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Peroxisome Proliferator-activated Receptor-? Agonist Inhibits
Pro-inflammatory Gene Expressions and Cellular Proliferation of
Fibroblast Like Synoviocytes from Patients with Rheumatoid Arthritis
by Down-regulation of NF-kappaB

Yong-Jin Kwon, Soo-Jin Chung, Tae-Yeon Kim, Min-Chan Park

Department of Internal Medicine, Yonsei University College of Medicine, Seoul, Korea

Objective: This study investigated the effect of rosiglitazone, a synthetic peroxisome proliferator-
activated receptor-» (PPAR-7) agonist, on pro-inflammatory gene expressions and cellular
proliferation of fibroblast like synoviocyte (FLS) from patients with rheumatoid arthritis (RA), and
to determine whether these actions are mediated by nuclear factor-kappaB (NF-B) down-
regulation.

Methods: Synovial tissues from patients with RA were obtained during total knee replacement
surgery, and FLS were isolated. RA FLS were subsequently treated with 10 «M, 50 «M and
150 «M rosiglitazone with or without TNF-a (10 ng/mL) stimulation. FLS proliferation in
response to rosiglitazone treatment was measured by MTT assay, and mRNA expressions of
IL-143, IL-6, CCL-2, CCL-7, COX-2 and MMP-9 were determined by real-time quantitative
RT-PCR. The effects of rosiglitazone on NF- « B activation were evaluated using electrophoretic
mobility shift assay (EMSA).

Results: Rosiglitazone treatment without TNF-« induced a dose-dependent reduction in
mRNA expressions of IL-1 3, IL-6, CCL-2, CCL-7, COX-2 and MMP-9 from RA FLS. When TNF-«
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were treated with rosiglitazone, mRNA expressions of COX-2, MMP-9 were reduced dose-

dependently. But mRNA expressions of IL-1 73,

IL-6, CCL-2, CCL-7 were increased in 10 «M

rosiglitazone with TNF-« and then decreased as the concentration of rosiglitazone increased.
Rosiglitazone treatment also suppressed FLS proliferation in a dose-dependent manner, and
EMSA showed decreased NF-« B expression with rosiglitazone treatment.

Conclusion:

Rosiglitazone suppressed cellular proliferation and mRNA expressions of

pro-inflammatory mediators by down-regulating the NF- « B signaling pathway in RA FLS. The
outcomes suggest that activation of PPAR-7 can be a novel therapeutic approach in RA.

Key Words: Rosiglitazone, Rheumatoid arthritis, Fibroblast-like synoviocytes, Pro-inflammatory

mediators, NF-« B
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93 °u%‘°] A2k 54‘:{‘1 nuclear factor-kappaB (NF-KB),
mitogen-activated protein kinases, 1« B kinase (IKK)
9l activator protein (AP)-13} 7+ A S A LA A7} 2
ofslo] thAIA|Z e} L E EE] tumor necrosis factor

(TNF)- @, interleukin (IL)-18 5 thokst G4 4o
E7}o17} chemokine (C-C motif) ligand (CCL)-2,

CCL-7 59| AR}, ez
(MMP)-9, cyclooxygenase (COX)-2 o] #H|Z|o] <
F% SBAAA Hek 612, 7 A% Hoe] 34
o] 7H43Elo] panmusE FAShe] ATS walsn
o] odZ w7 QAFEo] receptor activator of NF-« B
liigand (RANKL)®| #A8S fibste] stSAlxE
A 9 E oA AL g
Ao d#HA Uk (13,14).

olg|dt AFE AAlstm A WS &3}

matrix metalloproteinase

71 98l FulelABdAde] X5 kA kel tf
ATE FEe] A%Eo] g} Hole Fulelx
AdolA Wt 2434 B4 Flol FAA o
3 Aog ANFEE off] A=A Ko|EFIOIE
g A7t s AYss glow, NF-«Be| A

