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ABSTRACT

Background: Stromal ccll-detived factor (SDF)-1 is a potent chemoattractant for
activated T cells into the inflamed Rheumatoid arthritis (RA) synovium. To determine
the effect of macrophage migration inhibitory factor (MIF) on the production of SDF-1
in the inflamed RA synovium. Methods: The expression of SDF-1 and MIF in RA
and Osteoarthritis (OA) synovium was examined by immunohistochemical staining. The
SDF-1 was quantified by RT-PCR and ELISA after RA fibroblast like synoviocyte (FLS)
wete treated with MIF in the presence and absence of inhibitors of intracellular signal
molecules. The synovial fluid (SF) and setum levels of MIF and SDF-1 in RA, OA
and healthy control were measured by ELISA. Results: Expression of SDF-1 and MIF
in synovium was higher in RA patients than in OA patients. The producton of SDF-1
was enhanced in RA FLS by MIF stimulation. Such effect of MIF was blocked by the
inhibitors of NF- ¢B. Concentradons of SDF-1 in the setum and SF were higher in
RA patients than in OA padents and healthy control. SDF-1 and MIF was overexpressed
in RA FLS, and MIF could up-regulate the production of SDF-1 in RA FLS via NF- ¢ B-
mediated pathways. Conclusion: These results suggest that an inhibition of interaction
between MIF from T cells and SDF-1 of FLS may provide a new therapeutic approach
in the treatment of RA. (Immune Network 2007;7(1):39-47)
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2ol At EE FAE Bk ofy el T A Z£9} mono-
cyte®] ] ZH(infiltration) & 54 ©. & }32 e}l sublining
-9+ mature memory E}Y} &) T A|Z7}F H#ks]o] Qi)

gat Bzl T AX, B A X9 monocytes/macro-
phages®] ©]EF2 T4 7] A F(bone marrow stromal
cells), 224 £, macrophages, W2} A E(endothelial cells)
of o3l AA=]= SDF-1, IL-83} ZH2 A7} Eol] 2
3l FX 5t SDF-19] 5% Fulgla HA <] 3z
d 7 (plasma), 2=} (synovial fluids, SF), 22272 (syno-
vial tissue)fell F7bo] A(2,3) Fulela #AG &
2t 22 SDF-10] #hkalElo] 9lrh@,s).

SDF-1-8- CD4" 7] T A|£9) recruitment®} accumulation
£ £R62 e o 2 monocyte migrationg £ ZHH6).
SDF-12 MMP-39} MMP-9-& £3) 7tz 1= A 3E (chon-
drocytes)®} &9} Al Z (osteoclasts) & &4 342 7] 2 i)
A|E.2] heparin sulfate 5-2}4F2] immobilization-S E3F Al
ABRA o) DA AlF FAGH). w
SDF-1& A 7|4 collagen-induced arthritis (CIA)<] Wt
o] A=) 11(7) SDF-1 --£-4)2] CXCR49] A= CIA
o] W a} QA severityE ZHAAIZITHS).

SDF-1&+= ¢utdg o g 8 Al Rglelg A3l 13
A ke EAE GRS AFE F Jovg Fule
s 9 W AFS, AR B 3
ol 23 A¢-E gl A9 SDF-19] f=9 =74 |
AUZ o FHE obd vl ¥ 4oltt. AuLZ
(hypoxia)2 &4 Z 1)) SDF-1 mRNAS] W& 2714
7le ZAoZ ¢EA Uh9).

MIF (macrophage migration inhibitory factor)yx= 343}
% T Al Zof| A Eu]= o] macrophagee] o] F-S A Als}i
AZ 7RG FoF AZE ATHE SHE HA
7le 25 Ag 4EAch(10-12). 29 AFeAE
macrophage, Y3} 4] Z(endothelial cell), 480} A E(fibro-
blast) Toll A& Fu]Ee](13-15) FF A7} 722 AT
A4, T AZ &4 3ot it A= Fojstn] ofe 7}
A dFolt W wkgol Fa3t ¢S ghrpm gz
t}(16,17). &3] TNF- ¢, IL-1, IL-6, IL-8-% E3}3l= o=
FEA Aol E710le] S GHbslal glucocorticoid o]
% AolElel A JAIE Aok B4 A5E
7FRICK(18). o] ¥k MIFS] Wb Z7171 A, AFA|A
ol AR, F8FF, AAE sl ofg] 7kA
o 8 34 AslolA HEaslo] grk(19).

