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Ye aofeveig pe Zvotnpoatikd Epvbnpoatddn Avko (ZEA) kol mpotomadig
Yvvopopo Sjogren (nXX) avevpioKovTol 6€ DYNAN GLYVOTNTA OVIICAOUATE KATE TNG
npoteivng Ro 60kD. Z1n peiétn avty peretnOnkov 51e£0d1kd o1 avTIYOVIKES Kol
dopikég  1d10tNTEC TV dVvo  KVUplwv  emitomwv  tov avtiydovov Ro60kD:
TKYKQRNGWSHKDLLRSHLKP (169-190) Kot ELYKEKALSVE-
TEKLLKYLEAV (211-232). T'a to A6y0 avtd cvvetrédnoav ocuvOeTikd memtidikd
aviAioya tov 000 emMITOTO®V, OovAAoyo Tng opdAoyng pe tov 169-190 emitomo
neproyns tov HLA DRI, DR3, DRS, DQI kot DQ2 aniotdnov kot pia celpd and
€1K0G10V0 22-puepn menmtidia yio kabe enitomo 6mov ke apvo&y vrokatacTadnKe
ave&aptnta and to Ao pue aiavivn. Me ) Ponbeia evog peydrov apibpod opov
and acBeveic pe XEA ko1 nZX Bpébnke 06Tl aviicOpOTO KOTA TOV 000 EMTOTOV
avevpiokovtalr 610 45% tov acbevav, eved 1 apylkn TOvG £181KOTNTO Yl VOGO
dtatnpeitol. EvtomicOnkoav tao «onpaviika» yia tnv OEGUEVGT TOV OVIIGMOUATOC
apvoééa ota w77 SR gl IR0 LI LIS g STBO ywa tov gnitomo 169-190 kot
ota E*2*, L2, K**" kot Y**® yi0 tov emitomo 211-232. H avtiyovikétta tov HLA
DR3 mentidiov RPDAEYWNSQKDLLEQKRGR Bpébnke va eivar mapopola pe
avtn tov opdroyov emtoHTov 169-190 tov Ro60kD (kvpicwg otovg XEA o0povg).
Meglétn TOV SOUIKOV YOPAKTINPLOTIKOV HE KLKAIKO Oixpoiopd €dei&e 0611 0
emitonog 211-232 tov Ro 60kD mapovoidlel yapokInploTikd 0-£ALKOG EVE O
emitonog 169-190 kot 1o opdroyo pe avtdov memtido tov HLA DR3, katéyouvv
UIKPOTEPO TOGOGTO Q-EAIKAC KOl pia SOUN B-GTPOPNC.

Ta aroteAéopata avtd VTOdEIKVOOVY OTL 1 dtayveoTikn afia TV EMTOTOV TOV
Ro60kD 6a pmopovoe vo amoderybei ypnowun otn kivikn npaén. H exteBeipévn
GTO OVTOAVTICOMOTO doun Tov ouoAdyov pe tov emitomo 169-190 HLA DR3
TeNTIOi0V TPOCPEPEL EVALOUA Y10 TEPALTEP® HEAETN TOL pOAov mov mailovv otn
déyepon Mg avtodvoong avtidpaong ot ovoyetri{opevor pe v avti-Ro/SSA
anokpion HLA aniéTtvmor.
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Antibodies to Ro60KD protein are found with high frequency in sera from patients with systemic lupus
erythematosus (SLE) and primary §fen’s syndrome (pSS). Two major epitopes of the Ro60KD antigen, the
TKYKQRNGWSHKDLLRSHLKP (169-190) and the ELYKEKALSVETEKLLKYLEAV (211-232), were
synthesized and their antigenic and structural properties were studied. Using a large panel of SLE and pSS
patients’ sera, it was found that the anti-Ro60KD reactivity of both Ro60KD epitopes is rather limited
(=45%), although they retain their original disease specificity. The epitope p.169-190 possessed sequence
similarity with the peptide RPDAEYWNSQKDLLEQKRGR, shared in tiechain of different HLA-DR
molecules, among them the HLA-DR3 (which is associated with anti-Rgf&js syndrome A (SSA)
response in patients with SLE). The antigenicity of the HLA-DR3 RPDAEYWNSQKDLLEQKRGR peptide
was found to be similar to the 169—-190 homologous Ro60KD epitope, recognized mainly by SLE sera.
Structural studies showed that the 211-232 Ro60KD epitope exhibits pronounced helical characteristics,
while the 169—190 epitope and the HLA-DR3 homologous peptide possess a somewhat lower percentage of
a-helix. A B-folded structure was identified in the latter two peptides. Although the diagnostic value of the
reported Ro60KD epitopes seems to be rather limited, correlations with other ribonucleoprotein epitopes (La/
Sjogren’s syndrome B, Ro52KD) may prove complementary to each other and valuable in clinical use. The
ordered structure of the HLA-DR3 homologous peptide, exposed to the autoantibody binding, may offer an
initiative in further investigation of the role of the HLA haplotypes, associated with the anti-Ro/SSA response,