ol TNF-¢ H IL-189] #&& Aukst= <FA7F A
wslo] FulelAaghAdedel S AW ol

WA &S AWPHA 2F 5 YTl
(15-17). &}AIRF X 52597} HoldoxE
5 AAEY AF3] A g5l S HolA gkol A
& AaW kel Yool Fasw ek
Peroxisome proliferator-activated receptor- ¥ (PPAR- 7)
= FAA AAe o= Bg=E-A|(nuclear receptor
family)e] shutz, AANA B FFA {FA Fa
@ A4S s Ao FelA v (1819, A 5
o] PPAR-7 7} <1l % 1= goidte] Eheziedl,
PPAR-7 agonists& WA AY 7 Fllol] Foizprt
OA AN Eoll A iZull BAe) Aol ik A
o] =Y}t (20,21). T3 PPAR-7 7} TNF-a &l
IL-135 HEg vhakad 454 AolE7leld digt

l

oA Zguwnt olJgl COX-29F MMP-9L H|E3
thekgt A EAES WS LA ol
g 3td S8 FE NF-«B oA| Zgo ot
Ao g wrolEoiAa vt (22,23). ol A+ A
IEE A F 01 uf, WA AEe] 243l 9l NF-«B
o oa wdoe] ZvtEl oy AZwiA UAEe]
el QAOM Fo3 fFulelaBAged o=

PPAR- 7 agonist’} @qZ5a 75 Ueld JhsAle] 9l
= o2 FAH
Frobel=3ded o] wWlell SlolA A Fate] =
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1. AN E +F
19879 wl= Fulel 2337 AR Folel 04
Aol AVFE 4)oll At FulelafAHdo T
Atd A5 ddes sglen, Fulel=3Ad
9 Ak © 1A7F o9 == A S 7HAH, @
£t £59] FAHo AFo] FIHEL, @ 2 A
Hog JAL dFo] FTHEAL @ 379 o4
thbA Aol THEH, ©® SHPAAY FuleEl~
AA7}E FAdolm, ©® F|Fol| Fulel AAo] FH
Ha @ 3AA &4 SAAQ w9 £2A4E B
ole AR, A7 A F a7HA oldE WL A
+ FulgladAdsdoz Adkslgdn ofE AxzF
A3t &2 A3 9 B 4] HAHe| e
A5 WAL FulelaAd ] ghate A Xk
A BRAR € F2 AT BAEAXPES B3] B
A Fosloll A Fahg 2 sk
2. MREAN|ERF ZHON|Z(Fibroblast-like synoviocyte)

Frupel =i ] kAo etz s Qs l(cell
culture phosphate-buffered saline, ccPBS)o] A Y+
100 mm dishol] @o} AW=Z] o, dF 55 Al
71& th5 Dulbeco’s Modified Eagle Medium (DMEM:
GIBCO BRL, Grand Island, NY, USA)S. & A|xs}e]
t}. o37]ell 2508 3]AE 2.5% collagenase (Sigma,
St. Louis, MO, USA)E 410] 37°CollA 442t &<t
HREAIA T FElEl AREAZS Sz AE

fHG 1200 rpmeE 4°CollA 1087 A4 E23
= 20% -F-efo}& A (fetal bovine serum: FBS, GIBCO
BRL)°] 3% DMEMoll4] 797 wiokalqict. wiok
H b Ee 5~83] Al wiekdt & Adde] A&
s}3lc}. Rosiglitazone (Cayman, Ann arbor, MI, USA)
< dimethylsulphoxide (DMSO)ell 27+ (10 «M, 50
eM 2150 xM)E] sEE EMAA AEsih

3. MTT assayE S8 MESAE ©I}

gt Ee] Z4] HE = method of transcriptional
and translational (MTT) assayE 53l A ZFE4sl3c).
EZ-CyTox KitE ©]g83%}o] rosiglitazoneo]| Z=hA|E2]
FAAAE Fsle AA s25 FAsUed 9%
wellell wekslt A EZ 10 4M, 50 #M E 150
«M2] rosiglitazone©. 2 X2t ¥ 24A4]7F, 4847k
W 72470 Foll FebAEe] ZAdA] o 1 E Bl
7] 913l 2+ well wle} kit reagents Wl 6417+ F4F
incubation¥- microtitre plate reader® wave length 420~
48004 FF=E ZAsAc

