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Big-h3-Mediated Adhesion of Fibroblast-Like Synoviocytes
in Rheumatoid Arthritis

Eon Jeong Naml, Eun Joo Songl, Ji Min Kiml, Jae Seok Seol, Keum Hee Sal,
Hyung Jung Cho', Jae Yong Park"’, Hee-Soo Kyungz, In San Kim™, Young Mo Kangl’s’4

Departments of Internal Medicine', Orthopedic Surgery’, Biochemistry and Cellular Biology’,
Cell and Matrix Research Institute®, Kyungpook National University
School of Medicine, Daegu, Korea

Objective: (ig-h3 is an extracellular matrix protein, which is overexpressed in synovial
tissues of rheumatoid arthritis (RA) similar to adhesive glycoproteins. We sought to evaluate the
compensatory role of £ig-h3 with adhesive glycoproteins in mediating the adhesion of fibroblast-
like synoviocytes (FLS) and to confirm the inhibitory effect of YH18 peptide of the 2nd fas-1
domain in Big-h3-mediated adhesion.

Methods: The adhesion of FLS isolated from synovial tissues of RA, was evaluated in 96
well microtiter plate coated with matrix proteins. Inhibitory effect of YH18 peptides from the 2nd
and 4th fas-1 domains was estimated in Sig-h3-mediated adhesion of FLS.

Results: The adhesion of FLS on £ig-h3 was weaker than that of fibronectin and vitronectin.
The Big-h3-mediated adhesion was enhanced by the stimulation with phorbol myristate acetate
(PMA), but not by cytokines and growth factors. Combination of fibronectin with Sig-h3
synergistically enhanced the adhesion of FLS, in contrast to the additive effect of vitronectin
combined with £ig-h3. YH18 peptide of the 2nd fas-1 domain did not block the £ ig-h3-mediated
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adhesion of FLS.

Conclusion: Our results reveal that 8ig-h3 may regulate the adhesion of FLS through the
interaction with adhesive glycoproteins and confirm that the essential motifs mediating adhesion
on Big-h3 are different according to the type of cells.
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shodl Fo% Aow wald o, FupE, ¥
DHIAE B AFAEL ol F, T4 W B,

=AES AEAEA FE T 53
gl = Fofglel (2-7).

TGF- 3 -inducible gene-h3 (Aig-h3)= TGE-5el 2
3 = AZrAwoe A, 4 EHQlY
47N9] fas-1 =213} Arg-Gly-Asp (RGD) motifZ -
Axlo] gleow, AEZxHe] La=o Qe ezl
F3lo] AES Agstel (8-15). Big-h3T ZAA
®), A= AIAE (9), T8 AAad G
(10), 3 WHIAx (1), A7 = AfotAE (12),
aelx ZEHAE (13,14) T ks AlZEellA A4 =
W, Alxe & (8-15), &3t (8,10,15), AEA (16),
ol FAE 2AgeEs st 17), 934
a9 AFA3 (19) 9 FulElERAd 13,14)
o Wy el Rolshs Aoz FREdde Fvi
2o EetzA e figh3e] Wile] et
S7Fsle] o™ fibronectin} vitronectin®] YAk
Z7kE0] Qieh (2-4,14). 71AF7E wloll A ZabA|
olg] 7kA Ff7e FHA Frhie] FAld A
delE 25d Zeg FAHAT, Bighdvt
NS A AZ 2] FhellA oW %

H e

i e e

L Ao haAE FEE b gl

Big-h3el 7t mdQlells dulads Eg AlEe}
o Aol HQ3t 4 LRI Fo] EAs (20,
21), Belwlo]E o|g8 ATolA o 2517} tyrosine
(Y)Z} histidine (H)E 2402 okZo| leucined} isol-
eucineS E3F3F 18702 ol AloZ o] 2o]Z YH
motifgde] ¥rslzieh. 7t Ewlelell & YH motifes
Ado] gAY AERZS Aokl SEHE & A
o|Z HolA v} (11,12). o]A AFolA Figh3
b av3 QRIS Gte] WebdEsh Ay,
vl WA fas-1 EolQlol] $1X1g YH motif7} EakA]
E FZol] #oldE Ul (14).

