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N4 FriEls @S dRE ns9 AGAZ $AAD Qo) 24 AW

§a 24 ¥g2 o YASY 9 ¥
dgo| EH4ERHoz FYH7] AFaAn, BA F4450] WA Aot A
e 9 Bo) Y HATFEE FHs] I FE W AN FA(epitope)el

gl

e Fo] WA FASAY AME dodle 4 /AR FE2E A9 4
v 27| A, dF Aoy HHAAHE wIHHAT FHEH2 YU
< <

FE $UAY Folga AY, S A4 FU FE24 E3 wAYR
AE & Ro SHAlel AW o] g4 e FHsR oo dud Hol A AEYL
Mgz $of. 22 FoiEs BAY 849 A% FY FARA 5L F3
S Ayl olF B Bojst AAE Zr)el WHUE B4 e Aesa
A @,

M. 702 U X HH

= 479 T JYE3 Hele AEE ¥ 5ol ¥AE M= Wy AW
T AA AW A2 Yol 2%

EolaA A vy /MEE A& 4 SLE $A9 AHANA & Ro A9 &A
el I JAA oo FAGU i o] A HLA <49 dBAL Yo} B
C} 8 Ro¥ta] UA A AHE Western blotting M LE 52kd € 60kd=2 A E B
gt z} EAFA & Ad8AH 29 R JAdAH JHAE Eol 9. AwinA €HA
Sipo e D 38 epitope(peptide) mapping ' A3t 7} epitoped] &
o)g o yrga= o) MEE ZASY



Ao oFUda HAE A Fuig: gAY BAE HY2E susceptible
allelegl €A w59 0 & WY W8 FxE dolig. 28 xU Fvly
2 JAYE B39 susceptible allele | AW Eo] epitopegE BIHW I 7}53H O]
o dig dd A& FAE /Este AN 7K E Yt dax do

Iv. ot E 1

3 AA A7) BEo2 (deld 2de) 9% ATFAAY AR Uex wgkoy
Acd 437t ARG, Lok e 2.

« AANA TulAd FIT A (Systemic lupus erythematosus, SLE) 2 Sjogren
syndrome 9A &3] BEHE Ro FA 9] dAA AvlE w43t Ao B3t
c}.

+ $+2Q SLE 4 Ro 399 60 kd ¥ 52 kd ¢ conformational epitope &
B3l Z} epitoper e 2@ YIEE XA HLA wAAYS A4 XN
c}.

*+ Ro ¥ 99 epitope A4S T WYH{+= €2 Ro d¥EF +X (aminoacid
sequence)® A 3FE 9 hydrophilicity, acrophilicity, hydrophobicity 7I&£ 2.2 <133
o epitope € screening 3AUTH 1231 74z} epitope €2 peptide & ¥ 3
ELISA plate o) epsilon-aminocapric acid °l < epitope £©°| ELISA ¥{& /g
3t o] & B2 Y o] Hsa o]F FHd EFHEHUI}UH.

« 2 A7Zag < SLE oA 713 Bol 2 A S = epitope © 60 kd W 3344
ARE 3439 7R ¢¥A F GHGLRCTKLKWe = 9 Rt 18{y o] 9
28 Nxe QLA E SEE dBIA 2AHA ¥ UG,

« FulelA J3AE Gl HLA-DRB1 #AA¢te] dAAHE ZASRT FxAodA
£3] Bo] #AH= HLA AW predisposing epitope =+ 7T0QRRAA74 A A9
P A=

« ot B A9 AF AA FR3F < Apredisposing epitope)= HLA
TR W EAsta A3 E3] FFA A= HLADRBI*0405 Wl A3 o] A}
o] AN 715 ¢ AFez W s{FtAo] M isAY.

x 2 AN 7kt djeolA pdd WA predisposing epitopedd 70



QKRAA 74 ©] Ui§ GUSEHEAHE o] &3t &< HLA DR4 44 82 F 88X
oto] YAAR-E Al TALSto] W HRI}AY.

FrlelA DAY RA predisposing epitope © W3 Q0 { GAETE &
ANLe HLADRB1+#0405 homozygosity M ¥X& EB virus2 transformation A]#A
O FHEYEoE dANES A o

V. a4l E 2o B§&AE

Fx A 3x Wutoluzl Sjogren’'s syndrome A A Ro ¥ epitoped] oS
Eolgd 23 Wizl YAAHA ovuj= AlS HAL °1]"‘E s ZAMS| E ¥avt

ATt E AF FHAlojAq AEE epitope 5] ELISA E AP A7E =33}
T HY Ao AdA ek g &8 2 F AT y—q

2% AolEFIQOIY oln] &2 BEAEY epitopeE FoMN7] HAMAME & 7
o] MW WY E softwareE T N3 dY o] & £ A9y A4
t}. 12}3 ELISA plateo] epsilon-aminocapric acid® £« 72T epitope 5
ELISA & AAXe=z & Qo] A¥s = ELISAYA /1% /¢ 3=d &
£ 4 Qy ¥} E3F o] WYL Jounal of Immunological Methodel 1997\ d &=
of MY ofAolojA o] AT APt 27dH

2o HLA ¥AY predisposing epitopec] tigt @Y I E A A& oln 7y
ol A} & A7 A F£hFo] JFE AT ol AdHI glof & HAL A=
oo o =& Zo]l gl ol4l gl HeErt



Summary

Recent development in molecular biology enabled to detect the predisposing
factor(s) associated with disease progression in systemic rheumatic disease.
Diseases relevant autoantibodies are hallmark of rheumatic disease and give us
to evaluate the pathogenesis of autoimmune disease. Anti-Ro antibody is
frequently found in systemic lupus erythematosus and pnmary Sjogren syndrome
and shown to have some pathogenic role in cetain clinical subset of SLE. We
determined the clinical significances of antibodies to Ro antigen and its subtypes
(52 and 60 kd) in systemic lupus erythematosus. In our study the different
pattem of 52 kd and 60 kd Ro autoantigen recognition was found between the
SLE and primary Sjogren syndrome. The association of particular HLA allele
and presence of anti-Ro antibody was also reported. Searching the
immunodominat epitope of 60 kd and 52 kd Ro auantigen, a peptide assumed to
function as one of the epitopes of 60~kd or 52-kd Ro antigen was screened by
comparing of hydrophilicity, acrophilicity and hydropathy in each aminoacid
sequences. The new epitope specific ELISA method was developed in our study
by attaching the synthetic epsillon-aminocapric acid modification on each
aminoacid. Each peptides (presumed epitope) was tested was tested with 30 sera
from SLE patients. The manuscrnipt for this method of epitope mapping was
accepted to be publication in internmational journal (Jourmal of Immunologic
Methods). The cpitope commonlv found in SLE was shown to be
GHGLRCTKLKW>® within 60 kd, however its posifivity was not associated
with particular clinical manifestations.

The association of HLA-DRBI1 and it's chinical significances was investigated
in Korean patients with RA. The predisposing epitope in Korean was “QRRAA™
which onginated from HLADRBI1*0405. The chnical impacts of this predisposing
cpitope was defined 1n this study and reported 1n international journal (Bntish
Journal of Rheumatology). The clinical usefulness of monoclonal antibody against
T0QKRAA74 to screen the patients having susceptible epitope was investigated
in RA patients with HLA DR4 and the resuits was presented in Intemational
congress of Rheumatology (ILAR) helded in Singapore. The gcneration of
monoclonal antibody against RA predisposing epitope (HLADRBI1%0405) is under



doing by wusing EBV transformation of B cells from patient with
HLADRB1*0405 homozygosity.
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A 17 ME

1 AF/de] 53,994

AAAY FviEls A= dEHe=E FuiHL  BH YQ(rheumatoid arthritis,
RA), RAA ZFutA] Z X A(systemic lupus erythematosus, SLE)S} 4£1d FF 3
(Sjogren’s syndrome)Z°] Ui o] AVIHY AT &3t

o] AP/ EZ T 278 AZIFAZ FAHHT Qo] 4 W I AG&
&0l H3 dtt. 4E =W RAYAAME rheumatoid factor(RF), SLE®} Sjogren
syndromedl A= #Sm3tA], 3la ¥ FRo¥A Folut WL wda o]y g4
€S ¥ #el, g JdusiA A4sidie Wi Ee] MEgsHo AN R/UtE s A @
o] W g AJpAYg Ao ZEAdd & =8°] Hoistd. Iy o137
A Ao oF AYPoly YA FEE AdF3= ARY S FriHL A Ed
o] 7 Zdo o] HE Hold A JANES /gHo JA €Y. HZ o
S €YU YPEo] EAPEHOE FHHI AFIAUR, FAHFHo=
disease susceptible alleleE9°] UF =t BHHAA HAUY. HAH U 8Z=
FAHE BYFZXE B3 o] FX U epitoped] W Fo] A JFAojy AM
< 4ol 9% FAHA FXE A AH e dF B0y dBEEE T
8t A7t 8753 Y. ol A -yt Reies F@o oA F B
Hjxdt F7 A/ESYe] FEAG od Fo| A A2 /Ld¥ et 3
o},

7t ZleH &9

AN Folel2 A8 Adstn 2z @S AEE7] A3 A ESAse
A2 FHY AZMFAE HAEle 4F dHEH Wo] de ol&H1 U AA
A FotElA A8 A AR RASY AR oF a8n X5 WL HFA
371 Y48l FolElA QA (rheumatoid factor) AL de] o]&s 1 glon HA
A fFolEla ZE, 53] AAAL FUE FF2Y L30H FEIZOAA A B9

N3-S Yol FA8F U9 YFQA Ro X La o g A= 2y A



Y ZAH(screening)$t 74 AW BHo g olgHE WEHY AN, HIdE
B RELH FFEAA old 7|&EY AAYHY o FEEHL APE ol
o 5ol A2 WGy side] AEHI G

RAS A2 AW ANRE dF3E AF2AME /L QA o|9dXx HLA-DR4
fFAAee] BAAol LA Utk HZ DNAYEY S F3 HLA-DRBL A43E
3 o2 DR4 otglo] WAHNUR AF| uwel FH susceptible allele o= o
4 zol7t dgE Aol ¥ A

HLA-DR4 ©}8 % HLA-DRB1+0401, 0404, 0405 + A&7} 2l B¢ @AYGol ¢
g AP n JAHL 7] HAYo] Edith= AMdol HuHUL, 4F AFoAM=
HLA-DRB1%0101, 1001, 1402¢}9] #AAME B 1nHAd. a8y ol& #FAAY 5
Ag BAa AESHow EAF B HLA-DRBIGAAS] 3HH A3t FH4QGrd
hypervariable region)®] o}vlxxAl 70-74¥71A19] wjdo] QKRAA, QRRAA &<,
RRRAAZ M 29 FZ7} vl$ FAIS epitopeE TH3te A2 BHAY. ol d
e EdiZ ZHZ epitoped] EA FFE XA A9 A5 %A BAHA &
g3l A=7l Fu AAFAA APHy YUY DNA FERHS T HLA
typingS TWIAAL Al AT AYol Hele AH vl g, 7€ ow
fEol @2 AFH FEAAT AT . RA Z4A epitope & EA #F
A7 o] AW oF ool =Fo] Hol Xgred &Y F = JAE dF
AFZFo] ohlg PAMLAA A ARG e Wilo]l /YddA RAY %
Y g 30| € Ao

8 Ro ¥ La@Adls 3HAOE o|FUAHIMYE o83 2 A #FE A
3t AR, B3 Ro¥¥e: AHEU 4719 A& RNA% 52 kd X 60 kdd
polypeptide B2 FA=o] Ut Ro W &ddol dF A AN 24z 52
kd, 60 kd ©@¥ol g A urg Fgo] HAAA Fvlels AfY Fifol we} A
o] 7} glgeo]l WA R gl A2 Ro @] dig otvlxx4t G7IM Aol BHA
epitope mapping® E3& A epitopelZ FASHE FHE AABSAo Ao AR
Whe A7l & 2 wrg B4 FAE F A HAG IF Had gEd 7 2@
of wie} &A wrgo] zolzl U, VAP JALLAE Aot UG T I
22 52 kd 2 60 kd ©ulo] i epitope FAH HFHAE A3 o] A3
G Aefo g Estei: k¥ eHoz Y olgHo2Y Jhedtta
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Lagrd 9A H29] immunodominant epitope( amino acid 88-101)7F ¥ X1 3
of ole] did WA} MLYE 7hedteen &g FUdA A &Y F£
o2 AYE o3, a0 TE VYL ML A dE AAF ¥
=2 g o B2HUFE AFHOE epitope mapping® BEE I Ve FFo
O S §&Ho] FHH= epitopeE U39 A ZE synthetic peptided AT A%
22 AHESte WHo] MEHYE & HAAF 7|e FEEY SAA HA deR 4
€ A/ gA g9 AdYPolx §80] 718 Aoz Zddd

) W
o}
XL

. BAe AdH S9

RAS} 3% AA 79 oF 05 -1 %AEE7F &4 UYL FHHY, SLEY I #A
AEE A A9 01-05 % o olZe] o] Ao Wi F&EF =7|AdH 23
3} 898 FHsE Ao wl§ F o olFPEY NG URE UdAH 27
dALH AAY & A 9o aez ¢ xv|d ¢AHE A2 A
wlo] R AT}

O)
2

RAS ¥ fUdF #3H 81R19] o] #ATYE Atdo]l EHA VA HLA-DR4
T34, 3O o8 FoAx 5T o fHF VA (susceptible allele)7t @A 9] o ¥ d
A d#o] AY. FUdAM = & A7 8 AS22 old] | ZALS Al
3to} susceptible allele®] ¥ X7} 953 4ol Ao o A JsE &
olgt v} it} @A HLADRBI1 ©}38 (susceptible allele)< two-step PCR, reverse
dot blot hybridization 28 ZAS3 Ao, d¥-&2 og87|@dAM= HLAZE &
A F£YF AlF(Terasaki plate)ol] o &E37] wiio] u]go] Wo] SoJ(1¥T
°F 309t4) olgl¥ HAE RAGAA HHEFSE AlsfHx X X§ AAo|H,
o571 YA FAAPY S EAABENSH WA= €8 RA 59| susceptible
alleleg® ZAALS =d A7 Goixn Y. 8x DNAE genotyping 8l WH S
RA 59| susceptible allele o} ¥ F&0o] 7)o@ whdA, Ajto] ¢of 34 Ax 48
Hoj, Ao 2= ujlo] Bo] == o YTt dF4AAAM AT FFH 9 gyt
A AAEE AR Alge]l wE2n glo] NG HEIn FHMNA RA Eo
susceptible alleleE A AM3l= Wi /iwo] Q453 U, ojv] S AR E

A3 MYALE LAY A WA J-AHHAEA w7 oA zol7) &S 1A
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(e

A, A A7Hol o3 o]luf gl Eo] RA &o] susceptible allelecl
A ARE 23 ol WEos YAIEYAE Mestd v A& FAHY
A E At AL vl FL3.

SLE, £3% $¥F2 H9A 7FrlEA BAY g2 & YIS E Mol AAA
FotelE Z82o=2A Ro¥d¥ La 3ol i A7t A7 2 N2 FEHR
Aol AdH HAIZ 2 olfHI Y. JUHAA = viFFAA Y bovine
spleen extract& Y3l o]§ BF Yoz ojfd ojFALYAIYe T HE
8t A}, Hella cell extractE ©o]-&3% W EX (Western blotting) € v FoA
U ¥ ELISA kit §°] °o]€8H3 U o]FHH YL H A= Ro¥HEYd F 7}
A] peptide?! 52, 60 kd ¥ ZIZ o did FAFAH L B7ls3ta 3] EXY 9
AT Jhsslch 2y B AT A JeEhd A AP W B e o
T A& ANA Ro¥dol digh &4 FAvrEe KMl QA E FAANEES Y
Bli7] diol A= EojAe dHol Ax, U AFE ALEE7| WEo ul&
o] Wo|l €1, 4¥AAo] B HUHoE AY57] ofHF Ao FAPLE
AX{H 2ot g2tA Ro ¥€9 epitopeE /33t o] peptided] diE FAE A
AbstE WS MBS Aol A Wy WY HdYHo|g, oz AW FoA
= Ro®oly La &¥olA epitopeE /AT peptideE ©] &% ol A HAMY
o] &7t BolHolA ¥ dAolnR o] Fokol Wi o] A BRH F
dol 2 =30 8 Aoz A4dg.

