD4+/CD25+ Wdlol] vlX|= &
DLNOJA] CD4+/CD25+ A E£4E absolute numberE 4HE
3} 23, AaFEo] 293 + 1.1 (x10%, TAETO] 65 + 2.6 (x10%,
MTX £037%0] 31.1 + 1.8 (x10%, GHS 200 mg/kg F0iT0] 12.7
t 12 (1042 VERL, tiEFol Hidlol §9E (*p<0.05) A=
&7t ZIE VERATHTable 3).
(5) CD8+ widlol] nixl= gt
DLNolA] CD8+ M E4E absolute number® 4+&3} 23,
Kol 934 + 45 (x10%, HET0] 109 + 63 (x10%, MIX &
oo 1383 * 9.4 (x10%), GHS 200 mg/kg FHT*0] 415 + 25
x10hF UERY, thET) BIglkd |94 (=p<0.01) A= &7}
EE UERITHTable 3).

Table 3. Effects of GHS on Absolute Number of Cells in DLN of CIA
Mice

GHS
WT cT MTX 200 Mg/kg
CD19+(x109 1053 + 32 363 £ 15 1020 £ 67 563 + 457
Cos+ (X109 3115 £ 47 366 + 51 4072 £ 21 1278 + 66™
Ch4+ (x10f) 2232 £ 107 251 + 79 2736 + 28 956 + 23™
CDA+/CD5+(i0Y) 293 = 11 65+ 26 311 & 18" 127 + 12
CD8+ (xi0h B4 45 109+63 1383 +94 415+ 25

3) Paw joint W WM Eo| mIRlE FTF
(1) CD3+ Wdlol n|x|= JEk
Paw jointoll 4] CD3+ MZ4E absolute numberZ 4HE0H
A3, Halzo] 123 + 3.2 (x10%, tHETO] 1378 + 351 (x10)),
MTX S0J:70] 53.6 + 4.1 (x10), GHS 200 mg/kg F0IT0] 42.0
+ 256 (x100Z LERL, tiEFol HI5l | (p<0.05) A=
Za ZAE LERARITHTable 4).
(2) CD11+b/Gr-1+ &i8lo] njx)= Jg
Paw paw jointollA] CD3+ M|E4E absolute numberZ 4}
&3 A, B0l 35 + 05 (x10%), tAETO] 1830 * 71
(x10°), MTX F0dF0] 35.7 + 7.5 (x10), GHS 200 mg/kg Tl
o] 303 * 86 (x10)Z UERL, tHEZOl didld {AY
(*p<0.01) U= A4 ZAE UERAATKTable 4).

Table 4. Effects of GHS on the Absolute Number of Cells in Paw
joint of CIA Mice

| G
WT CT MTX 200 Ma/kg

CD3+ (X109 123 £ 32 1378+ 351 536 £ 41" 420 + 256
CD11+b/Gr-1+(10° 35 + 05 1830 + 7.1 357 + 75" 303 + 86™

4) PBMC W HIXH o] )R]z HEF
(1) CD19+ 3ol piA]e B
PBMCOllA] CD19+ A Z4E absolute number= 4+&35+ &2
3, AT 298 £ 0.1 (%), AET0] 238 + 1.6 (%), MTX %o
0] 22.7 + 2.9 (%), GHS 200 mg/kg FoI70] 289 * 31 (%)2
UERITHTable 5).
(2) CD3+ wslof| mjAl= FF
PBMCollA] CD3+ A Z<E absolute numberZ 2}E¢ Z2
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FEER