in the autoimmune stimulus.

A. G. Tzioufas MD, Department of Pathophysiology, National University of Athens School of Medicine, 75
Mikras Asias str., 11527 Athens, Greece

specificity may provide potential insights into understanding the
origin of these autoantibodies [3]. Diverse approaches have been
Antibodies to Ro/SSA are usually found in sera from patientsused to map B-cell epitopes in Ro/§jen’s syndrome A (SSA),
with systemic lupus erythematosus (SLE) and primaryg&o’s  including testing of autoimmune sera either on overlapping
syndrome (pSS). These antibodies are directed against a ribonsynthetic peptides in ELISA or with deletion mutants of recom-
cleoprotein particle consisting of cytoplasmic RNAs (hyRNAS) binant proteins by Western blot or by immunoprecipitation [4—7].
in conjunction with a protein of 60KD molecular weight Ina previous study, using overlapping 22-mer peptides and the
(Ro60KD). Another protein of 52KD molecular weight epitope scanning technique according to Geysen’s method, we
(Ro52KD) is also considered to participate in the complex viahave identified two discrete linear epitopes of the Ro60KD protein,
protein—protein interaction with the Ro60KD protein [1, 2]. The the TKYKQRNGWSHKDLLRSHLKP (169-190) and the ELY-
autoimmune response to Ro/SSA is characterized by a remarkEKALSVETEKLLKYLEAYV (211-232), recognized by sera
able heterogeneity and a precise definition of the anti-Ro/SSArom SLE and pSS patients respectively. The minimal required

INTRODUCTION
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peptide length for optimal antibody recognition was also definedstrategy [19, 20]. For the accurate dispensing of different solutions at the
(Nl7sGWSHKDLLR184 and KCALSVETEKLLKYLEAV 232) coupling stages, self-made computer software was used. In each synth-
[8]. These data are in agreement with recent results from othefSis cycle two control peptides, VRLRWNPADYGGIKKIRL and
laboratories [9], which showed that monoclonal antibodiesRLRWAPAAYGGIKKIRL, were synthesized. The first one was

(MoAbs) against RO6OKD recognize distinct epitopes in thespecifically recognized by anti-VRLRWNPADYGGIKKIRL MoAbs,
region between the RNP motif and the putative zinc fin erWhile the second one did not react.
9 P 9 Peptide synthesis: pin-bound HLA-DR sequences homologous to the

domain (182-236). Other studies have also shown that sera frop o (169-190) epitopa\ll five 22-mer peptides representing the

pSS patients react preferentially with epitopes located betweeg,;gsa homologous regions of the HLA-DR1, -DR3, -DR5, -DQ1 and

residues 139-326 and 181-320 of the Ro60KD protein [7, 10].pQ2 were synthesized in duplicate on prederivatized polyethylene
AIthough the immunogenic stimulus which contributes to thepins following the preceding protocols [15-20].