. Ay 234 29

A¥e Yosle W B¥AY FZE WHUL ol & SolaA AAsE A2e
AgAoke) ALE S2ue o5 WA F2E AvIZt o3 Bk B QA
of Az AWE FHAFE AAE 27 BAs o AFHe2 N7 ¥ F 3
£E @ 123 EoYME Zvlol MY LAY IS BEsd &
H) ARE $ozM A AT o 1 - 2 % AEHE FulEL SRS ‘g

A'e AN £ Ydgn B
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2 A dFINYge] He

¥ A7 gAe A WAE ey o] dusA2 fofutt

7}. SLE ¥ Sjogren's syndrome A2 H3o|A & Ro A2l A4 299 XA}

t}. Western blotting ]2 & Ro M E XAt 52kd ¥ 60kdol]l gt JAHA
ole] R HGH 7tA

. HLA ¢ & Ro &4 daAd x4}

g}, ¥4 HAF Ro epitope mapping 3 epitope specific ELISA ¥ 7w

vh, 20 SLEAA 60 kd Y immunodominat epitope '3

vk, RA 9llA] susceptible allele & AGA 7}x @ 2o 3

Al QKRAA T©IEE A9 AdA 7HA 3

ol. RA predisposing epitope ©| thd QIS E A Az
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A 2z =uUe 7= 88

1 9)Ze] AL

7t. ¥ Ro #A9 52 Kd, 60 Kd o] &He] did & Ro A9 H4

19903 Ben-Chetrits©] Western blotting & ©| &3l dEZHQYU wdAd 2E<
SLE$} Sjogren ¥ #AolA & Ro Ao $UAHS ZAAY. 1 @3 SLE
2= 60kd 3} 52kde} @ BF uke 2 Ho|AY 60kd @Y dFo2uh wg&
£ AAT 52kd @Y ESo29 W= G+ Sjogren FF T = A
o] Uetuz] g71dFe] Ro¥Ue Hojdo] g2uge= AMEES B 1§AY. Buyoun
T< (1993) Aol FF29 HAPAY AAE ol 52kd9| Rodd| digh A7}
4dEe ¥udgd. 19889 Ro protein®l W3 clonning©] Al&= 231 Boire
G(1991)5 < 60kd2®l Ro &l di@ WY w-$-& heterogenousdts] 45 §z 9
YA S native Ro @9l wE-3 x| denatured 60kd RoGd ¥l ¥&3tA] o
= Aol ¥AE T 60kde] Ro ¥9€<& oonformational epitopeEA Y U= AL
2 33 9. 183 o] § native autoantigen©| o}vlx A7} WAL S {HEA
93 Y. Bankats(1992)2 60kde] Rod®lA 5 FH2 synthetic peptides
A 8t primary Sjogren syndrome® SLE $AlolA] 60kd Ro @ oA A=
t}& epitoped AU USE LAHYIL 219MolA 419 Alole) opv|xAl H7] A
Jo] primary SS3 SLE® ¥ Add £8o 8% A¢ YA Daniels
(1934) & Ro #A9} AFdE 3 79 F@A 52 kD % 60 kD &7 4&
multiple epitope °] EAY 71544 E AAIARAL & Ro #A A= A 9 Y
g4 2 ELISA € Al Al83te 20| %o o3 §o

o] 3} 7 AT NPAHE v|Fo| Mol z} Fvielx HAfA 52 kD, 60 kD
2 48kde] epitope mapping & 39 VLS ARE EUE £F epitopeFHY
peptideZ A 3F9 epitope specific ELISA ¥ & 7/igsgd 6L WS A H$
AadPez &8 5 AUS Aou

rir
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Y. RA2 predisposing epitope Q4% 7|t

RA <] predisposing epitopec] digh 7] d& 19873 o] Aj{A oy old digt &3
QA AT 19903 %7 HolMq uwlzA AFRHQY. HLA typing®]l serological
typing A PCR ¥{& c<|&% genotyping H2 2 v HA predisposing epitope
ol dig Jide] AHH7) AFRFAR 27| AW LA JAE ATFHA
o 1992'd Weyand §° 7]=x¢ RABAE ditesE Ao TPAHx < HLA
DRBIf A& ete] 4@@AE Lusiye 239 APFER AF o4& FAA
B2AM AHEHT] AlFEAY. olF oiygaA BAELRE, IR X}
predisposing epitope®] AL T UL Adides B E wgos dFdoA Al
3t= PCR®E ©] &3t susceptible allele € WU SHSHEME FEF AA
HALE AEstn o & AF4d4E 2 @4 PCRYUE ol &3ty g 8%
st2id 1 WS ¢4 HLA-DR49| 3|33+ common primer € o]&3to] AX
& & ¥ epitope ¥4 control# epitope 4L control & FAMSIiA F Al
59} 7 predisposing epitope primerE& ©|&3t 2x2 FEFA|A 1 g FAE
2}2}t 2] control WX 3 WY& AWE ™. California WeHel Carson F&
triple primer solid phase PCR W& $8&3to H$ AGHE 71E¢sin 4.
2] 3 predisposing @Y I EFAE ©] 8§39 epitope2 A3} AlxE Yd Y
Terra Nova 97404 19943 B8 d+47F AP F oo}

2. xe] 3%

7t. & Ro ¥ 52 Kd, 60 Kd o] &l A& 3 Ro ¥Ae] AL

Ro 3] didt & Ro #AMe FAUYL FUdAME A v Immunovision
Ato]l A2 BF Ro #YUE ol &3t o|FAY HURE ¥YHAHOE ol&3ta 3l
o Ao YAFF9 B84A, 52Kd, 60 Kd peptidedtdol di@d Eo]Ad g
%5, AAY B8 E %ol EAPLE AAHR o, ELISAY S 334 vlxolA
Al#E 3 = HF Ro #¥E A3 AAs e A 52 Kd, 60 Kdoll A&
5ol FFo] FAPLE AXHHI 2 RNA domaing EH3} glo] Al
Bgol o2 E A3 A FdedAes £ A7 9o] Immunoblotting o2 %
Ro &9 & KoL ddFvigL 33Ad Bu(dAd@ 5,199 2o



G2 52 Kd, 60Kdoll di@d Hol4dL AT HAdHel @& AL 8787
o] AF EFH 2o 2o MEAAZAE HH A3 Immunoblot 33 ) A
epitope?] W 33} RNA-BY¥ A complex 2] 22 <8 ELISA 3, o|&dYg &4
MellAl FANEE BY 819 HYAME S4NEE Bds 7] Wi 9 &
/d (false negative)d 7} FAH o2 A HHUY.

FWA A= oA AZAGAQL epitope mapping WHE o] €39 Ro¥Fdy FA
epitope®] W ¥ synthetic peptideE ©| 83 AGA|Fo g MEsianx B AFE
Al ZH3HAl A

L. RA9 predisposing epitope A48 7§t

FolEl A BHFY ARG EA A dg AAHA AFE 2 TA(19949) Sl
A& Heo2 BuHAT IO Y4 o= © £71(1995) Tl 3 digFvuie
233 1995 FASted 3o FAdu k. RA @49 HLA-DR genotyping '
o dg A+ IUHiAAME 7tEddEga TIPS Y /FE, ATl s
A &9 d7 Z2HE A3ZQFY A AGHEIMo| ¥ udgoy
HLA-DR Genotyping® JHH =7°] 23 A T o8 A4 AP Ao A
A 5] 21} (Annals of rheumatic dis. 1995).
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A 3% Y =¥ UE 9 A4

7. SLE @ 4£3W F33(Sjogren’s syndrome) 829 A3 3 Ro A9 ¢
A 9o XA}

£, , O FFFY fHe =& F= AVIEA
Z % Ra 3A EA9 48 ¢80l 4HT #-o] sl & A oy ofF o
Eo] B2 430l qaA F AFAE AR TN FF 2 84 132 g3 &
I FFT A 51 F9 Ro #&dd digh ¥&E o]FHY HAPo 2 XA
dE T84 vuddct. ANG FHY FF2 A9 L£30 FIFF #$A9 F
Ro &9 24 YixE 44 523 %, 64.7 % A2 48 kd La¥ el o &4 9
gl UEs 47 1515 %, 294% A9, WAL ZFwHd FF 2 FAA & Ro &
A FAAL ddHoz FHAY wrE (59 % Vs 27%), W ¥ HH(80 % vs 58%), <t
H FNE (67 % vs 49%), RWY T BL2F5(38% vs 22%)5H Aol #AHAF 4
W FET BAAE FBY, 1S2EY F, FUH2AALAEEE & Ro &
A FAERtEH 2uigle F@/BAC BEHUAG. ¥ AFZFAE FH FeAd A
AR . (8 Ro/SS-A A ANA T FF2 @AM J4H ooe} o
F9 Y ZAAANS AAQ33 A 18;403-409:1996)(8 A 1).(Clincal significances

>
L3
il
ox
4
L
o
-1
l

of antibadies to Ro/SS—-A autoantigens and its subtypes in primary Sjogren’s
syndrome; Korean Journal of Internal Medicine Vol 12, 1997) ((23 2)

. Western blotting 2.2 3 Ro &A1& TAste 52kd ¥ 60kdell didh Y43
g9 R AGH A F3

Ro U< A& nbonucleoprotein(RNP)Y A2 A 60-kd Ro peptide ol 52-kd

peptide”t Ro G A 9] A5 F<o] W H o™ o] peptideEol e A wgo 5
ol Ad. AGAHR olofof] [FH Ayt s M m Qo AN T FF A

17



B2 132 93 £ FFT 8 51 99 Ro o i@ ¥ E o|TrY &4t
HoZ FAEAY. 8 Ro A 44U AL immunoblotting 3l 60 kd, 52 Kd
Ro &o] dig uhgg WA3}ATY. 52 kdol] digt A @5 G439 vjge] £
X 8AolA 425 % Z SLE &89 43% ¥ F8lo] ¥2 & HNEE ¥
o9, 60 Kd o dig A d5 FAd9 v &£ FFIT HHAAM 3.0%, dA
A Zutygd X204 116 %9 28 Y=g ¥AUY. 60-Kd3 52-kd peptideil
25 A 3889 §AF7 60-kd peptide©] W FAT FAQ 8ofo] A Fo
A SLE $tAtoA #AHE §F Q4 89 27 NEE ZAEIRAY 7 Tl
EAHoE fFod Aol AUt 60-kdH 52kd peptided] W3 ZF FAAY 13%
3} 52-kdol Wit A9t FAR 14EHe] £Od FxE YL E YA FHE vl
gaoy 9A F Fd zolE AU

ojAre]l AT Ro A YA A+ immunoblotting pattern® ®¥Hs FAdel| we}
ol F AL ZAWscd FAE FHE ATIH USS €7 UANH. £ A7
A= st WA Ao AlAjoAHolchin press). (Clincal significances of
antibodies to Ro/SS-A autoantigens and its subtypes 1n primary Sjogren’s
syndrome; Korean Journal of Internal Medicine Vol 12, 1997) (84 2)

t}. HLA ¢ & Ro ¥ 484 % 71 XA

MHC class I molecule® HLA-DR3, HLA-DR2, HLA-DQwl, HLA-DQw?2% ©}
8} Ro & $A3 ABAdol ddx &34 ey HLA-DQ alpha chain®] 34¥
A o}u]xAto] glutamineo] I DQ beta chain®] 26HA o}v| x4t A Ho| leucinel
2 FAHo Jod 3 Ro M FAecl & Ae: HIHN Y. I3y
HLAS RZEd] & Hol7l glo] U fAE dAde=sd dv7F Hasy ofF
ol AFE= uwjul@ AAolch B AF AL 769 SLEEAS} A4A 2819
AL ELISAWHE o]83a Ro A 44 A5 & ZASA R 434 aANE
S8 HLA 848 =AY A3 SLE 84 5 Ro A FA4U &AM HLA-DRIS
JALL 31.0%(13/24)2 Ro A AT 14.7%(5/34), AU 18.29(51/281)H
)3 Eey DQA1F DQB1E Aol7l ghcH(Table 1, 2, 3).
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Table 1. & Ro A<} HLA-DR o}3 3o @A

o |
I | SLE (n =76 |
Control (n= 281)
Ro (+) Ro (-)
N = 42 N = 34
I DR] 4(9.5%) ] 3(8.8%) 33 ( 11.7% )
O 1 ;
DRI5 13(31.0%)= - 5(14.7%) 51 ( 182% ) !
DR16 3(7.19) ] 2(5.9%) 10 ( 36% )
| -
DR3 0 | 3(8.8%) 6(2.19%)
. DR4 9(21.4%) 6(17.6%) 88(31.3%)
| DRI1 2(4.8%) t 5(14.7%) 30(10.9%)
e I —
1(2.3%) 1(2.9%) ‘ 39(13.9%)
- ﬂ —
6(14.3%) 5(14.7%) ] 32(11.4%)
8(19.0%) _J 6(17.6%) 59(21%)
!
6(14.3) | 9(26.5%) 62(22.1%)
l '
0(0.0%) 1(2.9%) 9(3.2%)
1(2.3%) | 2(5.9%) 66(23.5%)
7(16.7%) 3(8.8%) 44 (15.7%)

* p<0.05
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Table 2. 3 Ro A ¢} DQA1#H L] &

- il S g S,

SLE (n = 76)

— * | Control (n= 204) |
RO ("') ‘ RO (_) 1
N = 42 | N =34 |
21(50.0%) j 17(50.0%) ] 150(73.5%)
1 I T
5(11.9%) 5(14.7%) 28(13.7%)

- v -

13(38.2%) ] 112(54.9%)

DQA1*4 24.7%) 1(2.9%) 7(3.4%) |
— ~ i i 1{
DQAI1#5 4(9.5%) 11323%) ' 30014.7%) i
| % 1
DQAI*6 1(2.3%) 0(0.0%) 22(10.7%) ’
_ | ]
Table 3. & Ro &A ¢} DQB1#29] @A
SILE (n = 76)
Control (n= 200)
Ro (+) Ro (-)
N = 42 34
DQB1*02 6(14.3%) 8(23.5%) 25(15.0%)
DQB]*03 17(40.5%) 18(52.9%) 93(51.6%)
_ ] !
DQB1*04 4( 95%) 3(8.8%) 22(12.2%)
3 ] o )
DQBI+05 9(21.4%) 7(20.5%) 51(283%) |
~ | ] ]
DQB]*06 l 15(37.7%) 13(38.29) ; 81(47.2%)

¥ AT A ¥ 2 AAd Ax Y Aol
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2}. ZHHF Ro epitope mapping ¥ epitope specific ELISA ¥ 7|2

1988 d Deutscher ¢ 1989'd Ben-Chetrit 5°l 23 60 Kd Ro &9 cDNA
sequence 7} WilEH A 1991 @ Chan S8l 52 Kd Ro¥¥ <9 cDNA sequence
7t BasAY. o] Ro 899 cDNA € ©]%&3l9 recombinant Ro protein & ¥4
311 A Y Ro d¥aAZ ELISA¥o] 7125}, 22y v 8o] 8|1 oolxel
Eolx7 & Ro A9 Udvt FARYg $53512 X3 M2 AAEY Ade] 8
THI A, ol T P S HAF7]| 93 Ro proteinioll FA ¥gE dodje
epitopeS Lol il o] epitope 5°] ELISAE MNE3A HAY. 538 718 ofn =4t
o2 FAYH 60kd Ro protein I} 475 78] o}lux4to 2 o]F o}z 52kd Ro
protein 22}t 29] epitope mappingS  full length 2 sequence® YAA? F B9 £
A2 Yo A¥Ed 7|&E Wids & WYHE o8& ASd A9 F
$A+2 AYPFHAY. &£ 60 kd, 52 kd Ro #¥<e HA sequence & computer
program ol ¢483o 2} o}v|x4te] hydrophilicity, acrophilicity, hydropathy &
72122 oju] g epitopeE YN UHEHI YrA] epitpe FHE A& o
& T4, g3 WS MYy old Yo ¥ U M2 A epitope
mapping < 4 YA HUX AAYYG M2 A 60 kd L 52 kd Ro & it
epitope mapping € A F3HA HAUG.

60 kd, 52 kd Ro antigen 2] epitope mapping < Al33ld 60 kd epitope 77K
(EP60-01, EP60-02, EP60-03, EP60-04, EP60-05, EP60-06, EP60-07) < 52 kd
epitope 47§ (EP52-01, EP52-02, EP52-03, EP52-04 ) & A& AUY. (43 3,
4)

7 8 A7 AFANA B Y Ro ¥4 60 kd epitope & Y S# 24
EP60-01:* YYIKEQKLGL™

EP60-02:'® SQCSDISTK'®

EP60-03:'"?FIQFKKDLKE"”

EP60-04:'"®*VTKYKQRNG'

£P60-05"2YLEAVEKVKR™'
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EP60-06:**GHGLRGKLKW>*
EP60-07:*'KALDAAFYK™

L}) Ro &9 52 kd epitope
EP52-01:* KNLRPNRQLA"
EP52-02:“NNLKEISQEAREGTQGE™
EP52-03:""QSRKHRDHA "
EP52-04:**VCRDSVRRKGH™®

o] 9} o] 7]&Eo] epitope mapping Wyeol u|d] FUS I MEA epitope mapping
g 84 de HE NEsty ol IFUd EF EH4dad. (4H 5)

%4 peptide (epitope) € 7|1& Wiyl w23 FH3{A ELISA 2 #2137
A3 96 well polystylene plate °| epsilon-aminoacid& ©l &3t epitope °]
8123 = short peptide coating 3= MEF while] ELISA 2 /w3y oy
O 37 HES g3 2ol 535 UsAY. (B3 6)
. 282 BA ; epsilon-otv|ito] ARE BS PE=F ol &= AA
¥ ELISAH
2. 4HE 11996 d E53=¥Y A 36689 =
50 He| SLE $xe] Y& A= z}Ze] 60 kd 9 putative epitope &9
AL & ATE o3 AL ELISA Hell o8] XAE 3 epsiloin
aminocapric acidE o]l 83l FAH peptide & ¢HE plate o] LAHAFGL=E
A hydrophobicityE& FX &5 QA Fo2A 7]FQ ELISA ¥l o Z 3ol
Uja AFE dUEE FT7F AZBF AU, o] HES 1996 d HE B
313] AL U3 oA)] FALNES A (epitope mapping of 60 kd Ro protein
in SLE) % A ¥ A 8% A Jounal of Immunological Method®ll submit 3}

ov AAFH HI-Z W AdHolt. (A5 Modification of short peptide

using epsilon-aminocapnc acid for improved coating efficiency in indirect
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enzyme-linked immunosorbent assay) (83 7,4 A9 &2AA % manuscript).