B QATFNAE FeAES] BHol glo] Big-h37}
AZEe] 7| Ak 71ed o8 FR/e 2R oy
53 JTRAA A4S A FAsag s
ok B3 Bigh3-viA L2l glo] vl WAl fas1 %
Q1o YHIS Seto] 2gf nlarste] - WiA fas-1 &
wole] YHI8 #elo]=o] ATEH RclasE AR
sta shgleh

1. CHAL

W Fobelattalel AgAES BEGE ol
s9AY A PehzAe AF DA
S w HEsgc BUAEE 2o
z2Z& 1 mm IAVE AL

mg/mL)E 37°CollA] 3A17F &3t Asla UdE A
=2 A% ¥, AR AEE wjgieleh Aol
3~8 AY FHAEE At T AEE 2
TE E5 o] E3HE Dulbecco’s modified Eagle’s med-
iumS Ag3to] 5% CO, 37°Ce] 7hFulekr|oll A ul
okl o, confluent layerE ¥AJsHH trypsin/EDTA
(Gibco BRL, Calsbad, CA)E A2lste] £ 3 Al
oy shlel.
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ANz3 Azb Bigh3 lAlzE fd oY <l
b Bigh3 FAAE PET20b el wlEjell 4FQ)AI7l
, BL2IDE3 thabwfoll JAHE XA wiekst 3 A
g whls FEel sodch vigo]l HGE 96 well

microtitre plate (Costar, Corning, NY)oll z{=3%} <17k

r\l

BN or

Big-h3, vitronectin ¥- fibronectin (Sigma)S Wil
4°Coll A st Fk ZRE 5, A2ollA 2% bovine
serum albumin (BSA)e] ¥F-3-% phosphate buffered
saline (PBS)S ©]-&3to] W] 5ol% Zghg XA
th. R ZEE wiR) oA 3x10° cellsymLe] FE
F5A7 &, AE 59 01 mLe A= A7 8
ig-h3, vitronectin ¥ fibronectino] T B % welloll ¥
3L 5% CO,, 37°CollA] 2A17F FoF wloksigion], H
ZE)A] ok A EE PBSE Aol AASI 2 well
oll 3.75 mM p-nitrophenyl-N-acetyl-D-glycosaminide (hexo-
saminidase substrate)?} 0.25% Triton X-1000] 33%+=l
50 mM citrate buffer (pH 5.005 ¥ &, 37°CollA] 2
A17E Bk wiksldeh aAgAS FAAI7] Y6l
5 mM EDTA (pH 10.4)7} 3% 50 mM glycine buffer
£ Y3 Multiscan MCC/340 microplate reader (Titertek
Instruments, Huntsville, AL)E ©]-&3%}o] 405 nmol4]
35S S

Big-h3-mi7 et B25 A5387] 913l inter-
feron (IFN)- 7, tumor necrosis factor (TNF)-«, interleukin
(IL)-13, TGE-B1, IL-4, IL-6, IL-10 52| Alo]E7}
Ql, basic fibroblast growth factor (bFGF), platelet-
derived growth factor type BB (PDGF-BB), vascular
endothelial growth factor (VEGF), insulin-like growth
factor (IGF)-1, epidermal growth factor (EGF) (°]4,
R&D Systems, Minneapolis, MN) 52 Al#-lx}, =
glz n|E5o|F AZA=AQ  phorbol
13-acetate (PMA) 3! lipopolysaccharide (LPS) 5< 30
B2 ANAG F A 29 A,

AT A ARNA F Ak o) 0 fas-]
E0919 YH motifol]l E3+E 18719 oju|xAtoz
ol %017l YHIS HEROI=E sl o] Gelgiom,
dzFow 18709 ohulwite TAYE wedw
YH18 control #|E}o] = (Petron, Dacjeon, Korea)s At
S3t3itt. YHI8 sletol=o] A a3t vk 7
WA ==l YHI8 siEfo]= EALRDLLNNHILK-

X
s ul
=
=

12-myristate

Al 3% 2008 —

SAMCA, d| W] Ewd|el YH18 FJelo]= KELAN-
ILKYHIGDEILVS, YH18 control *}E}o]| = KELANIH-
GIKLYDEILVS. #=A|E+= YHIS Felol=tE3 3}
7| 37°Coll A 304E7F kst 3 AERLA Al A