generation of autoantibodies remains in most cases unknown, it Peptide synthesis: soluble peptidBeptides corresponding to the full

is possible that peptides corresponding to antigenic epitopes magngth of the Ro60KD epitopes TKYKQRNGWSHKDLLRSHLKP

mimic short regions on the surface of macromolecular structure169-190) and ELYKEKALSVETEKLLKYLEAV (211-232), as well

rendering them accessible to the immune system and thua to the HLA-DR3 RPDAEYWNSQKDLLEQKRGR homologous to

contributing to the generation of autoantibodies. Hence, using'® ROB0KD (169-190) epitope, were synthesized by stepwise solid-

protein database analysis, it was shown [8] that the epitope spafiase Synthesis (SPPS) on a phenylacetamidomethyl (PAM) resin [21,

ning the sequence 175-184 presents molecular similarity witig2]- We carried out RBoc/BzI side-chain protection (Boc, t-butylox-

L . . ycarbonyl; Bzl, benzyl) by standard methods. Histidine was introduced
a sequence YWNSQKDLLQ which is found in tifechain of & 54\ goc--His Tos (Tos, p-toluenesulphonyl) and lysine &5Boc-

diverse array of HLA-DR molecules. Among them, HLA-DR3 L-Lys Fmoc. All protected amino acids were coupled using a molar ratio
is highly related to the anti-Ro/SSA response [11, 12]. of 3:3:3:1 for amino acid:1-hydroxybenzotriazoléMK-dicycloexylcar-

In this report the molecular and biochemical characteristics obodiimide:resin. Completion of the coupling reactions was ensured by
the TKYKQRNGWSHKDLLRSHLKP (169—-190) and the ELY- the use of the ninhydrin test [21, 23]. Deprotection of th&tNBoc
KEKALSVETEKLLKYLEAV (211-232) Ro60KD synthetic  protecting groups was performed using trifluoroacetic acid (TFA)
peptide epitopes, as well as their diagnostic value for thédollowed by diisopropylethylamine (DIPEA) for neutralization. After
detection of anti-Ro/SSA antibodies, are presented, using gynthesis, the peptides were cleaved from the resin with anhydrous

large panel of sera from SLE and pSS patients. hydrogen fluoride (HF) in the presence of anisole and phenol (10% v/v)
as scavengers at© for 1 h. The crude peptides, extracted from the resin

with 2wm acetic acid, were lyophilized and purified using preparative high
MATERIALS AND METHODS performance quuiq chromgtogrgphy (HPLC). on a C-18 column [24]. A
programmed gradient elution with the following solvents was used: (A)
Patient sera and IgG purificationVe tested 61 sera from patients with H,0/0.1% TFA; (B) CHCN/0.1% TFA (CHCN: acetonitrile) (Fig. 1).
SLE and pSS for their antibody specificity, with counterimmunoelec-The purity of the peptides was confirmed by analytical HPLC and one-
trophoresis, immunoblot and a commercially available anti-Ro/SSAand two-dimensional (1D and 2D) proton nuclear magnetic resonance
ELISA (Diastat anti-Ro/SSA: Shield Diagnostics, London, UK). All spectroscopy't-NMR).
patients fulfilled the revised criteria for the classification of SLE [13]and Peptide synthesis: biotinylated soluble peptidée peptide corre-
pSS [14]. In all, 31 SLE and 30 pSS sera gave anti-Ro60KD positivesponding to the restricted length of the Ro60KD epitope KALSVE-
reactions by all methods. For the alanine (Ala) substitution experimentsTEKLLKYLEAV (216—232), elongated by an additional tetrapeptide
immunoglobulin (Ig)G from sera purified by protein-A sepharose spacer SGSG from the N-terminus end, was also prepared by the SPPS
column was concentrated at 20@/ml, and dialyzed against phos-
phate-buffered saline (PBS), pH 7.3. Concentrations of IgG were
evaluated by radial immunodiffusion (Boehringer-Mannheim, A B
Mannheim, Germany).