W, Fao] 603 + 2.8 (%), THETO] 69.4 0.5 (%), MTX T
T01 683 £ 0.7 (%), GHS 200 mg/kg THTO| 52.1 + 5.9 (%)&
UERLL, thRol Hlele] F94 (fp<0.05) A= 24 e vt
EMACHTable 5).
(3) CD3+/CD69+ W3io] nx]= &gk
PBMCOlA] CD3+/CD69+ M|E4E absolute numberZE 4}
E3F 23, Aol 83 + 20 (%), THETO) 374 £ 09 (%),
MTX FaF0] 229 + 1.0 (%), GHS 200 mg/kg FolFo] 125
£ 24 (0)2 UERE, tiEwol vigiod J4 (**p<0.001) U=
Ta ENE VERAITK(Table 5).
(4) CD4+ Wdlol] m)R)= Hek
PBMCHA] CD4+ H|EZ4E absolute number® A1&ESE 2
T, HA0) 452 £ 3.6 (%), AR 659 + 1.7 (%), MTX Fo
0] 488 = 04 (%), GHS 200 mg/kg F4720] 48.0 + 5.3 (%
E UERL dZ T H15kd R (*p<0.01) U= HAa EHE
LIERASACHTable 5).
(5) CD8+ widdol] miXie= et
PBMCOlA] CD8+ AH|Z4E absolute numberz 41&538 2
o, HF0] 78 + 01 (%), HET 82 £ 0.7 (%), MIX FoT
10.1 % 0.3 (%), GHS 200 mg/kg FoIT0] 84 + 0.7 (%)= Ve
WCH(Table 5).
(6) CD3+/CD49b+ W&ol mR)= Qgk
PBMCollA] CD3+/CD49%b+ M Z4E absolute numberE A}
Z3 23, FaFo] 374 £ 09 (%), THETO] 622 + 02 (%),
X FofFo] 538 + 04 (%), GHS 200 mg/kg Fol720) 1.64
0.6 (%)= LIERL, tiRTol Bl6kd F94 (**p<0.001) U&=
i TIE VBRITHTable 5).

~

5

H

Table 5. Effects of GHS on the Percentage of Cell Populations in
PBMC

GHS
WT cT MTX 0

CDI9+ (%) 298+ 01 288+ 16 227029 289+ 3]
CO3+ (%) 603 +28 694+05 683 %07 52159

CD3+/CDB9+(%) 83 =20 374+ 09 229 * 10 125 & 24™
CDA+ (%) 452 £ 36 659+ 17 488+ 04™ 480+ 53"
CO8+ (%) 7801 8207 101+03 84x07

CD3+/CDMb+(%) 374+ 09 620+02 538 +04 164+ 06™

4. AWIE7IO) dgF njxls g

1) S AllE7I01 ddEl nlxl= g8

(1) IL-6 WPl mxl= G5t
IL-6 38T B 41201 55 £ 04 (pg/ml), ETO] 829 *
45 (pg/ml), MIX FoIiZo] 192 + 44 (pg/ml), GHS 200
mg/kg FAE0] 323 + 41 (pg/ml)Z LIERY, ThZET ol HIGIA
SO (*p<0.01) QU= Za BIHE VIERHICHTable 6).
(2) TNF-a &0 nlx|= F2F
TNF-a 4L Fao] 266 + 05 (pg/ml), TAETO
2190 + 98 (pg/ml), MTX £01i70] 467 + 1.8 (pg/ml), GHS
200 mg/kg FoITH0] 1219 + 24 (pg/mhE VIERL, thZTio] H]
St FAH(p<0.001) AUE AL SHE UEIHSICKTable 6).

Table 6. Effects of GHS on the Levels of Cytokines in the Serum
of CIA Mice

GHS
WT cT MTX 200 mo/ka
IL6 (pg/m) 856 % 04 829 +45 192 + 447 33 = 417
TNF-a (pg/ml) 266 + 05 2190 + 98 457 * 18™ 1219 + 24™

2) BIZAZ RRHW A EFIR] Ao nli]s HoF
(1) CD3/CD28Z EXISIE HIZMIEY] [FN-y 4ol mixlE &
[FN-y U422 A470] 3963 + 26 (pg/ml), THETO)
601.6 + 43 (pg/ml), MTX S0} 3820 + 01 (pg/ml), GHS
200 mg/kg FF0] 3939 + 22 (pg/mhE LIERL, tHEZ A H]
Bl RO (*p<0.001) A B4 GHE UERNRATHTable 7).
(2) CD3/CD28Z EE3iE BIAMES] 14 Yol nxks g
IL4 AEZ2 FAEF0] 9209 + 147 (pg/ml), THEITO
807.7 + 155 (pg/ml), MTX F0J7-0] 9095 + 10.2 (pg/ml), GHS
200 mg/kg FoIT0] 9134 + 6.6 (pg/ml)FE LIERL, thETol H]
Bl RO (p <0.001) A= BV ANE LIERHACHTable 7).
() Seioz gdale BIZM 2] [FN-y &=l nixls g8
[FN-y W82 Hagtol 872 + 24 (pg/ml), THETO]
570.5 + 6.7 (pg/ml), MTX F{70] 69.2 + 3.0 (pg/ml), GHS
200 mg/kg FGT0] 926 + 23 (pg/m)E LIERY, thERol B]
il S9-*+p<0.001) U B4 EIE VIERIUITKTable 7).
@) STHeR gagke uIEAIES] 14 Y-l Bx]e gk
IL-4 A2 A7) 2012 + 14 (pg/ml), HETO! 426
+ 25 (pg/ml), MTX S0l 1008 + 2.8 (pg/ml), GHS 200
mg/kg FHT0] 986 * 148 (pg/ml)Z LIERL, thEo] H]g}
o FoMp<0.01) UE B7F EHE VEMUTH(Table 7).