vl 3 SLE $AoA 60 kd 2| Epitope specific ELISA %o <23t

immunodominant epitope XA}

5089 B0 SLE BAYNA  epitope specific ELISA ¥hyeol 28] 46-56,
100-106, 127-137, 168-178, 228-237, 334-343 domain ©] SLE9lA 60 kd Ro ¥A
oo} A3kl FTRT FHAYol wIHALH 674 EAHF  334-343 domain
(GHGLRCTKLKW*®)ol di@ Zdgo] SLE 839 74%°]A A uis Z4
A2 AdME HAESHA &4UH. ol AHLE Ro @2 F olvxe4t 343%-H
343 74A1 9] B A o] 390 SLE #A9A] 7H¥ immunodominant epitope 329 o]
% AFe Fule AAS Aol HoeFZA ol AFd WE WAI[KAZHU A
ojdl 2% Aoz AAHIG. 22y ol £& HIke JA4AAAE SEEE A
A7 HASHA g o] A= FdXx v {FulE 23 American college
of rheumatology ©] 2R E & JEXZE ASF Aejolt}. (Epitope mapping
with synthetic peptides of 60-kd Ro(SSA) protein in Korean patients with SLE)
(23 8)

v}, RA ollA] susceptible allele 2] AGA 71x L o Fete] A

Folels |AE BHde FHAAYFYH 80 FRE 2409 UAFo o
o7 e Aoz FHAUY. B AFAES 10299 §3U F{uiE L JAHGE
BAE dAdo2 A 11 & International HLA workshop and conference ©A] A A]
¥ HLA-DRB1 FZAe] primer & #4399 PCR and reverse dot hybridization
] & o]l 8% genotypingE AASAY. § RA 849 T2 AT E FT
7 DNA &332 specific DNA flanking primers & ©]| 839 DNA & $%
ATt =X BAY = AMLEJH <2l HLA-DRB1*0405 FHAIE 4509 % &
g B WEs Jedn ggo 2 HLA-DRBI *0101 12.74% = JYebtd. Fot
Bl #AY predisposition®] 3@ HLA DRB1 & E&R {FAHA (RA susceptible
allele) & w4 A&stA oz 4% Ay HLA- DRBL Wl &9 ZH3 40 A 3

{
i



HERFH(A70-74 A ool FZ7F QRRAA £ QKRAA 2 T4
AE 2ol R WA RA predisposing epitope o] W& #Hol FIHHUG. &
T8°] Annals of rheumatic diseases, 1995 (54), 998-990 <] L HEFH U LA T
DR4 positive &x2] 912% 7} QRRAA T+ QKRAAE H {33 Qg ¥ aF
232 ¥IY FotEl AW HY 842 predisposing epitope & DRB1 W &4 3
o A A 3 FARFH(AT0-74 AA)Y ofv| x4t FX7F QRRAAR o] Fo] A
A= AHEE BAFHAULH ol AYU FH epitoped! QKRAASE olF g &
Atdoj g

RA predisposing epitope°] £A&= A 66FH ESAQA g 82 33 3& o
oz AWl Ag vluwdHt. RA predisposing epitope ©¢] E A3} A
A B ¥Ry BAAFdo vinrt E3I] FAHJUN(P<005). Sujg A
EE 45 &N &8 BB E Ve Fvy FH4E AW ol sz YF F
%t RA predisposing epitope©] £Mq3= A-F+ 04970 222 &A% R &= 459
0.2736°1 u|3] Zv|@F47F 2uidA EUY. o9 HAE RA predisposing
epitope] EAsE @A B WRPAFEI A dF7F 8Fddodes AL E
2 AY. 2ye 2 F{FxQU Fuitg A JFAYFG FA A predisposing epitopes A}
gt RS FAYWY AT AH9 dF AR 8 SR EJYE ¢Un o€
AAgd &8 e 7jgdEy

Table 1. Disease severity according to the presence of RA susceptible allele and
HILA-DRB1%0405

two RA susceptible allele |one RA susceptible allele

Disease | susceptib
group . L le allele
severity 0405/0405 [0405/RA | total  [0405/X [RALA/X| total

B NJN=10 (LA(n=3) | 1(n=33) (n=20) I 4

Joint deformity 4 * 3 17(53.8%)°| 21 | 6 27(50.9%)|11(30.6%)

. ] | )
articul I ]

extraarticular 6* |1 7(538%)°| 18 3 21(19.4%) [7(19.4%)

mantfestation 1] ] I |

subcutaneous nodule | 4 | 2 6(46.1%) | 12 5 ‘18(33.9%)!9(‘25.0%)

RA LA: RA susceptible allele X: no RA Suscep—{i‘b—lbé“ allele

a: P< 0.05, Mantel-Haentzel test. b: PP<0.05 Bartholomew'’s test



¥ RA #A¢A HLA-DRBI+0405 9 9433 <ol i@ di= 19%6 W
Auatralia 2| MalborunedlA E3A EULAR AN LHEFA2Y (The
impact of HLA-DRB1*0405 on disease severity in Korean seropositive RA), ©]
i go] #exlo] AAEHAQG(The impact of HLA-DRB1*0405 on disease

severity in Korean patients with seropositive rheumatoid arthnitis, British Journal

of Rheumatology 1997, 36: 440-443).('8 34 9)

AL @Y EE $AE o4 RA predisposing epitope 2} &<l

wobx L dEde] vy 2 E3E o319l AHE HLA-DRB1x0405 ol i &t
QIS E FAHY A7 7L #HdoA Jigd B|AY predisposing epitope
A 70 QKRAA 74 (shared epitope) °l ¥ GASEFANE FTUdA FHFQA
HLA DR4 44 83 x99 AAQRE YA A
RA 2] shared epitopeE® flow cytometry €4 |8 Z3}E DNA oligotyping
(PCR-SSCP) = vla3tct. 27 99 RA A& dioz XA on &
o] ¢x¥YE& Z HLA-DRBI1#04, shared epitope (QKRAA/QRRAA) o di& &
AZE8 A2 fluorecent stain 3FFov QA4g A ¥+ flow cytometry ol 9
3 ¥A43Ad. HLA-DRB1x0405, 0401, 0404, 0101 o 23] YElY= shared
epitope £ DNA typing 22 27 3% 17 B4 @A evy, HLA-DRBI*x04 £
A 27 3% 15 HolA =3 flow cytometry 28] shared epitope & #£4-&
DNA oligotyping °ll & Ao} FAISIAT. o]z Z A= RA shared epitopes
A&t GUAZEFHAE T3 flow cytometry WS 783 Wlog Az o
ol W}t & F ¥ shared epitope & FHIT A3 A4S DNA typing ©f 88

0]
g Ae MERs AT 3Z ANE 2Y RA 8T 270 Polusd f4%

O

WHos olfdy USFS HAIUY. o] ZHA= A 1 A TIFUIHLE I &



¥ 359}t (Flow cytometric analysis of rheumatoid shared epitope”QR(K)RAA”

using monoclonal antibody) (‘8 & 10)

o}. RA associated shared epitope ol W GASE3HA 9 A%
Fule]lA& B39 RA predisposing epitope ol i3 Q) {9 GASE FAAN
W2 HLADRBI1#0405 homozygosity Al¥XE EB virus® transformation A|# ©]vj

cell lined W3 I FARFALE FANLES A=t AT
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A 48 d40ESsE g4z 9 g2l 7]/

1 3 @ dAF iy 532 dd =

HINY SH  ATNY U ¥ E (R4S %)

- 3129l RA HLADRB! genotyping22  RA| 100 %
predisposing epitope X ALR} susceptible aliele Z= A2l predisposing
o Fele HAYHE epitope &2l

i

- WM JEoflM & 52 kd,|- wAHAM ZESLE, primary Sjogren| 100 %
60 kd Ro &H 2 wl& ZAH syndrome) OiA Ro &&Hof cff &
X A4t oo ZT Al A2 HAnt ALE 2fef X AL
- WHMEE (SLE, primary Sjogren| 100 %
syndrome)olAf Ro &®HE 442
| subtype ¢! 52 kd, 60 kd & x| & ’
Al Qatx ojo| X A}

|
- RA 2| OHXBIHXEZAM|- predisposing epitopeel ZEX2t £3H 100 %

H 2 X |predisposing epitope 2 2A4H #t of Fo| of & QAKX XA}
Ax 1M 29 wH predisposing
(19968.1- |epitope of CHEt THUBE ©|- ciUuBEAE  ol83tof  fow| 100 %

1997.7.31) (M d&tap x| cytometer #oll 2|3 RA predisposing
1‘ epitope  (shared epitop)@  rapid
screening

- predisposing epitope off & o] 50 %
= g Hx

F

- Ro #t#le| epitope mapping |- 52 kd, 60 kd Ro protein epitope| 120%

mapping S  epitopedx  O|&EH

MZF ELISAY 7H&

- 8129l SLE of Y0{ 60 kd Ro (100 %

| %2 immunodominat epitope 2 & |
| |

|

. Rl -Slpepignfie. -—n.

el




2 d g 7lHx

7L Zley &9

ARG FolelA 289 Ad 2 A5y A sqA HE dAFAA A+
83l 31 epitope mapping 7leS MNF &3 Y Fo] FANG AGA L
Adsts 8713 AZ7 b90d. agdn g8 ddAge] AGA Y sde] &
B U Aoz J|dEed. ¥4 peptided] A A HAME ELISA kit /23
td =80 €230

G, AA. A d 2w

B ATEZ s AQAGE HAZNME A4 A7AEo]7] o] AT
AN7lol BN E BASHE YSU4E Qo AW predisposing epitope”t E
ASAY FAHE @F, 52, 9¥, $Ho159 HY5Ee APo] vk ¢ Fo}
B4 AR Zvlol WAH N $LFo2H Frigs APo2 AW Y
o2 A :=FHAY, ¥/ L Ao Foz AP 27t A AAH &
Ae s = AR UL

t}. A< v|A = AFEAH BN

¥ A3gAojx 78S = epitope mappingS 3 epitope2] FEFFA ¥ olE
43 AGdA e} LS FHIo €3] ATFHIT v AW A 2 AFEHEATF
of #JE epitopeE ©| {3 AM2L AGA gL [FL3A AILE 4+ A& A
ot}



AN 5& A+tEdae ESAE

HY wrZo oliol e A7l A AMAANAY FulEgHL @ XY) oA &
A EFE FH3 wWHHA= Zegat: 1 epitope’t FAUAZL  epitope
mapping 7| €< 839 3y 4 WAL Ad £ Aol AM epitope mapping
7Zlgol LI A2 BALY epitopeE ol L3 EFo] A HMoly epitope
specific BY €& YA E S0 oJAGAf L FolilM A &Y F AU
0. 71& ¥YEG 3R FolgA HAL AT A2 epitope BAE
Aol W EFH Ao HAES UHU I olo] i WHYH A7) 3A €A
¢ 4 g B ¥ AF Ao /AL™ epitope E0] ELISA ¥& ©& A7}
gA7t FAss A9 AP AW Lol $4 € 5 A Boh ZF Aol
E7IQloly ojn & A BAHEQ epitopeE &Aotui7] AdiAM s ¥ dF-AE]
Al WL softwareR JNF W de olf ¥ 4 U AREY. 19
I ELISA platé‘ﬂ] epsilon-aminocapric acid€ < 7/1& % epitope £°] ELISA
< AAIRSZ 4 Qo] Al#HT Q= ELISAYUE MZF MY s=d $48 & s
O Azisio] olo] dig Agis7l 87 du. #elg A {AASY  predisposing
epitope ©] EAd= A, £33 FIA RA A 717F B HNXE AA3=
HLA-DRB1#0405 9] &A= E8FF odF9 #do] Qe AMEE & d4EA=R
BHAA HAY. 22|22 o] epitoped] W3 VY I E FAE UHER DNA &
o] 4% HLA typing€ 84 ¥IE @37 screening &5 A& Ao%fo] ALLS
AT, £ A+ fJAA 7L L epitope Fo] ELISA H& HE A2 Mg/t =
Aot AVIHY Ao AEE ZdA g 7idge] &8 E 7 Y% 89,
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Anti-Ro Antibody: Its Clinical Significance and Major Antigenic Determinant in
Patients with Systemic Lupus Erythematosus

Do Jun Min, Dae Keun Lo, Jun Ki Min, Yeon Sik Hong, Sang Heon Lee,
Sung Hwan Park, Chul Seo Cho and Ho Youn Kim

Lupus Clinic, Kangnam St. Mary's Hospital, Department of Internal Medicine, Catholic
University Medical College, Seoul, Korea

Objectives: Anti-Ro antibody is one of the prominent anti-nuclear antibodies in patients with
systemic lupus erythematosus(SLE). This study was designed to determine whether this antibody
reacts with certain antigenic determinants and to evaluate the frequency and clinical associations
of ant1-Ro antibody 1n patients with SLE.

Method: Double immunodiffusion(DID) were used to detect anti-Ro antibody with sera from 151
patients with SLE. Westemn blot analysis was done in 57 patients who were positive for anti-Ro an-
tibody in DID to find out the major antigenic determinant of Ro antigen. We evaluated the presence
of anti-Ro antibody and associations with clinical features in SLE.

Result:

1) Anti-Ro by DID were positive in 56% (84 of 151 cases) of patients with SLE.

2) Photosensitivity(59% versus 27%, P=0.00G1), cutaneous lesion of all types (80% versus
58%, P=0.004), malar rash (67% versus 49%, P=0.025), leukopenia (38% versus 22%, P=0.036)
were closely associated with anti-Ro positivity. But there was no significant difference between
anti-Ro positive and negative patients in other clinical findings such as sicca complex, throm-
bocytopenia and nephritis

3) In Western blot analysis, 38 of 57 Ro positive sera had antibodies to the 60-kD and the 52-
kD peptide, 8 cases of them revealed antibody to the 60-kD peptide without concomitant antibody
to the 52-kD, and only one had isolated presence of antibody to 52-kD peptide. Ten of im-
munodiffusion defined anti-Ro sera were not reactive with the Ro proteins by Western blot analysis.

Conclusions: In patients with SLE, the presence of anti-Ro antibody is closely associated with
photosensitive cutaneous lesion and leukopenia, and the major antigenic determinant of anti-Ro

sera in SLE 1s 60-kD peptide.
Key Words: Anti-Ro antibody, Major antigenic determinant, Systemic lupus erythematosus
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M E

AAA] Ryt 53 A(systemic lupus erythema-
tosus: SLE)x= & &3 U4 & WA= &3k
oy gy ArlgA e} A EgAd 23 A
Ne) 23} o) S0l wHshE A7t A
2 ol ot

A7VgA F ¥ 3| (antinuclear antibody)e=
SLEE Y| & ¢ of2] 294 A olA &35 e
o, A9 R AWBAIx B FLF x| 17} €
% oohlz} g GAe] F2¢ AL dte A
o2 ¥ada AtHY. §Ro §M= SLESH Sj
gren EX T SN JeE I i 3y
2, SLE @xjollA] B3l ] 339, A E™,
sicca complex”, rheumatoid factor", @4 {1+ 224" &
7 dfo] gl Hes ¥as 3 o, Y4t
A 9]o]o] FaA olF o] Fo] B A oH.

Ro 3 ¢l& 2-& nbonucleoproten(RNP) ¢} A 2
A 60-kD Ro peptide 2}ofl 52-kD peptide7} Ro ©
Aol dndde] ©EAL'", o peptideE
A G 139 Soli gz YdH 2o &
¢ Q77 U3 UGN

TUoll M T SLE &AM §FRo/SS-A g4 o
28 YIS E olF BEGUYOE A B
g vl oy I U4 oo FEZEH ¢
2} Fo B A8 v g AR ¥ 4
T SLE 8252 iAo 2 §Ro ¥A9 W
ot Qg BAE £33, Westem blot
H o2 Ro Ao T4 AYAY AAE WX
A s

CHat o ay
l# EHAm'.

7Y o B gAY FF2 A9
Holl Y SLE & F vz {FotE 298] 7}
THE T/7ZIEN €938l §HHAL R 94
7150l 899 A 1519 Hd2R s
x50 HFAHL 224(AHEE; 16-684))
Ao, Fatzt 3F oAU D g x17} 148 o] U h

2. Bt

simlel @A WRem olF Wegahy
(double immunodiffusion)-& A} 83t §tRo &t

& ZAslg o, 578 YRo A G4 A2
2 Western blot Y -& AAl3d. 28l3n di4 #
Ao Y471&E A YRo FAe 3
o] A/ L EHIUY.

1) 0|F &MY E o|EE ERo T2
a Al

3l & $-u] A 324 ¢l (bovine spleen extract) &
AR89 Y FEv 20pmg/d oAt W
& A agarose plates Tt 22 WY
o g thgo] AHEEA Y.

agar(0.4gm), 0.1(vo/v) sodium azide, 100ml PBS(O0.
01M, pH 7.2, cold)& flaskol] ¥ ©] magnetic strirrer
2 Aowy sldstich ol o] gopxw
A 871 AESHA a2 AE ¥ warm agarg
petri dish(1 X 5em)el] 2t2} Tml ¥ Yol Y4 H st
gt 34 welle] 892 100 Y3, FH wello]
Balo] AL FF Fol Ao WA 484
H 2 72413 Fof] A M(precipitin line)2] A4
f5F& &g ol FH welldl= ¥Ro &
A B Az g3000p) & FAl6 wol JAL
o] Yxo N g THSAUY.

