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ABSTRACT

Background: Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized
by synovial hyperplasia and joint destruction. The synovial fibroblasts express cell
adhesion molecules and have a role in adhesive interation with inflammatory cells in
synovial tissue. It has been suggested that hypoxic conditioins are thought to exist in
arthritic joints, and several studies indicate that reactive oxygen species (ROS) produced
in hypoxic condition can initiate events that lead to pro-adhesive changes via increased
expression of adhesion molecules. So, this study wsa designed to examine whether
antioxidant can inhibit hypoxia-induced expression of ICAM-1 in cultured human
synovial fibroblasts. Methods: Synovial fibroblasts were isolated from synovial tissue in
patients with RA and cultured at hypoxic condition. Antioxidant, PDTC (pyrrolidine
dithiocarbamate) were pre-treated for an hour before the hypoxic culture and synovial
fibroblasts were harvested at 0, 6, 12, 24, 48 hours time points. Cell surface ICAM-1
expression in synovial fibroblasts was examined by the flow cytometric analysis. To
analyse the expression of ICAM-1 mRNA, reverse-transcriptase polymerase chain
reaction (RT-PCR) was petrformed. The levels of cytokines in culture supernatants were
measured by ELISA, and activation of NF-kB was analysed by electrophoretic mobility
shift assay. The adhesive reaction between synovial fibroblasts and lymphocytes was
assayed by measurement of fluorescent intensity of BCECF-AM in lymphocytes. Results:
Hypoxic stimuli up-regulated the ICAM-1 expression as well as the adhesive interaction
of human synvial fibroblasts to lymphocytes in a time-dependent manner, and PDTC
inhibited hpyoxia-induced ICAM-1 expression and cell-cell interaction. PDTC also
inhibited the hypoxia-induced activation of intracellular transcription factor, NF-kB.
PDTC decreased the amount of hypoxia-induced production of IL-1B and TNF-a.
Conclusion: These studies demonstrate that PDTC inhibit the hypoxia-induced ex-
pression of the adhesion molecule, ICAM-1 and activation of NF-kB in cultured human
synovial fibroblasts. (Immune Network 2002;2(1):25-34)
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Zolt el A BAdA FE AR Pt )
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suoka S(17)0] 7158 L ol gojol Bok 442
EE Rojosie gu 248 A9 WA A &
collagenase (Sigma Chemical Co, St. Louis, Missouri, USA)
2 37ColA 4587 ARl F AL B AL
o] EA)7| 2 F& A EE RPMI 1640~ 10% FCSo] &
71 petri disholl gro} Flch B]FZA 25 PBSE 33] A
o] AAGIL Hol v FHAZE Al wieksladct. #i
FAlE7E gt AGRAEYdS Felshy] Slste] anti-
CD3 2L FE 34, anti-CD68 THLFE A, anti-CD20
GASE A, anti-vWF 4] 55 A28t flow cytometry
(Becton-Dickinson, Mountain View, CA, USA)E o]-&3&}o]

ot 2,

FAIE Holl T FZ, B JZF, thAAE, WA Z
ol 1% vuklE skl & AG-EAE= uridine
diphosphoglucose dehydrogenase %345 o] -&3}o &Hols}
At

ARG oA o AFREAEY] HEE. A4
4% Ao 27& whE7] f1sko] nitrogen gasE FY
3l o 224 incubator®] Z71-& 5% CO, >95% N2, <3%
0,7} H =5 3l 37°CollA] miokslion, 2o 484]
7H B¢ AdLFol =EAT|= EellE 0, 47
o] &3}o] incubatore] 0, 535S ALEA o7 7HA6)9
ok AT AeellA & AFRAZY AEEE &
7] 913l trypan blue exclusion (18) W} A Eufek 43
oHol| 4] LDH (lactate dehydrogenase) ¥4 E5 ZA 313t
o Felo vl HEZF= DHAEE Percoll
gradient centrifugations ©]-8%}o] three step method 2 &
glstich(19). &5 A7F 3= o] Qe FAVIE AE
gk 3 70% Percoll, 55% Percoll gradientZ 500xg & 30%-
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SallAe At HZFE FH3] A7) Asle] &+
2|3 ThlA|E F-2]S 10% FBS-RPMI 164001 uljoFat 3
H|RZA 5 AAZE $of] thA] wllFslgich
Cytokines®] 4. wlek A3ZHoA pro-inflammatory
cytokines®] W3S ZAbsl7] 934l IL-183F TNF-o&
sandwitch ELISA kit (BioSource, Sunnyvale, CA, USA)&
o] &3] ZA3I3