[=1

Table 7. Effects of GHS on Cytokines Production in the Culture
Supernatant in Splenocytes

GHS
WT CT MTX 200 Ma/kg
C03/C008 IFN-y (pg/ml) 3063+26 6016+43 3820+0.1™ 3839+22
IL-4 (pg/ml) 9209+147 807.7+155 9095+10.2™ 9134+6.6™
ol IFN-y (pg/mly 872424 5705+¢67 692+30  926+23™
IL-4 (pg/ml) 2012414 426%25 1008£28™ 986+14.8™
Il =k
BolElABEY (RANIY 29t 2212 AWtk A0S Y
& g oL, WA AP HARSCE nreE B
&4, 0 5, 243 715E £48g oy

F87} Bl wE Z0A isol Fsle] Hiol o128 =H0 S80 ¥
Ho HEE ZAUSCEMN HEE THEM, Sl o (&
TS - HEBENIRE AR O “EIETRE, SR iR
9] 7163 SAGl] BERS) UEE R Ayiso] B,

R, RS BEIR TS0l Chdlo] BT, BRGR B ERR R
g el Fhalo] QT EICE MRS RER, RER, XE

4
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Collagen IZ. SE¥ ClA BEEY Y79 el MBkmMEES) o6 E3)

ot 85719 o712 FREEH, 857 BES, BBl F
7YX £, gal7lole REEE, FEEE 59 5822 o
HEATE WA A o) AR A8 49 BRERRE
g, FFo) 53 A0lv BHRBREEE, O|AIECE MRIRES
EE BICR, BRERKRE THE01L, 5159 FFgiEe 4%
ol MRS, MEBELBEES ARSI

£ B0 mkEREHe BRI SIS d50) e
OEE THE] YA ST BEY Aol YA
851 om, B3] 272 2 A5 71290 EiREES
FuiAls &g AEE0E 793¢ ulrt Uch

£ A8 ARSSE EU Rl MTXE Y40l ZEA
AgEe FUE|AS BEYE REAE, dihydrofolate(FH2)7}
tetrahydrofolate (FHAZE X<t ZHEQ dihydro folate
reductase®} ZE5H0] FH4Q B8 S sk g4t REAoITh
SEHC AE EHS} TIES] IR 45, FUY, 24, G4}
L 21259 2akgo] B I Qi

RAE= @54 HSI0E AW HEY ARIEFIRIQN TNF-
a & IL-1p7) E7Fk= 2128 gedM Ao, RA SE ZE &
-2 BEE (CA) P20 7] YW A8 chAlo] @454 A}
OIEFIRIN CD4+ T HEF 59 HEEH QolE0] 5Q¢t ¥&t
& Utk ACE YElH AT, ol 53 Thix} Th2 AO]
EFIR(Fig. 3)9] balanceZ} 7AXHA] Th1-28] Alo]EFRI0] THE
old UEht= ZEOE BIUHI Y. B AFAT Thit
Th2 AJO1E71019} balance”t 7HE CIA A 0llA] Th1-29J¢1 IFN-
¥9] A4kgol MRS Folct & 24T (Table 7), 4
HECE 1149 BAEFE E71E(Table 7)€ RIS 4= YIACT
oleist 2ik= MERHIEAO] CIAGIA CD4+ T MZ BES OA]
EIE Edl0] ThiolA] Th2Z A8 29 HEo] Z4&5H Thi-
29 AIE7RIY E4g AAMEe AlAkEl FI Tk

