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Στη μελέτη αυτή παρασκευάστηκαν συνθετικά πεπτίδια πού αντιστοιχούσαν στην
συμπληρωματική δομή των επιτόπων 289-308αα και 349-364αα του αυτοαντιγόνου
La/SSB. Τα πεπτίδια αυτά σχεδιάστηκαν σύμφωνα με την θεωρία της μοριακής
αναγνώρισης και παρασκευάζονται έτσι ώστε για κάθε αμινοξύ του επιτόπου να
τοποθετείται

ένα

αμινοξύ

με

ακριβώς

αντίθετη

υδροφιλικότητα.

Ετσι

ο

συμπληρωματικός επίτοπος έχει συμληρωματικότητα ως προς τον επίτοπο όσον
αφορά την κλίμακα υδροφιλικότητας. Μελετώντας την δραστικότητα των
συμπληρωματικών επιτόπων σε 151 ορούς ασθενών με συστηματικό ερυθηματώδη
λύκο και σύνδρομο Sjogren με αντισώματα κατά La/SSB διαπιστώθηκε ότι ένα
μεγάλο ποσοστό (51%) αντιδρούσε και με τους συμπληρωματικούς επιτόπους.
Πειράματα με κεκαθαρμένα αντιπεπτιδικά αντισώματα με στήλες χρωματογραφίας
συγγενείας, και μία ειδικά σχεδιασμένη μέθοδο ανίχνευσης αντιιδιοτυπικών
αντισωμάτων πού συμπεριελάμβανε τον καθαρισμό τμημάτων F(ab)2, κατέδειξαν ότι
τα αντισώματα πού αντιδρούσαν με τους συμπληρωματικούς επιτόπους αφορούσαν
στην ουσία αντιιδιοτυπικά αντισώματα κατά των αντισωμάτων των επιτόπων του
La/SSB. Μελέτες με ανασυνδυασμένη πρωτείνη La/SSB έδειξαν ότι τα
αντιιδιοτυπικά αντισώματα ανέστελαν πλήρως την πρόσδεση στο αυτοαντιγόνο.
Χρησιμοποιώντας μία ειδική μέθοδο κατά την οποία ο ορός του ασθενούς
θερμαίνεται έτσι ώστε να αποχωρισθούν τα ιδιοτυπικά από τα αντιιδιοτυπικά
αντισώματα και ακολούθως να αδρανοιηθούν τα αντιιδιοτυπικά αντισώματα
χρησιμοποιώντας σαν αναστολείς τους συμπληρωματικούς επιτόπους, κατεδείχθη ότι
η πλειονότητα των ασθενών με αντι-Ro/SSA αντισώματα είχαν επίσης και αντιLa/SSB αντισώματα. Η παρούσα μελέτη καταδεικνύει για πρώτη φορά στην
βιβλιογραφία τη ύπαρξη ενός ενεργού ιδιοτυπικού-αντι-ιδιοτυπικού δικτύου στα
συστηματικά αυτοάνοσα νοσήματα και τις επιπτώσεις του τόσο στη διάγνωση όσο
και στη γένεση των αυτοαντισωμάτων.
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Abstract
Background: Autoantigen La/SSB is molecular target of
humoral autoimmunity in patients with primary Sjogren’s
Syndrome (pSS) and systemic lupus erythematosus (SLE).
In this study, we investigated the existence and possible inﬂuence of anti-idiotypic response to anti-La/SSB antibodies.
Materials and Methods: Synthetic peptide analogs (pep)
of the major antigenic determinants of La/SSB (289–308aa
and 349–364aa) were prepared. Based on “molecular recognition” theory, complementary peptides (cpep), derived by
anti-parallel readings of the noncoding strand of La/SSB
DNA encoding for its antigenic determinants, were constructed. Sera from 150 patients with anti-La/SSB antibodies, 30 patients without anti-La/SSB antibodies, and
42 normal individuals were tested against all four peptides. F(ab⬘)2 fragments from anti-peptide IgG were prepared and F(ab⬘)2 – IgG interactions were evaluated using
a speciﬁc anti-idiotypic ELISA.
Results: All four peptides were recognized by anti-La positive sera (83% and 51% for pep and cpep 349–364 and
51% and 28% for pep and cpep289–308, respectively).
Anti-cpep F(ab⬘)2 bound to a common idiotype (Id) located

within or spatially close to the antigen combining site of
anti La/SSB (anti-pep) antibodies. Homologous and crossinhibition experiments further conﬁrmed this relation. The
anti-idiotypic antibodies inhibited the anti-La/SSB antibody binding to recombinant La/SSB by 91%. To overcome
the anti-idiotypic interference in anti-La/SSB detection, a
speciﬁc assay was developed. Sera were heated for dissociation of Id-anti-Id complexes, anti-Id antibodies blocked
with cpep, and anti-La/SSB reactivity was recovered. Application of this method to anti-Ro positive-anti-La/SSB
“negative” sera showed that all anti-Ro/SSA positive autoimmune sera also possess anti-La/SSB antibodies. This
reaction was not observed in 14 anti-Ro negative- antiSm/RNP positive sera from patients with SLE.
Conclusions: Autoimmune sera from patients with pSS
and SLE contain anti-idiotypic antibodies targeting a
common anti-La/SSB idiotype. These antibodies can be
detected using complementary peptides of La/SSB epitopes. The antiidiotypic antibodies mask the anti-La/SSB
response. Hidden anti-La/SSB antibodies can be released
and detected using complementary epitope analogs.