Foke] 2~ Aol A 9] MIFe] tigt o7& AwEd,
Fobel 2 FAQN A= Sk dFA Bk 2764
F& MIF] Whalo] 2915 $) 31(20), #ate] MIF Wb 4
ot AW 2429 ARG FHslo] Fulelx B
Aedell 3 MIF X859 7H54$ BolFgirh2l). wit
MIFE frubel s 3o o] duby| o] SAuke-g 24

Hog §Eshs Ao Hadgn) il Fuiv
2 DAY WA GAT FolA MIFFE 2718 A
o2 3sglthee). A4 A% ¥4 2 ¥ 23
oA MIFS] o] Z7bale] olal @ Z7he A4 7
$% Wl o8 %L ok Aoz gHA g
23).

olEld AAE viEkez B ARAAE T ALA
Sele MIFSH 24 b Eote] 434 go] Fut A
o4 SDE-19] 4ol edahe FEA Fobumat skl
o}

ETTY
B4, AEGU T FHAEEY el 2ol A
198730l MAHE w]Z Fule] A &3] (American College
of Rheumatology, ACR)S] B35 7]|Fol| W3l FrlE]
2 A WA 09¢ PR nes). dEFe.
2r 2249 WAt A2 ARAAA BHoz B
29 AT AT olrl AT 098 ooz
ek 2 A7 AgA R AT 1A
A7) AQg Fste] AlPsiqit. @ 232 ¥ &
B IAEE 3 Fulels A AxREE Bl
At

A2k, Recombinant MIF= R&D systems (Minneapolis,
MN, USA)ol|4] Fmis}gich. Pyrrolidine dithiocarbamate
(PDTC), curcumin®} parthenolider= Sigma Chemical Co
(St. Louis, MA)Z2-E] Fujs}-32 INK inhibitor, SP600125
= Calbiochem (Schwalbach, Germany) 2 2 3¢ o5}