A718} Higl 2ol ZFHCE T A ZE RAQ HY ¢gF &
g el 289 oo ol FQ$F JEs gyt I 5
IFN-y J4t0] LA 4] 2 Thl-like subpopulation® & E2]%
= CD4+ T-helper MZS} ch2l A 2= THd RAo|A] Euto) 3t
4 J&, 221 20 A3l FEH dae gy, CDa+
T MZESh= 2] CD8+ T Al ZE= CIAY HEjolAl oA dae
Sh= ALR Hi7)E, o] § AEes BEE A9 Zgol

geoh, 71 gradol ZFolut iRl wet el

o8 UEA A

0ok 0lo

pro-inflammatory

ines:
celiufar
IFN-y i -
{2 immunity
LT i

1. + ci
pHags f autoimmune diseases

precursor ceil
humoral

immunity
Immunopathology -

allergies

Fig. 3. Differentiation of T helper cells into Th1 or Th2 effector cells.

2 @FollA DBA/1J AFol CIl FAL & 105 o4 # CIA
AFRolA BF2 Fard HIEROE 4HH2E A AU
& & vl ESR7E ETIA S71E0 Jrhe Aol ol
HIZ HAMZE 0|8 T MES B AE S0] Cliol 25k At
718 7t THEOIXHA 49 TMZES ©=9] B M XS] BEE
FEsk] B7Ike Ao 47Hgtt. ool vlal MkERE RS
20i3} CIA 879 & BRI Z4E AiEe) 242 LEIR
Ch(Fig. 2). B8+ FACS 24 HlolH & A &3 v1E M ZSs
{Absolute No.)oll F&H F+o] CD3+ T AZEE= & H37} gAUA
THTable 2), B Al £ Z4AE UERNRICE o2 HlgoA &8
B T AI3EQ) CD3+CD6%+ T A Ei= thETollAl E717F LIk
X, IREREERS S48 CA 4FdAs AaE UERIAUTE
(Table 2). 0]248t Zh= Cllo th$t APCLY activated T A Z9)
A BENA FEAOIETR] (IL-6, TNF-alpha)$} €&
collagen type II IgG AbS] =Fol] G&E n|F 22X EFolA
ZAE VEM 2R AIZ¥rt

CIA 379 PBMCOAE CIE FARSE iET CD3 THZ
9 % Fazdl HIgld 7 Hol Atk o SEolA
CD3:CD19=60%:30%S |ASHAITE tHETolAE CD3:CD19=
70%:20% S 2 VERACE &, CD3 T AlE= CD4 Th M, CD8
¢/s T cell, 28]3 CD49b (DX5)/CD3 NKT M ZE 0]F0iA
£, T CD3 THIZ & AIHY 28l 82 T helper
T M (CD4+)9) AkRs Faktol ]l thETY CD4+ A
7} &£7}2 VERATY CIA 877} Thl 29 AP/PE A S (IFN-y
Z£7h017] wEol CD4+IFN-y production Thl cells®] =7} &
AstA &7 AE C coating®]Lt Lymphokine assay
(CD3/CD28)2] Ail(Table 7)NM T &EQ1E 4= Tk

ESHH)Zol 419} Zo] CD3+/CDe9+A| 2= Clloll 25} &8
TA|Z (CD3+/CD69+)9] Msk= £Q381710] &akwoll Hisid &
e Sust EZY g4 THE (CD3+/CDe9+)= SASHA
7Y Elof ek ol BlFAA S RIZIAE Clio thet
APCL} activated T MZEQ] A9} FHEA FBAIETIR]
(IL-6, TNF-alpha)®} 813 collagen type Il IgG AbS] =F(level)
ol Xthgl gake F7) wiEolr). & AElM T MRSl
BEoz  #EYE 479 PBMColA  CD4+&}
CD3+CD69+T A E(%)7} thiETol vigld FAH A Zag
LIERARICHTable 5). T8 & NKT (CD3+DX5+)7F #&Ho|
A autoantibody®] MW Q13l] BHSIS F717} Yolukd,
Cliofl 98t #&E Y ZEolA] Thl/Th2 TS Halo| NKT7} 2
dgg b B9t e, B Ao E PBMCAlA
Zoll U181 NKT (CD3+CD49b (DX5+))(%)2 94 = 7
47F & 0{(Table 5) 285 237 ZE2HAUC