L5
3. SHEM

A A= HFI FEF2 X (standard error of the
mean) 2 F7]5-ck e Xo]= Mann-Whitney
U testE o]-&slo] HAsllow, FAX = SPSS
(statistical package for the social science) 10.0 for
Windows& AH-83FA3L, AR F942 p 7ol 0.05
ofslel Z-+= skt

-
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Fig. 1. Comparison of [ig-h3, vitronectin, and fibronectin
in adhesion of human FLS. FLS were seeded onto
surfaces of 96-well culture plates which were
precoated with different concentrations (0.1 ug/mL,
1 ug/mL and 10 ug/mL) of Big-h3, vitronectin, or
fibronectin and then were incubated for 2 hours at
37°C. After seeding and incubation, FLS attached
to the surfaces were quantified by hexosaminidase
assay. Values are presented as the mean+SEM of
triplicate experiments.
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Fig. 2. Regulation of Aig-h3-mediated adhesion of FLS
by cytokines, growth factors, and nonspecific stimu-
lants. FLS were treated with different cytokines
(recombinant human TNF-«, IL-1 3, IL-6, IL-4,
IL-10, IFN- 7, and TGF- 5 1), growth factors (VEGF,
IGF-1, EGF, PDGF-BB, and FGF-basic), and
nonspecific cell stimulants (PMA and LPS) for 30
minutes at 37°C. Pretreated FLS were added to the
coated wells with 5 ug/mL of Sig-h3 and were
incubated for 2 hours at 37°C. After seeding and
incubation, FLS attached to the surfaces were
quantified by hexosaminidase assay. TGF-5 1, 5
ng/mL; TNF-«a, IL-1 8, IL-4, IL-6, IL-10, VEGF,
IGF-1 and EGF, 10 ng/mL; PDGF-BB, FGF-basic,
and IFN- 7, 100 ng/mL; PMA, 60 ng/mL; and LPS
5 rg/mL. Values are presented as the mean+SEM
of triplicate experiments.
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3 A Ee] BARAEE #ledc). Big-h3-#iA
FabAE 222 Bighsell & oEH o ZrlE
o, fibronectin®} vitronectin® 22t FE7} =7}
g5 deE B2 Z7MAAE Bigh3¢) fibro-

nectin & vitronectinel] 2]3F F=bAE B2 n] s
9S ul, 1 ugmL o] 3%oA fibronectind}
vitronectinol] &J¥F ZRtA|E O] BXo] Big-h3ol] &3t
Hzbo]l vl HAAs] =9kow fibronectinol] o3k H
Zro] 7 A o2 vebkeh(d 1).

2. Big-h3-OH7H EOUMIE R0 CHSH ZHQIXL

Frolel ol o] dntzAdle dSHA YW dF
AA| Ae| 7k, LEla ohekdt ARy 3
Al EAst o] 52 Sl

zA4se A%s @9gclh (1,22). Big-h3-wiA
etz F&oll v X A3 Askz] 8 AS
27 Ao]EFFQIEQ TNF-¢ (5 ng/mL), IL-18, I
I IL-6 (47 10 ngmL)E AAX] &S of &
A E B Ao ofekg WA ¢kglow, IFN-y
(100 ng/mL)2t AFA A Aol EFFQIES] TGF-4, IL-
4, 18]35 IL-10 (27 10 ngmL)% Big-h3-ui-] =
THAIZE Bl A odgFE w|AA] Akhad 2).
AARJNAELE AA/NA &9k el 2T cross-

=
@k F3 AERH W olF, elm AEZAo
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Fig. 3. Compensatory role of 5ig-h3 with matrix proteins in mediating adhesion of FLS. FLS were added to the precoated
96-well culture plates coated with (A) Aig-h3 and fibronectin or (B) Aig-h3 and vitronectin, and were incubated
for 2 hours at 37°C. Low concentration (0.1 ug/mL) of fibronectin, 1 ug/mL of vitronectin, and different concen-
trations (0.1 ug/mL, 1 ug/mL, and 10 ug/mL) of Aig-h3 were used. After incubation, FLS attached to the surfaces
were quantified. Values are presented as the mean+SEM of, at least, 3 independent experiments.
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Frolghl (23). eAIES} Bigh3e] Aol o A
AQlzte]l oS =Aslr] $18] PDGF-BB, bFGF