2) Western blot §{0f 2{5t Z2tRo &x|of EH
A 2UXte = AL

Hela cell extract (Img/ml)E U2 oj &3t
o Laemli®)e] ¥ 2 2 sodium dodecy! sulfate-po-
lyacrylamide gel electrophoresis (©]|3t SDS-PAGE)
& A}# 3 I nitrocellulose membraneo]] Z 7]o|F
Al7]1 2 1:5002. 2 3§ YRo FG9<U 8 v
A A, olAYA 2 horse radishperoxidase-con-
jugated antihuman IgGE& ©| &3t A &dd, 712
2 ¥ 4<chloro-1-naphtol g o] §-3l CHA| A .

3. &
ZEANA {olAe x2-contingency table testE
A5 o
Z a}
1. ERo EH|2| ESET

o] AN FAY & o] R3ld &FRo FAE 7
Z% A3 HA 1514 F 84 (56%)NM FAd e
2 veryd.

2. 2Ro 2 A|2| atetatntel Al

FHuligol gRo YA FHTANM 9% &
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Table 1. Clinical association of anti-Ro antibody in SLE patients (n=151)

Anti-Ro antibody

Relative risk

Positive group

Negative group

P value

27% 3.94 0.0001
58% 2.85 0.004
49% 2.20 0.025
36% 0.71 0.337
71% 1.03 0.929
54% 0.64 0.186
22% 0.46 0.082
14% 0.88 0.791
16% 0.86 0.744
13% 0.42 0.141
22% 0.18 0.036
13% 0.80 0.672

Photosensitivity 59%

Cutaneous lesion, all types 80%
Malar rash 67%
Oral ulcer 29%
Arthralgia 72%
Nephntis 43%
CNS involvement 12%
Sicca complex 13%
Serositis 14%
Myositis 6%
I eukopenia 38%
Thrombocytopenia 10%

Figure 1. Immunoblotting of sera from patients
with SLE(lanes A-E,M,N). Hela cell extract was
used as an antigenic source. Lane M is the column
of molecular weight marker and Lane N 1is the
column of normal control.

Some of the SLE sera contained antibodies to both
60-kD and 52-kD antigens(Lanes B, C), while the
others contained antibodies to only 60-kD
antigen(Lanes A, D). Some of anti-Ro positve
serum by DID shows negative for 52-KD and 60-
KD by westem blot analysis(Lane E)

AT 21%8d FAHLE ouiAl & ¥l
& B ouj(P=0.0001), 551 (80% vs 58%,

P=0.004), malar rash(67% vs 49%, P=0.025), 1 §
FH4(38% vs 22%, P=0.036) £ §Ro § ¥ ©k
M 2] vidl 2 N7t KA =
%At 22l sicca complex, A R34, nephritis,
724 A BHE, F3AU3HHY, serositis,
Yl € YT FAUHLE Fof§ A9
7t 21 H(Table 1).

3. Western blot ¥{0ff 2|5t &Ro &2 & A
4 A el X} (antigenic determinants)

o|F VHELHYAA FRo FA Fdo=E Y
Bt @A F Western blot AHE Al3) ¢ 57 ofjo
A 60-kD 3} 52-kD peptide o} i3 FA7t 25
FAQl A9 380)(66.7%)°) ] 31, 60-kD peptide
of ¥ gAT Y4 37+ 84(14.0%)°] 2t}
Western blot Yol 2|§t §FRo @M 44 €HF o
XME (479 F 461, 97.8%)°) A4 60-kD peptideoi]
W FAZ FARAHJSH, T BaH(1.8%)2 ¥
A Mgt S2kD peptidec] ti & Aot dxo 8 W
AU E£§ o|F AAGFAY A gRo A
g o2 JeEltov Western blot oAl 60-kD
% 52-kD peptidec]] th§ B A7l 2 F AU 2§
£ 1094 (17.5%)°) 21 tHTable 2, Fig 1).

4. 2 Ro xlo o4& AKXl (antigenic
determinants)2} QAtQtLAtDl ol A

60-kD ¥ 52-kD peptide of] i gt 3|7} 25
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Table 2. Western blot analysis of double immuno-
diffusion defined anti-Ro sera

Result No. of patient(%)
Positive for 60 & 52 KD 38 (66.7)
Positive for 60 kD only 8 (14.0)
Positive for 52 kD only 1 ( 1.8)
Negative for 52 & 60 kD 10 (17.5)

Total 57 (100)

Table 3. Correlation between antibody profile and
clinical features in patients with SLE (n=46)

52 kD & 60 kD 60 kD
posilive group posilive group

(n=38) (%)  (v=8) (%)
Photosensitivity 22(57.9) 4(50.0)
Discoid rash 13(34.2) 2(25.0)
Malar rash 31(81.6) 6(75.0)
Oral ulcer 19(50.0) 3(37.5)
Arthralgia 28(73.7) 8(100)
Nephntis 19(50.0) 4(50.0)
CNS involvement 6(15.8) ({0.0)
Sicca complex 6(15.8) 2(25.0)
Serositis 13(34.2) 2(25.0)
Myositis 2( 5.3) 1(12.5)
Leukopenia 22(57.9) 4(50.0)
Thrombocytopenia 5(13.2) 1(12.5)

¥/dQl 38 wio] fatF3} 60-kD peptideo] o 3
FM T FA3A 8 A o] g A SLE gA}ol| A
RUS = §F 944 449 €8 ¥ E AS
Hoey TN FAHLRE FYT Aol &
A5 =x] 2 UTHp>0.05, Table 3).

WL -

g g Qi R dduio] i x7taA
2A& 53] SLEE Y| & ¢ wgY @ g2 ¥
Aol M &3] WAEHY, o] AL YW F2
$ AL Rog Yas aYp

el g A S vt Al XU 39U 52 DNA,

histone, non-histone protein, non-histone protein/RNA

complexes, nucleolar antigens $-°] 2Ut}. o} & 3}el
€ T IE2E F%0| 71§ Y U(extractable nu-
clear antigen: ENA)2. 2 = Sm & ¢, UIRNP 3},
Ro 3¢, La &<, proliferating cell nuclear antigen

(PCNA), Scl-70 g+ {1, PM-1 § 5] g

ENA F Ro @§{o] A ¢ SLE & S;
gren 2 A dojUde AR wge F8
¢ A FlyolctH. YRo FMe M9
SLE A Zo A o] F WY G4LHH S o] 831 I
23192 w 2f 25-50%90AH Aoz YEU=
Aoz BaHndgqti g AFdAe olF
A gAY 23l 3JRo FHE e B
56%2) Y/d&E ¥ M9 SLE }AEHG
At gL ¥z FAHJeH, A4 T AT
Aot S Aol7t e

3Ro A 9] 93 olgjo] FHM = oFF =
gdo] oy, ofg4d NFFFL (subacute cu-
taneous lupus)2] FANAI? Ao}l FEEA
(neonatal lupus)e] W X/H F T2 g HHY @

nE D AP aeln gHH A4 FHFL
(ANA negative lupus) &2} 5 60% ©}/delAl ol F
H gitgo] ojg] YRo A7l AEHI ol
BAELS FAHUAY DR ge] Y Eo] 2 W
A Aleidinl Ao Wis = Hogan {0
SLE 1ol A §Ro §ale J/3 v pdz”,
Al wi*® gicca complex”, theumatoid factor™”, ¢
B4 % YABUA, hypergammaglobuli-
nemia®5-% A @o] e Ao BaH: U,

& AFd A B, 9 FHE, malar rash
P MY IZTRASF Fo] dRo M FATANAM S
Ao dv&d O ¥xst {FA oy,
nephritis, sicca complex, 84 % 4 T A3Y
FEL FTEo FoF Aol 7t YUY A2
FAEL ez Yd ol AFRDE
t}4 x}olE Holed ole € 79 ddeA
o] MFe f{xENE WY - 1Y wjiFol

gdlo] 7]1A & Aolzl JJE Y.

Ro 81918 Clark %9 93] A2 ¥ X eo
o] 7 A7 F+= Z-& nbonucleoprotein Y ALE
FAE A 4789 22 RNAGY RNA) F &
v}o} Agel gl 60-kD peptide2 S o A TH?.
Ro 92 da AXAY] BF E4E &+ 3
A A EA Yol o] F53] EA3ty] 1 7§52
o}l uhs{x|z| ¢ Aeleolt). Ho| 52-kD
pcplidc?} Ro ribonucleoproteins®] AR Yo
o 519l o5 o] = 60-kD peptidest EA Aol ¢l
£ amino acid sequence ™ o] Fol A gl-Fo] YT
H 2™, Ro-RNASLS| A[AJE oba Wi ¢
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t}. 1 9] Ro peptidedAq] = t}& AU E9]
ZA 3= Aol wE A=, HE 19 60-kD pep-

tide, 47 2 YA W] 54D peptide™™ R cal-

cium & ¥ G2l calreticulin®} F+Z27F EL§ &
8l }2] 60-kD Ro proteino] &0 XA ™. o] Gy
e 71 9 443 2o BH€A Yo, Re-
ichlin®& #Ro &a] 4AJQA BAA JeEl U=
U354 dFd€ Hei71A] Ro & g
olWA W ukgol A Mdusty Uy

Ben-Chetrit 5?2 60-kD3} 52-kD peptideo]] i
T & A7} SLE R Sjogren ¥ T {AEANA B
T YErg & UAI T, 60-kD peptideof] o § &4
B d5o ' YEve 45 SLEd X EE I,
o © 2 52-kD peptideo] it Mt FEo 2
ElUe 7 ¢ Sjogren F 20| IEG D F
et o & dFoM e olF A e
A YRo A FAHo = 8UHE EH F Westen
blot * o A 60-kD3} 52-kD peptideol] th & &} ] 7}
25 FAEY 57 66.7% oA 3:, 60-kD pep-
tideol] @ FA T FAQA A $E 14.1% o]Y 2
o, & o] YA 52-kD peptideo]] o §t &
A7 dxo 2 GASH”JY. o] A= Ben-Che-
trit §'? o] SLE oA+ 52-kDo] Wi g a7} o
=08 YelYx] getde Eusle g4 Ao
7F U} ol @ Ale]le] Qo2& ¥ Ro 34
o] A Yo Aol E i@ A F - A
F-oll A = denatured HE}2] Ro §Y-& o] &3l
immunoblotting ¥ Q1 d| Y] 3} Ben-Chetrit 7 &
nature FEj2e] Ro FYU L o] L 3= immunopre-
cipitation ‘Yol }. TH o] F A &4 ol A
%Ro @A) kA o]l 2} Western blot ¥ o] A 60-
kD % 52-kD peptideo] tigt 71 25 42
7397} 17.5% = JEryttl. ol = Westemn blot 3
A€ A2 A| SDS-PAGE 3} A ol A native protein
of EE o] AUt epitope 7} WAL A o7]|7] of
vl Aeg PYHEG?

ZRo Ao FaF ¥ Z% < A(antigenic
determinants)E Y| A 60-kD & o] did ¥
Zteso8 FA4QU 8xAFH 52.kD, 60-kDE ¥
S50 i A 33 BxFe] EF UAY &4
2ol 28 YXoe EAHCR fod 2ol
T2 2] gkttt

getM & AT Ao} X S7xe Y &
AE @& ¥ Ro g9 60-kD, 52-kD pep-
tideo] Wit Sola}a] £ |F71 SLE®} Sjo-

gren ¥ F2] RG] & £§o] ¥ Aoz
Aztsn], 54 43 3T VY-S 83
TH37] i @ Ro ¥ FAH4QU R &
A€ 81 Y& Ariga el gAF:
7 ZAlsol BRA o g Yz}t

823H QU SLE $AoA FPRo A9

23e FHUA 1% WA L MYIRA S

A4S dPo] Ne oz FHFHUG
SLE°] A gRo Ao} F€ FUAZPAA= 60-
kD peptide 2 T} & A gl A BAK] = YRo A
2to] ZHdo] = go| o, Ro B YU ¢
5ol g Ee d4H, A v go
E AL AF7 ol FojFol & A2 4.

2 £

F5: YRo FHe ANY T FF 29
Sjogren ¥ &AM YElvte FAT &Y
gaje] stvtolth. & A7 AL T &F
2 Aol A §Ro Mot 8L gHY AT
< ZASHAL @Ro F A9 € FUBEUAE
TE3lnA U

2 HAAG FHbd £F 24 g2 15199 8%
0% olF AHH/HY & Altfélad YRo FAHE
AAsI oo, 8x1e] A4S TABIA &
Ro A oo QV/FE E43UY. 12832 YRo
G FdolAd €A 57¢foA] Western blot 73 A}
T AAEte FE FUZAFAAE ZABIY.

21} ol F AH LYo 23] YRo A E 2
2% A3 56%(151F 84dd)dllM YA oz Y
Ebyict. 39l A4 (59% versus 27%, P=0.0001), &
¥ (80% vs 58%, P=0.004), malar rash(67% vs
49%, P=0.025), ¥ ¥ 73}+4(38% vs 22%, P=0.036)
° ¥Ro A FgdToM ST vis
ME7t goigdA =% a8y sicca complex,
Ao 4 B2 nephritis 52 QALY EGELE &
o Ztoll Fo| @ Aozt fldd. &Ro A ¢4
& A -2 Hela cell extract® Westem blot ZJAE Al
5L A2 60-kD3 52-kD peptideol] ol § & A 7}
D5 ofAIQl A 9= 66.7%(57<4 F 384)), 60-kD
peptideo] Tl & A vt FAAQA 25+ 14.0%(84)
ol tE-F2| Ro A F@7d F 464,
97.8%)°ll A 60-kD peptideol] th§t &) 7} WA ]
oo, & f8atel YA |47t 52-kD peptidei]
g A7 dxo g WAHLHAY. WY stz
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Y AHA75%)ANM o]F dHEIYe = YRo &
A Yol oy Westen blotoll 4{ Ro @y A o
@ 97} GeldA st

dE: @3 HAUG T FF2 fApolA
YRo P 2@ BHAUAY HFEE R Uy
T H4a 59 484G ol U Az ©
Fxloen, Ro Ao Fd ¥ ZFAdAe
60-kD peptide ©| 3.
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ADBSTRACT
Objective: To evaluate the pattems of Ro autoantigen recognition in Korcan
paticnts with prnimary Sjogren’s syndrome (SS) and to investigate its clinical
signtficance 1n SS.
Methods. Sera from primary SS (n=51) and systemic lupus erythematosus (SLE)
(n=132) were tested by double immunodiffusion test and irnmun(iblotting for
rcactivity with 60-kDa and 52-kDa Ro/SS-A proteins. Clinical manifestations were

evaluated on the basis of presence of anti-Ro/SS-A antibodies and anti-60 kDa/52

kDa proteins.

Results. The prevalence of anti-Ro/SS-A antibodies in Korean paticnts with
primary SS was 64.7 2. In immunoblotting analysis, the incidence of anti-60 kDa
without anti-52 kDa was lower in patients with SS(3.0% vs 11.6%, p>0.05), whereas
anti-52 kDa without anti-60 kDa was more common in SS patients than in SLE
patients(425% vs 4.3%, p<0.001). The patients with anti-Ro antibody was
significantly associated with presence of vasculitis, hyperglobulinemia, rheumatoid
factor in primary SS (p<0.05)

Conclusion The patterns of 52 kDa and 60 kDa Ro autoantigen recognition was
quite different in the SLE and primary SS. Anti-52 kDa without anti-60 kDa

antibody may be used as a dignostic marker for primary SS. Although the presence

of anti-Ro/SS-A antibody was closely associated with certain clinical features in SS,

we could not find any related findings between antibodies against each 52 kDa and

60 kDa proteins. Extended studies with large population are required to detcrmine

the clinical correlation of autoantibodies against each peptides or epitopes of

Ro/SS-A proteins.

Kecy Indexing Words: Sjogren syndrome, Systemic lupus erythematosus,

anti—IRo antibody, 52 kDa and 60 kDa Ro protcins.



INTRODUCTION

Anti-5S-A(Ro) antibodies is found in 35 to 60 % of active and/or subacute systemic lupus
ervthematosus (SLE) and 60-70% of patients with primary Sjogren syndrome (SS)'.
Anti-SS-A (Ro) antibodv in these diseases has been claimed to be in the pathogencesis of
certain clinical features” . However, the mechanism by which this antibody lead to tissue
injury  1s  unknown. Anti-Ro/SS-A  antibodies have classically  been identified by
immunaodiffusion in agarose gel. Using itmmunoprecipitaion and immunoblot analvsis,
anti-Ro/SS-A antibodies was shown to target 60-kDa and 52-kDa Ro/SS-A proteins.
Previous studies in enzyme-linked immunosorbent assay (ELISA) and immunoblotting assav
have described different pattermns of  anti-60-kDa and anti-52-kDa Ro responses between
patients with primary SS and patients with SLE. In the present study we evaluate the

antibody responses of 60-kDa and 52-kDa Ro proteins and their clinical significances in

Korean patients with pnmary SS.



Paticnts and Mcthods

Patients. Fiftv-one patients with primary Sjogren’s svtndrome and 132 patients with SLI:

who were seen in Rheumatologv clinic of Kangnam St. Marv's hospital were studied.

Patients were classified as having primarv SS if thev met at least 3 of the IFox criteria’ .

The diagnosis of SLIE was established by the cnitena of Amenrican College of Rhcumamlogym.
The mean age of Sjogren’s svndrome and SLE patients were 41 vears (21 - 65 vears) and
32 vears (14 - 53 years) respectively. Clinical data were obtained by review of hospital

records.