4. RNA 22| ¥ M2 real-time PCR

kAol rosiglitazones 22 10 #M, 50 M Bl
150 «M9 52 #2ld 5 INF-¢ (10 ngmL)Z
A TRt T3 FolslA] gk Fo® uro] 48
A|7+5<ek HESAIZl & total RNAE  Trizol-reagent
(Molecular Research Center Inc., Cincinnati, OH, USA)
& olgsiel WohAEERE welsigleh RNAS 5
Bt BRREAS ol gsto] 260 nmoll A ZHo}w
RNASY £5¥& 260 nm& 280 nmollAl =43k Fi
£o) ulgg olgsiel Aol WA W
TaKaRa RNA PCR Kit (AMV)S A}-839] 00 MgCl,
RT buffer, dNT, RNase Inhibitor, AMV, Oligo dT, RNase
Free waters ©]-&3lo] cDNAE FAs A}t A5A4
R EF}I(IL-14, IL-6), AFEFIA(CCL-2, CCL-7),
COX-29} MMP-99] mRNA w& 7+4: AEE el
7 S8l Azl dguAEASel dd Seldd
primerE Ah-83lo] ZZE3}9lowr] PCR buffer, D.W.,,
Ex Taq¥} 20 pmol sense®} anti-sense primerS 2+7t
#7}sko] 95°C, 58°C, 72°CllA] 30 cycle PCR HHS-2
T3 = ethidium bromideE AF£3}o] 2% agarose
gel’doll A bandE EA4313ic)
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324 real-time PCR- Tagman master mix (Applied
Biosystems, Foster City, CA), sense$} anti-sense pri-
mer (Applied Biosystems, Foster City, CA)E A-&3}
o] gene Amp 7300 sequence detectors &3l threshold
cycle (CHE F83H3A

5. Electrophoretic mobility shift assays (EMSA)

100 mm ®lSF HAJol] FabA|E9} rosiglitazone 100
uME At 48X 7HH ol QlAFSEE=oH(phosphate
buffered saline: PBS)S.Z F+ ¥ A¥3slz AEXLE F
o iZ AAA £ M (hypotonic lysis buffer :
10 mM HEPES, pH 8.0, 0.5% Nonidet P-40, 1.5 mM
MgCl,, 10 mM KCl, 0.5 mM DTT, and 200 mM su-
crose) Z4 9] buffer A 1 mLE H7}slo] vortex3dt %
1087 A5 Sloll sobradvek. ohA] 4°CoflA] 587
3,000 rpme 2 FAEEZ F FFAS o] W
20 mM HEPES-KOH, pH 7.9, 042 M NaCl, 1.2 mM
MgCl, 0.5 mM DTT, 0.2 mM EDTA, 25% glycerol,
0.5 mM PMSF, 5 pg/mL aprotinin, 5 xg/mL leupeptin
Z4¢9] buffer B 100 «LE X7FF ¥ 2087 A3
el FolFdrk o] 4°CollA 1587F 1,500 rpme
AR & AFAS o] MEZF tubeol]
% BCA protein assayE ©|-83}o] protein®] &%
£73% ¥ —20°CollA] Hstadct.
Double-stranded NF- «# B oligonucleotide s biotin -2+
5 A& o] 83}o] LightShifi™ Chemiluminescent EMSA
Kit (Pierce Biotechnology, Rockford, IL, USA)E o] &
sl DNA-protein interctions 221}l =d] WA 4~

6% polyacrylamide gelol] pre-run ©]% nylon membrane

M Nk

< o] &3lo] transferA|Zl % chemiluminescence 22
biotin-labeled DNAE- detect3} 3t} Membrane< cas-

<

setteol] exposeA]Z] ¥ X-ray filmol]l 2~3% 3 delope
slod shift!l HEE film Aoll4 #elsl3lc}t. Band9]
=717} AR wbF negative acrylamide gelol]4] mobi-
lity7} shiftsl 722 2elsl

2 _TI_I.