gat AFEAETGL] ICAM-19] flow cytometric anal-
ysis. &9 AfFEA Z5toll A ICAM-19] WE& #s)
7] 9Jslo] FACScanS o] -£3&}9itt. wlek % (culture
plate)oll trypsin EDTAE X &lslo] &1t HAFRALE o
o] A Eelslo] At FA AZE 1 mg/ml
BSA7} ¢35 HBSS (Hanks’ balanced salt solution) @ 2
3] AlFsta AE 5 5x10° cellsimlZ 2H320] staining
buffer (0.01 M NaPO,, 0.15 M NaCl, pH 7.1, containing
normal human serum, 0.02% NaNs)ol| YL A|3Z F-f-olo]|
FITC7} %4 % human anti-ICAM-1 & 10pg/mlE 47}
gk Fof] A5 flellA 30427 FX| A F et o] Foll HBSS
2 23] A¥s}al 1% paraformaldehyde £-°§ (3001)2 2
A ol flow cytometerZ F4}3c}.
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Stof| trypsin EDTAE A 2|3t $oll A4 Felsle] &wt
AFEAZES FF8kal, Trizol reagent (Gibco-BRL,
Gaithersburg, MD, USA)Z o] &510] RNAS ZZato] 1
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o & 33 ICAM-1 {G71ALA2HE §33F oligonu-
cleotides, HindIII-ICAM-1 (5° CAC GCC TCC CTG AAC
CTA 3’)3} ICAM1-Xbal (3° AGT CCC AGC CCC ATT
TGA 5)% primerZ o] &3&}o] PCRS AAslgct %
%l PCR A=< 1% agarose gels ©|-83F A7|F 55 &
aho] A vl maiiel.

Electrophoretic mobility shift assay (EMSA). 22} A5
BAE-S R Tof] i FZEE(nuclear extract)S 1
o] TRFFEAE oE3to] A A Fsict. NF-«B
o] BA%E 24| SlElA o F5E(10ug)P NF-«B
9] consensus DNA binding siteZ end labeldt PPlabeled B
probe (Ig-AH&73H59] B, 5°CCG GTT AAC AGA GGG
GGC TTT CCG AG3’, 10,000 cpm)E 25°Coll 4] 30&7+
HESAIZA L Probe 3ol Sol4d 2 5000 5%°] un-
labeled probes H7Fslo] &Qlsled an, whi A DNA H3F
Z|= 4% non-denaturating polyacrylamide gelol|4] 7] <]
55 3 Foll AxAA NFxB A EE #dstgct
g AREAEY M=o FE 24 & 4
FRAZS} fl 7] GFHAEE 2A7] $ste] 1
A gl dfollA FZFE e’k ¥ phorbol 12-
myristate 13-acetate (PMA, Calbiochem, La Jolla, CA,
USA) 5 ngml Aelsto] BA3AA BA3E 2=
T+E 2,7-bis (carboxyethyl)-5(6)-carboxyfluorescein-aceto-
xymethyl ester (BCECF-AM, 5uM final concentration,
Calbiochem, La Jolla, CA, USA)E 37°Col| 4] 30&7F vk-&-
A|A FA Foll HBSSE 33] Alxslgic). et AG=
ALl vl A7) $AAEE 1] S50l Gwell vl
% Hhol| &t AKRAEE w3t b BCECF-AM
o EAE YZFE:09Z Hrletel b 4w
Fo} HE7F A2 FEEEE 5% CO, incubatorol] A
FCAlA 1087 WS AT F §EA ghe AZTE
AAsE7] flell HBSSE 33] AlHstgict. &t 240

04 r

8 ZILE trypsin EDTACE A3l &
Z8}o] fluorescent plate readers ©]-8-3}
485-nm excitation, 530-nm emission)E &4
AFEAEo F215 HZF9 5 94
A3l Rl Z 5 o] g3lo] BCECF- AME 4
BT E ZA¥}o] standard curveS Q3L o]
| Z 9] v g5 Albslsict
FrEAZES} o] f2E HZFE B3]y
3 3tol| cover glassE 7ol o 3ol & 4
AZE wioFslsict. &ut ARRAEe} gz 7}
FHEEE PMAZ A3 JZ55 AH7lste] 10
kgt ol f2E2 % YZFE PBSE 33
AFste] AAsta, F A EE 10% formaldehydeE 3L
AL colloidin blueZ Fsto] Fedn|d oz 3t
s}t

