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Xe aoBeveic pe Zvomnpotikd EpvOnpatddn Avko (XEA) kot mpotomabég
Yovdpopo Sjogren (TXX) avEVPIOCKOVTOL GE VYNAN GUYVOTNTA AVIIGCOUOTO KATH TNG
npoteivng La/SSB  48kD. Xt peiétn ovtf mapovolaletol 1 AETTOUEPNG
avTiyovikn yaptoypaenon tg La/SSB npwteivne. o to okond avtd cvvetédnoav
20pepn ovvleTIKG TENTIOO TOV KAAVTTOV, HE OAANAOETIKAALYT OKT®D aUVOEEMV,
™mv AP aAAnAovyia tng Tpmteivnc. Aviicopata taéewng IgG aropovadnkayv ard
opovg mévte achevov pe XEA kol teccdpov acbevov pe nXE kar eiléyyOnkov
eVAVTIO oto eprmebovta ovvheTikd mentidla. To mentidia mov gpedvicav VYNAN
avtwpaoctikotnto pe v kekabBappévn IgG BpéOnkav va xkatéyovv TIg
aAAniovyiec 145-164, 289-308, 301-320 xatr 349-368 tng mpwteivng La/SSB. O
TPOGOHOPIGUOG TOV EAAYLIGTOV UNKOVG TOV OVTIYOVIKOV KOOOPLOTOV TOV ENETPEME
TV ovoyvoplon ond To OVIICOUOTO OTOKAALYE TNV akpifn €&viOmion Tov
avtictolymv EMTOTMV: "SHKAFKGSI'*, PINGNLQLRNKEVT??,
'V TWEVLEGEVEKEAL-KKI®'®, Kat Y GSGKGKVQFQGKKTKF*,
E&etdobnke n oporoyia mpwtotayolg doung tov emtéToV pe tn Pfonbeia fdoewv
dedopévav mpoteivdv. O emitomoc '*HKAFKGSI"* mapovoialet 83.3% oporoyia
pe 1o PYHKGFKGVD'" tufqpo e Paocikfic mpwteivig g pvedivng (MBP) kat
72% opodoyia pe v meproy] YKNFKGTI g avBpdmvng DNA moivpepdong I1.
Yuvletikd memtidlo pe TG TMApPATAVEO OAAnAovyieg Ppédnkav va  aviidpovv
dtaotovpwtd pe ta avticopato ovii-La/SSB. EAéyOnkav 63 opoi pe avti-La/SSB
aviicopata and acBeveic pue nXX 1 XEA, 35 opoi pe yopig avti-La/SSB
avriocopata and acleveig pe tZX 1 ZEA kot 41 opol and vyleig aipoddteg OpLoLag
nAwiog kot @OA0V, gvdvtia og Protivolopéva covBetikd mentidikd avaioya. Ta
avti-La/SSB aviyvebOnkov ce d1a@opetikég ovyvotnteg ylo kabe emitomo «Kal
Kopaivovtav amd 20% yio tov emitono '"HKAFKGSI'™ ém¢ 100% yia tov emitono
GSGKGKVQFQGKKTKF*. H olk1 evatcOnoio kat e181kOTNTO TOV TEXVIKOV
ELISA Bpébnke va eivar 93.6% kot 85.6% avtictoiya.

Yovumepocpatikd ta avti-La/SSB oavtoaviicohpoata amoteAodv éva €TePOAOYO
TANOVOPO 0 0mMO10G GTOYEVEL SLULPOPETIKOVG Ypappuikovg B-gmtoémovg otn La/SSB
npoteivn. O emitonog "*"HKAFKGSI'™ gpoavifel poploky - oviiyoviky opoldotnro
pe TURpOTO Ovo  GAA®V  avToavIlyOvev: TG ovipomvng MBP kot DNA
tonotcopugpdong II. Téhoc ta ovvBetikd mentdikd oavaioyo pmopoldv va
ypnolpomonBovv pe vynin evocHnoia Kot €6KOTNTO Yo TNV OVIYVEVLGT TOV
avti-La/SSB avticopdtov.
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SUMMARY