Purified human 1gG with anti-p.216—232 and anti-p.175-184 activity
was obtained after passage of the whole IgG fraction through CNBr-
activated sepharose 4B columns covalently attached to the KALSVE:
TEKLLKYLEAV and NGWSHKDLLR peptides, respectively [8]. The
columns were washed with PBS, pH 7.2, and after elution with HCI-Gly,
pH 2.7, the specific IgG was neutralized, concentrated ag2@l and
dialyzed against PBS. The IgG concentration was measured by radie |
immunodiffusion (Boehringer-Mannheim). ‘ W’

Peptide synthesis: pin-bound Ala-substituted peptide epitofiis. LJK_. JJ; i'
22-mer peptide analogues were prepared in duplicate according to th | T | | L—-ﬁf | W““ |
method of Geyseeet al. [15] for each of the Ro60KD linear epitopes o 10 20 30 40 0 10 20 30 40
previously described [8]. Each residue of the Ro60KD epitopes was
individually replaced by alanine. The synthesis was performed on
prederivatized polyethylene pins [16, 17] and the protocols used wergig. 1. Analytical HPLC of the TKYKQRNGWSHKDLLRSHLKP
based on the principles of the solid-phase peptide synthesis of Merrifiel169—190) epitope (A) and the ELYKEKALSVETEKLLKYLEAV
[18], using the N-fluorenylmethoxycarbonyl (Fmoc) protecting group (211-232) epitope (B) on a reverse-phase C-18 column.

Absorbance (216 nm})
Absorbance (216 nm)

Time {min)
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previously described [21]. Biotinylation of the peptide was carried outin parallel experiments in streptavidine-pretreated peptide-free ELISA
on the resin by coupling d-biotine to the N-terminus amino group, aftemplates.
deprotection by Boc, following the standard solid-phase coupling In all ELISA experiments using soluble-free, soluble biotinylated or
procedure [25]. The biotinylated peptide was cleaved from the resirpin-bound peptides, positive reactions were considered to be those that
using the HF protocol and purified by preparative HPLC, (AD{H.1% gave OD greater than the mean OD of the negative control plus three
TFA; (B) CH3CN/0.1% TFA. The homogeneity of the peptide was standard deviations (SD).
confirmed by analytical HPLC and 1D and 2B-NMR spectroscopy. Circular Dichroism (CD) experiments and modellirigl CD spectra
Soluble peptides anchored to a sequential oligopeptide carfiee were measured on a spectropolarimeter computer assisted under constant
peptide TKYKQRNGWSHKDLLRSHLKP corresponding to the 169— nitrogen flash. Data were expressed as mean residue ellipticity [8]. The
190 epitope sequence of the Ro60KD protein was coupled to the (Lyseoncentrations of the peptide solutions were taken from weighed
Aib-Gly), sequential oligopeptide carrier (S@Crom the Lys-NH, amounts and 8.0—8:510"* solutions were used for all experiments.
groups (for details see Refs 26—28). The obtained dimeric compound The coordinates of the HLA-DR1 heterodimer [29] were obtained
was dialyzed against water using dialysis tubes with a molecular masom the Protein Database Brookhaven (PDB). Modelling was per-
cut-off of =1500 (Sigma Chemicals, St Louis, MO, USA). The purity of formed on a Silicon Graphics Indy workstation using the program
the peptide was confirmed by analytical HPLC and amino acid analysisnsight Il (Biosym Technologies, San Diego, CA, USA). Conformations
ELISA: pin-bound peptide®eptides covalently attached to polyethy- of the substituted amino acids in the HLA-DR1 homologous sequence
lene rods were tested for antibody binding by ELISA in 96-well were selected from a library of rotamers using the appropriate rotamer
microtitre plates. Rods were immersed in sodium phosphate buffefor each case and the energy minimization was also obtained for each
(PBS), pH 7.2, containing 0.1% Tween 20, 2% albumin to block non-substituted residue. The energy minimization of the Ro/SSA peptide
specific binding. In all, nine affinity-purified 1gG (five from pSS and four model was received using the Discover program (Biosym Technologies).
from SLE sera) were diluted with the preceding buffer at a concentration Animal immunizationsNew Zealand white rabbits, two for each
of 200ug/ml, added to the wells and incubated overnight°&.4After peptide used, were immunized by subcutaneous injection with peptides
washing with PBS containing 0.1% Tween 20, anti-human 1gG con-NGWSHKDLLR (175-184) and KALSVETEKLLKYLEAV (216-
jugated to horseradish peroxidase (1:1000 dilution in blocking buffer)232). The rabbits received 5@@ of peptide in complete Freund's
was added and incubated for 1 h af@0The rods were again washed adjuvant (1:1) on day O and in incomplete Freund’s adjuvant (1:1) on
and the presence of antibodies was detected using a substrate solutiondafys 14 and 28, and they were bled on day 35. The antisera were used
2,2 azino-cis3-ethylbenzothiazoline sulphonic acid (ABTS) and thewithout purification. We used ELISA assays as previously described to
absorbance of the colour was measured at 405nm. Subsequently, thest the antisera for their ability to recognize the Ro60KD peptides.
bound antibodies were removed from the rods by sonication for 30 min
in a water bath with 0.& sodium dihydrogen phosphate, 1% sodium
dodecyl sulphate (SDS) and 0.1% 2-mercaptoethanol &,68nd the RESULTS
rods were used again or dried for storage. In order to determine whether
the antibodies from the previous experiment were completely dissoa|anine substitutions
ciated from the peptides, IgG-free rods were incubated with anti-human
IgG conjugated to horseradish peroxidase followed by the addition ofn order to define the antigenic role of each amino acid in the
substrate solution (ABTS). In all cases the final optical density (OD) wasR060KD epitopes, all residues were individually replaced by
equal to the background. alanine and the obtained pin-bound peptides were tested (Fig. 2)
ELISA: soluble peptides Microtitre polystyrene plates (Nunc, against affinity-purified 1gG from five pSS and four SLE
DK4000 Roskilde, Denmark) were coated with 100f peptide solu-  patients’ sera with anti-Ro60KD reactivity. All 1gG fractions
tion (5ug/ml) and keptatS"l_:f_or4h,aIIOW|r_lg the solution to evaporate ,are purified by affinity chromatography using the synthetic
to dryness. In the case of biotinylated peptides, the wells were pretreateéipitopes p.175-184 and p.216-232. Alanine was selected

