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Fule] 23 A Aol 4 tumor necrosis factor—ool ¢]3k
st 240 Bolahs HUA T
5 Mz, & % g
gref st o3 st s - A 2 ET A
ZHE A FelEladE g 3] A fE3atel A vehbe 249 32 (hyperplasia) S f3etA| 29 S
A] (proliferation) =} A £A}E (apoptosis) 7] A 7ke] v AR z Al o)3tc}, Fahute] ZA] AAle BEapd S3d)
Al e]3l|3}7] $13led, cDNA microarray W& o] 4-3le] Fule|Aad ] o] &3 A oA HzL] w3
4G DA £ 240 vls) Feldow walel 2] Y FAAE PG ALY WA &

it 27|
like kinase 2, CCND3, FLICE2¢} 72
inhibitor 1C 5-¢] A%} W3& 7243} =
e FHu 2

SR 28

vls FulelARdd #xe] 8 =2x
# o] Z7}s}e] 1 SARP-1, CCNG1, CDC16HS, Cyclin H, CDK -
o]S % GRB29%} FLICE2: Fule] A7HA e Shxol Al

2o TNFR2, GRB-2, RBL2, CDC25B, MAPK p38, CDK -

83 A2,
tumor necrosis factor (TNF)—O(E_ AF3te] HHE F2&€ 5

S1gieh. kA, wWAE e B

o FBAEE TNF-a 3ol 2Jsle] o5 78] BRe 57441717 gsieh 222, GRB2sh FLICE2
t Rlel gy s SRuAEd A 34 $ B BE TNF-a s A 34E ahshe 24
o 431 ez AR =3, GRB29} FLICEZH A28 A4 o) 9% 3492 wels) & o, 2
AT Az o T el FolEaRAY WA 487 249 24 A2 2dsd 294 48E
¥ AYg ANk g
ol ot Fole]~FA- o, 4], TNF-a, GRB2, FLICE2

N2 nhel2gE g Aol A 0 El—t— A HhzA

oz A4d BANT Tz ANz} AP T

Fotel 23" g (rheumatoid arthritis) 2> F=2 3
Ao dSHZe] A&, MER FA, &2
2] (hyperplasia) 54 EA o= 3= A 9
A7V G ot GAkale] &&d
= A 3 g He=
Folelaaag Bape] w3
Zo= HAF o] ‘pannus e T4 7
HAo] Agso] Fe] Tedus)
sl I8 & 7pxlv (Pope 2002).
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9 A=A AG= A]—O]Eﬂ—o ¢l tumor necrosis
factor (TNF)-a, interleukin (IL)-1B 2! IL-6¢} =2
gFel#}el Fasligand (FasL) ™ CD40L7} wHd wi=
Ho|Ho] FHeol f39 AH§=A =E (fibroblast-
like synoviocytes, FLS)Z =247 Jehts Ao
2 33 (Fddmann 5 1996). o] =4 &4
o] 93t oJskz} ofx] = 7w ol¥l
o A4l o8 FFPAEE w)
Aoz Wity e] ul-32 A3} (semi-transforma-
tion) & & ZA =, HZH 22
I Al zAE e oz 8 24 oA
oibe Aoz FAH
TNF-at= fojel2gbdsl 2
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AbER Z7ke B4 =
Ato]l &7}l F2] Fhto|tt. TNF-ax 54
(receptor)el] ZAgtsle] 1 X3S AlE W2
shedl, A2 S5 Agete 4A ot
Mz ke 255 AdstA @ 218 TNF-a
44A (TNFR1):= caspase 4 25 A 3HA1A A=
TNF-02 A25 N Z£2 AN ZAHE (apoptosis)el] wh
A7 &= HbdE, TNFR2Z 3814 NF-kBS 24
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3} XA 3| ZAE (anti-apoptosis) M| E ZAS
do7l= Aoz d#x glu}(Traceyel Cerami
1993). Futelatd e el A2 &8 AH
BN zE AEAE S do7|7|noE AN