DLNE 804l naivedt T AES} B AlZ7) Qe HOE
AT 2, Cll FARE 105 1&g CIA dF ok tiAH o2
HZH(DLN)2 Faoroll Hlsked SABIA &oby QUrt. o= &
XY g5 ZAOFE G5 T NZE Alg SFuoll Bl 85
A& mIpIES Y8OF, DLNS naive T AlE 50| G514
ol 41¢] DCL} APC Al 220l 9]} Cross-presentationoi] 2151

activated

of

b}

1

ooy ]
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Ao, 22]2 DCLE APC Al %7} DLNE hominghd 24
3 A7) €5 WY mature T MZE AKEHOE HEE &

RO T 0]5A7]7) ufEd] DLNQ &M 3240} HAMES
HURE, dE50] Mg s=E JAsH 24 A ¥k

=

fe e o

Obe O > 2 i

57} ROEUA E717} LIERITHFig. 3). 3 DING| thE
oAl CD3+T TR CD3+CD69+, CD4+, 18] CD8+T A E
7t aktoll v1gle] SASHA ZAEol YT, MRS
B2 CD3+CD6%+, CD4+ 1211 CD8+ T AlE 5o] 2%
oY UA E71E UERATHTable 3).

Regulatory T Al X CD4+CD25+Foxp3+ A EZE A4F ¢} 8
FollA A AEe] SRS AT Yedd Qdrt Egt
CIASIA Regulatory T M¥7F £33 988 o= ACE H1L
NEAOM, in vitro®} in vivoollAl &4 A9} peripheral
toleranceS FAH= R2T UeiA ATk, 2 AT AT DLN
G4 CDA+CD25+ T AZQ) absolute number7} AT g
o} @ASIA  Z7kEo)(Table 3), CD4+CD25+ T AHE9)
up-regulationS WEE 4= ATt Tt CD4+CD25+ T A E
7} £715I¥HL Ghd HEZA] Regulatory T Al 27} E7165193Th
I 8 4 gk Welk] g F regulatory T MZ7} 7] gt
CD62LOILE, CD152, 18]I Foxpd SRR} 717 A=A 6
ThEE B R0l (77t E QB

CIA &4 87Folx BN @F BE D3+ T Al=2e}
CD11b+Gr-1+(I T Z)M Z29] E 0] Bo| gojuls ALE
UEA Jed™. B ATAME MEERERS BUZ thET
ol HIgkd CD3+ T A28} CDIb+Gr-1+(TB TAZ)NES) &
A7t o4 A 248 UERARICEH

F RAY 2 dhau HAA|AQ] SHEEO] B A2 o8t
o ABAL] BEFA B A TUH ol tHeh =0i7t Tigk
oA Y=L Itk B MlEs GSARIETRIE dikek= APC
NSt 22 258 ohe AR 9vdAd L, €8 T MEY A=
3} rheumatoid factor (RF) autoantibody®] 84+ Sk= ALE H
TE T QTP w5t alpha-beta T A EE ClA g0l E4A0)5L
Clioll thah 1gG HH2ol T RSP} ol vl gamma-delta T
HEE CIA 23S drshs ROE BI¥ERE, &2 ol
B CD19+ B AlZ4E DLNS} H&olA] 24513tk Table 2).

Q
R

0l

=X
=

_{

RAS EAF Ry Yytsdg g fdske A5 o
54 guddoln] tASE Bxoich o] A9 EXE guid)
B, SBEY, BEAST A 9 R4 Solw, A=
Ho| WS 720} JUlxA 8 A2 E R chAH 2
b Mot el EAHME] AL S7h THIZE, MEZZHAE, tf
AR, 71EF A AEEY FEHOE BF AN IR
UM = TIRISH cytokines, th7W IL-1, IL-6, INF-a5 S Q!
W5, LARALSH AR 4 (MMPs)S FRAL del
59 44k Z7RITILP. ol8d Q4 80| R 9SAES 7
oIz} 43t W A B9 HEd Q3 J2g P £7)
9 ZASH A S nAHEEY &£43 RA9] BE, U 29

&5

ZA3 @ F99 LT AR Bolot 29 A= 080
ERLEOR ZAUE FAFSH Aol ofet o o oSk
H2og FRE RO QF= vt THZT ol2jol% BY
P, plasma cell, HITHIZ, A 29 AT #FFrt /ot
El& gure 243 2arT, iAAE, 281 O 579 Al
=7} WRIsHE BH180] Exlgh=s 2l0] EFolw, o1& cytokine
9] ZAFO! Mikzo] RAS HEIH QJAE ko] deleRE 4
ZE 3 JUeh?. ol cytokineQEE THIFA LR IL-2,