The B cell epitope mapping of La/SSB was performed using 20 mer synthetic peptides overlapping
by eight amino acids covering the whole sequence of the protein. 1gG, purified from sera of five
patients with systemic lupus erythematosus (SLE) and four sera from patients with primigrgrsgo
syndrome (pSS) were tested against the overlapping synthetic peptides. Peptides highly reactive with
purified 1gG were those spanning the regions 145-164, 289-308, 301-320 and 349-368 of the La
protein. Determination of the minimum required length of the antigenic determinants disclosed the
following epitopest*HKAFKGSI*®* 2°INGNLQLRNKEVT3%? 0% TWEVLEGEVEKEALKK] 318

and 3**GSGKGKVQFQGKKTKF®* Predicted features and molecular similarities of the defined
epitopes were investigated using protein databases. The La epifdg&AFKGSI®* presented
83-3% similarity with the**HKGFKGVD*® region of human myelin basic protein (MBP) and 72%
similarity with the fragment YKNFKGTI of human DNA topoisomerase Il. Peptides corresponding to
these sequences cross-reacted with anti-La/SSB antibodies. Sixty-three sera with anti-La/SSB anti-
bodies from patients with pSS or SLE, 35 sera without anti-La/SSB antibodies from patients with SS or
SLE and 41 sera from age/sex-matched healthy blood donors were tested against biotinylated synthetic
epitope analogues in order to determine their sensitivity and specificity for the detection of anti-La/SSB
antibodies. Anti-La/SSB were detected with various frequencies ranging from 20% to epitope
W THKAFKGSI*®* to 100% to epitopé**GSGKGKVQGKKTKF®®4 The overall sensitivity and speci-

ficity using all assays with the synthetic peptides were found to be 93-6% and 85-6%, respectively. In
conclusion, antibodies to La/SSB constitute a heterogeneous population, directed against different
linear B cell epitopes of the molecule. The epitdf8KAFKGSI*>* presents molecular similarity with
fragments of two other autoantigens, i.e. human MBP and DNA topoisomerase Il. Finally, synthetic
epitope analogues exhibit high sensitivity and specificity for the detection of anti-La/SSB antibodies.

Keywords B cell epitopes La/SSB Sgwen’s syndrome molecular mimicry systemic lupus
erythematosus

INTRODUCTION cell epitopes is not well defined. In previous studies, the antigenic
regions of La/SSB were detected by molecular biological techni-

Autoantibodies to La/SSB are often found in sera of patients with

primary Sjmren’s syndrome (pSS) and systemic lupus erythemato-ques' In fact, Charet al. [2,3], using controlled proteolytic

sus (SLE). La/SSB is a ribonucleoprotein particle consisting of a 40 egrade_ltlon_ wﬂhS_taphoncoccus aureus protease,_ |dent|f|ed_
amino acid protein component, with a calculated molecular weigh wo antigenically independent sets of protease-resistant peptides
' ermed X and Y. Sturgest al,, using cDNA encoding 87% of La/

of 47kD in association with virtually any RNA polymerase || L o . 0 . s
transcripts. Therefore, La/SSB particles can include human cyto-SSB protein, identified a major antigenic epitope within the 103 aa

plasmic RNAs (hyRNAs-RoRNAs), ULRNA, 5SRNA, tRNA, and ©' the Ct'tsrm'”a' F’%”'O” OCI thte protein [;1]' Ra”ht& hemann 5]
several viral RNAs, including VA-RNAs and EBER-RNAs encoded 5#99268546 zgzrezeglg gzgn r?dn éT?%%% omlnar:] reglofniéjsspggnlg?
by adenovirus and Epstein—Barr virus (EBV), respectively [1]. € e -~ a — sequences o :

Despite progress in the complete characterization an lair et al. [6], using fusion proteins encoded by La/SSB cDNA

. . . e ragments, defined three antigenic regions comprising the
molecular cloning of La/SSB protein, the fine specificity of B sequences 1-107, 111-242 and 242-408 (called LaA, LaC and

Correspondence: H.M. Moutsopoulos, Department of Pathophysiology!,—aD)x respef:tively. More recently, Bim:zt al. [7] defined two
School of Medicine, National University of Athens, 75, Mikras Asias str., Immunodominant epitopes, one each in the N- and C-terminal
115 27 Athens, Greece. halves of the protein.
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192 A. G. Tzioufast al.