AzZ 3. 4% I EFLdslo| o] 3L
7t Zak(frvbel s A 2k, 2RAq sk z7
4 Wt £ shebel] a3t & AHIE o] &
sto] 7 umAA L qhEo] Sl ol £9 ¥ uEA
27} of 2.4l (hematoxylin-eosin) 342 s}o] FHn|H
o2 #A A AolEFQle] e HAHL WAz
2318 oAl o 2 ABC (Vector laborites, Burlingame,
CA, USA) kit A-sho] 14039.01, Zrebol =l
0 ARG AL AL Iokehast P4 A
71 % 3% H0, 2 1A At E4E kA7) 5L, Q14
3} 9b==ol(phosphate buffered saline, PBS) S 2 A3t}
W 5ol 4e] 4SS ATk B0 2 anii-mouse serum
305 vheA)7) & primary AbE 4°Coll4] MIF (R&D
Systems, 1 : 50), SDF-1 (R&D Systems, 1 : 50)-& o}
(16~18 h)7}A] BE-G-A1Zth. Primary Ab ®b-g- = Z3g}o]
ot ¥ Al E PBSE A8l nlo] 2 &lo] HEHH o|%}
Ao} A3k a 7} A streptavidingh-3-& A7 ¥
DABCo.Z "R 71t} Mayer's dlufEAelo g thze
A % SAlehn 2sto] FeHu 0T BRI
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gebAl e Fal. gk AEE 3 A3
= BAY BAERE o2
E T3l Felesieh 222 23
mm 27to & 27 22 & Dulbecco’s modified Eagle’s
medium (DMEM, Gibco BRL, Carlsbad, CA) sfckele)] 4
mg/mle] %9 type I collagenase (Worthington Bio-
chemical, Freehold, NJ)2} 37| 37°C water bathol] 4] 44 7+
S WA T vhSo] Bt 220 500 goll 4] AL
231913 10% fetal bovine serum (FBS, Gibco), L-
glutamine 2 mM, penicillin 100 units/mi¥} streptomycin
100 ug/mlo] o]l DMEM wsjjekelo 2 8] & 75
em’ Zeh2 ol gol 37°C, 5% CO,2] sk ol 4] 315
e BT ohd BA) 2 24 AlAst T B8 A
E4} 20% DMEM wiokelol)A) wfokslgict. wfokelo- 2
3dwbet sighal) 9 Al ik WA 9] 90% o] Ao
2 AEZ AAPE o) 1: 302 3)Aste] B 29}
B AQY S EE passage 5~7F5 A8} Al
3 #912 phycoerythrin (PE)-conjugated anti-CD14 (Phar-
Mingen, San Diego, CA), fluorescein isothiocyanate (FITC)-
conjugated anti-CD3 X:+= anti-Thy-1 (CD90) monoclonal
antibodies (PharMingen)& o]-&3F S-AZ HA8 A3hs}
k.
kA 5= passage 40f] BE A EE 95% o] 4 CDIO "
= 28893l CDI47 &= 3.5%, CD3 "= 1% u|uke]g)t}.
SDF-13} MIF 2. &J MIFS} SDF-19] =29} uljokel
AZolo]] 9l= SDF-1 5= sandwich ELISAE ZAE
A}, Sandwich ELISA-E 96 well plate (NUNC, Denmark)
o HEEA SDF-1 hA|(R&D Systems, Minneapolis,
MN) 2 ug/ml2 50 uljwell4d 23 4°Col] ¥FA] WFSA|7)
o X kg ol(1% BSA/PBST)S 200 uljwelld ¥ 5 A2
oA 247k WEEAIZACE FEAEEE AZF human
SDF-1 (R&D Systems)E o]-&}o] 5 ng/ml~7.8 pg/ml &
EE AHEeh REA RS 3 A A 9 AT
S 3 M2 50 uljwells] Y51 A Lol 2] 24] 7 HES-A]
Zck 938715 A -899(0.05% Tween20/ Phosphate-
Buffered Saline) . % 4 4| }31 Biotinylated goat-anti-
human SDF-1 antibody (R&D Systems)Z- 200 ng/mlZ. 3]
Azho] 50 ujwelld Yo} ALl 247+ A7l &
A EHoZ 4 AlFslgd ). upA) et o 2 = Extravidin-
alkaline phosphatase conjugate (Sigma)E- 1 : 20002.5. 3]
Asko] 50 uljwelld] W31 Aol 4] 247k BE-EA] 7 2 A
%] % PNPP (Fluka, Phosphate Disodium Salt Hexahydrate)/
DEA £ (Diethanolamine 97 ml, NaN; 0.2 g, MgCl, .
6H,0 0.1 g, 1%} 7 800 ml)& | mg/ml EE & o]
50 uljwell® Yol 305 & 0.2 M NaOHZ HheS W
405 nm}oll Al FHEE ZH sl