1. Rosiglitazone X0l [[}E AFREMZL BHOIM|ZS

54 o

PPAR-7 7} Frotelsabd el el WQlell ojste=A

A2 3% 2010 —

1 DMSO
[ Rosiglitazone 10 uM
120 7 B Rosiglitazone 50 pM
Hl Rosiglitazone 150 uM
1004 — — — .
2 toF :
S 80 *
8 *
5 60- .
R +
E 40
=
20
0 T T T
0 hr 24 hr 48 hr 72 hr

Fig. 1. The effects of rosiglitazone on the viability of rheu-
matoid FLS. Rheumatoid FLS were treated with
varying concentrations of rosiglitazone (10 «M,
50 #M, and 150 ~M) for 24 hours, 48 hours and
72 hours and the extent of FLS viability was
measured by MTT assay. Results were expressed
as % of control and data was the mean of five
separate experiments. Rosiglitazone inhibited cellular
proliferation of rheumatoid FLS dose and time
dependently. *p-value <0.05, Tp-value <0.01.

gotry] Sl FulEswA

o]
=
AT GuALE 2ol o)

Gub £ Z4] AAIEE MIT assays £3 =

4 13} Zo] rosiglitazones FoIgk -
oA AREAEF FubEe] T4 A7 FE5
Qo ol A AiE X9} A7 uvlEsle]
S7Fsksict.

2. Rosiglitazone XX|0]| [} IL-18, IL-6, CCL-2,
CCL-7, COX-22} MMP-92| mRNA 2+l zZiA

Rosiglitazone2] &35 HIE Folslr] 9sto] 7
nhe] el o Fatoll A dFE fbehar of3HAA
Heldelol 7Hd Fod A¥S e IL-148, IL-6,
CCL-2, CCL-7, MMP-9 12]3L COX-22] mRNA u+&
o] rosiglitazone A X ¥ FrasteA HAeAct. 7
ulE]2=fA ] shxbe] eto g HEl Ee wigH A
FEAESE ZabA| Xl rosiglitazones ZHZF 10 ©«M,
50 «M " 150 «M9 FEE A H TNF-«a
(10 ngmL)E A FoAg 3 Foi3A &2 T2
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2 o] 48A1 7+ WESAIZl = IL-18, IL-
CCL-2, CCL-7, COX-29} MMP-92] mRNA Z4 A&
£ RT-PCR 3 A#FA real-time PCRS 53l 29l
A3, a8 29} o] TNF-a & FoIsA ¢k 7
rosiglitazone®] F%7} ZF7}goll wlEste] IL-1
IL-6, CCL-2, CCL-7, COX-22} MMP-92] mRNA
o] AASA Fasiglen COX-29F MMP-99] 7
% TNF-a & §o38 oA X% rosiglitazone2] &=l
vlelslo] mRNAS] Walo] ZrA¥drh a8} IL-
153, IL-6, CCL-2%} CCL-7¢] 7% TNF-a¢ & Foi3t
TollA= 10 «M9Y rosiglitazones X234 & vl 2
5|2 rosiglitazones A E|sFA] g2 izl w3l
mRNAS] W&ol Z7}3l9) 2™ rosiglitazoned] F5=7}
S7hel weh A o] Aot tzTol
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3. Rosiglitazoned| 2|8t NF- ¥ BY down-regulation

Rosiglitazone®] &d=2-4-5 wizliels AT A LA
AE Felsl7] Y&l nuclear extractsZEHE] electro-
phoretic mobility shift assays (EMSA)E A]3§s}o] NF-
kB oA ol 3eldt Az}, 13 37} o] A
FEANFE kA Zoll A TNF—afoﬂ o&l =Al3}=

NF- ¥ B= rosiglitazones %] 2|3t & down-regulation]

Fig. 3. Inhibition of NF- ¥ B by rosiglitazone in rheuma-
toid FLS. The effects of rosiglitazone on the
DNA-binding activity of NF- B was tested by
EMSA. (A) Treated with vehicle only, (B) treated
with rosiglitazone 100 «M for 48 h. NF- ¥ B was
significantly inhibited by rosiglitazone. The results
are representative of five independent experiments.

A2 3% 2010 —

Frolel =3l chid o2 3 Fatol] olFol
Jal= A il 13bolrt. iEE
doll 22 #AAE fikshr 53] A3 w
s A&
& TS T
v 53] T AZZ5HE
3t oA A7}
TNF-a, IL-15, #lo] EF}el-S
A 2 ol old] AT HHEAE cell-adhe-
sion molecules)¥} CCL-2, CCL-7¢} Z& AlE7}el
COX-2, MMP-9 52 288 Z7lAA #A
AFEAZEG A2 HoFA e F
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7] & goy|sr RANKL U 334 Z(osteocalst)
LASAA =S sl "ok (25-27).