The purpose of the present study was to investigate the findetermined by amino acid analysis of two different peptides,
specificity of antibodies to La/SSB derived from sera of both pSSafter cleavage from the polyethylene pins, according to Cohen &
and SLE patients, using 20 mer overlapping synthetic peptideStydous [12].
covering the entire sequence of the protein. Molecular similarities  Biotinylated soluble peptidesBiotinylated soluble peptides
of the defined epitopes to other unrelated molecules were alsoorresponding to the defined epitopes HKAFKGSI (147-154),
investigated. Finally, a potential clinical use of the antigenic NGNLQLRNKEVT (291-302), VTWEVLEGEVEKEALKKI
epitope synthetic analogues to detect antibodies to La/SSB i6301-318) and GSGKGKVQGKKTKF (349-364) were syn-
also reported. thesized by standard solid-phase methods using benzydrylamine
anchor-bond and resin and Na-Boc/benzyl side chain protection
[13]. Amino acid couplings were performed by the dicyclohexyl
carbodiimide (DCC)/hydroxybenzotriazole (HOBt) procedure
Patients using a ratio amino acid /DDC/HOBt/resin 3/3/3/1. Deprotection
IgG purified by protein A Sepharose chromatography (Pharmaciagf the a-amino groups from the Nat-Boc protecting groups was
Uppsala, Sweden), from five patients with SLE [8] and four performed using trifluoroacetic acid, followed by diisopropylethyl-
patients with pSS [9], was used for the epitope mapping ofamine for neutralization. Biotinylation of the peptides was
La/SSB. In all sera anti-La/SSB positivity was evaluated bycarried out by coupling d-biotine to the N-terminus and, after
counterimmunoelectrophoresis, immunoblot and ELISA (ShieldBoc-deprotection, following the standard solid-phase procedure.
Diagnostics, London, UK). Four sera were found to be alsoThe biotinylated peptides were cleaved from the resin with
positive for both anti-Ro52kD and anti-Ro60kD antibodies, threeanhydrous hydrogen fluoride (HF) in the presence of anisole and
sera were positive for anti-Ro52kD antibodies and two positivephenol (10% v/v) as scavengers &€Cdor 1 h. The peptides were
for anti-Ro60kD antibodies. 1gG, purified from serum of a extracted from the resin usingwacetic acid, and after lyophiliza-
patient with SLE and a patient with pSS, positive for anti- tion they were subjected to partition chromatographic purification,
Ro60kD and anti-Ro52kD antibodies, respectively, but negativeusing a Sephadex G-25 column, equilibrated witih 2queous
for anti-La/SSB antibodies, as well as IgG from three healthyacetic acid. Elution of the peptides was performed using a homo-
individuals, negative for autoantibody reactivity, were used asgeneous mixture afi-butanol/pyridine/acetic acid4® (BPyAW)
controls for the epitope mapping. 1IgG was used instead of wholén a ratio 4:1:1:2 v/v. The homogeneity of the peptides was deter-
serum, since preliminary experiments showed that the backmined by thin layer chromatography in BPyAW (4:1:1:2 v/v), while 1
ground was substantially reduced. and 2D*H-NMR spectra as well as amino acid analysis confirmed

Sensitivity and specificity of the defined antigenic epitopes, fortheir purity and identity.
the detection of anti-La/SSB antibodies, were tested using 39 anti-

La/SSB sera of pSS patients (all females, mean age B§ears)  Cell extract and immunoblotting
and 24 anti-La/SSBsera of SLE patients (21 females, three males,Cytoplasmic extract was prepared from cultured Hela cells as
mean age 42 8 years). Twenty sera contained also anti-Ro60kDdescribed by Habett al.[14]. Samples of extracts were applied to
antibodies, 34 sera had antibodies to Ro52kD and nine sera had, 8DS—PAGE, followed by electrotransfer to nitrocellulose. The
addition to anti-La/SSB antibodies, antibodies to both Ro60kD anchitrocellulose blots were cut into strips which were subsequently
R052 proteins. Thirty-five sera of pSS and SLE patients negative foblocked with non-fat milk 5% at“C overnight. Afterwards, anti-
anti-La/SSB antibodies were used as disease controls. These sémaman IgG conjugated to horseradish peroxidase (HRP) was added
contained different autoantibodies, as follows: 35 had antibodies t¢1:1000 in blocking buffer) and allowed to react for 1 h. The colour
R060kD, nine had antibodies to Ro52, five had antibodies to ULRNPyas developed by adding a substrate solution of 4-chloro-L-
three antiSm antibodies, eight anti-dsDNA antibodies, and 12 seraaphthol to the strips.
has IgM rheumatoid factor. Finally, 41 sera from age- and sex-
matched healthy blood donors were used as negative controls.  ELISA

Pin-bound peptidefeptides covalently attached to polyethyl-
Peptide synthesis ene rods were tested for antibody binding by ELISA in 96-well