Introduction

have shown molecular spreading of epitopes to La/Ro
RNP after immunization with a single antigenic peptide (8). These data are consistent with a number of
studies reporting intra- and inter-molecular spreading to La/Ro RNP (reviewed in 3). The diversiﬁcation
of a B-cell response requires the delivery of T-cell
help from autoreactive T-cells. T-cell determinants
have been recently mapped in the La/SSB protein
(8–10).
Anti-idiotypic (anti-Id) antibodies reactive with
idiotypes (Id) of autoantibodies or autoreactive clonotypic T-cells are capable of regulating the autoimmune response (11,12). In this report we sought to
study the Id- anti-Id network in anti-La/SSB positive
sera, exploiting the complementary peptide approach
to overcome the unavailability of sequence data from
V regions of idiotypic antibodies or clonotypic T cells.
According to this procedure, translation of two complementary RNA strands into protein generates a pair

Molecular targets of humoral autoimmunity in patients with primary Sjogren’s syndrome (pSS) and
systemic lupus erythematosus (SLE) are clustered
in subcellular ribonucleoprotein particles called
La/Ro RNP complexes (1,2). Recent evidence suggests that an autoantibody response to La/Ro RNPs
is antigen driven and involves a number of B- and
T-cell epitopes within the protein components of
these complexes (3,4).
We previously mapped the location of B-cell
antigenic determinants in both Ro/SSA 60-kD and
La/SSB 48-kD autoantigens (5,6, reviewed in 7) and
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of peptides that bind each other with speciﬁc and
high afﬁnity (13,14). A large body of experimental
work (15–23) supports this theory. Thus, when sense
peptide resembles a B-cell epitope, a T-cell determinant, or a speciﬁc ligand, the antisense (complementary) peptide can induce the formation of antibodies
with anti-idiotypic (16–18), anti-TCR (19,20), or antireceptor (21–23) speciﬁcity, respectively.
To test this hypothesis, we synthesized peptides
deduced from the antisense RNA, corresponding to
one immunodominant T-cell/minor B-cell epitope
(cpep 289–308) and one subdominant T-cell/major
B-cell epitope (cpep 349–364) of La/SSB autoantigen (8–10,24). These peptides have been assayed for
their ability to recognize anti-Id Ab in autoimmune
sera. Based on this property, complementary peptides were found capable of unmasking speciﬁc antiLa/SSB autoantibodies.

Material and Methods
Human Sera
Sera from patients with pSS and SLE were screened
for anti-La/SSB reactivity by counterimmunoeloctrophoresis (CIE) as previously described (6). One
hundred ﬁfty anti-La/SSB positive sera (110 from
patients with SS and 40 from patients with SLE)
were used for the detection of anti-peptide antibodies. All patients fulﬁlled the diagnostic criteria for
pSS (25) and SLE (26). Thirty anti-La/SSB and antiRo/SSA negative sera from patients with pSS and
SLE, as well as 42 sera from healthy blood donors
served as disease and normal controls, respectively.
For the detection of masked anti-La/SSB antibodies, anti-Ro(SSA)/ANA positive-anti-La/SSB negative sera from 19 patients with SS, 25 patients with
SLE and 7 normal individuals were utilized.
Peptide Synthesis and Puriﬁcation
The two La/SSB B-cell/T-cell epitopes A289NNGNLQLRNKEVTWEVLEG308 (pep2890308) and G349SGKGKVQFQGKKTKF364 (pep349–364) as well as
their complementary peptides S308FEYFPSHFFVPELEVTIIC289 (cpep289–308) and K364FRFLALKLYFSFTRP349 (cpep349–364) were synthesized by the stepwise solid phase procedure (SPPS) in their amide
forms on benzydrylamin resin according to standard
methods (27).
A new helical carrier for multiple anchoring of
antigenic peptides incorporating an ␣-aminoisobutyric
residue in each repetitive moiety, Ac-(Lys-Aib-Gly)n,
(SOCn) was applied in this study, for anchoring the
epitopes by the Lys-NH2 groups (28,29). Sense and
antisense La/SSB peptide epitopes were attached in
four copies and two copies each, respectively, to the
new tetrameric carrier, SOC4, and used for immunizations and ELISA experiments. An irrelevant SOC4peptide sequence [(IASRYDQL)4-SOC, corresponding to the sequence 250–257aa of Leismania gp63]
was also constructed and used as a control peptide.

