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Upregulation of Macrophage Migration Inhibitory Factor (MIF) Production
by Engagement of Toll-like Receptor 3 (TLR3) on Fibroblast-like
Synoviocyte (FLS) from Patients with Rheumatoid Arthritis

Yang Mi Her', Sung-Hwan Park’, Mi Kyung Park’,
Hye-Jwa Oh', Kwi Young Kangz, Mi-La Cho'

The Rheumatism Resarch Center, Catholic Research Institute of Medical Science’,
Division of Rheumatology, Department of Internal Medicine, College of
Medicinez, The Catholic University of Korea, Seoul, Korea

Objective: Rheumatoid arthritis (RA) is a chronic autoimmune disease. Macrophage migration
inhibitory factor (MIF) has been shown to be an important pro-inflammatory cytokine in RA. The
aim of this study was to determine if the engagement of toll-like receptor 3 (TLR3) induces the
production of MIF in the fibroblast-like synoviocytes (FLS) of patients with RA.

Methods: The expression of inflammatory cytokines (e.g. MIF, IL-6, IL-1 4 and TNF @) and
toll-like receptors (e.g. TLR2, TLR3 and TLR4) in the synovial tissue were quantified by
immunohistochemistry. FLS were isolated from the synovial tissues of patients with RA and
stimulated with TLR-3 ligand polyl:C, in the presence of a neutralizing antibody against IL-6.
The concentrations of MIF and IL-6 in the culture supernatants from the FLS were measured
using sandwich ELISA.

Results: The engagement of TLR3 with Polyl:C increased the production of MIF in FLS. The
stimulatory effect of these TLR ligands showed a dose-dependent trend. The combination of
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TLR3 and TLR4 synergistically increased the level of MIF and IL-6 production. The addition of
neutralizing antibodies against IL-6 abrogated the stimulatory effect of the ligands of TLR3 and

TLR4 on the production of MIF.

Conclusion: These results show that TLR3 engagement stimulates the production of MIF and
IL-6. Therefore, the TLRs help perpetuate of RA pathogenesis through production of MIF from
the FLS in patients with RA, and might provide a new therapeutic approach for the treatment

of rheumatoid arthritis.

Key Words: Rheumatoid arthritis, Fibroblast-like synoviocytes, Macrophage migration inhibitory
factor, Toll-like receptor engagement
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Toll-like receptor (TLR)©= FFuleE]A=PAde] Wl
of #AH Fag AR F WHAE YANE Yt
=1 Re) pathogen-associated molecular pattern (PAMP)
o Agsle] FAAANZE A s}sto] A5 Aol
E7R g ARIRIE BAste GRS B4
7o T =275 243 A1A A (nnate im-
munity) B! #-2 9 (adaptive immunity)el] F23F
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Polyinosinic-polycytidylic acid (poly(:C))& ®lo]&]
ZAle] o]F 7k RNA (viral double-stranded RNA:
dsRNA)Z TLR3oll 2Jeff Q1A= vheat Al el
A mlolE] s Zhedel] o3k &35S At ol &H
o] A vk (1,2). FutElaPAe] 2xpe] oA
Wl TLR3E ZPidslo] glom TLRIE &3 A=
< 2438 T FIZFE BoldAF U= CXC che-
mokine IFN-gamma-inducible protein-10 (IP-10/CXCL10),
IFN 3, CXCL10, CCL5%} IL-69] W3Z7}7} Has
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A EA-el ozl o] FoAm IL-1, IL-6, IL-8, IL-153}
IL-173F 722 AolEglI S0 o3 AW 2AA37t
w-- Fo%k welow g Ut (6-8).

A A EFF oA Q) A (Macrophage migration inhi-
bitory factor, MIF)&= WAAIZ2] o5& JAlsl= &
AR Agelles FE ZASE T AFol o3 F=
HHlEE AolEvRlem g ARE (9) o] Fo
B AFES Bl vkl VlsEel Wl AwA
Frubel=3d el S EE W miAg dF A3l
welel glo] o3k o33 gidsle 2o dus
t} (10-17). MIFE TNF-¢ = IFN-7 9 22 o=
o] Aol WEsks aAAEel e
9lom, TNF-a, IFN-7, IL-1 3, IL-6, IL-8, nitric ox-
ide®} cyclo-oxygenase 2 (COX2)} 22 A54 Exl
o] A FE3} (18-22).