RNA 529} SDF-19] reverse transcription-polymerase
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d
1
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chain reaction (RT-PCR). t}ekst A& < A A (JNK inhi-
bitor, curcumin, SP600125, PDTC or parthenolide)E | 2]
AL BA] ¢k 271004 MIFS] thokdt Fx9) 3|
njoksh A L5 whokelodc). wiek 3, AEZHE &
RNA-E RNAzolB™ (Tel.Test, Friendwood, TX)S o]-&3}
of &3t F%3 £ RNAE F3OZ comple-
mentary DNA (cDNA)E $HA1s17] 9lo] 2 uge] RNAo|
0.5 ug random primer (Takara, Shiga, Japan)$} 70°Col] 4]
SE HESAIZL F 4°CollA FHAIAY oS 10 mM
dNTP mix (Invitrogen, Carlsbad, CA) 1 ul, SAAE L
M-MuLV (MBI Fermentas, Hanover, MD) 1 unit, 5X
M-MuLV 3] 4 £ (MBI Fermentas) 4 ul, RNase Inhibitor
(MBI Fermentas) 0.5 ul& 7}slar A#|E nuclease free
water (Promega, Madison, WI) 20 ul€ 23 ], 25°Ce]| A
1035, 42°Col| 4] 60, 72°Cell A 1087k vh-S-A| Zt) A
% cDNA 453 o] &slo] T8 AL A4-S-& A=Yt
et &, 25 ul9) Hk-S-ol o], cDNA 1 ul, 2.5 mM dNTP
mix (Takara) 2 ul, 10 X Taq buffer (iNtRON Biotech, Seoul,
Korea) 2.5 ul, Taq 0.5 ul (iNtRON), 10 pmol DNMT-1
primer 2 ulZ AH-238+93L, F2£2 ¢8| Dual-bay thermal
cycler system (MJ Research)& A}-&-8}¢ch. AF-8-5 primer
Ald-2 S -actin sense 5°-GGA CTT CGA GCA AGA GAT
GG-3’, antisense 5°-TGT GTT GGC GTA CAG GTC TTT
G-3°, SDF-1 sense 5’- ATG AAC GCC AAG GTC GTG
GTC-3°, SDF-1 antisense 5°-TGG CTG TTG TGC TTA
CIT GTT T 322, B-actin® 27L& WA chA|oll A
94°C 302, annealingZHA|| 4] 60°C 302, A&+ BhA]ol 4]
72°C 30&7F whe-§ 253] uhEsle] o) DNMT-1 =%
2718 WA gAolA] 94°C 30%, annealing ThA|ol| A
56°C 14, A7} Aol A 72°C 187 k3-8 253] Hbss}
Aok 54 HzTo R %% oDNA t4Al SHTE A
&3Fo] AJ8Y8t PCR W5l 4] PCR AHEo] 325 7] ok
E% 3] PCR 259°] glga ddstsich.

AR A A Ade HH(H)EFAE 8]
9o SPSS A = Z 13 (version 10.0)S AH-23}91 ).
A FA 43 A9 ¥ 78] 2= Mann-Whitney
U test?} Wilcoxon signed rank testE o] &3} th. pzlo]
0.05 o3t uw] FAHE fFoslrta EA3})

nbel 2 B84 $749] et 27 o) 4 ¢] MIFS} SDF-
19, Fotel s WA BAS A R T o2
W 29| Fot 2ol 4] MIFS) SDE-19] - o}
sholeh. sl 5T ol 2o Qg
] fAEet kel s $AY Bl we
ZE9 AR FEA Ehor el AEolq 9
MIF (RA 59+11/100 cell, OA 6£2/100 cell)®} SDF-1
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(RA 47-5/100 cell, OA 7+3/100 cell) 8 A% Ful oA B33}k IL-17 10 ng/ml (401 +55 pg/ml)ol] a4 A
Ela A dAjollA BF =4 uka sl chFig 1). Al okiEohe A vebg ARk IFN-7 10 ng/ml (217
Futel s #4349 %"P A|FollA] MIFel] o3t +39 pgmh)E M]3t =7H ke o] F3hThFig.
SDF-1 Aol Z71. 9-8|9] o]A AFolld THAZ §  2). o]#3 SDF-1¢] A4S mRNA FFAAE FY&
# AolEgIRle g dHA IL-170] Qa4 Fulelx % FAE FUY 5 AACHEFg 3).

Ao Aol gt MEollA] SDF-19] Aate] HAE & %U}EL‘ ﬂzé“ﬁ‘ A9 et AL NF-«B A% A

(o

¢

Husgieh26). EdTFolAE TAEANA Huj= & S 538 MIFo]] 23 SDF-1 A4, Fulbel 2~ <] 3t
t}& Ao| B 71010l MIFo]| 2] &l] ghat H) Lol 4 SDF-1 2] k2] #ek A Z Y] MIFo)| )3k SDF-19] A Akl Zod sl
Aol A EAE kA FF3 mRNA F50]4] A% A A A1S dolH 32} INK (Jun N-terminal kinase),
zAsrg). NF- xB9} AP-1 (activating protein-1)2] ¢ A|A1E A3}