with 100ul of 5ug/ml streptavidine. After blocking the remaining . . . .
binding sites with 2% bovine serum albumin (BSA) and 0.1% Tweenbecause of its low antigenicity and small stereochemical
olume. Substitution of B3 1226 K?2” and Y**® by alanine

20 in PBS at room temperature for 1 h, the plates were incubated withf AN . B )
diluted sera (1:50 in blocking buffer) overnight atC4 The plates resulted in significant loss of antigenicity of the epitope ELY-

containing non-biotinylated peptides were washed and treated as prélEKALSVETEKLLKYLEAV (211-232). The antibody-bind-

viously described for the pin-bound peptides. ing capacity of the TKYKQRNGWSHKDLLRSHLKP (169—
Biotinylated peptide solutions (&/ml) were added in the wells and 190) was slightly affected when ¥, S'78 H7S K80 | 183

incubated for 1 h at room temperature. After three washes with PBSL*8% and $%6 were substituted by alanine.

0.1% Tween 20, sera were added in dilution 1:125 in 2% BSA/PBS

(200u! per well). This dilution was selected after preliminary experi-

ments, because it was considered as the best discriminatory poiftnti-RO60KD reactivity of the HLA-DR sequences, homologous

between positive and negative controls (average OD value of positivel0 the RO60KD (169-190) epitope

1.20nm; average OD value of normal, 0.10nm; OD value using OnlyThe cross-reactivity of the autoantibodies directed against the

streptavidine, background 0.10 nm). After incubation for 1 h and three . .
washes with PBS/0.1% Tween 20, we added horseradish peroxidaéleGg_lgo epitope of ROGOKD with the HLA-DR haplotypes [11,

conjugated to anti-human IgG, diluted 1:1000 in 2% BSA/PBS, per well.12] Which contained the Ro60KD-mimicking molecules was
Following incubation for 1 h at room temperature and three washesinvestigated. Hence the HLA-DR1, -DR3, -DR5, -DQ2 and -
50ul ABTS substrate was added and the reaction was read at 405ni@Q1 sequences were prepared and tested (Fig. 3). The DR1 and
after 20 min. The background of each individual serum was determine®R3 homologous sequences showed anti-Ro60KD reactivity