(Z+7F 100 ng/mL), VEGF, IGF-1, 8|3 EGF (Zz
10 ngmL)E EAEE AAe] sl9& wl, Bigh3
o] ok AERZL A9 g wkA] Eokch v E
olFQl AIZ ASAl= el gAF F= w3t
E fFE3FA, cytoskeletal reorganizationg E-3l Al
Eo} AEZey|Ackzte] Adg WIAA F Aok
(24,25). W50l HQl AZEASAZE Big-h3ell &3t &
TAE BZol] v X Ads syl $3 PMA
o} LPSE HAXX3k & AE 52 Ags AAG 4
Z, PMAE AAE3t 735l Big-h3-vi EhAE
FZo] FelatAl Frhstdth3d 2).

3. Bigh3Qt AN EMIS 10| NS

BupE B Qol sAekuzie]
zA3s17] 94 ,Big-h3f"‘ fibronectin 22 vitronectin
3 atelo] TR ¥ AL QL ek A
F5(0.1 £g/mL)2] fibronectin®} ¢ oJ8] 7}1A] &
9] Big-h3E ETXete] AU E Wl Big-h3ell &
EHo g AE BHo] ZrlEelom, Bigh3 ‘ﬂ'
(10 £ g/mL)oll B3l fibronectin (0.1 «g/mL)Z} Big-
(10 pgmL)E E3ste] A0S v SHAE F
ol 4 Eoh BARQKIY 34). 2Lt vitro-
nectin@ Big-h3ol] AL HEEZ o] glo] Fr}A
Ql mFEE PFEE ek d 3B).

4. YH18 HEIO|=0 2|5t Big-h3-007H MIZF=
bl k=i’

Big-h3= 7HAWoll A polymerizations Eslo] £
AFE FA4Y 4 3o collageno|t} F2HA ot
Wit ZA3kslo] adapter HA¢E T ZoF FAPHC
(26). Big-h39 470 Zd|Qlol ZEAsl= YH motifs
< Aol &Rl WARE AlZe) utgl Bl #
of3le BE7F b vhEr (11,12). oA ATl
A, Big-h3ell &gt etAlEe] Rt ool U] W
A E=d1e] YH18 Sjefo] =) AgtanE EliE
Zlo] FHER o} (14), A3 B &4 5 7t
A Qe F WA =091 YHI8 Sjeto]=9] &dut
AZ 22 AR A deliAe AF=A %k

Big-h3ell o3t FwtAlE Fx2, o] WA =gl
YH18 Feto] =& HAX] 3}lS wll 100 «M slollA]

Al 3% 2008 —

1 I n v RGD

Human WT Big-h3
W 4ih YH18 peptide / \

[ 2nd YH18 peptide 563 KELANILKYHIGDEILVS 580
O vH18 control 301 EALRDLLNNHILKSAMCA 318563 KELANWKVHIGDERYE
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g. 4. Identification of the motif mediating FLS adhesion
to Aig-h3. The 2nd YH18 peptide (spanning amino
acids 301~318 in the 2nd fas-1 domain), 4th
YH18 peptide (spanning amino acids 563 ~580 in
the 4th fas-1 domain), and YH18 control peptide
(containing the amino acids of the 4th YHI18
peptide but in a scrambled order) were prepared.
FLS were preincubated with the YH18 control, 2nd
YHI18, or 4th YH18 peptides at different concen-
trations (0, 10, 50, 100, and 500 uM) for 30 minutes
at 37°C and then added to the /A ig-h3-coated
wells. Values are presented as the mean+SEM of
at least 3 independent experiments. *p<0.05, 4th
YHI18 peptide versus YH18 control peptide.