Fulel s o] ghate] Fub A Foll MIFE FEHE o] SDF-19] AAreke] W35 chld 23 mRNA £
Aol W) S5 9 EH0F SDE1S A4eke] 271 o4 2AsGL
33 el MIF 5 ng/ml (Nil: 151+27 pg/ml, MIF 5 ng/ml: et ] Zol| curcumin (AP-1 inhibitor), SP600125 (JNK
269+26 pg/ml) 2] ASHE] oJn| YA F71sto] 10 ng/ml  inhibitor)& %5 M elslAE A-$- SDF-1 AL H}
(371 +39 pg/ml)2] FEollA SDF-1 3 HAXE B 7} 919) e} (curcumin: 145+21 pg/ml, SP600125: 141+
t}. o]2) &t MIF 2 E3F SDF-19] A4S o)A ol 25) PDTC (NF- ¢B inhibitor)$} partheloride (NF- ¢ B inhi-

H&E

Figure 1. The expression of SDF-1
and MIF in RA and OA synovium.
Expression levels of SDF-1 and
MIF in synovium was obtained
from RA and OA patients. Ex-
ptession level of SDF-1 and MIF
wete detected by immunocyto-
chemical staining, Hematoxylin and
eosin-stained section of RA and
OA  synovium showed intense
inflammatory infiltrates. The data
represent the results of a typical
experiment conducted at least three
times with similar.
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Figure 2. Dose-dependent effects of MIF on the production of SDF-1 in RA synovial fibroblasts. The RA synovial fibroblasts were
treated with 1~20 ng/ml of recombinant MIF for 48 hours, then, the concentrations of SDF-1 in the conditioned media were measured
by sandwich ELISA. Values represent the means and SEM of 4 experiments. *p <0.05 and **p <0.01 compared with the production
of SDF-1 of the un-stimulated cells.
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bitor)E 55 Hels}lS Wl SDE-1 AJ4keko] oJu]9A| o] sl A H SDF-19] A& ou| Al A=A A
745} CHPDTC: 86+ 11 pgml, partheloride: 80+17  (Fig. 4).

pe/ml). MIFol] ©}3} 27151 SDE-19] A3AF2K(351 +41 pg/ml) mMRNA 4=30)) 4= E-3} 7] MIFe]| 2]l Z7}¥ SDF-1
¥ curcumin (301+29 pgml)¥ SP600125 (331+13 L curcumin® SP600125 H@|ollA+ Wyl glgx
pg/ml) A Aol wWH3rt g9 A=t PDTC (195+23 PDTC$} partheloride %] 2]<foll At Z7}= 9 SDF-15
pg/ml)%} partheloride (21125 pg/ml) X 2] Fol| 4] 3= MIF ofu] gIA Z&EAFE Ao el gk vk A4

£ °F g 7
gm 5 *e é: 6
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Figure 3. Dose-dependent effects of MIF on the expression of SDF-1 mRNA in RA RA synovial fibroblasts. RA synovial tibroblasts
wete cultured in the presence of recombinant human MIF (1 ~20 ng/ml) for 16 h. Total RNAs were extracted and analyzed by RT-PCR
using specific primets for human SDF-1 cDNA sequences. beta-actin mRNA was used as an internal control. Values represent the
means and SEM of 4 experiments. *p<0.05 and **p<0.01 compared with the producton of SDF-1 of the un-stimulated cells.
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Figure 4. Fffects of protein kinase inhibitors on SDF-1 production and SDF-1 mRNA by MIF stimulation. RA synovial fibroblasts
were pre-treated with curcumin (10 #M), SP600125 (1 #M), pyrrolidine dithiocarbamate (PDTC; 100 M) and partheloride (10 #M) in
combination of MIF (10 ng/ml). Culture supernatant was assayed for SDF-1 using ELISA and RT-PCR. Values represent the means
and SEM of 4 experiments. *p < 0.05 and **p<0.01 compared with the production of SDF-1 of the un-stimulated cclls.
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A|9HE ch 2 A] mRNA 50| A& curcumin, SP600125,
PDTC$} partheloride ¥+ %] 2| F-ol| 4] SDF-1 44j¢] ¥
3= Sl chFig. 4).

Tl & A $A1e) A3} o ) MIFS} SDF-1
o F7t. Fulels #A< gale} gzFozy A
od P Agelel WA G ) EAlE MIFe}
SDF-19] %2 zAs3itt.