Pin-bound peptidesSixty-eight sequential 20 mer peptides microtitre plates. Rods were immersed in sodium phosphate buffer
overlapping by eight amino acids each one to the other andPBS) pH 7-2, containing 0-1% Tween 20, 1% albumin and 1%
covering the whole sequence of La/SSB protein were prepared inovalbumin to block non-specific binding. 1IgG concentration of
duplicate according to the method of Geysenal. [10]. The 200ug/ml (which corresponds to an estimated IgG concentration in
peptides were prepared in duplicate in order for the same serum tgerum dilution 1:50) was added to the wells and incubated over-
be tested twice, at the same time in the ELISA experimentsnight at 4C. This dilution was selected because it exhibited the
Synthesis was performed on prederivatized polyethylene pingighest specific binding. After washing with PBS containing 0-5%
(Cambridge Research Biochemical Inc., London, UK) and theTween 20, anti-human IgG, conjugated to HRP (1:1000 dilution) in
protocols are based on the principles of solid-phase peptidélocking buffer, was added and incubated for 1 h at20he rods
synthesis, as described by Merrifield [11], using the Na-were again washed and the presence of antibodies was detected
fluorenylmethoxycarbonyl (FMOC) protecting group strategy. Inusing a substrate solution of 2.2zino-cis3-ethylbenzothiazoline
each cycle of synthesis, control peptides PLAG(G)n andsulfonic acid (ABTS) and absorbance of the colour was measured
GLAG(G)n of various lengths (2 to 16 amino acids) were synthe-at 405 nm. Subsequently, bound antibodies were removed from the
sized. All PLAG(G)n control peptides were specifically recognizedrods by sonication for 30 min in water bath with & Isodium
by anti-PLAG MoAbs (Cambridge Research Biochemical Inc.),dihydrogen phosphate, 1% SDS and 0-1% 2-mercaptoethanol at
while GLAG(G)n control peptides did not bind to MoAbs. In 60°C, and the rods were used again or dried for storage. In order to
addition, the accuracy of the peptide synthesis was directlydetermine whether the antibodies from the previous experiment

PATIENTS AND METHODS
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Epitope mapping of La/SSB 193
were completely dissociated from the peptides, IgG-free rods wergeptides (ug/ml) were added in the wells and incubated for 1 h at
incubated with anti-human 1gG conjugated to HRP followed by theroom temperature. After three washings with PBS—0-1% Tween
addition of substrate solution (ABTS). In all cases the final optical20, sera were added in dilution 1:50, in BSA 2% in PBS (L0
density (OD) was equal to the background. well). After a 3-h incubation and three washings with PBS—-0-1%
Biotinylated soluble peptide&€LISA, using biotinylated pep- Tween 20, alkaline phosphatase-conjugated rabbit anti-human IgG
tides, was as follows. Ninety-six-well polystyrene plates (Nunc,(Dako, Glostrup, Denmark), diluted 1:6000 in BSA 2% in PBS,
Roskilde, Denmark) were pretreated withu@/ml streptavidin ~ was added per well. Following 2 h incubation at room temperature
(100pl/well) and kept overnight at 3T. Afterwards, 10Ql and three washings, %0 substrate p-nitrophenyl-phosphate in
bovine serum albumin (BSA) 2% in PBS pH 7-3 were added pediethanolamine buffer) was added and the reaction was read at
well and the plates were incubated af@7or 1 h. Biotinylated 405 nm after 30 min. The background of each individual serum was

349-368
(a)
301-320

No. of positive sera
N
I

1 3 5 7 9 11 13 15 17 19 21
No. of peptide

23 25 27 29 31 33

145-164
5—
289-308
S 4
V]
1]
[}
2 3
3
o
Q 2
kS
o
z 1
o 1 1 1 1 1 1 1 1 1 1 1 1
1 3 5 7 9 1 13 15 17 19 21 23 256 27 29 31 33
No. of peptide
(b)
Mean OD= sd.
Antigenic SLE anti-La/SSB SS anti-La/SSB Normals OD, disease control
epitopes n=5 n=4 n=3 n=2
145-164 @22+ 0201 0707+ 0-062 0167+ 0-020 0202
289-308 0750+ 0-141 0549+ 0076 0151+ 0-043 0241
301-320 %27+ 0121 1239+ 0433 0134+ 0028 0232
349-368 0153+ 0-046 1167+ 0-103 0087+ 0-034 0061

Fig. 1. (a) Epitope mapping of La/SSB autoantigen, using overlapping synthetic peptides. Purified 1gG from pringaeyn’Sjsyndrome