E ADa#s glgdent 500 uMollA] AAE JA A
5 el oldll wjsle] £ WAl =mQ19
YHI18 Felo]=& 500 n M7FA] A|ZEZ-S AF o
AsHA Fstdchad 4).

a

V]

B QAT fighdt BUAE] Rzl 9

o]
H2A gl vl Atfd oz okl Ag#He B
=
=
o

o] A uk f1bronect1nJ+*— A B2 gk ALsgat
Uetlle Z2e #leien, Bigh3-wizf 722
Aol E7FQl o]t S‘Zo A2 =717k AFelle A
Agg WA ¢kARE PMASE 22 73 ASell o
Al Aok w3k, Big-h3ell 93k

A S7HEE AE B
H

GoAE B ol WA EelQle

YH18 FElo]=
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o} =a, F WAl Trde] YHI8 Helo|=ol] 23]
At Ao kol

gtz o] AE7) AL 137 0% collagendt 2+
Al AE A3k o,
G223 72 glycosaminoglycan (GAG)I}
7| fibronectin?t 72 HXHA geiulow FA o
o} 2EA okl 5L collagenol] A¢E AHIE,
AF7E HollA olFstes AXE FHe JuadE
73l adapter Q&g dkr}. Big-h3+ fibronectin
Hlsle] gl er A2 779 whul(6837] ofv|
A, 66kDayol™ ZFHARS Tl FHEHA A4
£ 4% F ds olz}, collageno|t} fibro-
nectin, laminin 53 At HE 7|2 FAAE
7] Wil (26), collagenTt 7S & F=2 o}
o] A|Ee}l Zdte o adapter &S & 7154
o1, fibronectin®|t} vitronectin®} 5288 E3f
Az B2} o]F5 =24 7heAE vk £ A
T7Z3} PBig-h3= fibronectin®] L} vitronectinol] B]&}o]
diiF o r BEE2 BRIt etz R
A ¢+ 9o, AHEE9 fibronectintt= FahA]
Bao] 45 A Aoz HAH. ol
Big-h39} fibronectine] A Z thE FF<] QlH|L
I Ayt AR Fgo] FUHEHIAAY,
7R 71 A5kt Qg agle] Age] AlE R
£ delazle] gAF e Wt
freste] ohE 71k e] Ajte £33 A7

FAY = drt (2,27). Big-h37} vitronectinI+=
=
=y

u

Fudtere A9

o

2 8 N ¥ oo of o

k

Jo
M

¥ Z

o R e oeoh orr b

Al Eoll 45EAE UEhiA Felgtd, ol
% JAdhule] HolE avf3 AuINEL TEEE

1l
AEsl7] wistell A HebEQl Agjte] Aot ofA
7} A= 7hsAel AUk (28). olddl dAliAE T+
& o A3 Aol dedd Aol
AEZA7N A AE Fidel] w0} 9 e
o] A AExe Fwet A} Aol wt o
2ot ol Qlulade] AlE FHE F3l ke
AzALe] 7hssl7] WiEez AR
< 7143 A F AT HE AZAEE At
(outside-in signaling) (29), AAQNA= Az 8
AE %3l phosphoinositide-3-OH kinase (PI3-kinase)E-
A7 QHaRe] AxF =] AdE
aling AsA7 024 olb 2219 ligand binding

o

gzl

headE #A3IXZ 4 Slth(inside-out signaling) (25,
20). welA, AT BH} o] B Qlulaelst AR
QAo wAREE B F02 4 gdevl @3, T
7hedl avpB3 JEl2RS PDGF -&Au VEGF <
|A 59 AzxAEH Aol k= Ao coimm-
unoprecipitation Ao Z FHE A} (23,29,30). o]l
ula] AolEsllst Qlulaele] AEAge AEel
Z59} Aol Erhel W Fulo] el whe} Az} e}
A ¢ ew (31,32), INF-a$} IFN-y 2 d3]9]
AES AFed B3 Adelrale] Gao] il
ol avp3 Julad wEEo] 70% 7hE AR
Ha% et (32). ¥ ol FubA|EE VEGF
2 EPY ARAAG Aol EARSol I Figh3-
2ol wistyl el gkgkew PDGF 9
AT i ZAEE Age B ohe 4T
oA, GighdolA PeHAE Rz pDGFe ol
et 2748 Bigh3vil HAEY o] F avg3
gelael oz wiMRE Aol THEAET
(14), o] AHNES Z3slo] KM PDGFE PDGF &
AL E3lo] avh3 AdH|Z=#E I} cross-talks s A
om A% & qlth PMAR AF39E ul B
29 Bigh3-miz] FZpe] FElFA FrtE A,
°o]& PMA ASof o3 AZxHe] v dulaz
o] @AY= nHAY (33), AE7t LA 3EA
lipid raft®] f54o] Z71=]°] monomerZ SJH <]
229 heterodimer FAlo] LoldAAY (27), Mt
Heog Az7t SASEHA AxADT o] A
o] vhe FFe] BAIe] 3skw BAsE AL,
AZE W cytoskeletal reorganizationo] LojupmiA] Kzt
o] 2257 WE @Y A Sl At ool
gl #F F o B d7E B8 el Ue
g Aoltt.