© 1998 Blackwell Science Ltdscandinavian Journal of Immunologd7, 280—287
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18 —A Structural characteristics of the Ro60KD epitopes and the HLA-
%2 DR3 homologous peptide
E12 The CD spectra of the TKYKQRNGWSHKDLLRSHLKP (169—
B 1 190), ELYKEKALSVETEKLLKYLEAYV (211-232) and HLA-
208 DR3 RPDAEYWNSQKDLLEQKRGR homologous to the 169—
80:4 190 peptide are given in 4. All three peptides showed two
0-(2) negative bands around 200 and 220 nm typical of a random

* ELYKEKALSVETEKLLKYLEAV coil in Water. Ina miXtUre of 50:50 tl’iﬂ.Uoroethanm (TFE».G
the peptides adopt helical conformation, as can be evaluated
from the negative bands at220 (n#* transition) and=208 nm,
as well as from the positive one £* transition) at=190 nm [30,

A1.2 B 31]. According to Greenfield & Fasman’s analysis [32] the helix
g 1 content deduced from the molar ellipticity at 208 nm was
30'8 estimated at 33% for the 211-232 peptide and around 23% for
306 the other two. Comparable helical conformations exhibited the
g0.4 Ro60KD epitopes and the HLA-DR3 homologous peptide in an
0.2 amphiphilic environment (10 m SDS), which can be roughly
0

considered as a micellar medium [33]. The higher intensity of the
208 nm band compared to that of the 220 nm observed for the
peptide 169-190 and the homologous HLA-DR3 peptide can be
Fig. 2. ELISA of the pin-bound Ala-substituted peptide epitopes. (A) attributed to the contribution of a type |B-turn [34].

Affinity-purified 1gG from anti-KALSVETEKLLKYLEAV (216-232) Modelling studies based on the X-ray structure of the HLA-
and anti-Ro60KD positive pSS sera; (B) Affinity-purified 19G from DR1 showed the presence of a folded structure (Fig. 5) around
anti-NGWSHKDLLR (175-184) and anti-Ro60KD positive SLE sera. the KDLL sequence of the Ro60KD epitope (169—-190) and the
Each column represents the average OD values. On the horizontal axj3| A-DR1 homologous region. The calculated values of ¢he

is given Fhe amir)o acid subst'ituted each time by alanine. Arrows ShOWand ¥ angles [35] for the peptide backbone of the Ro60KD
thg restricted epitopes. The first column (*) shows the average of eactkDLL sequence are in good approximation with those obtained
epitope, (A) 211-232 and (B) 169-190. for the homologous sequence of the HLA-DR3. In fact, ¢tend

) Y values of the D and L residues are very similar to those
equal to that of the 169—-190 epitope. These DR molecules sharg .. 4 for a type l1B-turn (p, -6, —30'; v, —60, —30) [36].

a local identity with the 169—-190 epitope comprising residues

177 <178
‘[’)VR 5' f) o Zag‘jl;h[e) Siqgsgﬁgn’éssu di(dlgr?o‘t 1:3:;)&' ”Wﬁz”iLaeSt;:SReactivity of antisera to the NGWSHKDLLR (175-184) and
! . . . KALSVETEKLLKYLEAV (216—232) peptide epitopes
Ro60KD IgG. The major difference between reacting and non- ( ) pep pitop

reacting sequences was that in the former, the KDLL alignmenT he reactivity of the rabbit antisera to the peptides 175-184 and
was present (see lower panel of Fig. 3). 216-232 was evaluated by ELISA using as antigens the 175-184

*TKYKQRNGWSHKDLLRLSHLKP

Ro/SSA
DR1
DR3
DR5
DQ2

DQ1(DQWS6) | |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 Fig. 3. Anti-Ro60KD reactivity of the HLA-
O D (405 nm) DR sequences. Top, anti-Ro60KD reactivity
of the pin-bound 169-190 Ro60KD epitope,
the HLA-DR1, -DR3, -DR5, -DQ2 and -DQ1