(pSS) sera (upper panel) reacted with peptides corresponding to 301-320 and 349—-368 fragments of La/SSB. In contrast, IgG derived from
systemic lupus erythematosus (SLE) sera (lower panel), with anti-La/SSB reactivity, reacted with peptides 145-164 and 289-308, and parts
of La/SSB. Three normal sera and two sera from patients with anti-Ro/SSA antibodies, but without anti-La/SSB antibodies, were used as
negative controls. (b) The mean optical density produced (OD) from the reaction of four major antigenic epitopes reacting with IgG from five
patients with SLE and anti-La/SSB antibodies, four pSS patients and anti-La/SSB antibodies, three normal human sera and two sera from
patients with SLE without anti-La/SSB antibodies.
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194 A. G. Tzioufast al.

determined with parallel experiments in streptavidin-pretreatedcovering the sequence of La/SSB, as determined by Chambers
peptide-free ELISA plates. The real binding was calculated byal. [20] and Chanet al. [21] were prepared in duplicate. Six
subtracting the mean OD of the sample in the non-peptide-coateddditional pairs of 20 mer peptides representing differences in the
wells from the mean OD of the peptide-coated wells. Preliminarysequence, as reported by other investigators [4,5,22], were also
experiments, using different concentrations of all reagents, weraynthesized. All pin-bound peptides were tested against purified
used to define the optimal conditions of all ELISAs developed. ThelgG from anti-La/SSB sera of pSS and SLE patients. Five out of
cut-off point of positivity was calculated as the mean OD of the 41five SLE IgG recognized peptides spanning the 145—-164 and 289—

normal sera-3s.d. 308 sequences of La/SSB. Furthermore, all 1I9G from pSS patients
recognized the region 349—368, while three out of four IgG fractions
Inhibition assays reacted also with the region 301-320 of the La/SSB protein

In order to investigate whether the synthetic epitope analogues caffrig. 1a,b).
inhibit antibody binding to native La protein, a serum with high Determination of the minimum required length of the antigenic
anti-La/SSB activity, reacting with all four synthetic epitope determinants was performed by the synthesis of two sets of multi-
analogues, was pretreated in dilution 1:500 for 3h atC3@hd  ple length peptides for each 20 mer antigenic epitope. Each set of
overnight at room temperature with each peptide individually, andpeptides was obtained by serially subtracting two amino acids from
a mixture of all four synthetic peptides (concentrations rangingeither the amino or carboxyterminal end of the initially reactive
from 0-01 to sug/ml). Subsequently, all sera were tested in ELISA peptides. The points beyond which anti-La/SSB IgG failed to bind
(Shield Diagnostics) for anti-La/SSB activity. were considered the ends of the antigenic epitope (Fig. 2). Thus,
refinement of the peptide TLHKAFKGSIFVVFDSIESA (145-164)
Alanine substitutions, computer predictions and homology searchesulted finally in the peptide HKAFKGSI (147—-155). Restriction
In order to define which amino acids play an essential role for theof the peptide ANNGNLQRNKEVTWEVLEG (289-308) revealed
antigenicity of the identified epitopes, residues were individuallythe antigenic epitope NGNLQLRNKEVT (291-302). Similarly,
replaced by alanine and the newly produced peptides were testate initially reactive peptides VTWEVLEGEVEKEALKKIIE
against 1gG with anti-La/SSB reactivity. Alanine was selected(301-320) and GSGKGKVQFQGKKTKFASDD (349-368) were
because of its low antigenicity and small stereochemical volumefinally restricted to VTWEVLEGEVEKEALKKI (301-318) and
Prediction of the hydrophilicity, flexibility and T and B cell GSGKGKVQFQGKKTKF (349-364), respectively.
antigenic profiles, using the La/SSB primary structure, was The specificity of the defined epitopes was investigated by inhi-
achieved by the EPIPLOT program [15]. Prediction of the second-bition experiments. It was shown that in the presence of synthetic
ary structure of La/SSB was made using the PHDsec profile neurgleptides the binding of anti-La/SSB antibodies in native La/SSB
network method [16]. was reduced in a dose-dependent manner by 12% to 43% (Fig. 3).
The antigenic peptide sequences were compared against the
Swiss-PROT, NBRF/PIR, PRF and GENPEPT databases usinglanine substitutions, predicted features and molecular similarities
Fasta [17] and Smith & Waterman [18] algorithms at GENOME- of the epitopes
NET-FASTA and EMBL-FASTA-BLITZ servers. The non-iden- The alanine-substituted peptide epitopes were tested against 19G
tical amino acids were scored with PAM 250 and PAM 100 with anti-La/SSB activity, and the antibody-binding capacity
matrices [19] and the gap inclusions were allowed in Smith—in three out of four antigenic epitopes was not affected, except

Waterman searching. in the case of W303 substitution. Substitution of W303 by
alanine resulted in significant loss of antigenicity of the peptide

Statistical analysis ANNGNLQLRNKEVTWEVLEQ (289-308).