AFA Aol EFIS HIEEE o1 é%‘ a7} 1=}
ASAEY H&g HEIATL AN ER/E
s collagenase 59 MMPEH|E ZZlslo
/(.]]::‘JI:OO}: gl—ul—xﬂv,__q _.,].1;].2/“ n] ol =3
th. & Fulelagbdedol Wl glo]
A 95 e Zlo] dAAZdA EHlElE
AsriNEAeolng dAAEY] &A4E dAlste
o] Fule|2RAdo] X5 mS S
ZH ek (28).

Peroxisome< FIMA|EUlol] EAlst= v]A7]T2
2, AHkAte) *l-.@]—d] ol sl peroxisome] 415
doglE FE(peroxisome proliferators) % A A tHA}
o] Za3t 9%S YelH= fibrates AE2] clofi-
brates, fenofibrates G- QoA gzl AL Q)

A= 19904

L

N
N
Y

1
i)
et
& e =
L2 o> [o do ox 1-%
o M W N A T oox rlo o wn b MO

>}L
lo
fru

t}. o]#] 3}k peroxisome proliferator?] <&
] o]% 4| &] peroxisome proliferator-activated re-
ceptor® ZAE 3 glrl. PPARE el $xsl=
AFaA A BASASEE F2A 248 A&
A vl FEASE A F2E AW §4A
A2 ZA3E viAsl= DNA AtA AAIz}o| )
PPARE 744 TEE 28} well D 8
o} B)EAl 9-cis retinoic acid FTEH|Q retinoid X

receptor (RXR)&} heterodimerE ¥4 8141} peroxisome
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proliferator responsive element$} ZAgsle] TH F
Alol] HolH o2 zr83trl (29). PPARE o, 8,
9] 37}A] o}o] EAstEd] L = PPAR-7 & A
A|Zof] Wadslo] AAE E3tet AAAAE =
gheh AR ARl dEkeel Andat
ol 93 3¢S =& PPAR-7 7} o|Ed 3
ol Zolute 7hsAel AAE] gtoem HT =
o] PPAR-7 7} tiAAZelA o] AFA Aol
27119 A JAlste] dFubes JAlske A
o] ¥+ %t} (30,31). PPAR-7 agonist= + 7}A &
FE 2% = 5 dE faty acid®F 15-deoxy- 4 >M-

prostaglandin J, (15d-PGlJ,) =9 endogenous agonist

M 2 ox w o =

(32-34)%}  thiazolinedions (rosiglitazone, troglitazone),
fibrates 52| synthetic agonist”} 1t} (35).

Fulel 23 A g A= o]F PPAR-7 agonist®] &
ASAEoll gk A7t Y= AEd Yutaka 5ol
Wk 8k Aol o3t 15d-PGLS} troglitazone®|
utel =g ] 3pate] Zuba|xe] 4 A9k apo-
posisE st A AF F EdldA Itz
Zol] ghei-e] 53} pannus FAH-S FHEAIZT (36).
aev Ji sl WhESE Aol oSt fube| A3
ol 3xte] FubA|Eol|A] 15d-PGl,7} TNF-«, IL-18
o] wtd-g A As}P Il troglitazoneo] NF-« BS] #4
= &A= st e Az T4 A g
apoptosisS FE8FA = EstArt (37). ©1X 7 synthet-
ic PPAR-7 agonist®] @gqZa ol gk #Ale] =
olA AL o= Eslal vHA 54 A3 dE
g T g e FutelaRdds iz AT
Svitt 2 Aol Aol E Helx glom tiEFH<Q
synthetic PPAR-7 agonist] rosiglitazone®] Fule]X
Aol YolAlel AEE AR AT obA
Za8] AYH A oksket.