Fubelaadsiol e MIFS] £oAe Be dF
Bofo] olel7bA F75e] At MIF

2% 3] A FAolA] IR
Ack. Alkrt Fulelagded 3habe] Zhaba) Eof A
A" MIF= 3ol 98]l TNF-a & £HA7]2
A A ZE GAPA I (23). EZE Fubel s
A A R EoA MIF= MMP-13F MMP3
o W& HARJIA FFolA T7HA7IH IL-8E
v Hak olyzl FHZole B AFAI g o
=
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T =
Ao g FelE g} (19,20,24-26). BEE MIFE= WS4
ol gt A E A3 A]7]& TLR4S] WS Z7}
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Lipopolysaccharide (LPS) (SIGMA, USA), polyinosinic-
polycytidylic acid (Polyl:C) (SIGMA, USA)E A& 3}
Ak 43 FAZ anti IL-6 (R&D, USA)E A&
a9
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7HEagstn ZdA T YA Fule] AAlE] oA 1987
ol /MA=E vl Fule] 23] (American College of
Rheumatology, ACR)®] & 7]l w3l FulE
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EHE -4-31—-401] 3k 3 Ag 715 o] &3sted 7 um
AL dtEo] &Eofol=o £31 ¥ dul5A
2 Al (hematoxylin-eosin) <3445 JS]—°4 v Ao w
Btk Aol B wE

313l odul o2 ABC (Vector laborites, Burlingame,

CA, USA) kitS AHSstol edajshelon], Letol o
Bt ARe AYds ez doebs g
A7 F 3% 02 NAA B ELES HeA)
713, 143} 2kl (Phosphate buffered saline, PBS)
o2 FAIg) v E o];ﬂo] w88 ;‘(}1:}61— B2RAog
anti-mouse serumg 30% WFS-A]7l & primary &A1&
MIF (R&D, USA) 1 : 50, TLR-2 (Santa Cruz, CA) 1 :
100, TLR-3 (Santa Cruz, CA) 1:100 TLR-4 (Santa
Cruz, CA) 1:100& ©hSu (16~18 hy7bA]l HF-SA
Z ek, Primary &) Hbg % Z3to] ¢ 3AE PBS
2 AlstaL vlo] e ®lo] AgtH olx}t Aot ik}
347 ZA¢H streptavidin W35 A]7] 3 DABSZ
wbal 27T M geloz g
e W7o skl
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Mayer’s 3lu}5-4%
FYste] By
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A2 & Dulbecco’s modified Eagle’s medium (DMEM,
Gibco BRL, Carlsbad, CA) #]%k<Holl 4 mg/mLe| &
$9] type 1 collagenase (Worthingion Bio-chemical,
Freehold, NJ)¢} <7 37°C water bathollA] 4A17F &
QF uHS AJF k. wbge]l iy =FL 500 gollAl A
A 22 81913 20% fetal bovine serum (FBS, Gibco),
L-gutamin 2 mM, penicillin 100 units/mL¥} streptomy-
cin 100 ug/mLe] £¢1%)= DMEM koo & 3|4
F 25 em® FekaFol ol 37°C, 5% CO.9| w7
ollA 1085 midaliErh 102 ¥ 24 %2 =42
AAsL B2 AETE 20% DMEM wlloFHol| 4] uljok
shock. ekl 3 3wt wgel FAI Al
ok WAl 90% oo g AHEZ XAWS ul
1:302 A3t 58 FUoh BE 239 @
Al sHellA ofiAel o] At AEE A&
skdrl. 90% A2t A|EE TryPLE Express (Gibco,
USA)E o] &3le] AEE =HolErh AEE countd}
o] 24well pateell 1x10YmLE BF 3lo] Ft} AE
7} 80% AX2 AelH ITSA7F E&E serum free
DMEM ekl 3} 4o] 24well plateol] EF3to] Fr}.
2A17F Aol anti-IL-6 2 ug/mLE A 2|ste] Fr} 24
Zro] At F LPS (10 ng/mL)e} Ployl:C (lug/mL, 10
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ug/mL, 50 ug/mL)2. 2 Xglsle] 7247+ F<F 37°C,
5% wiek7]oll A wiFsloAct.