The OD of each sample including normal sera was expressed in Prediction of the secondary structure of the epitopes sug-

units according to the formula: gested that the sequences 147-154 and 301-308 attain helical

conformations containing-loop structures. In addition, the epi-

tope 147-154 belongs to part of the RNA binding site of La/SSB
protein. All four epitopes presented features of high antigenicity
According to this formula, 100U was the cut-off point for each [23], had high ratios of hydrophilic amino acids, commonly
assay. Statistical differences between patients and normals wefgund in B cell epitopes [24], and moderate to high flexibilities
calculated using the non-paramettitest. The sensitivity of the  [25]. The epitopes HKAFKGSI (147—154) and VTWEVLEGE-

ELISAs with the synthetic peptides was calculated as follows:  VEKEALKKI (301-318) possessed features of putative T cell

OD sample—- OD background % 100
mean OD+ 3s.d. of normal sera

Sample (units)=

o number of positive samples epitopes by three of four methods used for T cell epitope predict-
Sensitivity (%)= total samples x100 ability [26—28]. The biochemical characteristics of the epitopes
strongly suggested that they are located on the surface of the
The specificity was calculated according to the formula La/SSB protein.
Specificity (%) Identification of the primary structure of La/SSB epitopes
made possible the use of protein databases to search for sequences

100 shared with other proteins of unrelated origin. The epitope
HKAFKGSI (147-154) was found to be highly conserved in
mammals. This epitope had an 83-3% similarity to the human
myelin basic protein (MBP) in the region 139-146 (HKGFKGVD)
and 72% similarity to the fragment 914-921 (KNFKGTIQ) of the

Identification and restriction pattern of antigenic determinants  autoantigen topoisomerase Il. These observations prompted us to

Thirty-four 20 mer peptides, overlapping by eight residuesconstruct new peptides containing the above mentioned sequences

. number of positive disease contr I§(
- number of total disease control

RESULTS
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(b) Fig. 3. Inhibition of anti-La/SSB antibody binding in anti-La/SSB ELISA,
using as inhibitors different concentrations of all four synthetic epitope
analogues. Mixed antigen denotes mixture of all synthetic peptides (each
1.6 one contributing to the solution by 25%). Anti-La/SSBerum was used
1.4 in dilution 1:500.A, Amino acids (aa) 349-364), aa 301-318{], aa
1.2 147-154,0, aa 291-3024A, mixed peptides.
E 1
o 08 sera and 8/39 (20%) of pSS sera with anti-La/SSB reactivity, and
2 o6 none of the disease control sera. Antibodies to VTWEVLEGEVE-
8 0-4 KEALKKI (301-318) were found in 19/24 (79%) and 27/39
0.2 / / l \ \ % (69%) of SLE and pSS sera positive for anti-La/SSB antibodies,
0 I T T T T T T T L
TL WE VL EG EV EK EA LK KI IE
Peptide 26 Top 11 p907-926 : HPMLPNYKNFKGTIQELGQN

Fig. 2. The refinement of epitopes HKAFKGSI (147-155) (a) and MBPp158-177 : SDYKS AHKGFKGVDAQGTLS
VTWEVLEGEVEKEALKKI (301-318) (b) are shown. The hatched line La/SSB p145-164 : TLHKAFKGSIFVVFDS |ESA
represents the ELISA optical density (OD) after substraction of amino acids

from the —NH2 terminus and the black line denotes the ELISA OD after (@)

substraction of amino acids from the —COOH terminus, from the initially

reactive 20 mer peptides. The amino acids beyond the points where anti-La/ Top Il p907-926
SSB IgG abolished its binding capacity have been considered as the borders

of the epitopes, since these amino acids were essential in preserving the pgp p158-177
antigenicity of the peptides.