£ AFoA = Futel=wded 3kate] ARfRAE
ok #habA| ol 3EZ Q) synthetic PPAR-7 agonist®]
rosiglitazones g FEE AHEsldE w Foi
%71 ZF7V8tel|l wl#E|sle] IL-18, IL-6, CCL-2,
CCL-7, COX-2%} MMP-99] mRNA #¥o] 7H4¥E&
WGk AREAZYG AT AFE S
Z7FA7171 f18l INF-e & Folsleledl cox-2¢t
MMP- 9¢] 73-%- TNF-a & 503t FolA % rosiglita-
zone®| FXxoll vl#lsle] mRNAS] o] ZhAw|9)

[

o}, zE)v IL-18, IL-6, CCL-2¢+ CCL-79 7%
TNF-a & Folgk FollAE 10 £ M2 rosiglitazones
xelsts vl 23] rosiglitazones X E|3FA] &b
izl vldl mRNA ®H&o] F713ld3L rosiglita-
zone®] FE7t F7bsrell whEl Hxb whyle] 3h4slgl
o gzl vlsiA e FkEle] e AEds &
2 7 At o]t AL UJLeZE TNF-«
Helel o] AFo] Y =2AH A folle Asre
rosiglitazone®] 23] pro-inflammatory actionS &
7Feidel s g Ik AT 50 «MI}F 150 1«
M| rosiglitazones Foidt 739 TNF-a"b Foldt
739-Hr} pro-inflammatory gene®] wWlHo] =
A71E B, rosiglitazoned] Fol &F& EHT
a3 37 ARt FAeEE o E Hop B oA
A A83F rosiglitazone?] S W} ©lS n g
Fol3t S 72| pro-inflammatory gene®] & pat-
tern®] W3tE ¥ z=AE Hert JFch

dubg o2 4l rosiglitazone2] 3 EHE-g-oll A4 2
Zg 71 B AFolAE dRlE wiel o] NF-
k£ B2] down-regulationd ‘&3t anti-inflammatory action
o] FE o|F Aoz AZA=L} TNF-a ¢} rosiglita-
Foisk Zfoll B AFoA FEH
IL-153, IL-6, CCL-2¢} CCL-79] Z7tdAe] ojmdt
71Ae AR e AJA N dallAde F3 F714
QA7 FesAct

H odo| A= rosiglitazoneo] A-FFEAE
AZ FAl X dggs Golir] 3l MTT
assayS APy 1 A3}, rosiglitazone?] FoHAEE
of nlellsle] AFRAZYE HahaEe] FAjo] A
< 913 = 9tk PPAR-7 9 AEZA] 7|
= AolEFIQIS] W& =Asl= NF-«B, AP-
AAJAE dAsle] ZeiEs Zlegd U4
Tl (38), 53] NF-« BT Fvle| =] o4
AAQAZA AF4E& 24scd 4f=E
LetA| ol 4] WhEo] FrlElo] AT Aol
= TR EA BFA AL oA
9% 9lt}. PPAR-7 agonists”} +u}E]
HA Aol A JATAES Yebe HEAY A%
GAAl JA| NF-«BE Aol o3t Aoz A7
A= ol & #Rlsy] 3l B AFNAE rosi-

o AZA

zones 7ol
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A NF-£BE 44| A1- 4 9lEA olTE EMSA
T B3 olR 2 Az BASA NF-« B} ro-
siglitazone ] ool <& A== AL WAL F

godct ol#d AF}S nlgro & TNF-a & A e|slA
ore Aglol| A ghEo & FolE rosiglitazoneo] THA]

AEe] MFEEAQ PPAR-7 & FA A A Fulel A~
HAde] Helod Fa3t ojg] 1A AZul BAS

o AYE gEA2 ¥ ﬁ%ﬂ%-v”ﬂ* A%

ofo

&

ko] PPAR-7 7} wubel=gkd o] <]
21913} aL synthetic PPAR-7 agonist
§j—ul—oﬂ/q ol oi 1/]__‘; Ud ol H]._Q__O_

=
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B odtol| A& PPAR-7 7} frule]agdeio] wQl
ol Fosl=A o FF Loli 7] 3l FulelaAA
o 3zl FetogHE AFRAEYG FAEE
Ha] ufjekslo kgl X9 rosiglitazones THEO

Fxof H|#sted TNF-a, IL-1
CCL-2, CCL-7, COX-2¢} MMP-92] mRNA HL°4 o] 7+
&= = 218 #slde). =3 rosiglitazone %]l ul

T ZehAEe] AlxFA o] JAE L A Ee] of
EA4Q1 ASHHS AZADAAIR] NF-« B down-regu-
lationS =Fel&}ic}.

B d3E B3le] PPAR-y7F Fule|adbaed el
weloll Tolstol iz Aol S sHelsle
W FulelaRAd g X el glojA M2 A W
Ae AT F 9L Ao Az,
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