B3 (Jaxne 5 1988). Fo] A=, o] HAAFL
Zgelelvt wi3d o (osteoarthritis) ghAke] &2}
Az E QoA dgter aE =, TNF-
ar Folelanay o) fEe AanA Ly
AN A Axehs e AsAY Azs B4
AR 2lsted B Zajel Zledsis WA Qg
= A7 febe s Ay Ao w3 Ae
A ZNA TNF-o Aol H-$-3ke] TNFR29}
TNF receptor associated factors (TRAFs)2] W& o]
WAEG ko] 8 HAfFRAzERog dA 3
F7HE v e Rue od iz 2 o
(Youn 5 2002). 121}, TNFR2¢} TRAFs o] £]¢])
e ofd BAEe foielzs BAGe Seldo
= TNF-a 4159] A S ThEe] FiAo ojs
JxME 2 el vt gl

e

J o

2 AFAE Frbawdy @A) S8
240 Ak TNF-a vl S48 BFsha
V5 A el Frtelawdd B &
o A FRAEANN Solqoz 24HEAT =
Absteiet.

W2 2 e
1. M= bk

0.05% collagenase (Sigma, St. Louis, MO, USA)=
AA 37zl A 2417 Fot Mt AxE =
et E2E Azs o8 W AFste A 37
%= 5% CO; Aol A wiekslsdct. viA 2 10%
fetal bovine serum, 100 units/ml penicillin, 100 pg/ml
streptomycin, 50 uM 2 mercaptoethanol, and 2 mM
L —glutamine (=% GIBCO, Grand island, NY, USA)
< A7}3F Dulbecco's Modified Eagle’s Medium
(DMEM, JBI, Daegu, Korea)& ARg-stelct. a9t
wjoF Fol wjAE mahgel kel Hf4)E (non-
adherent cells)E A Astx Al A xZ (adherent
celo) = A% 719 &3 AfmAze Hli%
(cell lines)= <Agic}. 3~8H A vl kst Alz&
Aol Ab-gstlet.

2. cDNA microarray &4

747} 2vge] Fubels ghabeh WA el A
F& 225 Aok 242 A Aie] Fst
o Zxjabalell Zgrom TRIzol A) <k (Life Techno-
logies, Carlshad, CA, USA)S Y A 3}s14id
o] #AzlE M=E &£38)A (lysate)oll Al ZE RNAE
e sk 4 AlgziE 22 RNA 2549
F3 o= Al83dle] 2Pz =A% cDNA probeE
34 319l = (Clontech, Palo Alto, CA, USA). Z+
probex= 205 7}x] M ZAlE #H FAA2] cDNA
7} A (spot) mofo g RHAT o] 9] Atlas human
apoptosis array membrane (Clontech)ol] \F-g-A| 7}
= (membrane)S- A2 3& ¥ phosphoimager system
(Fuji, Tokyo, Japan)& °]-8-ste] 2} o] WAbs <
& AAssde 2 49 ZEe TINA 200 ¥4
Z2Ye o) gt TStk A §)shed,
7+ A9 HF7ke 971A] housekeeping -4 2152
Aaghoz vhleh o 3A <ojal ghel Fujelx
el M B 2 7ol 26 o)) Aol

¥

o

T ol A% AdUsigsh BE AP T
W olge] Wk Y AR
3. RT-PCR

Fopels R Bakel WAd < At o
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SHEME N EFES 10ng/m|9] TNF-0Z 64]
ol A3 ¥ RE RNAES 522319t 2
uge] RNAC] 5pug/ml random hexamer 1mM dNTPs,
0.43 unit/pl avain myeloblastosis virus reverse tran-
scriptase XL ¢} 0.5 unit RNase inhibitor (TAKARA,
Shiga, Japan)E AR 2%o)A 308 FF vk
235l cDNAZS 259l A8 7+e] SRz} 2
A=E BlIRA 8] 918te], o] cDNAE F3 o