La/SSB p145-164
and test them against IgG with anti-La/SSB specificity. As ' L ' ' '
shown in Fig. 4a, IgG with anti-La/SSB activity reacted not 0 02 04 06 08 1 12 14
only with the La/SSB epitope, but also with the peptides OD (406 nm)
derived from human MBP and topoisomerase Il sequences(b)
Furthermore, pretreatment of anti-La/SSB 1gG reacting with the | 5/5sB p289-308
pl47-154, in a concentration 2p@/ml, resulted in a significant
reduction of antibody binding to both topoisomerase Il and human Top 1l p907-926
MBP-related peptides (Fig. 4b). In contrast, p289—-308, which was MBP p158-177
used as control peptide, of La/SSB did not inhibit anti-La/SSB | 5/sSB p145-164

binding. ' - ' y
0 20 40 60 80

Inhibition percentage

Prevalence of antipeptide antibodies in autoimmune sera
Using the biotinylated antigenic epitope analogues in ELISAs, therig. 4. (a) Reaction of anti-La/SSB antibodies with peptides derived from
prevalence of antipeptide antibodies in sera of SLE and pSS wasuman myelin basic protein (MBP) and topoisomerase . Bold letters denote
investigated. Given that the peptides partly inhibited the binding ofsequence similarities between La/SSB, topoisomerase Il and human MBP.
antibodies to native La/SSB protein, it is obvious that theseTwo normal human sera tested in dilution 1:50 did not exceed optical density
epitopes are targets for a significant population of anti-La/SSB(QD? ofp-150 inall three.peptides. (b)_ Inhibition of anti-p145—164 antibodies
antibodies. Antibodies to HKAFKGSI (147—154) were found in binding in polyethylene pins coated Wllh p145-164 of La/SSB, p158 —177 of
12/24 (50%) of SLE sera with anti-La/SSB reactivity, and 7/39 human MBP, p907-926 of DNA topoisomerase Il and p289—-308 of La/SSB.

. . . . gG concentration 20@g/ml. As inhibitor p147-154 (HKAFKGSI) of La/SSB
0 -
(18%) of pSS sera with anti-La/SSB antibodies. None of the 3 as used at a concentration of 2E9ml. The inhibition values were: p145—

disease control sera, negative for anti La/SSB antibodies, was four*ﬂ;4 of La/SSB, 73%; p158—174 of human MBP, 65%; p907—926 of DNA

to be positive to this e_pitope. Antibodies to NGNLQLRNKEVT (gpoisomerase II, 64%; p289—308 of La/SSB was used as control peptide and
(291-302) antigenic epitope were detected in 9/24 (37-5%) of SLEiid not inhibit the antibody binding substantially.
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Fig. 5. Prevalence of antibodies to: HKAFKGSI (147-154) (A)JGNLQLRNKEVT (291-302) (b), VTWEVLEGEVEKEALKKI (301-318) (c) and
GSGKGKVQFQGKKTKF (349-364) (d) synthetic epitope analogues in sera from patients with primigmneBpsyndrome (pSS) and systemic lupus
erythematosus (SLE) with anti-La/SSB antibodies, patients with pSS and SLE without anti-La/SSB antibody (disease controls) and normal controls. The cut-off
point (100) was calculated using the mean binding units (see Patients and Methods) of 41 normal hum8rs skt alLa-negative®, aLa-positive.