Ro/SSA TKYKOQRNGMW*T[sSlIH RLSHL KP sequences. This experiment has been

DR1 RPDAEYIWNISIQ EQRRAA perfomed using affinity-purifed anti-

DR3 RPDAEYIWNISIQ EQKRGR NGWSHKDLLR IgG. Bottom, shared local
DR5 RPDEEYWNISIaQ EDRRAA sequence similarities of the 169-190 Ro60KD
DQ2 LPAAEY|WN[S|IQ ERKRAA epitope, the HLA-DR1, -DR3, -DR5, -DQ2
DQ1(DQwWe) RPVAEY|WN[SQ ERTRAE and -DQ1.
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Fig. 4. Circular dichroism spectra of (A)
TKYKQRNGWSHKDLLRSHLKP (169-190);
(B) ELYKEKALSVETEKLLKYLEAV (211-
232); and (C) HLA-DR3
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and 216-232 soluble peptide epitopes. Antisera obtained fromecognized by 27 out of 61 anti-Ro60KD positive sera (44%).
immunized rabbits with the 175-184 peptide and tested irAntibodies to ELYKEKALSVETEKLLKYLEAV (211-232)
dilution 1:100 recognized only the homologous immunizing were detected in 11out of 31 SLE sera (35%) and 16 out of 30
peptide 175-184 (OD values: Rabbit 1, 0.70nm; Rabbit 2pSS (53%) sera. The 211-232 epitope was recognized by 27 out
0.60 nm; control rabbit, 0.05nm). These antisera did not crossef 61 anti-Ro60KD positive sera (44%).

react with the 216—232 peptide (OD values: Rabbit 1, 0.03nm; Antibodies to the biotinylated KALSVETEKLLKYLEAV
Rabbit 2, 0.05nm). Antisera from the animals immunized with(216—232) epitope were detected in two out of 31 SLE sera
the 216-232 peptide recognized the 216—232 sequence (O®%) and nine out of 30 pSS sera (30%). This epitope was
values: Rabbit 1, 0.80nm; Rabbit 2, 0.75nm; control rabbitrecognized by 11 out of 61 anti-Ro60KD positive sera (18%).
0.03nm), while they did not react with the 175-184 sequencdhe TKYKQRNGWSHKDLLRSHLKP (169-190) epitope con-
(OD values: Rabbit 1, 0.02 nm; Rabbit 2, 0.03 nm). None of thegugated to the synthetic carrier SQ@as also tested in ELISA
antisera obtained showed non-specific binding. experiments. All individual steps for this ELISA were the same
as for the ELISA for soluble-free peptides. The same sera were
tested against the SQMackbone carrier alone and the back-
ground OD was subtracted from the sample OD. It was found that
Using the soluble synthetic epitopes of the Ro60KD protein in1l out of 29 SLE sera (38%) and 17 out of 27 pSS sera (63%) are
ELISA, the prevalence of antipeptide antibodies in SLE and pS3ecognized by the dimeric form of the 169-190 epitope, which
sera was investigated (Fig. 6). Antibodies to also gave a positive anti-Ro60KD reaction in 28 out of 56 sera
TKYKQRNGWSHKDLLRSHLKP (169-190) were found in (50%). No correlation was found between antipeptide antibodies
17 out of 31 SLE sera (55%) and 10 out of 30 pSS (33%) serand any particular clinical or serologic feature in the patient
with anti-Ro60KD reactivity. This epitope (169-190) was population studied.

Prevalence of antipeptide antibodies in autoimmune sera

[ Lys
\V

Asp

Fig. 5. Stereoviews of (A) the HLA-DR1 dimer;
(B) the HLA-DR1 homologous to the 169-190
Ro60KD epitope; and (C) the Ro60KD common
sequence.
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Fig. 6. Prevalence of antipeptide antibodies to
(A) TKYKQRNGWSHKDLLRSHLKP (169—
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N i s o ° SOG synthetic peptides in sera from patients
8 B B 8 o B o o with SLE and pSS with anti-Ro60KD antibodies.
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0 I %: % 0 & iy %@ by the mean OD of the normals plus three
SLE SS Normals SLE SS Normals standard deviations.