4 U] MIFS} SDF-19] k& AAFI(MIF: 159+55
pg/ml, SDF-1: 19366 pg/ml)ol] vlzl Fulelx 3zt
(MIF: 1014 +315 pg/ml, SDF-1: 775+ 138 pg/mh& =34
A Aol A(MIF: 635+214 pg/ml, SDF-1: 506+ 101
pg/ml) F7kElo] QA5 Fulelx B A= A
U3k T Foll la) $JeA Z7hsigie). Bone)
7% MIFS} SDF-19] o} ZA o $hx}ol[(MIF: 1568 +
536 pg/ml, SDF-1: 705+236 pg/ml) B]3l Fole] s 4
% $kAboll A (MIF: 55141024 pg/ml, SDF-1: 1201460
peiml) $-9)elA) ZAREACE elHSckFig. 5)

z &
AB7HA B2 AT Bag A Hd Fule s #4
I e ARG HACR T AFol 3t o4
HAuhgo] vl$- Fodt Ao dulx ri27-29). &
shElZ AN BolAt B ok 1919 43
oldiAte s Fog g TALE uEY
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macrophage, monocyte®} 72 W od N EEo] & Zk(infil-
tration) 5o} 9o} o] 5 el AL S} ek AE}e] 4
578 S BARE Aoz oA oo
SDF-1-2- CXCR4ol] A8hs}i= CXC #A|27}2l0|t}. SDE-1-
CXCR49] & A-8-2 HIV 7+ (30), 431, A7hH ¥
335 ¥ (autoimmune diabetes)(32), f-ule] A~ AT} 7
= B Akl F938 9E-E g Fulels BA
ol|4] SDF-1¢] AJ4do] o] ubz} 4ol Fad Ao
2 42x Qo of7bA] SDF-19] 24 7] o] tidk
AT A oF & Kho] ©] @l Anti-CD40 A=
Frubel 2 B e FebA|EJ] SDF-19] A& F71417]
31(33), AT FulelA -] kA ) SDF-1
= FE334). FuleaPAd St X ohE2A
9] 5-(dermal)9} x| (gingival)®] 4-frol AlZEol|A IL-15
¢} TNF- ¢ SDF-19] 283} A4S o] 9iA] 7H4A)
e Ao g Hasgrh3s).
SDF-12 ot ARIIETRE Dl AF2HdAE
W s = Zlo] #l= dek(36). o|2idt A
H7}A SDF-1¢] Q1= A7l A& 3t
4
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Figure 5. Synovial fluid (SF) or serum concentration of MIF and SDE-1 in theumatoid arthritis (RA), osteoarthritis (OA) patients
and healthy control (HC). Both serum and SF levels of MIF and SDF-1 were determined by ELISA. Values represent the means
and SEM of 4 experiments. *p <0.05 and *p <0.01 compared with the concentration of MIF and SDF-1 of osteoarthritis (OA)

patients or healthy control (HC).



uhelo & MIFeh: TAIZolA Ho] QA EE Ao &}
A& FebA|Zof| X 2]ste] FubaEoll4 SDF-19] A
I 71AE =249

MIF= 24315 T Al ZolA] Hu|E = AolEFIQle
2 ¥ A= macrophage, monocyteZ H)Z38F oj] w4
FollA % HEu)do] B uErh(13-15). 3 MIF:= Ful
Bl Ao A whe AR A Fe3 JIL
gtr}. 53] TNF-oq, IL-6, IL-88 ¥33ls 9= SukA
Aol EFRQIY] A S FAA = Aeg dHA Yot
(18-20).

£ AT A 71E9] B9} npaybx & MIF7) Fab
Bl B9 3hxle] G4, drola) et 22 o] W] A E
oflA I EE A& 893l SDF-1E A8l Al &
Al = e A& 2y} mRNA 54 Zelslglot.
ek Fubel s B shao] ek e MIFS 5
o|EH 2 2 SDF-19] A& =313l ojElet A
T AZZRE 9] Bz = MIFS} et J Ty Hujxs
SDF-13 53 T A|Z9} &tz 432807 qla)
Fobel s R ] WQle) 7jodd Aoz AZE ) FA)
Aoz dvt NEZHE Y& SDF-14] 9 15 et
2702 T A|Z7} o)Fsle] MIFE AAbstar o)zst
MIF:= 2R EE 2530 SDF-1484& £ZA)7)&
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