GARHA L AZ W AAJQAQ] NF-Be] AAAZE 1
kBe] 143k (phosphorylation) & <} A3+ 24 NF-xBZ
2E kB HelE who} phorbol esters, IL-13} TNF-a
9 aHE JAlE A o® gulAl gHskAIQ] PDTC
(pyrrolidine dithio-carbamate)E A8} ch.

EAXAE . 25 Ad Ayle 3 Fistandard deviation
(SD)2. 2 7]} 2™, analysis of variance (ANOVA)E
o] &3lo] EAIX elsldt. P values <0.055 F93k X}
o7} A= Ao & o™, Student’s paired t-testE ©]-&
slo] 7+ - 7+e] Aol & Mttt
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Figure 1. LDH activity in the culture supernatants was measured for determining the viability of cultured human synovial fibroblasts.
Cells were treated with hypoxic stimuli with or without antioxidants (PDTC, 100uM) for 6, 12, 24, 48 hours. Data are presented
as the mean*SD of six experiments (H+PDTC: hypoxic culture with treatment of PDTC an hour before hypoxic stimuli).
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=% A7bel whet Frbele e B, 484 7o
+ 0.1940.02F Hlov, tz2dde 723 Zol7} gl
A ch(Fig. 1). PDTCE AX X8 Fol] A A4 eflol A
] okgl ol ZAFgt trypan blue exclusion¥} vl Sk 4FZoH
o] LDH 24 5= =17} 193 xfo|7h glaichFig. 1).
AR L=Zo] o3 ICAM-19] W&d] PDTC7} H|X|&
g3k

Flow cytometric analysis of cell surface ICAM—1: &
2h AF A ol AikaZell o3 55 FH ICAM-1
2] "Wdo] tZF(normoxic condition) .t} Z7}sl= A
< HET = A vh(Fig. 2A, B). Normoxic conditionol] 4]
ICAM-1 ©FAQl #at A8 w A x o] H|go] 57+2.8%0°]

4

Rom, LT A5 6417 + Aol 59+4.2%
Z normoxic condition®} 2fo]E Ho|x] ekokrt 124]7)F
T4 ARLETY AF5E F HFHE 18+48%FE 9]
A Z718l o1 (P <0.05), 24X bl 84+7.5% % =
7Vsto] XS B YrhP<0.05, Fig. 2B). 48417 &gk
AT ASe + Aol 81:6.8%E ol
B3l foJsbAl Z7Fs A A RHP <0.05), 244 7HE = 7H
Zsle 79k Btk PDTCE AX X8 3 2] A4Z o]
A5g T 750l ICAM-10] FA QY dat AR AZ9]
H| &2 6, 12, 24, 48A|7boll Z+7F 57+52%, 63+4.6%, 65
£6.1%, 63:5.1%% Kol AA4LZd o8 dut den
AlEol| A €] ICAM-19] W& F7h7t JAlE & &7 5
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Figure 2. (A), (B). Time-course ICAM-1 expression in the synovial fibroblasts cultured in hypoxic condition with or without PDTC
pre-treatment. Cell surface ICAM-1 expression was analyzed after 6, 12, 24, 48 hours of hypoxic stimuli. Samples were analyzed using
FACScan and the results were expressed as the meantSD of percentage of positive cell in six experiments. *P<0.05 compared with
control of normoxic culture condition. **P<0.05 compared with hypoxic culture condition without PDTC pre-treatment (H+PDTC:
hypoxic culture with treatment of PDTC an hour before hypoxic stimuli).
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A thP <0.05, Fig. 2B).