The HLA-DR3 RPDAEYWNSQKDLLEQKRGR peptide (38%). On the other hand, antisera obtained from animals
homologous to the 169—-190 epitope of the Ro60KD autoantigemmmunized with the NGWSHKDLLR (175-184) and KALSVE-
was recognized by 12 out of 31 SLE sera (39%) and four out ofEKLLKYLEAV (216—232) peptides (restricted epitopes)
30 pSS sera (13%). Statistical analysis of the binding levels of thehowed almost 100% reactivity against the full-length epitopes
SLE and pSS sera to the HLA-DR3 peptide showed a significanfp.169-190 and p.212-232, respectively).

preference of the SLE sera=t4.28,P=3.5x107°). The alanine substitutions showed that the residues crucial for
In all the reported ELISA assays 25 normal sera negative fothe antibody binding of the 211-232 Ro60KD epitope are within
anti-Ro60KD antibodies were used as negative controls. the 216-232 region, which was identified as the minimal

required peptide length for optimal antibody recognition. In the
case of the 169—190 Ro60KD epitope, residues significant for the
antibody recognition (W7, S8 H*"° K*®%and L*®3) are within
The identification of B-cell epitopes of autoantigens can providethe restricted epitope and are also homologous (exp&c) kb
information both on the mechanisms involved in the stimulationthe HLA-DR sequences. Residues®® and $%¢ which also
of autoantibody production and the nature of structures that couldeem to play a role in the binding, are not involved in the
be targeted by autoantibodies. The Ro60KD autoantigen ha®stricted length (175-184), and this is possibly one of the
attracted considerable research interest over several years sinceeasons for the limited antibody recognition of the restricted
significant proportion of autoimmune sera contain antibodiesepitope. Nevertheless, none of the reported substitutions resulted
directed against it. In an effort to understand the molecularjn a complete loss of the epitope antigenicity.
biochemical and immunological properties of the protein we The most prominent conclusion which can be extracted from
have synthesized and studied the major epitopes [8] of thishe presented data is that sera from SLE and pSS patients contain
autoantigen as well as an HLA-DR3 fragment homologous taantibodies against conformational, rather than linear, epitopes. In
the Ro60KD epitope (169-190). fact, the majority of anti-Ro60KD positive sera do not react with
Using a large panel of SLE and pSS anti-Ro60KD positivethe synthetic epitope analogues. Given that anti-Ro60KD anti-
sera, the prevalence of antipeptide antibodies was investigated.dbdies are more frequently directed against conformational
was found that the TKYKQRNGWSHKDLLRSHLKP (169- epitopes [37], it is possible that the sequences 169-190 and
190) epitope is mainly recognized by SLE sera (55%), while211-232 belong to a conformational Ro60KD epitope, retaining
the ELYKEKALSVETEKLLKYLEAV (211-232) epitope is a part of its reactivity when tested separately. On the other hand,
preferentially recognized by pSS sera (53%). These findingshe possibility that the peptides may have a different conforma-
indicate a rather limited disease preference of each synthetiton, when bound to the antibody, cannot be excluded. It should
epitope and are in agreement with our previous results of thée noted, however, that different lengths of the same peptides
Ro60KD epitope mapping [8]. However, the sensitivity of both tested against the same IgG with anti-Ro60 activity present
epitopes for the detection of anti-Ro60KD antibodies remainsalmost the same reactivity [8].
limited (44%). When the 169-190 epitope was coupled to a The similarities of the anti-Ro60KD reactivity of the pin-
synthetic soluble carrier (SQCthe anti-Ro60KD reactivity was bound DR1 and DR3 to the 169-190 Ro60KD epitope, com-
slightly enhanced (50%), while its disease specificity decreasefared to the pin-bound DR5, DQ2 and DQ1, could be attributed

DISCUSSION
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to the common shared amino acid sequencE WS'”® and  of a discontinuous epitope [37]. The antigenic similarity of the
KDLL (180-183). The same holds true for the soluble DR3HLA-DR3 RPDAEYWNSQKDLLEQKRGR peptide with the
peptide, which is mainly recognized by SLE positive sera.homologous 169—190 Ro60KD epitope deserves emphasis since
Nevertheless, direct evidence of HLA-DR3/R060 cross-reactiorsystemic autoimmune diseases are highly associated with this
can be demonstrated by binding of affinity-purified anti-p.169—HLA class Il (HLA-DR3) alloantigen.
190 antibodies in HLA-DR3 positive cells.
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