Double immunodiffusion. Antibodies to Ro/SS-A antigens were identified bv double

immunodiffusion  using bovine spleen extract as antigen (BSE-1000, Immunovision,

Springdale, AR, USA )

Immunoblotting analysis. The Hela cell extract were separated on 102 polvacrvlamide gels
by sodium dodecyl sulfate—polvacrylamide gel electrophoresis (SDS-PAGE) and transferred to
nitrocellulose membrane and tested for immunoreactivity using standard immunoblotting
methods'” . The nitrocellulose strips were then incubated with a 1: 500 dilution of serum and
washed for 1 hour in PBS-Tween. Horseradish peroxidase conjugated goat anti~human

I[gG(Bio-Rad Laboratories, Richmond, CA, USA) was used as the second antibody.

Statistical analysis. Chi-square testing with Yates’ correction was used to evaluate the
frequncy of antibody to 60-kDa and 52-kDa Ro proteins in patients with primarv SS and
SLLE and investigate the correaltion between clinical manifestation and autoantibodies. P

value less than 0.05 were considered significant.



Rcsults

1. Frequency of antibodies against the 52 kDa and 60 kDa Ro/SS-A antigen

The frequency of anti-Ra/SS-A antibody postitivity of the pnmarv SS and SLE patients
was listed in Table 1. Anti-Ro/SS-A antibodv detected bv double imunodiffusion method
were 64.7 % i prnmarv 5SS and 523 % in SLE respectivelv. Anti-La/SS-B antibodies were
noted in 20.4 % of sera with prnmary SS and 12 % of sera with SLIE respectively.

To determmune the pattern of antibodv response against Ro/SS-A  antigen, anti—-Ro/SS-A
positive sera in double immunodiffusion test were studied by immunoblot analvsis. The
pattern of reactivity against to denatured 60-kDa and 52-kDa Ro antigen was shown in table
1. Out of the 33 primary SS patients, 13 (39.5%) patients showed positivity to both proteins,
whereas only one (3 %) had antibodies to 60-kDa antigen only. Fourteen (425 %) of the
patients with pnmary SS had antibodies to 52-kDa protein only, and 5 (15 %) had no
reactivity to 52-kDa or 60-kDa proteins. In patients with SLE, fortv (58 %) sera reacted
with both 60-kDa and 52-kDa proteins, eight (11.6 %) reacted with 60-kDa protein onlyv.

Antibodies to 52-kDa protein only were detected in 3 sera (4.3 2), while 18(26%) were

nonreactive to both the proteins. The incidence of anti-52 kDa without anti-60 kDa
was more common In patients with primary SS than in those with SLE(42.5%2 vs

4.3%, p<0.001)
2. Correlation between antibody profile and clinical features in patients with primary
SS.

On the basis of association between anti—-Ro/SS-A antibody and clinical manifestations of
Sjogren’s syndrome, as shown in Fig.l, anti-Ro/SS-A antibody positive group were closely
associated with the presence of hyperglobulinemia(17/33 versus 2/18, p=0.004), rhcumatoid
factor positivity(26/33 versus 8/18, p=0.029) and anti-La/SS-B antibodies positivity (13/33
versus 2/18, p=0.012) and cutaneous vasculitis (7/33 versus 0/18, p=0.036).

However, no significant differences could be demonstrated between anti-52-kDa onlyv
posilive group and both anu-60 and 52 kDa positive group, which are the two major
antibodies to Ro/SS-A antigen regarding the prevalence of hvperglobulinemia(7/14 versus

5/13), rheumatoid factor positivitv(11/14 versus 12/13) or cutaneous vasculitis (3/14 versus

3/13) (fig 2). Anti-52-kDa antibody only was more commonly associated with the



anti-1.a/SS-B  antibodies(7/14 versus 4/13, p>0.05), but this was also not statistically

significant.



DISCUSSIONS

Anti-SS-A/Ro autoantibodics are found in the sera of patients with SLE and 5SS, The
percentages in different studies reported in the literature range from 38 %6 to 96 Y% in
primary SS and from 12 to 69 % 1n SLE®™Y. In the present studyv, using immunodif(usion.
the frequencv of anti-Ro antibodv was 64.7 26 in pnmarv SS patients and 52.3 % in SLIE
patients. The frequencv of anti-SS-A antibodies 1n Sjogren’s svndrome seen in our study
mayv seem low but compares well with recent results reported by Chan et al'~. FHlowever, in
the Korean patients with SLE, the prevalence of anti~-Ro antibody was higher than that of

B Ben-Chetrit et al. reported that prevalence of anti-Ro

Caucaisian or Western countrics
antibodv was 57 % which i1s in keeping the prevalence of this study. The prevalences of
anti-Ro/SS-A antibodies in Korean patients with SLE were verv similar to those of the
Ben-Chetrit et al study, but different from those of Maddison et al'™ (20%). Pertinent to the
reason of different prevalence are selection bias, different genetic background and detection
methods including antigen extract. It has been demonstrated that occurence of anti-Ro
anttbodv are associated with certain HLA alleles although differences are exist. Previous
studv reported that the HLA DR3, which was linked to the occurence of anti-Ro/SS-A
antibodv, was not common in onental SLE including Korean™". The rclatively high
prevalence of anti-Ro/SS-A in our SLE patients deserves further study to determine the
possible invclvement of genetic factors in the development of anti-Ra/SS-A antibody.

Anti-Ro positive sera contain two sets of antibody populations, directed to the 60-kd and

the 52-kd polypeptide component of Ro proteins. It has been repoted that that disease state
influenced autoantigen recognition from the findings of different serum antibody responses to
60-kDa and 52-kDa Ro proteins in primary SS and SLE.

Simulatnous detection of antitbodies to 60-kDa and 52-kDa was revealed bv immunoblotting
analvsis with sera whose anti-Ro/SS-A antibody were positive by DID. The frequency of
antibodies to 52-kDa and 60-kDa bv immunoblot analysis were shown in table 1. The
prominent patterns associated with pnmary SS were antibodies to both the 60-kDa and
92-kDa Ro proteins and 52-kDa Ro alone. Anti-32-kDa Ro without anti-60-kDa Ro was a

response that occured more commonly in primary SS than SLE sera. Our results also



confirm the reports of Ben-Chetrit et al”. and Tsuzaka et al®” that there arc differences
between primany SS and SLE in their immune responses to the SS5-A/Ro particle. Previous

report demonstrate that anti-52 kDa  without anti—-60 kDa antibodvy was found only 1n 55

=) This difference might depend on the method that

and was not detected in the SLIE
detect Ro/SS-A  antigens. We defined anti-Ro/SS-A  antibodies by immunoblots, which
detected antibodies to denatured Ro/SS-A antigens, while the report  of Ben-Chetrit ot al.
was performed bv the immunoprecipitation method, in which Ra/SS-A antigen ts native {form.

Anti-SS-A/Ro antibodies have been demonstrated to be related to subacute cutancous
lupus ervthematosus, photosensitive rash, xerophthalmma, congenttal heart block in patients
with SLE, although controversy exists regarding the association of antibodies against the
SS~-A/Ro antigen and particular features of SLE. Several studies have been shown
correlations between clinical manifestations of SS and the presence of anti Ro/SS-A
antibodies. In patients with SS, as shown in figure 1, anti—-Ro/SS-A antibody positive group
were correlated 'with the clinical manifestations of cutaneous vasculitis, hvperglobulinemia,
rheumatoid factor and anti-La/SS-B antibody posttivity. These findings are similar with the
reports of Alexander et al. and Harley et al="=,

In the patients with anti-Ro/SS-A antibody positive sera, when we compare the clinically
significant manifestations in SS patient with anti~-Ro/SS-A antibodies and anti 60-kDa and
anti 52-kDa, we could not notice the difference between anti-52 kDa only positive group and
both anti-60 and 52-kDa positive group which are the major determinant of anti-Ro
antibodies. However, the number of natients with extraglandular manifestation observed in
our study was not large enough to enable significant conclusions to be drawn

In summary, the pattern of Ro/SS-A autoantigen recognition was different in the SLE
and prmary SS. Anti-52-kd Ro without anti-60-kd Ro was a response that occured more
commonly in primary SS than SLE sera, and possibly served to distinguish the two discase
entities. Although anti-Ro antibody was associated with the presence of some clinical
mantfestation 1n patients with primary SS, these findings was not correlated with the
presence of antibodies against 60 kDa or 52 kDa protein. Additional studies are required (o

determine the exact correlation between antibodies against each peptides of 52 kDa or 60

kDa Ro/SS-A protein and certain clinical manifestations.
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Table 1. Frequencies of antibodies to Ro protein and La protein

in patients wilh primary SS and SLE

el

'
!
i

flmmunodi {{usion
!anti-Ro/ SS-A

{

;anti-l.a/SS-—B

1

S L AR ¥ R

Immunoblotling -

60kDa(+)/52kDa(+)
60kDa(+)/52kDa(-)
60kDa(-)/52kDa(+)
EOkDa t)/ 52k[33(-)

k
__—_*—i—- il

primary SS  [S L E l
n=51 (%) n=132 (%)
33 (64.7) 69 (52.3)
15 (29.4) 16 (12.0)
n= 33 (%) i n= 69 (%)
13 (39.5) 40 (58.0)
1 3.0) 8 (11.6)
14 (425)° 3 (4.3)
5 (15.0) 18 (26.0)

*. p <0.001,

- 12 -

QOdds ratio: 16.21, Fisher exact test was performed






Epitope mapping

m Method using recombinant technique

Ag cDNA
R
A — .
——————— gene Sol id-phase
e => . =D |mmunoassay
s ———————— axpression (R1A,EL1SA)
[ e————

m Method using sequential overlapping peptide

Protein Ag

— _, seauential _ ?Ol id-phase
T "saa, lappi mmunoassay
=" ceotide 0 (RIALELISA)



Prediction of epitopes by simple computer analysis

m Hydrophilicity plot

m Acrophilicity plot = | Epitope Selection

m Hydropathy plot
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Selected Epitopes by computer analysis

1 MEESVNQMQP LNEKQIANSQ DGYVWQVTDM NRLHRFLCFG SEGGT%YYIKE

......

51 QKLGLYENAEA LIRLIEDGRG CEVIQEIKSE SQEGRTTKQE PMLFALAIC’OO
101 ngK“’BQA AFKAVSEVCR IPTHLF‘I”QBFIQ FKKDLKEWSMK CGMWGRALRK
E T

201

251 HRLVREHLLT NHLKSKEVWK ALLQEMPLTANLLRNLGKMTA NSVLEPGNSE

301 VSLVCEKLCN EKLLKKARIH PFHILIALET YKT334GHGLRGK LKW343RPDEEIL

351 KALDAARYKT FKTVEPTGKR FLLAVDVSAS MNQRVLGSIL NASTVAAAMC
401 MVVTRTEKDS YVVAFSDEMV PCPVTTDMTL QQVLMAMSQ! PAGGTDCSLP
451 MIWAQKTNTP ADVFIVFTDN ETFAGGVHPA IALREYRKKM DIPAKLIVCG

501 MTSNGFTIAD PDDRGMLDMC GFDTGALDVI BNFTLDMI



m 52kD Ro-SSA Antigen

m Total Sequence & its Continuous Epitopes

1 MASAARLTMM WEEVTCPICL DPFVEPVSIE CGHSFCQEC!I SQVGKGGGSV

s1 CPVCRQRFLLY'KNLRPNRQLA N 'MVNNLKEIS QEAREGTQGE® RCAVHGERLH

101 LFCEKDGKAL CWVCA'"QSRKH RDHA'**MVPLEE AAQEYQEKLQ VALGELRRKQ

151 ELAEKLEVElI AIKRADWKKT VETQKSRIHA EFVQQKNFLV EEEQRQLQEL

201 EKDEREQLRI LGEKEAKLAQ QSQALQEUIS ELDRRCHSSA LELLQEVIIV
251 LERSESWNLK DLDITSPELR SVCHVPQLKK MLRTCAVHIT LDPDTANPWL

30t ILSEDRRQVR LGDTQQSIPQ NEERFDSYPM VLGAQHFHSG KHYWEVDVTG

351 KEAWDLG*VCR DSVRRKGH ™ FL. LSSKSGFWTI WLWNKQKYEA GTYPQTPLHL
=PRI

401 QVPPCQVGIF LDYEAGMVSF YNITDHGSLI YSFSECAFTG PLRPFFSPGF

451 NDGGKNTAPL TLCPLNIGSQ GSTDY




Peptide Antigen modified with

Antigen Peptide Antigen

7\

e —aminocaproic acid (Ahx)

® peptide coating ==> overnight !

e glutaraldehyde, poly-L-lysine, CNBr| enhanced hydrophobicity by Ahx
treatment is needed. ==> only 1hr is needed when

® modified microplates with chemical coating.

functional groups are needed.

e conformational
change when adsorbed| conformation as in a soluble antigen
to the solid phase IS conserved ?

e cpitope masking

conserved conformation as in

a soluble antigen because both
terminals are fixed by Ahxs




B 60kD Ro-SSA Antigen

®m Total Sequence & its Continuous Epitopes

1 MEESVNQMQP LNEKQIANSQ DGYVWQVTDM NRLHRFLCFG SEGGT®YYIKE
EPG0" 031
s1 QKLGL®ENAEA LIRLIEDGRG CEVIQEIKSF SQEGRTTKQE PMLFALAIC'®s

101 QCSDISTK'®QA AFKAVSEVCR IPTHLFTFIQ FKKDLKE®¥'SMK CGMWGRALRK

EP60202 EP60-03
151 AIADWYNEKG GMALALA'®VTK YKQRNG'™WSHK DLLRLSHLKP SSEGLAIVTK

201 YITKGWKEVH ELYKEKALSV ETEKLLK*YLE AVEKVKRZ'TKD ELEVIHLIEE
EB60705
251 HRLVREHLLT NHLKSKEVWK ALLQEMPLTA LLRNLGKMTA NSVLEPGNSE

201 VSLVCEKLCN EKLLKKARIH PFHILIALET YKT™GHGLRGK LKW RPDEEIL
EPHO b
31 P KALDAAFYK®T FKTVEPTGKR FLLAVDVSAS MNQRVLGSIL NASTVAAAMC
Su ANV

401 MVWTRTEKDS YVVAFSDEMV PCPVTTOMTL QQVLMAMSQI PAGGTDCSLP

451 MIWAQKTNTP ADVFIVFTDN ETFAGGVHPA IALREYRKKM DIPAKLIVCG

50t MTSNGFTIAD PODRGMLDMC GFDTGALDVI RNFTLDMI




® Epitope Name : EP60_01

® Sequence of EP60_01

(Ahx)2~Thr="*Tyr-Tyr-lle-Lys-Glu-Gln-Lys-Leu-Gly-Leu>*-Trp~(Ahx)-

EP60_01
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m Epitope Name : EP60_02

® Sequence of EP60_02 ;

(AhX)2-Trp~Cys-'"Ser-GIn-Cys-Ser-Asp-lle-Ser-Thr-Lys'®-(Ahx);

0.0. at 405nm

sanpknane
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m Epitope Name : EP60_03

m Sequence of EP60_03 ;

(Ahx)2~-Trp-Thr-'>’Phe-lle-GIn-Phe-Lys-Lys~Asp-Leu-Lys-Glu'*’-(Ahx),

EP60_03




m Epitope Name : EP60_04

m Sequence of EP60_04 ;

(Ahx)-Trp-Ala-'**Val-Thr-Lys-Tyr-Lys-GIn-Arg-Asn-Gly' °~-(Ahx);

EP60_04
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m Epitope Name : EP60_05

m Sequence of EP60_05 ;

(Ahx)z-Lys-mTyr-Leu-Glu-AIa—VaI-GIu-Lys-VaI-Lys-Argm-Trp-(Ahx)z

EP60_05
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EP60_06

m Epitope Name -

m Sequence of EP60_006 ;

(Ahx)z-mGly-His—Gly-Leu-Arg-GIy—Lys-Leu—Lys—Trpm-Arg-Pro-(Ahx)z

EP60_06

-
o

O
-

o O
tn o

-
- N

0. D at 405nm
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Hydrophilicity for EP60 06
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m Epitope Name : EP60_07

m Sequence of EP60_07

(Ahx)=""! Lys—-Ala-Leu-Asp-Ala-Ala-Phe-Tyr-Lys *~Thr-Trp-(Ahx);

EP60_07
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m Epitope Name : EP52_01

m Sequence of EP52_01 ;

(Ahx)2="" Lys-Asn—Leu-Arg-Pro-Asn—Arg-Gln-Leu-Ala--Asn"-Trp-(Ahx)z

EP52_01

0.0. at 405nm




m Epitope Name : EP52_02

J

m Sequence of EP52_02

(Ahx)~"*Asn-Asn-Leu-Lys-Glu-lle-Ser-GIn-Glu-Ala-Arg~Giu-Gly-Thr-Gin-Gly-Glu™-Trp~-(Ahx),

EP52_02
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m Epitope Name : EP52_03

m Sequence of EP52 03 ;

(Ahx)z-’15AIa—GIn—Ser-Arg-Lys-His—Arg-Asp-His-Alam-Trp—(Ahx)z

EP32_03

mpbnane

14



m Epitope Name : EP52_04

. Sequence of EP52_04 ;

(Ahx)a-mVal-Cys-Arg-Asp-Ser-Val-Arg-Arg-Lys-Gly-Hism-Trp-(Ahx)z

EP52_04

18



_ %ié 5,6 _



—_Ill.llll.lll.-. - up— kg .l.....-.ﬁ e e R e R ftl-rllllirll.'..li.l_.llqr A s i e el Silleiy - 3 £ - i S e - It = - - R T — T a ettt ety w gl g ¢ i B b!!ur...i. o ek P i Sy g gy P e——— e ek w3 g o I..-lll.ll..tllr+—.l.._rj

i | Hr- 3 1 ol B | th _ m th | Hr )

ﬂxg mw | :. 13 i wwu B # & ﬁuu mm r Mm
A oL s £ =& .1 - - i X -
-t *u__.m .W..M‘lw — .WH:M Nu.w oﬁu‘m *U.__v *.V-ﬂ *U
i = == i e TE 7 .y - - el 2 e
3 i i 3! i 1] SE [} i3 £y
. ) _ s
A = - - S wre o e e = —

l_i_

g W94
b
o
-|--ll]I
A
s,
A
3
et "i

oy & *

o
a

- . i3 1 I O I

T f-.-.__. e iyl plle - —tl’ r L e = WEAR s Nyl T B L iy ey gy iyl o e ..._.I.I-.III.__.I._.._J

H35Q

..;F'F
| Y

kDa. -
o A
%

L W

-]
ey

'H J"- L !
-y -
> " ot
llf -
N Wy ..-“L -
]

st mnnand B} | ,

L

. - .
oy

» -4
x s
4
e i
Ak b dw . ms B e e aa L S B st ot sl BEa M

]
=
sl 60kDa H 52

et e
D g
'{i
s
3
i
:
;
ngc
N %
- hg
)
2

L

:
]

}
:

i

i
;

§
}
A

T

[ ]
- * -
= Fovtie g oat
- - -
- -

=
:‘J.—

3

X
j WP .
¥
|
¥
.,
=
——
=
gl
e
—
PR
= I
ﬁ el
)
i
i 5 S
= -
e, ko
K b=y
== T
=~ -
=03
i e
=TS
g

0 i o )% lito lijo "l

e g+ et e} 1 - ) J ! o ) % 4 ) i
| | # H SL ﬂb by 5 b _.u._ ol 1 ¢ Em _
| ” EEQ

AR T~ N Pl I A A 0 O Bl

* -

e
it ol
et
Prat
1
<
3

o

7
.
T
-3
i
o
~x
T

o zighef 4

N

S
Ip——

=

B -

b] Mo E3 $0 B A Ko ® ‘30 =)

715 2ee

3

_ T ol A o Ny wh ey x ) e F0

e -n ol kgl oye g ek B e Ill.lil't-llrl_tlll..l.ﬂ.