-6, LM EHNAMNE colony A QA(GM-CSF), tumor
necrosis factor-a (TNF-a), transforming growth factor-B(TGF-p)
B0l AL, Y3 tAMZAA RSk 1L, IL6, IL-8,
GM-CSF, macrophage CSF, transforming growth factor-8(TGE-
B) E01 912m, o] gl¢] fibroblast, endothelial cell Sof4] 4]
3k IL-1, 1L-6, 1L-8, GM-CSF, macrophage CSF 50! Qirt. &
RA ZEZOJA] cytokine mRNAS} protein®] F412 HE Ao
A1 IL-1, IL-6, TNF-a, GM-CSF &3 Z2 proinflammatory
cytokine3} IL-83} 22 chemokined] BRI, 01F cytokine
o) @57 BopA DU ol 2Rl
ol 1%, BU B4, AW 2o &4 B
2 UEhi 90107 42Erh,

28] Hoke  cytokine®] A§4tol
E0) M EZ (inhibitor)0! 43
Z4], BHZ 239 g4F RIZY o5
AHI8k= cytokines?] 43
)8k RA X1
BEH) S71, HEAEY
T A|Z7} SRS+ RAT MHC
classTT HLA S}9] (ko] 71a 2w, HLA classTT9] ¥
T15E CD4+ THIZOl 24 peptideS VERHIL, EHsld
CD4+ TAHIZ monocytes, macrophages, synovial fibroblasts=
RFF51e 11, IL-6, TNF-oF 44161, 2485 335k matrix
metalloprotease(MMP)E 2H|3CHY. RACIA A3} 9] 5}y
=il 9, F, g9 aFRY FAld sl et

2 TNF-a2}
69 2817} SAEHA Arll=ls Ae HEE 4 AAT(Table
6), 0l 22 Zih= BEY A5 (arthritis index)9} HPEE0} THEL
ol B13le] FAEUE HAE HUT 4 UM, FETH Thid Th2 Al
Folx] 28lEle PNy} IL4S HIZH 22 sl S8t 23
AA} Th AZolA] Th2 MEZ shift Fe= AS & 5 AT
o]xe] AME FElshe HH 2 AR IkigHE S &
9] ¥g] 71do) 938t dge +8 HEE A ETRL
2 o6, B8 TNF-a ¥ IL- EEH AIET}
2151 ke €8 T -HZTE oA

AlA BEE A AAE 72
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Collagen IZ FX¥ ClA BEY W79 thel mkmwipEe 94 a0

£ 4K O F PABIUAL, DBA/1] MF A9 STHOE &
HEE Ry, 329 g, A2 27 HEL B2 2A0A
9] HEEME M3}, €3 Ul rheumatoid factor ST 2 spleen,

draining lymph node (DLN), PBMCollA19] W A Z H3l 52
Zg5l tigd 22 ZEE ¢t

MREAE S 2l B8l SooE fukd BEd
X4 (Arthritis index)& FYHCE ZAMRIZATE MIBRIER
BEE tiEdol visie 479 dd 59 €aH AP|ETR
(IL-6 9} TNF-a)9] d8& SYFOE MR om, 537
HIZAM 2 TFN-y A48 Z4A171 v, L4 4452 |50
2 E7RIACE MERREES tiRTol HIskd PBMCOlA
CD3+, CD4+, regulatory CD4+/CD25+ T M3, Z12]1 CD8+
T NE $E SOEO0E S7RIZCL MEEREHS i
ol Higld Bla& BMESE FOHOE AN O, HIFNZ
W CD19+, CD3+, CD3+/CD69+, CD4+/CD25+, CD49+72] Al
E 4 YA ROFOR ZAXHCLIMEEFAEES iR Tl 1)
sl gZA0 BMESE RAHCE A CH, FEZFY
CD3+, CD3+/CD69+, CD4+, CD4+/CD25+, CD8+, CD49b+,
CD3+ CD49+ & Al & {FoFCE 7T

b

niRl A &50]
L JEU 7)) S1SIAkne) ERiE A8 7R Al
T 47t glol, & & T4 AY ok29) BA HEo) Hr}
Q= @20l QT
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