A48} PCR HF--& 319 PCRE 0.25 uM <]
542} Eo] primers, 0.25mM dNTP, 0.15 mM
MgCl;, 0.5 unit Taqg DNA polymerase (TAKARA)Z
Z3dshe &6l A, AR 94meA] 30%, 5520l A
45%, 7250l A 45%F 303] WH5-3lel] ]3le] Ale)
et PCRell ARg-g primere] {714 9dE o5
7} 7t} GAPDH (sense), 5-AAT CCC ATC ACC
ATC TTC CA-3'; GAPDH (anti-sense), 5'-CCT
GCT TCA CCA CCT TCT TG-3'; GRB2(sensg), 5'-
TAG AAC AGG TGC CAC AGC AG-3'; GRB2
(anti-sense), 5'-TGT TCT GCA CTC CCT CAC
AG-3'; FLICE2 (sense), 5'-GGT TGG AAC ATT

Okﬂ 2

A rle

gy

Table 1. Genes upregulated in RA
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TCA GTT GCC A-3'; FLICE2 (anti-sense), 5 -TCA
AGG CGT CCT TACAGA GCCA-3.

-

. RolEABEY #X
WeE s MEAY B

Arlels 249 g
237 913kl kel
BN 205714 AL 1)
FAF-S- cDNA microarray W& o] &3le] dizL
WY Baje] fEue) W Pyt vim
Mshlek 20 o) el B Hme HolF Hel
FAA4E Adstent Felels 4G A
s394 TNFR2, GRB2, RBL2, CDC25B, MAPK
p38, CDK -like kinase 2, CCND3, FLICE2¢9} 2+ 8
A9l fAiate] wao] Zhsglee] AR
(Table 1). ¥FHel] SARPL, Cyclin H, CDK -inhibitor
1C, CDC16HS, CCNG1 5 57}#] & A}e] wuha o]

oo,

l‘ll‘ r—{m o

Genes RA OA! Ratio? Putative function
TNFR2 14 7 2 Death receptors, intracellular transducers,
18 1 18 effectors and modulators
Growth factor, chemokine receptors, cell
surface antigens and death domain receptors
GRB2 49 24 2 Intracellular adaptors and receptor -
associated protein
102 24 4.3 Death receptor—associated proteins and adaptors
RBL2 6 2 3 Oncogenes tumor SUppPressors,
100 4 25 intracellular transducers, effectors and modulators
CDC25B 8 3 2.7 Other cell cycle proteins
16 3 53 Intracellular protein phosphatases
MAPK p38 3 <1 >3 Intracellular kinase netword members
6 2 3 Cell cycle-regulating kinases
CDK like kinase2 7 2 35 Cell cycle-regulating kinases
12 5 24 Intracellular kinase netword members
CCND3 6 <1 >6 Cyclins
13 7 18
FLICE2 36 18 2 Caspase 10 and Cystein protease
85 24 35

Arbitrary values representing the intensity of each spot divided by the mean of intensity of 9 housekeeping genes.

2Ratios of RA versus OA.
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Table 2. Genes downregulated in RA

Genes RA! OA! Ratic? Putative function
CyclinH 2 5 25 Cyclins
1 38 38  Kinase activators and inhibition
CDK 4 18 4.5 CDK inhibitors
inhibitor 1C 8 2 7.5 kinase activators and inhibition
CDC16HS 1 5 5  Other cell cycle proteins
<1 15 >15
CCNG1 3 6 2 Cyclins
2 44 2.2
SARP1 <1 15 >15  Deathreceptorsligands
1 10 10  Other extracellular communica

tion proteins

*Arbitrary values representing the intensity of each spot divided by the
mean of intensity of 9 housekeeping genes.
2Ratios of rheumatoid arthritis(RA) versus osteoarthritis (OA).

72819 v} (Table 2).