]
rli-.l.l.ll.l..l._ gl gt . v ar—- b w—" e e R A R TR il it [ bl v sjigi e B o Tt b e e mp—— e btk | sk ks et gty & S N — * i N i —— e [ y—— -

:

o Lm0 | 4 g0 |4 -

»
o
o)
[
!
o,
b
- |
o'
e
v 4
P
R —
ng ]
<
A
— —
ol
o
o
o
o
&
ug
G

gl | ks B _ LA IR L B S R e A 1 S O N N PO L Y RO T T T T ¢ SO I 20 O O B 1

. ‘s w | ¥ o e o ot S - i bl i ittt <l sk .. et e R s T e o -l e g - r———
4l .
—— *..:rw w b
| D o
illiiliflllliii lllllllll Sty gy | cpn S . o [ " i, -_IJ
o} ni ! 1C

R AL R I AR B Bl w B
b4

- _ =il .
- g epla A oyl ey - B s = om ! - e g oSl . b . weieeiahiSent By et il - e, - il et e et o Al S ik B bl b -y o A Y e 5, N eyl Sl = -yl oo g et el e e e .H...lllﬂ-r..l'll-lllll..ll'l...
.

o ﬂ.l..\..ll.l_l:l_ -




e il syl

5, W RN

Lo

e R A gl e iy B Ay Ay . i el e St 1~ =

p— e e R e e e —

il e sl & -l i A amliak e -4l il Wy, o
P iy

i} b-

..-...n -..—:—
v ...w.“
1y i
|
thr 13
S
~r

f Td o hl
’ 1)
M- 4
™ _
O _._.__.c ._....d
{1 i

ol B
) Xjo
(2L L
o | Ll e
5o { o)

oL
1L A

L .s.

‘o

)
J_.
i)

i

o

x

Pl |l
ol |
v

AR

0 pL
| | %
F ¥

L ety L T L mbianpiigs. -

r———— - R P Yw ——— - -y

£

[\

Al il Uifel el

e LR LA E R I AR LR R LR E A R E T

1996 A

- Al ol B N - PN - e e -

)
...UI )]
— = %
O nﬂl
+ Y T
O L U A~
1!.-1— . Y
p | ~{, .
—_ 11 B :
S S )
! "3 -
) ....l.,- .
r% UL B
Lr n o}
a1y
ofF Fy
[,
3 1t
hd —
0} Ll 0}
T ("
7o <
-
A

=s5y23 > 5}
—~ 9
3
L -
-

o]

ezl wie]at

ETTS
a}a}ajal

a5 A A B

EEEET
RIRIROE KO






journal of immunological methods

Professor M W Turner
Immunobiology Unit
[nstitute of Child Health
30 Guilford Strect

University of London

LONDON WCIN IEH

U.K.
Professor J-S Park Tel: 0171 242 9789 Ext: 2215
Departrnent ofChemistry Fax: 0171 813 8494
Seoul National University International fax: +44 171 813 8494
Seoul 151-742 E-mail: mwiedjim@ich.uclac.uk
Korea m.furmner@ich.ucl.ac.uk

16 July 1997

Dear Professor Park -
Manuscript Number: 6293R

Thank you for revising the above manuscript for the Journal of Immunologicai Methods. 1 am pleased
to be able to let you know that your paperis now accepted for publication.

Sub- editonial corrections have now been made to your manuscript and you are asked to check these
carefully for any changes to your intended meaning.

In order to facilitate publication please produce a copy on- disk (indicating which program has been
used) and send this, together with the present corrected version, directly to:

JIM
Log-in Department
PO Box 2759

1000 CT Amsterdam
The Netherlands.

Please ensure that you also enclose top quality examples of all the figures.

Y ou should receive an acknowledgement of your final version within one month of dispatch. If not,
please contact the Log-in Department on the following fax number +31 20 485 3239. For all other post-
editonal enquiries contact Gillian House on fax number +31 20 485 2431.

The proofs will be sent to you directly from Amsterdam.
Thank you for your co-operation.
Yours sincerely

R pe—

MW Turner
Editor

Street address for courier delivery: Ms C van der Krogt-Cohen

Log-in Department

Sara Burgerhartstraat 25
1055 KV Amsterdam
The Netherlands.

Ret: SYbJIM



Title :

Modification of short peptides using
€ -aminocaproic acid for improved coating

efficiency in indirect

enzyme-linked

immunosorbent assays (ELISA)

Jae-Chul Pyun'” , Min-Young Cheong”), Sung-Hwan Park®,
Ho-Youn Kim”, and Jong-Sang Park"’

(* : To whom correspondence should be addressed)

ADDRESS : 1) Department of Chemistry,
College of Natural Sciences,
Seoul National University,
Seoul, 151-742, Korea.
Phone : 82-2-880-6660
Fax : 82-2-889-1568
E-mail : pfjspark@plaza.snu.ac.kr

2) Department of Internal Medicine,
Kangnam St. Mary's Hospital,
Medical College of Catholic University,
Seoul, 137-040, Korea.

1) T ; Present Address

Fraunhofer Institute of Biomedical Technology (IBMT),
Department of Sensorsystems/Microsystems ,
Ensheimerstr. 49 , D-66386 St. Ingbert, Germany

Modification of Short Peptide for Indirect ELISA - |



ABSTRACT

The hydrophobicity of short synthetic peptides of 5-10 residues was
enhanced for high coating efficiency as antigens in indirect ELISA.

To obtain enhanced hydrophobicity, coupling of & -aminocaproic acids to
the synthetic peptides was carried out during solid phase peptide synthesis.
As a short peptide model, three analogues of a streptavidin binding peptide
consisting of 5 amino acid residues were prepared with four & -

aminocaproic acid residues. HPLC analysis showed a dramatic increase in
hydrophobicity after modification, and the meodified peptides showed a
better adsorption ability than the unmodified peptides in indirect ELISA.
The whole process from antigen coating to color development was carried
out within 2.5 to 3 h by dissolving the peptide in methyl alcohol and
evaporating the solvent in each well of the microplate. As an application of
this method, a peptide assumed to function as one of the epitopes of the
human 60kDa Ro/SSA antigen was selected from hydrophilicity,
acrophilicity and hydropathy plots. The peptide was synthesized having an
€ -aminocaproic acid modification at both N and C terminal ends and was
tested with 30 sera from patients with systemic lupus erythematosus (SLE),
20 normal sera and a standard anti-Ro/SSA serum. The ELISA results
revealed that the method gave a high signal-to-background ratio without
altering the specificity of the assay. Moreover, our process was far simpler
and more rapid than conventional methods used in indirect ELISA. Thus
this method could be useful in the development of techniques for the
diagnosis of SLE.

* keywords : ELISA, ¢ -aminocaproic acid, SLE, epitope, peptide,
Ro/SSA
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* Abbreviations used : ELISA, enzyme-linked immunosorbent assay; SLE, systemic
lupus erythematosus; RIA, radioimmunoassay; Fmoc, 9-fluorenylmethoxycarbodiimide;
HBTU, benzotnazolyloxytetramethyl -uronium hexafluorophosphate; HOBT,
hydroxybenzotriazole ; TFA, trifluoroacetic acid; NMP, 1-methyl-2-pyrrolidinone;
pNPP,p-nitrophenyl phosphate; DMF, dimethylformamide; DCM, dichloromethane; PBS,
phosphate-buffered saline
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INTRODUCTION

A number of immunoassay techniques have been developed using etther
an antigen or an antibody bound to a solid support. Widely used
immunoassay techniques such as enzyme-linked immunosorbent assay
(ELISA) and radioimmunoassay (RIA) were designed to use microplates
made of polystyrene or polypropylene from a variety of solid phase carners.
Proteins, either antigens or antibodies, are adsorbed to the plastic surface
of the microplate as a result of interactions between hydrophobic regions
of the protein and the nonpolar plastic surface. Even though only small
amounts of protein can be adsorbed to each well of a microplate, the
sensitivity of ELISA or RIA is such that only a small amount of antigen or
antibody is needed. Each well of microplate has an actual binding capacity

of 0.2-0.3 ¢ g protein (Winston et al., 1989).

However, there are some limitations in using short synthetic peptides of
5-10 residues as an antigen in ELISA procedures. First of all, peptides
must, in general, be at least 15 residues long in order to be adsorbed on the
plastic surface after overnight incubation in the microplate (Plaue et al., 1988).
Moreover, very short peptides may be partially lost during normal ELISA
washing stages leading to loss of precision. Some authors have
recommended the pretreatment of polystyrene plates with direct coupling
agents, such as glutaraldehyde (Corthier et al., 1981; Kasprzyk et al., 1988; Suter et
al.,1982), cyanogen bromide (Lehtonen et al., 1980), poly-L-lysine or poly-L-
aspartate (Brennand et al.,1986) to improve the attachment of peptide to the
solid-phase. Modified microplates with chemical functional groups are
now commercially available. Another problem of the short synthetic
peptide 1s that the conformation of the peptide may be so altered by its
interaction with the plastic as to diminish interactions with antibody. So, in
spite of the numerous advantages of solid-phase assays, it should always
be born in mind that (a) the surface of any polypeptide immobilized on a
solid phase will only be partially available for binding to the antibody, (b)
adsorption of a polypeptide on a polymer surface will alter 1ts
conformation, (c) the kinetics and equilibnnum characteristics observed 1n
the liquid-phase antigen-antibody interaction change when one of the
reactants 1s immobilized (Stevens et al., 1986).

Using streptavidin binding peptide as a short peptide model, we have
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attempted to show that the problem of poor adsorption and conformational
alteration of short peptides can be solved by modification with & -
aminocaproic acids. & -Aminocaproic acid having an n-pentyl group as its
side chain was chosen to increase the hydrophobicity of short peptides and
function as an anchor for the peptide to be fixed on the surface of the
microplate.

We designed a simple and rapid ELISA procedure to improve the coating
of the modified peptides to the solid support and examined the
immobilization of the short peptides modified in various ways. We also
examined the sensitivity and the specificity of the assay compared to a

conventional method. Finally, we evaluated the value of our ELISA
procedure in the diagnosis of systemic lupus erythematosus (SLE).

Maodification of Short Peptide for Indirect ELISA - 4



MATERIALS and METHODS

Materials

Chemicals
Fmoc-amino acids, HBTU, HOBT were purchased from AnaSpec (San

Jose, CA). N- a -Fmoc- € -aminocaproic acid was purchased from Nova

biochem (La Jolla, CA). p-Alkoxybenzyl alcohol resin, anti-human IgG
conjugated with alkaline phosphatase, and streptavidin conjugated with
alkaline phosphatase were obtained from Sigma Chemical Co. (St. Louis,
MO). Microplates (ref.3912) were purchased from Falcon Plastics (Oxnard,
CA). TFA, NMP, piperidine and other solvents for peptide synthesis
were purchased from Aldrich Chemical Co. (Milwaukee, WI). p-
Nitrophenyl phosphate was purchased from Fluka Chemical Co. (Buchs,
Switzerland). HPLC grade acetonitrile, methyl alcohol were purchased
from Fisher Chemical Co.(Fair Lawn, NJ).

Systemic lupus erythematosus (SLE) patient sera
Thirty sera from patients with SLE and twenty normal sera were

obtained from the Clinic of Rheumatism in Kang-nam St. Mary’s Hospital
(Seoul, Korea). All patients with SLE fulfilled the American Rheumatism
Association classification criteria for the disease. For use as a positive
control in the ELISA test, a reference human anti-Ro/SSA autoantibody
was purchased from Immunovision (Springdale, AR).

Methods
Peptide preparation

Peptides were synthesized manually by standard methods on a solid
support using Fmoc-chemistry. (Gloor et al., 1994). p-Alkoxybenzyl
alcohol resin (Wang resin, 60mg) was used as a solid support. Coupling
of the Fmoc amino acids including N- @ -Fmoc aminocaproic acid was
performed with 0.25M HBTU/HOBT/NMP. For Fmoc deprotection, 30%
piperidine iIn DMF was used. The coupling and deprotecting steps were
then repeated as necessary until the desired sequence had been constructed.
After synthesis, the resin was washed with DMF, DCM, methyl alcohol,
and dried under vacuum for at least 6 h. The cleavage of the peptides from
the resin and side chain deprotection were carried out using 82.5% TFA,
5% thioanisole, 5% distilled water, 5% phenol and 2.5% 1,2-ethanedithiol.
Each peptide was then isolated by several ether precipitations. After

Modification of Short Peptide for Indirect ELISA - 5



removal of the ether, each peptide was dissolved in distilled water and
lyophilized. All crude peptide preparations were stored desiccated at 4 °C
until purification. Peptides that failed to produce a single homogeneous
peak by analytical C-18 reverse phase column, 6.5 #m (4.6 x 250mm,
SynChrom, Inc., WI), were further purified with a preparative C-18 reverse
phase column, 10 #m ( 22 x 250mm, Vydac, CA). The programmed
gradient elution was eluted at a flow rate of 0.7 ml/min for analysis and 8.0
ml/min for purification, and the gradient at 0 to 21 min was 10 to 45%
solvent B, at 21 to 23 min was 45 to 100% solvent B, 27 to 29 min was
100 to 10 % solvent B. Solvent A was 0.1% TFA in water, solvent B was
0.1% TFA in acetonitrile. About 10mg of final peptide were obtained and

purity was over 95%.

Modification of the streptavidin binding peptide

Among various streptavidin binding pentapeptides, GHPQG was chosen
as the short peptide model, and some modifications were performed.
HPQ#1 had no modification at each terminal. HPQ#2 and HPQ#3 had four

€ -aminocaproic acid residues at amino and carboxyl terminals,

respectively. HPQ#4 had two & -aminocaproic acid residues at both
terminals. Because the four peptides had no lysine residue, peptide
quantification was performed with ninhydrin tests (Sarin et al., 1981), and the
peptide concentration for the indirect ELISA was adjusted to 30 u« M.

Selection of an epitope of 60kDa Ro/SSA antigen

Amino acid sequences assumed to function as epitopes of the human
60kDa Ro/SSA antigen was selected from the hydrophilicity, acrophilicity,
flexibility plots (Hopp et al., 1985; Van Regenmortel et al., 1985). The plots were
made by averaging the index values of each amino acid and the three
flanking residues before and after it. The results from these plots were then
compared with the ELISA results of sequential overlapping octapeptides
from human 60kDa Ro/SSA antigen with a reference human anti-Ro/SSA
serum (Scofield et al., 1991). Among several candidates, one selected
contained four amino acid residues (K'*’DLK'®) which are part of a
central antigenic octapeptide of the reference anti-Ro/SSA serum (Table I).
Two peptides for the selected residues 127-137, were prepared, one of

which was designed to have two & -aminocaproic acid residues at each

terminal. To facilitate peptide quantification, a tryptophan residue was
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inserted into each peptide (Grant et al., 1992). Peptide quantification was
performed at 278nm using a spectrophotometer (UVikon 930, Kontron
Instruments, Inc., Switzerland).

The unmodified peptide (EP) and modified peptide (MEP) of the
selected epitope have the peptide sequence of the 60kDa Ro/SSA antigen,
T'YFIQFKKDLKE®'W  and  (Ahx),T'*FIQFKKDLKE""W(Ahx),,

respectively.