A Ade HFrEFexE Tysglen FA
d F24L student’s t-tests AA|EA L pFhe] 0.05

Sandwich ELISAE 96 well plate (NUNC, Denmark) o3}l U wf] EAFCE §ojslcta BEAsl9lt)
ol capture monoclonal antibody MIF 2 ug/mL, IL-6 4
ug/mL, IL-18 4 ug/mL, TNFa¢ 4 ug/mL (R&D, SA) A 1}
2 50 u/mLA 23, 4°Col] HEA wEe-A|71 oS Xtk
2H(1% bovine serum albumin (BSA)/0.05% Tween
20)°] ¢33 phosphate buffered saline (PBS)S 200
ujwelld W3 AlgollA 2X17F wESAI Il AET} Frobel =gl At zToEs E3Ae] g
recombinant human MIF, IL-6, IL-1b, TNFa (R&D, ZLe] #alzZ o4 MIFE H|E3F IL-6, TNFa I}
USA)S 5,000~78.125 pg/mL o]&3slo] Al2ojA 24] IL-18 % TLR2, TLR39} TLR49] wtal okAbg =4
ZF HESAIZA L Wells AlX-&40.05% PBST)S & 4 3qich. Zhzbe] Aol&glelel] Holxal JAE A&
Wl AE3slal  biotinylated goat-anti-human MIF 200 sto] dMEN S o] FHAA A HE ) Fulel AT
ng/mL, IL-6 300 ng/mL, IL-15 100 ng/mL, TNFa Aed 3hAol|A] Wl HEEQ HEe AEI} E=gko
200 ng/mL (R&D, USA)E 50 ul/well®] o] AL w 223k A Zol|A ¢ MIF, IL-6, TNFa I} IL-15 9]
Al 2A17F REAIZL & 4wl AlFegich wiAlRte® by of R Fulel 2] fxjellA BF E=A v
+ ExtraAvidin-Alkaline Phosphatase conjugate (SIGMA, Ak =dE 1).
USA)E 1:2,00022 3]4ste] 50 uljwelld Q3 A Y3, TLR2, TLR39} TLR4S] k@l A 7]EH
Lol|A] 24]17F HFSA]F| 3 A|X E PNPP (Fluka, Phos- &} up@rlA| 2 Fuolel23del 3hate] ubzzhy
phate Disodium salt Hexahydrate)/ DEA 2-°3-S 1 mg/ =A s G aE 2).
mL EEEZ o] 50 uljwelld Yol 20~30% ¥ 02N
NaOHZ HH3-& %331 405 nm IpAollA] F34-&

ettt
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Fig. 1. Increased expression of MIF, IL-6, TNF@ and IL-1 4 in RA synovium. Immunostaining was performed using
the specific antibodies against MIF, IL-6, TNFa and IL-1 8 in synovial biopsy samples from patients with
rheumatoid arthritis (RA) and osteoarhtirits (OA). MIF, IL-6, TNF«@ and IL-14 stained a brown color. All
tissues were counterstained with hematoxylin (original magnification x400).
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Fig. 2. Increased expression of TLR 2, 3 and 4 in RA synovium. Immunostaining was performed using the specific
antibody against TLR 2, 3 and 4 in synovial biopsy samples from patients with RA and OA. TLR 2, 3 and
4 stained a brown color. All tissues were counterstained with hematoxylin (original magnification x400).
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Fig. 3. Enhancement of MIF production by the stimulation of TLR3 or TLR4 engagement in FLS from patients with
RA. The FLS were cultured with the TLR3 (1 xg/mL, 10 «g/mL, 50 1 g/mL) and TLR4 ligands (10 ng/mL)
only or combination for 72 hr. The culture supernatants were assayed for MIF by ELISA. *p<0.01.
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APsHe W BE &Aoo Z MIFY IL-69] A
ol Z7hslglem MIFE 50 ug/mLe] FEollA 2
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SE9] PolyCe} TLR49] 2]7k=9l lipopolysaccharide
@ps)et @7 A=e19S MIFS IL-69] A4S 7}
YRS BERTH 1 o] GoulA =
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AT A A A ).

FOEIAZEEQ] EXte| &t MZUM IL-6 =
setA| o 2|8 Polyl:CO| 2| FEE MIF
of MpkEk Zta

MIFE Subel =] 2219 bAoA IL-6
2t olyg} IL-8, cyclooxygenase-2 (COX-2), prosta-
glandin E (2)°] ¥AE S7H7IE 2o BHa=g
th (19). IL-6°1 &2 Q] MIFS] Aol Hojstes &
ofH A IL-60l thsk F3HgAE o] &3te] Polyl:C
o 23k MIFe| AA =S =Aslgr). Polyl:Coll 2
3 Z71E MIFS] A4S IL-60] et F313e] A
2ol 9 Al et FAH FoAdS e
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Fig. 4. Enhancement of IL-6 production by the stimulation of TLR3 or TLR4 engagement in the FLS from patients
with RA. FLS were cultured with TLR3 (1 12 g/mL, 10 xg/mL, 50 g/mL) and TLR4 ligands (10 ng/mL) only
or a combination for 72 hr. The culture supernatants were assayed for IL-6 by ELISA. *p<0.05, **p<0.01.
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Fig. 5. Blockade of the IL-6-induced decrease in MIF by the engagement of TLR3 and TLR4 in RA FLS. The RA
FLS were stimulated with TLR3 (1 ug/mL) and TLR4 ligands (10 ng/mL) alone and in combination for 72
hr. The culture supernatants were assayed for MIF by ELISA. *p<0.05, **p<0.01.
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Fig. 6. Increased level of MIF and IL-6 in the synovial fluid and sera derived from patients with RA, OA and HC.
The concentrations of MIF and IL-6 in RA and OA synovial fluids and RA, OA and HC sera determined by

ELISA. *p<0.05, **p<0.01.
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