AE2 Firell whet Big-h3ete] Aol o] &=
Qulzale] EFE chzvl, 2ok AT AT @341
el F3l A ©zt=d v, MRC-5 Al
O EFE avp5 QHIZE, 2| IRHIAE
2 FeEE FE oavp3 QeEaEE o] &g
(11,12,14). Big-h3= M9 A& & |elo g FAE
Slov, Qlulazhel Agtel o] av QL
& Agsle AE BZL2 tyrosine?} histidines FA4
o

Z H& 189 oluxste g FAE YH motifoll

H

2
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ol mifElE Aew FHEAG (11,12,14). 247+
fas-1 Ew|Qloll 9= YH motife] olw|:At A
W EMY R AR RASAT o] Aelt
At F WA fas-1 E=w|Qld] 99+ YH motife] A<
< tyrosine (Y)©| asparagine (N)22 thxl|x]o] 9lo]
i F2A Aolsh govk, o] WAl fas-1 Ewiele]
YH motif®t A A2 £54E8 7HAR

o] A2 qlellA 47l Ewlel = 7+ YHI8 )
Elol=i AEC] Aol gort s Afo
o3 AR AES] Bigh3 ol Rabg
T Zeg Husgdct (11,12). g
A ) WA Eelle] YHIS Aol ok gl
w =wjele] YHIS Wbl =i fighish sheba:
o A%E A AnelA Fahgdeh ol )
fas-1 =#1Q1> NIF3T3 AlE9] Big-h3-wis
At = AARE F WA fas-1 EHIQE At
A Fgvhe Adel AMIET Ag) ehAEe
= F HA E=dQle] odFte] AL gle 7heA
& AAEH, FF Ligh3E o]&3F X EA Atel
A 23 7|t AR AgHE 5 de Zlolth

of
¢

to X i-H

x _lﬁ rE

_(3_\:

2 =

g et ddsl Al Tt e @
FIALE AL LGt Agstel P

deaEs A A9 A0 sl 3
QAL e e & A ¥
SAE] Bl glo] 2
T H Al

ig-h3-u7/l FZoll 9lo] F WAl fas-1
YH18 Fetel=e] (aFAE FHFstaar sk
g EE Bt 3 7]|A chefo] FEE microtitre
platecl] FZAIRE FPalglon] 7 Hal 9 o] H
A fas-1 EW|Q12] YHI8 HElo]=F o] §3lo] Xk
FHE Felsidct. A Ee] BE-2 fibronectin®]
1} vitronectinoll H|3lo]  Big-h3ell 2l FiH oz
ofstAl dolykrl. Big-h3-wi &L INF-o & H
%3k Ao]E7lQlelt} PDGF-BBE M3 AAIA
off ol FEE AgE WA gkRAIRE PMAC] o3
A= F7tE Ak @A xe] Bl glo] fighde
fibronectin®} A5a 7S JeEFHY T o] WA fas-1

Al 3% 2008 —

Eujele] YHI8 Slefol=9} 22 F WAl YHIS %
Elo]=& Big-h3-vis] BHHS Hckslz] Faksl
B AFAANZ Bigh3zt F2A sy Js)

(o]
% 5o BAEY 2AS 238 5 glor]

= AR
Zol] o] &= +& LBig-h3e HA motif7} AE] F
of wet A2 tE As st
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