RT-PCR for ICAM—1 mRNA: A A&Z0]| o 2=+
Al &t A RAES] ICAM-1 mRNA & o] A

2} Z7kst9l o™, ICAM-1 mRNA/B-actin ratiox= A A4
T AT 12, 24, 48A17F F3F & Aol B izl
Hlal) Z7hsl o™, 244 Zhell X & K.l PDTCE
AR X8 7 9-0ll= 12, 24, 484 7F vlokEt 739 B0l A
A aFoll o3 dt AREAZA S ICAM-1
mRNA 89| Z717F fofslA A= AekFig. 3).
uljoF ArZ=olol| 4] IL-183} TNF-a X< #3}. Normoxic
culture condition®l] B] &l A A4Zo]] o]t =8 FU S
uf, vk FSHY IL-189F TNF-o7t F7hete &A%

Har, AiLTo mE:E A|7bo] F713bel whe) IL-1
B¢} TNF-a7t F7}vsglem, 4skA|Ql PDTCE A4
A& wloll= AtaFol o3t Tt aske &7
= H3chFig. 4).

A3 A7 A AF ol 23 NFkB 43}l v]x| &
g, ATl 93k 2}l whE NF-xBe| &4 3} o
5 dobiy] fJsiA AT R A7 5]t vlek
3k Zol| NF-xBe| #AEE ZA¢}t}. Normoxic cul-
ture condition®l] B] 3l 34|17t EQF | AAZ] gt A=
< 7 &9 AFEAEolA PMAE X2l 2 X5 NF-
kB A7 S7HE S AU F AU o (lane 2),
84314l PDTC 100pM/mlE AAXE 3k 7 Soll=

700 bp > — — — S— = P (CAM -1
— mRNA

ICAM~1/ 2
B —actin ratio

—_

Control H(12hrs)
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Figure 3. Time-course of induction of ICAM-1 mRNA expression in the synovial fibroblasts exposed to hypoxic culture condition
(<3% Oy) for 12, 24, 48 hours with or without PDTC pre-treatment an hour before hypoxic cultute, as determined by RT-PCR analysis.
The ICAM-1 mRNA/B-actin ratio were presented as the amount of the induction of ICAM-1 mRNA transcription. The results shown
above are presented as the mean+SD of three separate expetiments. *P <0.05 compared with hypoxic culture condition without PDTC
pre-treatment (H: hypoxic culture, P: treatment of PDTC an hour before hypoxic stimuli).

(pg/ml) (pg/mi)
151 -
—8—hypoxia 60 —e— hypoxia
—O~ hypoxia+PDTC —0- hypoxia+PDTC
10 [ 40 L
5r 20 L
O 1 1 1 1 O |
0hr 6hrs 12 hrs 24 hrs 48 hrs 0hr 6hrs 12 hrs 24 hrs 48 hrs
IL-1p TNF-a

Figure 4. Concentration of IL-1 and TNF-a in the culture supernatants of synovial fibroblasts exposed to hypoxia with ot without
PDTC pre-treatment an hour before hypoxic culture. Results were presented as meantSD of three separate experiments.
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Figure 5. NF-kB activation in the rheumatoid synovial fibroblasts exposed to hypoxic culture condition with or without PDTC
pre-treatment (100pM), as determined by electrophoretic mobility shift assay using P**labeled oligonucleotides.
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Figure 6. Lymphocyte adhesion assay. PMA-stimulated and BCECF- AM labeled lymphocytes enriched mononuclear cells were
co-cultured with synovial fibroblast monolayer in the culture plates for 10 minutes. Culture plates were washed three times with PBS
for removal of non-adherent cells. The fluorescent intensity of the adherent lymphocytes were measured by fluorescent plate reader.
Results wete % of bounded lymphocytes and presented as meantSD of three separate exprements. *P<0.01 compared with control
of normoxic culture. **P <0.01 compared with hypoxic culture condition (H+PDTC: hypoxic culture with treatment of PDTC an

hour before hypoxic stimuli).