#1x 2gHatoll M GRB2}

57t

Microarray Frutel g gxbe] &8
o Al ko] A2 & TNF-a 49} 3
o] 3] growth factor receptor—bound protein 2
(GRB2)¢} Fas-associated death domain protein inter-
leukin—-1B-converting enzyme 2 (FLICE2)2] 3 &
RT-PCR W o2 &alslelch. TNFR29] Z7}=
B A7 B3t ubrb oleiA A kel
(Youn 5 2002). GRB29} FLICE2 AAlek2 = #F
ule] A G Ao F8 23 A BE T o
W Ao #8232 vl A3 FUtE
Aot (Fig. 1). 28922, o] RT-PCR Z3+= Holx
GRB2¢} FLICE2¢l| w3t microarray Aol 2k 12
=i

3 BolelABEY #xto] M R2MEo So|xfel
TNF-a Als
TNF-a: fofeladdyd Be 489 2%
of St 2748 AGE AbolmAkeleln Y 2
Aol =AM FAE selet A4 ANz R

o
|x_|,'|"_"
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OA

GRB2
FLICE2

GAPDH

Fig. 1. RT-PCR analysis to confirm differential expression of
genes between rheumatoid arthritis (RA) and osteoarthri-
tis(OA) synovia tissues. RNA was isolated from RA and
OA synovia tissues and RT-PCR was performed using
primers specific for GRB2, FLICE2, and GAPDH.

ulE] AR -E ) ko] &3 AFEAEE wad
A A & AfEAZes g2 TNF-a
of uhg3te] MEXD F213 AEAL Aol o] A
£ =3k (Youn 5 2002). o] Al znk-g-2] <k
A}o] TNF-ael] ©)3 GRB2%} FLICE2 vH&] 4.9
Zpolof| A 2= QA S Folr7] Sk, 4t =
A zF2] FrtelAfd Y A 487 AfEA=Z
of wided A & HfEA =z TNF-as
A7Vsled wiokat ¥ Az 4 o FAFE RT-PCR
2 FAs ok INF-a8 Xgslr] ¢ FulelA
HAd B &8 AFEAZNA GRB2}
FLICE2 AAE2 Zt7 48 2= g TNF-a
Aol wel F AALE F> dAF] Friskdoh
ARk wHAE G 3hate] F3F AfEAEAAME
TNF-a #}=2] ¢Jsle] GRB2o| walok #A]3]
2459 FLICE2 AA}ES TNF-a =3 Aba
el HFEEA] eksket (Fig. 2). 1=2j==2, TNF-a=
Futelaad e dabe] &8 AfEA ZedAM A
A A e Z9= th=74 GRB29} FLICE29]
& 28

A I

o

o
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RA FLS OA FLS

— + _ TNF-a

Fig. 2. Differential gene expression in RA and OA fibroblast-
like synoviocytes (FLS) upon stimulation with TNF-a.
RA and OA FLS were cultured for 6 hoursin the presence
or absence of 10ng/ml TNF-a. RT-PCR was performed
using primers specific for GRB2, FLICE2, and GAPDH
serving as a control.
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u =
I d+ A= F3Hxz 9 4] (hyper-

plasia)2 Al = 2] (proliferation)
FAbg o] Ao B-3HA ;q-,g_o
st gleh 2y old AE %ee A A
=W AE A el dE A7 vjujshgict

T AFelN St FolEang B9 &
gub z2lo] We] AHA oz 2AH FARE
Attt 1 S A= E3 GRBZQ} FLICE22]
P Folels HEQEAe) £8 AgnAE
TNF-a2 A8 sol = Q2 U7 2
gt o8l Zr7l= wWAAA 3zl §3E s
AzANE DG & dQt olye Ao F
whelz BAGRAL 2 HfmAZT G A
o) wlste] FUT TNF-a A4l v)ste] GRB2
s} FLICE2 5ol ¢J3le] w8t o %9 4%
AE N ADFE A 2B, Fulels
Wd e #8 AfEAEs A4 AR
b o AlE o WA WEE 23eta gl
o] TNF-oo djsle] W3y Az A" A=
9 Aste PAsEcD F4 0