ELISA
The ELISA used to measure the binding of autoantibodies from human

sera was performed as follows: for the modified peptide (MEP), each well
of microplate was coated with 100 1 of a 200 ~ M peptide solution, and

the plate was gently shaken at 37 C. The solvent (methyl alcohol) was

completely evaporated over 1 h. Thereafter the microplate was rinsed twice

with the washing buffer (0.02M PBS, 0.05% Tween 20, 0.01% NaN3).
Thirty sera from SLE patients and twenty normal sera diluted 1/100 in

0.02M PBS were added 100 1 per well, and the reference human anti-
Ro/SSA antiserum was also added to the plate as a positive control. After ]
h incubation at 37 C, the plate was rinsed twice with the washing bufTer.
Anti-human IgG conjugated wiath alkaline phosphatase diluted 1/5000 1n
0.02M PBS was added to the microplate. After 30 min incubation at 37T,
the plate was washed four times with the washing buffer. 100 21 of p-

nitrophenyl phosphate solution (1mg/ml) were added to each well of the
microplate. The color development was quenched after 10 min with an
equal volume of 3M NaOH, and absorbance values were measured at
405nm using a microplate reader (Emax, Molecular Devices, Inc.,
Germany). As a negative control, an ELISA procedure for an unmodified

peptide (EP) was performed simultaneously. For the coating of EP, a 200
# M peptide solution dissolved in 0.05M carbonate buffer, pH 9.6, was
added to the microplate, followed by overight incubation at 4 °C. Further
steps of the assay were as described above. For the modified GHPQG, 30
#M peptide solutions were used, and 100 #1 of alkaline phosphate

conjugate of streptavidin diluted at a ratio of 1/1000 were incubated at
37C for1h.

Modification of Short Peptide for Indirect ELISA - 7



RESULTS and DISCUSSION

Modification of ELISA methods
A more facile and rapid ELISA procedure was designed for the peptides

modified with & -aminocaproic acids. Though simple adsorption of
peptides to standard ELISA plates from carbonate buffer, pH 9.6,
overnight at 4°C or 37°C is a commonly used procedure (Barakat et al., 1990),
a new peptide-coating method was used for the modified peptides. Among
water, methyl alcohol, ethyl alcohol, acetonitrile, and their mixtures,
methyl alcohol had the optimum properties for the coating of modified
peptides with & -aminocaproic acids - high solubility of peptides and fast
evaporation at 37 C. In conventional ELISA .procedures, blocking with
BSA or non-fat dried milk has been regarded as an essential step n
preventing nonspecific binding of antibodies. In this new procedure,
however, on the basis of the duplicate and triplicate test results of the
ELISA (data not shown), the blocking step only lowered the absorbance
values without influencing the trends of the results, and there was little
effect on the nonspecific binding of antibodies. Even in the case of short
peptides of 5 residues, the blocking step seemed to hinder the appropriate
exposure of the peptide needed for the interaction with antibodies.

When the new ELISA was performed as described above, the total assay

time from antigen coating to color development was only about 2.5 to 3 h.

The effect of &-aminocaproic acid residues on the hydrophobicity of
the peptide
It was suggested that & -aminocaproic acid residues inserted in short

peptides could increase hydrophobicity because they have an n-pentyl
group as a side chain. In order to prove that the short peptides coupled with

€ -aminocaproic acid residues have an enhanced coating efficiency for
polystyrene microplates, we chose streptavidin binding peptides as a model
system and coupled them with € -aminocaproic acids. Among the
streptavidin binding peptides consisting of 5 residues, GHPQG was
selected as a short peptide model (Lam et al, 1991). Four peptides, a
streptavidin binding peptide, GHPQG, and three peptides modified with
€ -aminocaproic acids, were analyzed with HPLC using a C-18 reverse
phase column. As shown in Fig. 1., the elution times of GHPQG (HPQ#1)

and the peptides modified with & -aminocaproic acid residues (HPQ#2,
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HPQ#3, HPQ#4) were about Smin and 13-15min, respectively. As can be
seen from the elution times, the three peptides with & -aminocaproic acid
modifications have highly increased hydrophobicity compared with the
unmodified peptide, HPQ#1. But, no significant difference in elution time

was found between peptides having four & -aminocaproic acid residues at

the N- or C-terminal end of GHPQG and a peptide having two ¢ -

aminocaproic acid residues at each terminal. From the hydrophobicity
change results, one could assume that similar amounts of the three
modified peptides (HPQ#2,3,4) would attach to the well of microplate.

Nevertheless, the ELISA results of the peptides modified with € -
aminocaproic acid residues (HPQ#2, HPQ#3, HPQ#4) were very
interesting. As shown in Fig. 2, the reactivity of the peptide with ¢ -
aminocaproic acid modification at the C-terminal end (HPQ#3) was even

higher than the peptides with & -aminocaproic acid modification at both
terminals (HPQ#4) or only at the N-terminal end (HPQ#2). Surprisingly,
HPQ#2 had hardly any affinity for streptavidin conjugated with alkaline
phosphatase. We conclude that these results reflect the screening condition
of the streptavidin binding peptides with a pentapeptide library (Lam et al,
1991). The library was prepared using resins binding the C-terminal of each
peptide, and only the N-terminus of each peptide was freely exposed to
streptavidin as the HPQ#3. Thus, among the modified peptides, HPQ#3
had a conformation most similar to the peptide used in the pentapeptide
hibrary. Though the N-terminus of HPQ#4 was fixed, HPQ#4 had a greater
affinity for streptavidin than HPQ#2 following fixation of the C-terminal
to the wall of microplate together with the N-terminal. Accordingly, the
HPQ#2 of which only the N-terminal was fixed had a conformation which
resembled HPQ#3 less than it resembled HPQ#4. On the basis of this, we

conclude that the & -aminocaproic acid residues inserted in short peptides
not only contribute to the enhanced hydrophobicity of the modified
peptides, but also act as a conformational anchor in adsorption to the sohd
phase. In addition, from these results, we were able to confirm that our
method worked well even with the short peptides consisting of only 5
residues.

ELISA results using the peptides selected to function as epitopes against

60kDa Ro/SSA antigen
We have described a simple and rapid assay using the short peptides

Modification of Short Peptide for Indirect ELISA -9



modified with € -aminocaproic acids. Short synthetic peptides, 1n
conjunction with ELISA procedures, have become a major tool to define
and characterize B-cell epitopes owing to their usefulness for epitope
mapping. To examine the value of our ELISA procedure, we applied the
method to the diagnosis of systemic lupus erythematosus (SLE). In this

study, we attempted to show that & -aminocaproic acids in peptides

consisting of about 10 residues could function as a hydrophobic anchor
without augmenting non-specific signals or altering the specificity of the
assay. |

On the grounds that anti-Ro/SSA antibodies of SLE patients react with
multiple epitopes on 60kDa Ro/SSA protein (Daniel et al., 1994), we prepared
a peptide assumed to function as one of the epitopes of the human 60kDa
Ro/SSA antigen. In a study using synthetic peptides, the sequence of 21-41
was already known to be the 1st epitope site of 60kDa Ro/SSA antigen
(Barakat et al., 1992). Likewise, we selected another amino acid sequence
assumed to function as an epitope of the 60kDa Ro/SSA antigen on the
basis of hydrophilicity, acrophilicity and flexibility plots (Hopp et al., 1985;
Van Regenmortel et al., 1985). The results from these plots were then compared
with the ELISA results of sequential overlapping octapeptides from human
60kDa Ro/SSA antigen with a reference human anti-Ro/SSA serum
(Scofield et al., 1991). Among several candidates, one representing residues
127-137 , was so selected as to contain the sequence, KDLK, which is part
of a central antigenic octapeptide of the reference anti-Ro/SSA serum as
shown 1n Table I. Though the streptavidin binding peptide was screened
with its C-terminus fixed, epitopes of the 60kDa Ro/SSA antigen were
assumed to have fixed N- and C-termini in the 60kDa Ro/SSA antigen
molecule. Accordingly, this peptide was prepared with & -aminocaproic
acid modifications at both ends.

The ELISA result for this peptide (MEP) was compared with the result
of the conventional ELISA method using the unmodified peptide (EP). For
the coating of EP, 0.05M carbonate buffer, pH 9.6, was added to the
microplate, followed by overnight incubation at 4 °C. First, an optimal
peptide-coating concentration was determined in the range characterized
by (a) lineanty between the log scale of peptide concentration and the
linear scale of absorbance and (b) low levels of negative background
readings. As shown 1n Fig. 3(a), non-specific binding was minimized when
both peptides were coated at a concentration of 0.2 mg/ml. Then, serial
dilutions of a standard anti-Ro/SSA serum and a control normal serum

Modification of Short Peptide for Indirect ELISA - 10



were carried out with a peptide-coating concentration of 0.2mg/ml. As
shown in Fig. 3(b), both peptides appeared to work as epitopes for anti-
human Ro/SSA antibody when the ELISA results of the positive control
serum were compared with the results of a control normal serum. It was
especially noticeable that the ELISA using MEP gave a much higher
signal-to-background ratio than the conventional method used.

As an application of our method, these peptides were tested with 30 sera
from SLE patients and 20 normal sera. In order to determine the threshold
values for the diagnosis of SLE, a series of 20 sera from healthy
individuals were tested for each peptide. Sera were considered positive
when the absorbance values were higher than the average absorbance value
plus two standard deviations of the 20 normal sera. The threshold values
for EP and MEP were 0.028 and 0.048, respectively. Depending on the
techniques used, anti-Ro/SSA antibodies are known to be found in 15-76%
sera of patients with SLE (Slobbe et al., 1991). In this test, about 60% of sera
from 30 patients with SLE were found to react with both EP and MEP.
However, the signal difference between negativé and positive sera was far
more evident for MEP than for EP as can be seen from the bar graphs in
Fig. 4. This efficient ELISA result could be achieved by the improved
coating efhiciency and conserved conformation of the modified peptide
(MEP) as mentioned previously for the streptavidin binding peptides.

Application of new ELISA procedure

To improve the attachment of peptide to the solid-phase, some authors
have recommended the pretreatment of polystyrene plates with
glutaraldehyde (Corthier et al., 1981; Kasprzyk et al., 1988; Suter et al.,1982),
cyanogen bromide (Lehtonen et al., 1980), poly-blysihe or poly-L-aspartate
(Brennand et al.,1986). Such methods have certain limitations in that (a) the
conformation of the peptide may be so altered by its interaction with
polystyrene plastic as to diminish the interaction with antibody when it is
simply adsorbed to the plastic, (b) the covalent attachment of the peptide is
restricted to certain specific orientations depending on the coupling agents
used, and (c) the introduction of chemical functional groups in polystyrene
usually involves severe chemical treatment (Chin et al., 1977; Rubin et al., 1980;
Neurath et al., 1981). Furthermore, no method can be applied in every case
and workers should be prepared to evaluate several methods for their
particular application.

Here, we have described a simple and rapid assay using short peptides
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modified with & -aminocaproic acids. In comparison with the
conventional methods described above, the main advantages of our method
are (a) peptide-coating is very simple and rapid, (b) it gives a higher signal-
to-background ratio without any significant increase of non-specific
binding, and (c) it 1s applicable to a vanety of synthetic peptides, especially,
short peptides. Most of all, when compared with the conventional ELISA
method, 1t i1s noticeable that the conformational problem of the short
peptides can be solved by using an & -ammocaproic acid as a hydrophobic
anchor. N-, C-, or both terminals, if necessary, can be anchored simply by
coupling & -aminocaproic acids into the peptides. Moreover, the
microplates coated with the modified peptide in this technique were stable
for several weeks at 4 C.

If diagnostic kits are prepared adopting this technique, a reduction in
both test time and cost can be achieved. Although diagnostic kits in which
microplates are coated with the Ro/SSA antigen molecule are already
commercially available, using our method would be a low cost alternative
solution. In addition to SLE, our method should constitute an alternative to
the common ELISA procedure in detecting antibodies of autoimmune sera.
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Table I
Synthetic peptides assumed to function as epitopes of the human 60kDa
Ro/SSA antigen

Name Amino acid positions  Sequence
EP 127-137 TFIQFKKDLKEW
MEP 127-137 (Ahx), TFIQFKKDLKEW(AhX),
; ..EO/..S,;;...._.,.__n_mlggjgém"m_?i;g_"“.............

* Amino acid residues are represented by the single-letter code except ¢ -

aminocaproic acid (Ahx) and in their order on the 6CkDa Ro/SSA
sequence.
® Amino acid residues in the Ro/SSA sequence which are part of a central

antigenic octapeptide of the reference anti-Ro/SSA serum are indicated by
bold letters (Scofield et al., 1991).
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FIGURE LEGENDS

Fig. 1. HPLC analysis of the modified streptavidin binding peptides. "Ahx’
represents the & -aminocaproic acid residue. HPQ#1, HPQ#2, HPQ#3,
HPQ#4 represent GHPQG, (Ahx)s-GHPQG, GHPQG-(Ahx)s, (Ahx)s-
GHPQG-(Ahx),, respectively. The HPLC profiles were obtained at 215nm
using a reverse phase C18 column as explained in the text.

Fig. 2. Tests using the modified streptavidin binding peptides. HPQ#1,
HPQ#2, HPQ#3, HPQ#4 represent GHPQG, (Ahx);-GHPQG, GHPQG-
(Ahx)4, (Ahx)-GHPQG-(Ahx),, respectively. Five 3-fold serial dilutions
were carried out for each peptide as noted with the bar graphs. Original
solutions for each peptide were prepared as 30uM solutions.

Fig. 3. (a) Test for peptide coating concentration for indirect ELISA.
Microplates were coated with various concentrations of EP and MEP. EP
and MEP represent the peptide sequence of 60kDa Ro/SSA antigen,
T'“FIQFKKDLKE"’W, (Ahx),T'”’FIQFKKDLKE""W(Ahx),, respectively.
Optimal coating concentrations for EP and MEP were determined with the
anti-sera diluted 1/100 1n PBS.

(b) Reciprocal serial dilutions of anti-sera. The peptides, both EP and
MEP, were coated at a concentration of 0.2mg/ml. The standard anti-Ro-
SSA serum was tested for binding to its target peptides. A control normal
human serum was also tested as a negative control. Six 2-fold senal

dilutions of these anti-sera were evaluated for each peptide.

In (a) and (b), m, MEP was tested with the standard anti-Ro/SSA serum;
®, EP was tested with the standard anti-Ro/SSA serum; O, MEP was
tested with a control normal serum; O, EP was tested with a control
normal serum.
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Fig. 4. ELISA using the unmodified and modified peptides assumed to
function as epitopes of the 60kDa Ro/SSA antigen. Sample sera from N1
to N20 represent the normal sera, and those from P1 to P30 represent the
sera of SLE patients. Sera were considered positive when the absorbance
values were higher than the threshold values. The threshold values for the
diagnosis of SLE were 0.028 and 0.048 for EP and MEP, respectively. The
results are averages of duplicate determinations with standard deviations

being less than 5% for each bar.
EP and MEP represent the peptide sequence of 60kDa Ro/SSA antigen,

T'*’FIQFKKDLKE"'W, (Ahx),T'*’FIQFKKDLKE"*’"W(Ahx),, respectively.
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Fig. 1. HPLC analysis of the modified streptavidin binding peptides. 'Ahx' represents the & -aminocaproic acid residue. HPQ#1, HPQ#2,

HPQ#3, HPQ#4 represent GHPQG, (Ahx),-GHPQG, GHPQG-(Ahx),, (Ahx),-GHPQG-(Ahx),, respectively. The HPLC profiles were
obtained at 215nm using a reverse phase C18 column as explained in the text.
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GHPQG-(Ahx),, respectively. Five 3-fold serial dilutions were carried out for
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Fig. 3. (a) Test for peptide coating concentration for indirect ELISA. Microplates were coated with various concentrations of EP and MEP.

EP and MEP represent the peptide sequence of 60kD Ro/SSA antigen, T'*’FIOFKKDLKE"'W, (Ahx),T"”’FIQFKKDLKE"*"W(Ahx),,
respectively. Optimal coating concentrations for EP and MEP were determined with the anti-sera diluted 1:100 in PBS.

(b) Reciprocal serial dilutions of anti-sera. The peptides, both EP and MEP, were coated at a concentration of 0.2mg/ml.The standard anti-

Ro-SSA serum was tested for binding to its target peptides. A control normal human serum was also tested as a negative control. Six 2-fold
serial dilutions of these anti-sera were carried out for each peptide.