(lane 3) A AAZel 23k NF-kBo| &A43t71 A AE 9
t}h(Fig. 5).
gnt A FRAZY} Yz FRES . [z A9
2S5 colloidin blue® 3 4-& 3t $of] F3& |7
o & HEslol B A} normoxic conditionol] 4] wHekEgH
hal G BA| Fol| Hlsto] A ALZ A Aol Fuk A
FEA|Zol| Hop B F9 #HZvh Ajelglon,
PDTCE HAAAE & ZFoll= A d=49 571 7
Z=%}93 th(data not shown). B3k, BCECF-AMS ©]-£3}o]
thS-& Z2AE Ao & A Ak AaF e o3t 255
AfrEA e B g 2] jlZ7} A}
© ] (P<0.01), PDTCE AXXZ 3 7 Lol =
gt ARG 2AES FZF 7He] §2 Sl 9
gk ZAgto] folslAl 7H4skSichP <0.01, Fig. 6).
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ICAM-18] W& o] Frlelar, a3t ofsj A A 4ka
Zoll &3 ICAM-18] W3 9] S717F AA=]= Zo| %
) gir}. o]E] 8k 9 A A X+ normoxic conditionol] 4] Hl Sk
g 7AfHEbE Sk 278 Ho, ICAM-19] o
A EIHE w|X]= d] Z a3t PDTCY &-5Fo] FE3lA
U 5 PDTCE A=A e b 7|4o] & A
Z XOlt} Normoxic conditionol| A Frle]lA #A 31
2] gt A G RAZEAA] A7kl whE ICAM-19] W%
o] WatE sl (23), 2kl AikaFol o3t &
A EA ol A ICAM-19] W& 9] F7he Fulel
Aol A Ao Stz ol|A] dut AR A ZEe}
ASAE 7] Funteg doA AFukse Ao
B F e A Fe Ao, dEstAlel ¢
g A EHe Fulels A9 X gl o] &= F 3l
= Ao & Holu, o thelAl & Kt W A7t He
o Zlog Halr}

GASHA| o] A Zof| A FEEAFe e v X = &}
off izt 7K el thaliA= As] deix UA et vl 5
FASA = A ATl &% ROSE] AJA 9] 7H48) o]
2 Qs A e S7ke] A7t Fa%t VAo E
A7 ¢ Qo o e F59 AET1Ae] A&
Act@). AT AR TR Al FoIE 4= 9)
E Aoz 9HA 9gom, NF-kB2 JAAY kBE ¢l
Abslsto] AlZU o] HARQIARI NF-kBE 25 &4 514
7l Ae® 45 th24,25). 2A3E NFBe tHE
7Y AA ZA4U9Ae 3 ICAM-1, VCAM-],
E-selectin 5] F&24+e] WS 243 4 UrkQs).

B ATl e &t AFEAEZE A7 B A4ka
< el A wiekslelE ull, NF-xB7} EAI3ks &= A&
PES = AR, ek ARFEAE vk A5Hell 1
KBSl Q4SS Alste] NF-kBEHFE kB Eel
AAlsl= Ao g2 g ¢E(26), PDTC (100iM)E A
A A 3k 5ol AAkaFoll o3 NF-«B2| 435171 <
A=At o] & ATl o3t Eut AR RAE A
9] ICAM-19] W& o| NF-kBS| &4 3+ F3to] Yo}
© A¥s ¢ T 3L, FASHAIY PDTCTL A 4kaFol]
o3k gk AR A ol A 9] ICAM-19] a2 A3}
T 712+ NFxB A5 AR At A
AikaZoll o3k ROSO| AT fEl gAkshAl avt
7t Fe3 71708 AT F dE Ao FE HQlt) o]y
gk AT A= ATl 93k ROSE A4 o] cytoki-
nes, MHC 39, §-%-%21(27,28) 9 VEGF] w&(29)2
PHAE = NF-xBe Frubels BA A #AH =79
3} 3]0l 23 matrix metalloproteinases2] B 7} & ¥l
AP-1 (activation protein-1)2] oxidative inductions 4o
T Avke EaEoE swE Frk