GRB2%:= tyrosine kinase 4=8-#|¢l| A 3}sl= adap-
tor 2212 Ras¢} 71 3¢ MAPkinase 7 =& 4]
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3}sl=1d Foiste} (Budays}l Downward 1993,
Yamazaki 5 2002). MAP kinase?] Az Z2]¢)|¢]
u)e] £ 4 l%el, Az GRB2
7159 AAEe Alx 24 A= x5k (Xie

1995, Tari 5 2001). J8j 22, Fole|A #A- Y
i T%}“L zA¢] 2719 GRB2: 1 %239
FAe ZAA J&E Fogzt FA G A
ok TNF-ae] ¢]s}e] GRB2 wae] Z7lel= 7]
o B3t M= o AFslof & 7ol

FLICE2 (caspase 10)7} o197 ¢et zx)o] =
Aol 7]ef3t=Ae Hsteir= A E7]7E 4
olc}. FLICE2:= TNFR1 #ul o}u)g} Fase} TNF-
related apoptosis-inducnig ligand (TRAIL) =& ol|
T9EE AsAdE Bdelr] g Eeltt (Vincenz
¢} Dixit 1997, Sprick 5 2002). ¥ A3 A= &
& TNF-ao] 9)s}e] ¢=% FLICE27} #3wd}
Aol pA A (positive) g @A) 13
Al dstdM = o 4 ik gk wEe] 7
¥ FLICE2:= Fvlels 3 g3iate] AfwAd=
o] TRAILF} Fasell 93t RI71AS =71A]7|=

—
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m[o ol}l

[e]
__H z_«]

lmll

shg shAeeler 249 7)Ed] MBEY B
o #A dpzdse fodaaRg B
g} Qgwa ol 2 Fasol ate] we
& noln) e, 7 Az 4 Fend Az
Folk e sel wam Sk (Nakadima 5
1005). =8, Fulelandd B2 427 Am

e e

TRAIL w7 A Z=AEe o g17ghe] B glct
(Cho 5 2001). ¥ A7 AFE 7] BarefA
Bel Frie|Aadq 3ate] 39 Afw2A Z9)
W] Fhato v"r%ﬂ‘ AfrEAZ7re] Fas 9l

TRAILS] 3t ukeAe] X}o]7} FLICE2 %)
Zolel| A 7)Qld 4= ‘3}—5% AlAFsEaL Qe
FPHez, 2 A7 ZAAde FrEaddd @
Ape] g 24 FAA &89 AfRAEs
TNF-a A58 #8359 254 (effector) Al
=2 2g3hE Wk =3 TNF-a 43 A=2x 7
ute] A ] F8 AfFRA ZAM AHAF Al
Zoje thzs) P4 g o, GRB23} FLICE2
7b 2 Wy E Ass A deste Aoz



0t

L=

Buday L, Downward J : Epidermal growth factor regulates
p21lras through the formation of a complex of receptor,
Grb2 adapter protein, and SOS nuclectide exchange factor.
Cell 73: 611-620, 1993.

Cho WG, Leem HS, Paik DJ, Chung HS, Kim WK, Choi CH,
Youn J: Selective susceptibility of synovial fibroblasts
isolated from patients with rheumatoid arthritisto TRAIL -
induced cell death. Kor J Physical Anthropol 14 : 273-
280, 2001.

Feldmann M, Brennan FM, Mainil RN : Role of cytokinesin
rheumatoid arthritis. Annu Rev Immunol 14 : 397-440,
1996.

Gitter BD, Labus M, Lee SL : Characteristics of human syn-
ovial fibroblast activation by IL -1 and TNF-a. Immono-
logy 66 : 196-200, 1989.

Jaxne T, Heinegard D PMA, Tala N, Wollheim FA : Detec-
tion of tumor necrosis factor—a but not tumor necrosis
factor—f in theumatoid arthritis synovial fluid and serum.
Arthritis Rheum 31 : 1041-1045, 1988.