respectively, as well as 1/35 (2:9%) of disease-negative controls. DISCUSSION
Finally, antibodies to GSGKGKVQFQGKKTKF (349-364) pep-
tide were detected in all SLE sera (100%) with anti-La/SSBIn the present study, an attempt was made to define the linear
reactivity and 32/39 (82%) pSS sera and 4/35 (11-4%) diseasantigenic epitopes of La/SSB autoantigen. The fine B cell epitope
controls (Fig. 5). Four of 41 normal sera (9-7%) reacted alsanapping of autoantibodies to La/SSB was performed using over-
with the peptides. lapping synthetic peptides. The length of the peptides used was
Seven of 63 anti-La/SSBsera reacted with all peptides, 16/63 rather long (20 amino acids), since in previous studies of Ro60kD
sera reacted with three peptides, 31/63 reacted with two peptidempitopes it was shown that long peptides exhibited higher specifi-
and 5/63 with one peptide. Four of 63 sera did not react with any otity [29] compared with overlapping octapeptides [30]. In fact, the
the peptides. ELISA with the peptide 349-364 exhibited themimotope scanning of Ro60kD molecule, using 22 mer overlap-
highest sensitivity (88%) and high specificity (88-6%). Detectionping synthetic peptides, revealed two discrete, disease-specific
of anti-La/SSB antibodies using the peptide 301-318 revealed apitopes (one associated with SS and the other with SLE), compared
sensitivity of 73% and specificity of 69%. The concordancewith 14 epitopes defined by the octapeptides. Thus, antigenic
between these two assays was 70%. ELISA with the other twepitope formation is probably influenced by both the primary
peptides, 147—-154 and 291-302, showed remarkably lower sensitructure of a given synthetic epitope, along with the peptide
tivities (25% and 27%, respectively); but none of these peptidesecondary structure. In this regard, NMR studies have revealed
reacted with either disease control or normal control sera. Thehat even small peptides, such as the PPGMRPP epitope of the Sm
overall sensitivity and specificity, using all assays with the syn-autoantigen [30], can possess more than one conformation [31].
thetic peptides, were found to be 93-6% and 85-6%, respectively. During the past few years, several investigators have per-
None of the assays could discriminate between pSS and SLE antiermed epitope mapping of La/SSB autoantigen, using either
La/SSB patients. fusion proteins of various lengths or c-DNA deletion mutants.
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Their results did not lead to a clear definition of B cell epitopes of Despite the fact that none of the patients with SLE or SS had
La/SSB protein, since they were only assigned to long stretches afvidence of central nervous disease or interstitial lung disease, this
polypeptides. It was shown, however, that antibodies to La/SSB¢ross-reaction between fragments of different autoantigens should
binding to a given B cell epitope, did not react with antibodies be further investigated. Our data add further to this concept,
directed to other epitopes, suggesting that an anti-La/SSB responsbowing that an immunodominant epitope of La/SSB possesses
comprises independent anti-La/SSB antibody populations [32]molecular similarity to a fragment of laminin A.
These observations strongly suggest that the production of anti- One of the most interesting findings in this study is that all but
La/SSB antibodies is attributable to an antigen-driven process. Thiour of the 63 sera of patients with either pSS or SLE and anti-La/
stimulating antigen could be a part of the native or denatured LaSSB antibodies react at least with one synthetic peptide analogue
SSB protein. In this regard, the definition and the exact determinaef the La/SSB linear epitopes. The four non-reacting sera probably
tion of B cell epitopes is of particular importance in order to contain antibodies directed towards either conformational or long
delineate the mechanisms accounting for anti-La/SSB antibodjinear epitopes of the protein. Most positive sera bind to two or
production. more synthetic epitope analogues, reinforcing the concept that
The epitopes reported in this study are linear epitopes varyin@ntibodies to La/SSB consist of heterogeneous groups. The second
in length from 8 to 18 amino acids. It has been previously estimateaonclusion is that the use of synthetic peptides as substrates for the
that a small but significant proportion of antibodies directed toidentification of anti-La/SSB antibodies is a promising method. In
discontinuous epitopes of a given antigen are also able to react witfact, the positivity rate in healthy blood donors is low, comparable
linear peptide fragments of the protein [33]. The relevance of theo that observed in assays based on recombinant La/SSB [38].
linear epitopes described in this study has been confirmed in tw&urthermore, disease control sera (i.e. sera from SS and SLE
ways. First, they reacted with a large panel of autoimmune serpatients, without anti-La/SSB antibodies) also possessed low
with anti-La/SSB antibodies, but not with normal or diseasereactivity, resulting in the high specificity of the assays.
control sera. Second, using inhibition assays it was shown that In conclusion, epitope mapping of La/SSB disclosed that
the antibody binding to native La/SSB was reduced in the presencantibodies to La/SSB are directed towards different linear epitopes
of synthetic epitope analogues. Our results agree with previousf the molecule. The binding of antibodies derived from pSS sera
reports regarding the locations of the epitopes. In fact, the epitoppresented a different pattern compared with antibodies derived
HKAFKGSI (147-155) belongs to the protein region containing from SLE sera. The linear epitopes with the highest reactivity
the RNA recognition motif (RRM) of La/SSB; antibodies to this belong to fragments of the protein which previously have been
fragment of the protein have been described previously [34]. Thessigned as immunodominant epitopes of La/SSB. Peptide-based
RRM, spanning amino acids 111-187 of La/SSB protein, isassays may prove useful in the detection of anti-La/SSB antibo-
included in the LaC epitope (amino acids 111-242), as describedies. In this respect, a large number of sera in a prospective study
previously [20]. Experiments with non-overlapping and over- and a higher structural order of peptides used as substrates (i.e.
lapping peptides corresponding to this region have shown thapeptides connected in sequential oligopeptide carriers (SOC) [39]
antibodies directed to this fragment of the protein bind in con-are currently under investigation.
formational determinants [35]. Our study adds further to our
knowledge of the antigenicity of this region, defining also a
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