Frubel s A2 2A A 0 7 AhA| £ 9 FA4 o

LA 1

i

o|3k ghuko] u) 39} Futof] AFAEL FH LA A
Zsl= Ao] F23 S olvk(7). Ftell A7} A
et dle 3o WAl Eeke] ANk B &
F o g FEHAT o] Folls o EAlfsle &t
AFRAES] Fonbgol Fodt g e} Fat
AFEAEZE F2HEAS] wdel dE =& IL-1, TNF-
a, IL-6 5(31-34) ©]&]el| collagenase, PGE, 2 t}& %
il EA S EHlsle] Fubels 3] wle] Fast
e e Ao E 4 A Ark35,36). A4LETS 7
Z2ALe] Wl ¥k £ 4 9 IL-1, IFN-y, TNF-
oo EHAE F e AE dA Arh21,32,33,
37,38). whebA], A4S Sk AFEAIZE A58l
oJ2] 7}A] cytokinesg FHIAZ o Q3L o] ICAM-19]
elol] AFgE F T Y5 AR FAH B A4
gat G EA| ol A FRHEALS] Wl Fa3t o
= Ao 2 ¢271(23,39) IL-1B, TNF-a7} A Ak4&
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IS Y F 9T PRHOE FYH) Fe A%
ERLS
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ot} &g AAIY 4 4+ melatonin (43), vitamin
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tic (45), peroxynitrite decomposition catalyst (46) 5-°]
ule] A FA g9 FFE 2l CIA (collagen-induced arth-
ritis)ol]l A EIE Hol= Aoz By} aa3kA)e
ROSS A3} 4TS AT 5 Qi Lo 2R
o) W) B ARl UL 3 S o] el B
A BEEAY o §3 AYolA FAsAlY Lot F
23 Ao HEY ¢ Jg Aoz Bk

AER R, PARAE AEFol % ek HG
EAZ2] ICAM-19] W3 AT = 9lon, of 7)ol
ROS9| A7} FH = o] NEiBO| FAstol] &S &
A Ldolub= Ao w Heleh AT 3 WA
Eo} AFAE 7] AENbgo R AFA XS FEHA

WS Fol 20 A REAIES} QIFAE 2y

g 1 2 8

1. Paleolog EM, Young S, Stark AC, McCloskey RV,
Feldmann M, Maini RN: Modulation of angio-
genic vascular endothelial growth factor by tumor
necrosis factor alpha and interleukin-1 in rheu-
matoid arthritis. Arthritis Rheum 41;1258-1265,
1998

2. Allen RE, Blake DR, Nazhat NB, Jones P: Su-
peroxide radical generation by inflamed human
synovium after hypoxia. Lancet 2;282-283, 1989

3. Sellak H, Franzini E, Hakim J, Pasquier C: Reac-
tive oxygen species rapidly increase endothelial
ICAM-1 ability to bind neutrophils without de-
tectable upregulation. Blood 83;2669-2677, 1994

4. Lakshminarayanan V, Beno DW, Costa RH, Roe-
buck KA: Differential regulation of interleukin-8
and intercellular adhesion molecule-1 by H,O,
and tumor necrosis factor-alpha in endothelial

and epithelial cells. ] Biol Chem 272; 32910-

10.

11.

12.

13.

14.

15.

16.

17.

32918, 1997

Voraberger G, Schafer R, Stratowa C: Cloning of
the human gene for intercellular adhesion mole-
cule 1 and analysis of its 5-regulatory region. In-
duction by cytokines and phorbol ester. | Im-
munol 147;2777-2786, 1991

. Marui N, Offermann MK, Swerlick R, Kunsch C,

Rosen CA, Ahmad M, Alexander RW, Medford
RM: Vascular cell adhesion molecule-1 (VCAM-
1) gene transcription and expression are regulated
through an antioxidant-sensitive mechanism in
human vascular endothelial cells. J Clin Invest 92;
1866-1874, 1993

. Keyszer GM, Heer AH, Gay S: Cytokines and

oncogenes in cellular interactions of rheumatoid
arthritis. Stem Cells 12; 75-86, 1994

. Gay S, Gay RE, Koopman WJ: Molecular and

cellular mechanisms of joint destruction in rheu-
matoid arthritis: two cellular mechanisms explain
joint destruction? Ann Rheum Dis 52;Suppl 1:
§39-47, 1993

. Harris ED Jr: Rheumatoid arthritis: Pathophysio-

logy and implications for therapy. N Engl | Med
322;1277-1289, 1990

Sewell KL: Immunotherapy and other novel ther-
apies, including biologic response modifiers,
apheresis, and dietary modifications. Curr Opin
Rheumatol 5;293-298, 1993

Kunkel SI., Lukacs N, Kasama T, Strieter RM:
The role of chemokines in inflammatory joint
disease. ] Leukoc Biol 59;6-12, 1996

Wood ]G, Johnson ]S, Mattioli LF, Gonzalez NC:
Systemic hypoxia promotes leukocyte-endothelial
adherence via reactive oxidant generation. | Appl
Physiol 87;1734-1740, 1999