Nakajima T, Aono H, Hasunuma T, Yamamoto K, Shirai T,
Hirohata K, Nishioka K : Apoptosis and functional Fas
antigen in rheumatoid arthritis synoviocytes. Arthritis Rhe-
um 38 : 485-491, 1995.

Pope RM : Apoptosis as a therapeutic tool in rheumatoid
arthritis. Nat Rev Immunol 2 : 1-9, 2002.

Sprick MR, Rieser E, Stahl H, Grosse-wilde A, Weigand

2x8 —

MA, Walczak H : Caspase-10 is recruited to and activated
at the native TRAIL and CD95 death-inducing signaling
complexes in FADD-dependent manner but can not func-
tionally substitute caspase-8. EMBO J 21 : 4520-4530,
2002.

Tari AM, Lopex—Berestein G : GRB2 : a pivotal protein in
signal transduction. Semin Oncol 28 : 142-147, 2001.

Tracey KJ, Cerami A : Tumor necrosis factor, other cytokines
and disease. Annu Rev Cell Biol 9: 317-343, 1993.

Vincenz C, Dixit VM : Fas-associated death domain protein
interleukin-1b-converting involved in CD95- and p55-
mediated death signaling. J Biol Chem 272 : 6578-6583,
1997.

Xie Y, Pendergast AM, Hun MC : Dominant-negative mu-
tants of Grb2 induced reversal of the transformed pheno-
types caused by the point mutation-activated rat HER-2.
Neu JBiol Chem 270 : 30717-30724, 1995.

Yamazaki T, Zaal K, Hailey D, Presley J, Lipincott—Schwartz
J: Role of Grb2 in EGF-stimulated EGFR internalization.
JCell Sci 115: 1791-1802, 2002.

Youn J, Kim HY, Park JH, Hwnag SH, Lee SY, Cho CS, Lee
SK : Regulation of TNF-a-mediated hyperplasia through
TNF receptor, TRAFs, and NF-kB in synoviocytes obtain-
ed from patients with rheumatoid arthritis. Immunol letters
83 :85-93, 2002.

Zhang HG, Blackburn WD Jr, Minghetti PP : Characteriza-
tion of a SV -40 transformed rheumatoid synovial fibro-
blast cell line which retains genotypic expression patterns:
amodel for evaluation of anti— arthritis agent in vivo. Cell
Dev Biol 33: 37-41, 1997.



Korean J Phys Anthrop
16(2): 89~ 95, 2003

Abstract

Screening of Genes Regulating TNF-a-mediated Synovial
Hyperplasiain Rheumatoid Arthritis

Sung-Jin Huh, Jeehee Youn

Department of Anatomy & Cell Biology, College of Medicine, Hanyang University, Seoul, Korea

Chronic rheumatoid arthritis(RA) is characterized by the hyperplasia of synovial tissue, which results from the com-
bined influence of the proliferation and antiapoptosis of the synovial cells. In this study, to identify candidate factors
involved in the regulation of synovial hyperplasia, the expression profile of 205 apoptosis-related genes in a rheuma-
toid synovium was analyzed in comparison with that in an osteoarthritis (OA) synovium using a cDNA microarray.
Upregulated genesin the RA synovium include TNFR2, GRB2, RBL2, CDC25B, MAPK p38, CDK -like kinase 2, and
FLICEZ2, whereas 5 genes including SARP1 were down-regulated relative to OA. Among them, importantly, the expres-
sion levels of GRB2 and FLICE2 genes were remarkably enhanced in RA but not OA synoviocytes in response to TNF
-a treatment. Therefore, TNF-a inducibility to GRB2 and FLICE2 genes abnormally enhanced in RA synoviocytes
might represent the increased transcripts of these two genes in rheumatoid sunovia tissues. Moreover, these results
suggest that RA —specific signals by TNF-a, including GRB2 and FLICE2, are involved in the pathogenic processes of
synovia hyperplasia.
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