In (a) and (b), M, MEP was tested with the standard anti-Ro/SSA serum; @, EP was tested with the standard anti-Ro/SSA serum; [, MEP
was tested with a control normal serum; O, EP was tested with a control normal serum.
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Fig. 4. ELISA using the unmodified and modified peptides assumed to function as epitopes of the 60kD Ro/SSA antigen. Sample sera from N1 to
N20 represent the normal sera, and those from P1 to P30 represent the SLE patient sera. Sera were considered positive when the O.D. values
were higher than the threshold values, The threshold values for the diagnosis of SLE were 0.028 and 0.048 for EP and MEP, respectively. The
results are averages of duplicate determinations with standard deviations being less than 5% for each bar. EP and MEP represent the peptide
sequence of 60kD Ro/SSA antigen, T*'FIOFKKDLKE?'W, (Ahx),T'¥ FIQFKKDLKE"’W(Ahx),, respectively.
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EPITOPE MAPPING WITH SYNTHETIC PEPTIDES OF 60-KD(SSA) PROTEIN IN
KOREAN PATIENTS WITH SYSTEMIC LUPUS ERYTHEMATOSUS(SLE)
Sung-Hwan Park, Jae-Chul Pyun'. Min-Young Cheong*, Jong-Sang Park*, Jun—-Ki Min,
Jae-Ho Park, Sang-Heon Lee, Yeon-Sik Hong, Chul-Soo Cho, and Ho-Youn Kim. Dept.
of Internal medicine, Catholic University Medical College, Dept. of Chemistry”, College of
Natural Science, Seoul National University, Seoul, Korea

Autoantibodies to Ro/SSA are commonly found in sera of patients with SLE. Primary
Sjogren syndrome and highly associated with HLA class II DR3 alleles in Caucastans
and DR15 in Orientals. Recent several studies have demonstrated that anti Ro-60
autoantibodies recognize conformational epitopes on the Ro 60kD antigen. We have
investigated the number and location of epitopes of 60 kD Ro/SSA antigen recognized
by Korean patients with SLE using short peptides conserved conformation. Seventy
sera, fifty Korean SLE patients who fulfilled the ARA criterta and twenty normal, were
obtained from the clinic of Rheumatism in Kangnam St. Mary’s hosptal. The peptides
assumed to function as epitopes of 60kD Ro antigen. were selected by analyzing
hydrophilicity, acrophilicity, hydropathy plots. To make a more stable, accurate results of
peptide{epitope) specific ELISA, peptides (epitope) on the conserved conformation In
60kD antigen were prepared to ¢ ~aminocaproic acid In each terninai. Six dornains
representing residues 46-56, 100~-106, 127-137, 168-178, 228-237, 334-343 were essential
for reactivity with the 60 kD Ro antibodies in SLE. Among these six fragments, the
peptide representing residues 334-343, was recognized by 74 % of SLE sera and none
of normal control. We demonstrated that the peptide located between aminoacids 334
and 343 was the most immunodominant epitope in Korean patients with SLE. This is
quite differmt from Caucasian data. This difference may be derived from immunogenetic
difference between Korean and Caucasians.
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THE IMPACT OF HLA-DRB1*0405 ON DISEASE SEVERITY IN KOREAN PATIENTS
WITH SEROPOSITIVE RHEUMATOID ARTHRITIS
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SUMMARY

Many reports have described HLA-DRBI1 genes as having an influence on disease severity and susceptibthty in rheumatoid
arthritis (RA). Studies were undertaken to define the effect of RA-associated alleles on disease severity in Korean patients with
seropositive RA. The results indicate that the most common RA susceptibility allele. HLA-DRBI1*0405, 1s significantly associated
with bony erosion, joint deformity and extra-articular manifestations. However, RA-associated alleles in Koreans have less effect
on nodular disease than in Caucasians. This suggests that the presence of RA-associated alleles. especially HLA-DRB1*0405.
seems to be a prognostic marker for severe erosive disease in Koreans.

KEY worDs: DRBIi*0405, Disease severity, Seropositive, Rheumatoid arthritis, Koreans.

THE association between HLA-DRBI and genetic
susceptibility  to rheumatoid arthritis (RA) 1s
well established in different ethnic groups. HLA-
DRBI1*0401, *0404, *0405, *0101. *1001 and *1402
are known as RA-associated alleles, which share a
common epitope on the third hypervanable region in
the HLA-DR molecule [1]. In Caucasians, patients
with  HLA-DRBI1*0404 are more hkely to have
nodular disease and/or major organ involvement [2].
HLA-DRB1*0405, one of the subtypes of DR4, 1s most
frequently seen in Asian patients with RA. However,
httle 1s known about the clinical significance of
HLA-DRB1*0405 1n disease progression.

The present study was designed to investigate
whether extra-articular manifestations and joint
destruction are increased in Korean RA patients with
HLA-DRB1*0405.

MATERIALS AND METHODS

Subjects

One hundred and two patients diagnosed with RA
fulfilling the 1987 Amenican College of Rheumatology
criteria [3] were recruited for this study. Patients had a
disease duration of at least 2 yr and were followed at
the Rheumatism Center of Kangnam St Mary’s
Hospital in Seoul, Korea. Venous blood was drawn for
collection of peripheral mononuclear cells for the
1Isolation of genomic DNA [4].

The clinical records of patients were reviewed by
three investigators for the following variables: age at
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disease onset. duration of disease, presence of articular
complications including joint deformity and history of
operation for joint dysfunction, rheumatoid nodules.
additional extra-articular manifestations including
rheumatord vasculitis, rheumatoid lung disease,
anaemia (haemoglobin levels below 10.0 g/dl for
more than 6 months excluding other causes for
the anaema), secondary Sjogren’s syndrome and
neuropathy. Joint deformities included swan neck
deformities, Boutonniere ~ deformities, atlantoaxial
subluxation of the cervical spine, foot deformities,
severe (more than grade 3) hmitation of motion and
complete loss of joint function. All reconstructive
joint surgeries were also evaluated, including total
knee or hip joint replacements, reconstruction of
rheumatotd foot or wrist deformities and cervical spine
fusions. Synovectomies, per se, were not included. All
patients had been treated with disease-modifying
anti-rtheumatc drugs (DMARDs) during the course of
the disease.

Radiological evaluation

An erosive score was estimated by Sharp’s method
[5] with minor modification. The hand X-ray films were
evaluated for bony erosion, joint deformity and bony
ankylosis by three different observers, including one
bone radiologist. The number of bony erosions wis
counted at 17 joints instead of 29 joints in each AP view
of the hand which included the carpal bones and the
radio-ulna joints [6]. Since, in most instances, more
than four lesions could not clearly be distinguished, no
attempt was made to determine the number of erostons
beyond four individual lesions. One point was assigned
to each erosion without attempting to evaluate the size
of the erosion. A destroyed articular surface or joint
ankylosis was assigned five points. Seventeen joint
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areas were read for erosive changes, giving a maximum
possible erosive score of 170. We did not score
narrowing of the joint space. The erosive score was
obtained by dividing the total number of erosions on
a single film by the maximum erosive score of 170.

Analvsis of HLA-DRB1 locus

Each HLA-DRB! allele was genotyped by reverse
dot hybridization. The primers and probes for
genotyping of generic DR types and DR4 subtypes
were designed according to the Eleventh International
Histocompatibility Workshop and Conference [7].

Statistical analysis

One-way ANOVA (Scheffe’s test) was applied to
determine the statistical significance of the bony
erosion score, age, and duration of disease according to
the number of HLA-DRB1*0405 and RA-associated
alleles.

Spearman correlation coefficients were used to
investigate the gene dose effect on erosion score.
Linear trend of frequency of joint deformity, nodules
and extra-articular manifestations associated with
RA-associated alleles was assessed by Bartholomew’s
test [8] and association of weighting HLA-DRB1*0405
by Cochran-Mantel-Haenszel test among the group.

RESULTS

Distribution of the RA-associated HLA-DRB1 alleles in
Korean patients with RA

By DNA-based HLA typing for DRBI, the
genotypes of 102 subjects recruited to this study were
as shown in Table 1. Patients were divided into three
groups based on the presence of RA-associated alleles:
HLA-DRB1*0401, *0404, *0405, *0408, *0101, *1402
or *1001. Group A included 13 patients with two of the
RA-associated alleles, group B consisted of 53 patients
with one of these alleles and group C included 36
patients without any RA-associated alleles. Ten of the
patients in group A were homozygous for the
DRB1*0405 allele, whereas 33 in group B had one
allele (heterozygous for DRB1*0405). Age and

TABLE 1
Distnbution of RA-associated alleles: HLA-DRB1*04,*01 and *i0
genotypes in Korean patients with rheumatoid arthntis

total number 13

Two alleles

(Group A) DRB1*040],0404 0
DRB1*0401/0101 0
DRB1*0405/010] 3
DRB1*0404/010]1 0
DRB1*0405/0405 10

One allele total number 53

(Group B) DRB1*0101/X 10
DRB1*0401/X 2
DRB1*0404/X 6
DRB1*0405/X 33
DRBI1*1001/X 2

No allele

(Group C) X/ X 36

X. not RA-associated allele.

TABLE 1l
(A} Demographics of patients
No. of patients Group A Group B Group C
(n = 102) (n = 13) (n = 53) (n = 36)
Mcan age in vr
(range) 40.3 (23-64) 38.5 (18-66) 359 (23-62)

Mean duration
of disedase n

months (range)  111.5 (32-353) 104.5 (24-388) 104.7 (24-284)

(B) Demographics of patients by the presence of the HLA-
| DRB1*0405 alleles

No. of patients  Homozygous  Heterozygous None

(n = 79) (n = 10) (n = 33) (n = 36)
Mean age 1in \r

(range) 43.9 (25-64) 394 (18-66) 359 (23-62)
Mean duration

of disease n

months (range) 112 (32-353) 122 (24-388) 103 (24-~284)

duration of illness of the patients are shown in
Table IIA and B. There are no significant differences
among different groups. .. -

Disease severity according to RA-associated alleles

The 1ncidence of joint defornmty (group
A:B:C = 53.8%:50.9%:30.6%; P <0.05, Bartholo-
mew's test) and extra-articular manifestations
(group A:B:C = 53.8%:39.6%:19.4%; P < 0.05) were
significantly correlated with the number of RA-
associated alleles, but we could not find a significant
association between the presence of s.c. nodules and
R A-associated alleles (group A:B:C: = 46.1%:33.9%:
25.0%; P > 0.05) (Table I1I). High erosive scores were
found 1n patients with two or one RA-associated alleles
(two, one, none: 0.3325, 0.2298 vs 0.1568, respectively;
P < 0.05) (Fig. 1).

Disease severity according to the presence of

HLA-DRBI1*0405

Because the presence of non-HLA-DRBI*0405
RA-associated alleles could influence the gene dose
effect of *0405, three patients who had DRB1*0405/
0101 1in group A and 20 patients without *0405 in
group B were excluded 1n the analysis of the impact of
*0405 on disease severity. After adjusting each
group for even distribution of DRB1*0405, as the
dose of the DRB1*0405 gene increases, the incidence
of joint deformity also increases (two alleles, one,
none: 40.0, 63.6 and 30.5%, respectively; P = 0.013,
Cochran-Mantel-Haenszel method of testing associ-
ation). However, patients tn group B with one
DRBI1*0405 allele had the highest incidence of joint
deformity. Analysis of the effect of DRB1*0405 on RA
progression shows that extra-articular manifestations
were present i 60% of those with two DRBI
alleles (homozygosity), in 54.5% with one allele
(homozygosity) and in 19.4% 1n patients without this
allele.
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TABLE 111
Disease severity according to the presence of RA-associated alleles and HLA-DRBI1*0405

Group A
(two RA-associated allcles)

0405/0405 0405/RALA

Disease severity (n = 10) {(n=3) Total
Joint deformity 4* 3 7 (53.8%)%
EAM 6* l 7 (53.8%)1
Subcutaneous nodule 4 2 6 (46.1%)

RALA, RA-associated alleles excluding *0405.
X, no RA-associated alleles.

EAM, extra-articular manifestations.

*P < 0.05. Cochran—-Mantel-Haenszel test.

P < (0.05. Bartholomew's test.

The presence of s.c. nodules increased when the
number of DRBI1*0405 alleles increased, but no
statistically significant difference was found among the
groups (two alleles, one allele, none: 40.0, 36.3 and
25.0%, respectively; P = 0.66; Table III). Erosive
scores were increased 1n patient groups with one or two
HLA-DRB1*0405 alleles compared to the group with
no alleles (two, one, none; 0.2856, 0.2376 vs 1568:
P < 0.05) (Fig. 1).

A significant gene dose effect was found for
extra-articular manifestations, joint deformity and

bony erosions. Nodular disease increases when
HLA-DRB1*0405 increases, but does not reach
statistical signthcance.
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FiG. §|.—Correlations between erosive score and the number of

RA-associated alleles (A) and HLA-DRB1*0405 (B). The erosive
score has a positive correlation with the number of RA-associated
alleles (Spearman correlation coefficient 0.3650) and HLA-
DRBI*0405 (Spearman correlation coefficient 0.3877). *The
mean + S.E. of the crosive score was represented in each group. Two,
two RA-associated alleles or DRB1*0405; one, one RA-associated
allele or DRB1*0405; none. no RA-associated allele or DRB1*0405.
Middle straight line, predicted regression curve; dotted line, 95% CL.

Group B Group C
{one RA-associated allele) (no RA-associated allelc)
0405/X RALA X X/X
(n = 33) (n = 20) Total (n = 36)
21 6 27 (50.9%) 11 (30.6%)
18 3 21 (39.6%) 7 (19.4%)
12 6 18 (33.9%) 9 (25.0%)

DISCUSSION

RA i1s known to have genetic associations with
HLA-DRBI alleles which play an important role in RA
severity and susceptibility [9, 10]. but the phenotype of
HLA-DR associated with RA is racially different.
Immunogenetic studies indicated that structures of the
antigen binding epitope on the third hypervanable
region in these RA-associated alleles are either similar
or the same (shared epitope hypothesis) [1]. In
Caucasians, the presence of HLA-DRBI*0401 or
*0404 1s associated with the highest relative nsk for RA
susceptibility [11] and these alleles were proven to have
a gene dose effect on disease seventy [2, 12]. According
to Weyand and Goronzy’s study of Caucasians {12],
homozygosity for HLA-DRBI1*0404 1s strongly
assoctated with nodular disease and/or major organ
involvement. Heterozygotes for HLA-DRB1*04 and
*01 or *1402 have a higher association with nodular
disease and/or extra-articular manifestations compared
to patients without RA-associated alieles.

In our study, patients were divided into three groups
(A, B and C) based on the number of RA-associated
alleles (HLA-DRBI1*0401, *0404, *0405, *1402, *0101
and *1001). The extra-articular involvement, the
number of bony erosions on hand and wrist X-ray
and/or joint deformity were found to be significantly
increased in the patients who have RA-associated
alleles. Increased gene dose 1s associated with disease
severity. Our finding of a gene dose effect 1s somewhat
stmilar to that reported 1n Caucastans. The association
between the presence of s.c. nodules and RA-associated
alleles was not found in our study. We reported
that the prevalence of HLA-DRB1*0405 1s 11.9% in
the general population, 44.2% 1n patients with
RA and 73.7% n DR4-positive patients [13].
HLA-DRBI1*0405 1is the most prominent RA-
assoctated allele in Koreans.

Data from the Japanese [14] and southern Chinese
[15] also show a similar prevalence, but hittle 1s known
about the effect of HLA-DRB1*0405 on disease
severity. The search for an association of this gene has
focused on bone destruction, joint deformity and
extra-articular manifestations. Homozygosity and/or
heterozygosity of DRBI1*0405 were significantly
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associated with bony erosion and extra-articular rheumatoid arthritis. Correlation of radiologic, chinical
manifestations. This could be an earher and initial and laboratory abnormalities. Arthritis  Rheum

piece of data on the effect of the DRB1*0405 aliele on 1971:14:706-20. _ .
the disease severity of RA. 6. Toda Y. Minamikawa Y, Akagt S. Rheumatoid-sus-

In conclusion. a significant gene dose effect of ceptible alleles of HLA-DRBI are genetically recessive

RA-associated alleles. especially HLA-DRB1*0405 1o non-susceptible alleles 1n the progression of bone

: : : : destruction in the wrists and fingers of patients with RA.
on disease severity was found in Korean patients Ann Rheum Dis 1994:53:587-92.
with RA. This association involved bony erosions, 7. Tsuji K. Aizawa M,‘ Sasazuki T (eds) HLA 1991.

joint deformmty and extra-articular manifestations.
However, this allele does not seem to be associated with
nodules of rheumatic disease, unhke in Caucasians.
The presence of HLA-DRB1*0405 can be a useful 8.
marker with implications for a poor prognosis In
Koreans. _ 7.
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Flow cytometric analysis of rheumatoid arthritis shared epitope
“QR(K)RAA” using monoclonal antibodies

Sung-Hwan Park, Soon-Ja Lim, Jun-Ki Min, Sang-Heon Lee, Yeon-Sik Hong,
Chul-Soo Cho, Ho-Youn Kim, Tai-Gyu Kim", Hoon Han"

Dept of Int. Med, Dept of Microbiology 1), Catholic University Medical College, Seoul. Korea

Objective : Rheumatoid arthritis shared epitope coded by several HLA class 11 DRB1I allele
contnbutes to the seventy and outcome of rheumatoid arthntis(RA) and is a useful prognostic marker in
early RA.

It has been suggested to determine the shared epitope and RA associated HLA subtypes by using
monoclonal antibodies(Mab) which has been generated recently.

To evaluate the usefulness of flow cytometric analysis for identifying the shared epitope of rheumatoid
arthritis, we compared the results of flow cytometry and DNA oligotyping(PCR-SSCP) of HLA DR
molecules in the patients with RA.

Methods : Twenty seven seropositive patients were studied using both techniques. Peripheral blood B
lymphocytes were stained with Mab which recognize the HLA-DRB1*04 molecule [(Mab NFLD.DI,
DRB1*04, Terra Nova Biotech, Newfoundland, Canada) and the shared epitope [(Mab NFLD.D2,
(QKRAA/QRRAA)]. Mab stained cells were analysed by flow cytometry. Genomi¢c DNA was prepared
from PBMNC and used for HLA-DR genotyping.

Results : Shared epitope encoded by HLA-DRB1*0405, *0401, *0404, *0101 was indenutfied in 17/27
cases by DNA typing. By the flow cytometry, The shared epitope was 1dentified in 17 out of 27 cases and
the presence of an HLA-DRB1*04 molecule was in 15 out of 27 cases and The shared epitope
determined by flow cytometry gave identical results to those from DNA oligotyping.

Conclusion : Flow cytometric analysis with Mab recognising rheumatoid shared epitope and HLA-
DR4 molecules is promising for detection of shared epitope. Rapid analysis of the shared epitope by flow
cytometry 1s helpful to select patients needing DNA typing and these results will aid in the early
stratification of high risk patients for severe RA.
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