Cepinskas G, Lush CW, Kvietys PR: Anoxia/
reoxygenation-induced tolerance with respect to
polymorphonuclear leukocyte adhesion to cul-
tured endothelial cells. A nuclear factor-kappa
B-mediated phenomenon. Circ Res 84;103-112,
1999

Arnould T, Michiels C, Remacle J: Increased
PMN adherence on endothelial cells after hy-
poxia: involvement of PAF, CD18/CD11b, and
ICAM-1. Am ] Physiol 264;1102-1110, 1993
Sen CK, Packer L: Antioxidant and redox regu-
lation of gene transcription. FASEB ] 10;709-720,
1996

Arnett FC, Edworthy SM, Bloch DA, McShane
D]J, Fries JF, Cooper NS, Healey LA, Kaplan SR,
Liang MH, Luthra HS, et al: The American
Rheumatism Association 1987 revised criteria for
the classification of rheumatoid arthritis. Arthritis
Rheum 31;315-324, 1988

Matsuoka N, Eguchi K, Kawakami A, Ida H, Na-



18.

19.

20.

21.

22.

23.

24,

25.

20.

27.

28.

Effects of Antioxidant on the Hypoxia-induced Expression of ICAM-1 in Cultured Human Synovial Fibroblasts 33

kashima M, Sakai M, Terada K, Inoue S, Kawabe
Y, Kurata A, et al: Phenotypic characteristics of
T cells interacted with synovial cells. ] Rheumatol
18;1137-1142, 1991

Rosengard BR, Cochrane DE: Complement-me-
diated cytolysis: A quick, simple method for de-
termining levels of immunoglobulin E bound to
mast cells. ] Histochem Cytochem 131;441-444,
1983

Oppenheimer-Marks N, Davis LS, Bogue DT,
Ramberg ], Lipsky PE: Differential utilization of
ICAM-1 and VCAM-1 during the adhesion and
transendothelial migration of human T lympho-
cytes. ] Immunol 147;2913-2921, 1991
Veihelmann A, Harris AG, Krombach F, Schutze
E, Refior HJ, Messmer K: In vivo assessment of
synovial microcirculation and leukocyte-endo-
thelial cell interaction in mouse antigen-induced
arthritis. Microcirculation 6;281-290, 1999
Szekanecz Z, Szegedi G, Koch AE. Cellular adhe-
sion molecules in rheumatoid arthritis: regulation
by cytokines and possible clinical importance. |
Investig Med 44;124-135, 1996

To SS, Newman PM, Hyland V], Robinson BG,
Schrieber L: Regulation of adhesion molecule
expression by human synovial microvascular en-
dothelial cells in vitro. Arthritis Rheum 39;467-
477, 1996

Chin JE, Winterrowd GE, Krzesicki RF, Sanders
ME: Role of cytokines in inflammatory synovitis.
The coordinate regulation of intercellular adhe-
sion molecule 1 and HLA class 1 and class 11
antigens in rheumatoid synovial fibroblasts. Arth-
ritis Rheum 33;1776-1786, 1990

Karakurum M, Shreeniwas R, Chen J, Pinsky D,
Yan SD, Anderson M, Sunouchi K, Major |, Ha-
milton T, Kuwabara K, et al: Hypoxic induction
of interleukin-8 gene expression in human endo-
thelial cells. ] Clin Invest 93;1564-1570, 1994
Koong AC, Chen EY, Giaccia AJ: Hypoxia causes
the activation of nuclear factor kappa B through
the phosphorylation of I kappa B alpha on tyro-
sine residues. Cancer Res 54;1425-1430, 1994
Schreck R, Meier B, Mannel DN, Droge W,
Bacuerle PA: Dithiocarbamates as potent inhibi-
tors of nuclear factor kappa B activation in intact
cells. ] Exp Med 175;1181-1194, 1992
Bacuerle PA, D: Baltimore. The physiology of
NF-kB transcription factor. In molecular Aspects
of Cellular Regulation. Vol. 6. The Hormonal
Control of Gene Transcription. P Cohen & JG
Foulkes, Eds 423-446, 1991

lademarco MF, McQuillan JJ, Rosen GD, Dean
DC: Characterization of the promoter for vas-
cular cell adhesion molecule-1 (VCAM-1). | Biol

Chem 267;16323-16329, 1992

29. Jackson JR, Minton JA, Ho ML, Wei N, Winkler

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

JD: Expression of vascular endothelial growth
factor in synovial fibroblasts is induced by hy-
poxia and interleukin lbeta. ] Rheumatol 24;
1253-1259, 1997

Karin M: Signal transduction and gene control.
Curr Opin Cell Biol 3;467-473, 1991

Lindsley HB, Smith DD, Davis LS, Koch AE,
Lipsky PE: Regulation of the expression of adhe-
sion molecules by human synoviocytes. Semin
Arthritis Rheum 21;330-334, 1992

Bombara MP, Webb DI, Conrad P, Marlor CW,
Sarr T, Ranges GE, Aune TM, Greve JM, Blue
ML: Cell contact between T cells and synovial
fibroblasts causes induction of adhesion mole-
cules and cytokines. ] Leukoc Biol 54;399-400,
1993

Hale LP, Martin ME, McCollum DE, Nunley JA,
Springer TA, Singer KH, Haynes BF: Immuno-
histologic analysis of the distribution of cell ad-
hesion molecules within the inflaimmatory syno-
vial microenvironment. Arthritis Rheum 32;22-30,
1989

Brennan FM, Feldmann M. Cytokines in autoim-
munity. Curr Opin Immunol 4;754-759, 1992
Arend WP, Malyak M, Bigler CF, Smith MF ]Jr,
Janson RW: The biological role of naturally-
occurring cytokine inhibitors. Br | Rheumatol 30
(Suppl 2);49-52, 1991

Dayer JM: Interleukin-18, rheumatoid arthritis,
and tissue destruction. ] Clin Invest 104;1337-
1339, 1999

Shreeniwas R, Koga S, Karakurum M, Pinsky D,
Kaiser E, Brett J, Wolitzky BA, Norton C, Plo-
cinski J, Benjamin W, et al: Hypoxia-mediated
induction of endothelial cell interleukin-1 alpha. An
autocrine mechanism promoting expression of
leukocyte adhesion molecules on the vessel sut-
face. ] Clin Invest 90;2333-2339, 1992

Ala Y, Palluy O, Favero |, Bonne C, Modat G,
Dornand J: Hypoxia/reoxygenation —stimulates
endothelial cells to promote interleukin-1 and
intetleukin-6 production. Effects of free radical
scavengers. Agents Actions 37;134-139, 1992
Wicks IP, Leizer T, Wawryk SO, Novotny JR,
Hamilton ], Vitti G, Boyd AW: The effect of
cytokines on the expression of MHC antigens
and ICAM-1 by normal and transformed syno-
viocytes. Autoimmunity 12;13-19, 1992

Haynes BF, Grover BJ, Whichard LP, Hale LP,
Nunley JA, McCollum DE, Singer KH: Synovial
microenvironment-T cell interactions. Human T
cells bind to fibroblast-like synovial cells in vitro.
Arthritis Rheum 31;947-955, 1988



41

42.

43.

34 Jung Ryul Kim and Wan Hee Yoo

. Panayi GS, Lanchbury JS, Kingsley GH: The

importance of the T cell in initiating and main-
taining the chronic synovitis of rheumatoid arth-
ritis. Arthritis Rheum 35;729-735, 1992

Sen CK, Packer L: Antioxidant and redox regula-
tion of gene transcription. FASEB | 10;709-720,
1996

Cuzzocrea S, Zingarelli B, Gilad E, Hake P, Salz-
man AL, Szabo C: Protective effect of melatonin
in carrageenan-induced models of local inflam-
mation: relationship to its inhibitory effect on
nitric oxide production and its peroxynitrite
scavenging activity. | Pineal Res 23;106-116, 1997

44. Cuzzocrea S, Costantino G, Mazzon E, Caputi

45.

406.

AP: Beneficial effects of raxofelast IRFI 016), a
new hydrophilic vitamin E-like antioxidant, in
carrageenan-induced pleurisy. Br ] Pharmacol
126;407-414, 1999

Opyanagui Y: Nitric oxide and superoxide radical
are involved in both initiation and development
of adjuvant arthritis in rats. Life Sci 54;285-289,
1994

Salvemini D, Wang ZQ, Stern MK, Currie MG,
Misko TP: Peroxynitrite decomposition catalysts:
therapeutics for peroxynitrite-mediated pathology.
Proc Natl Acad Sci USA 95; 2659-2663, 1998