The La/SSB synthetic epitopes pep289–308 and
pep349–364 were also synthesized in the biotinylated amide forms. Biotinylation was performed
after the addition of a four amino acid spacer (-GlySer-Gly-Ser-) as previously described (24).
All peptides were puriﬁed by high performance
liquid chromatography (HPLC) and subjected to
amino acid analysis and mass spectroscopy (MS)
that conﬁrmed their purity and identity.
La/SSB Recombinant Protein
La/SSB recombinant protein was prepared from a
La/SSB cDNA as previously described (30) and
puriﬁed by poly(U)-Sepharose afﬁnity chromatography (31).
Isolation of anti-peptide IgG
Speciﬁc immunoafﬁnity columns of CNBr activated
sepharose 4B were generated by standard methods, using 20 mg of each synthetic peptide, in its SOC4 form.
IgG from ﬁve sera that strongly recognized the
La/SSB epitopes in ELISA were puriﬁed by proteinA sepharose, concentrated, dialyzed against PBS, and
passed through the peptide immunoafﬁnity columns.
Each column was washed with PBS and eluted with
urea 8M. The eluates were dialyzed against PBS,
concentrated, and redialyzed. Anti-peptide IgG concentrations were evaluated by Lowry assay (DC Protein Assay, Biorad, USA).
Preparation of F(ab’)2 Anti-peptide Fragments
Puriﬁed IgG, from sera with strong anti-peptide activity, were subjected to enzymatic degradation with
pepsin. Brieﬂy, IgG fractions were concentrated to
10 mg/ml and preincubated in 0.1 M Na-acetate
buffer (pH ⫽ 4.5) for 5 hr to increase its enzymatic
susceptibility to digestion (32). Degradation of IgG
was performed by the addition of pepsin (SIGMA
Chemical Co, St. Louis MO, USA) at enzyme:protein
ratio of 3% (w/w) and incubation at 37⬚C overnight.
The enzymatic reaction was stopped by adding pepstatin and raising the pH to 8.0 with 0.1 M NaOH.
Undigested IgG molecules were less than 2% and
removed by passage through protein-A sepharose.
The F(ab’)2 preparations were concentrated and dialyzed against PBS. Protein-A eluate was found to
contain all the undigested material (100%) and approximately 15% of the F(ab’)2 fragment, in agreement with previous studies (33). The ﬁnal product
was free of traces of intact IgG (Fig. 1).
Anti-peptide speciﬁc F(ab’)2 fragments were
isolated by immunoafﬁnity chromatography with
peptide-afﬁnity columns, using the procedure described for undigested IgG.
The efﬁciency of the enzymatic digestion was examined by Western blotting (34). The samples were
applied to polyacrylamide gel sodium dodecyl sulfate (SDS) electrophoresis using nonreducing conditions, followed by electrotransfer to nitrocellulose
and staining with Ponseu S.
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puriﬁed F(ab’)2 (5 g/ml in BB). The wells were
then washed and goat anti-human IgG conjugated to alkaline phosphatase (1:3000 in BB) was
added. Subsequently, the plates incubated for 1hr
at room temperature followed by washing and
addition of 100 l p-nitrophenol substrate at
37oC. Absorbance of the color was measured at
405 nm after 20 min.
2. Anti-Id activity of puriﬁed antibodies was also
evaluated by ELISA. Costar microtitre plates were
coated with each speciﬁc anti-peptide F(ab’)2 fragment at a concentration of 5 g/ml in carbonate-bicarbonate buffer, pH ⫽ 9.6. After an overnight incubation the plates were blocked, washed and
incubated with each speciﬁc antipeptide IgG
(10 g/ml in BB) overnight at 4oC. The wells then
were washed, and goat anti-human IgG (Fc speciﬁc 1:3000 in BB) was added. Following 1 hr incubation and washing, p-nitrophenol substrate
was added, and color development was read as
previously.

Fig. 1. Western blot, showing peptic digestion of puriﬁed
IgG. (A) Undigested IgG. (B) Digested IgG with pepsin for
12 hr at 37oC. (C) Digested IgG after passage through protein-A
column. (D) Eluate from protein-A column.

Cell Extract and Immunoblotting
Cytoplasmic extract from HeLa cells was prepared
by standard methods. The samples of extracts were
applied to SDS-PAGE under reducing conditions,
followed by transfer to nitrocellulose. The nitrocellulose blots were cut into strips that were blocked
with nonfat milk 5% and incubated with puriﬁed
anti-peptide antibodies at 4⬚C overnight. Afterward,
anti-human IgG conjugated to horseradish peroxidase was added and allowed to react for 1 hr. The
color was developed by adding a substrate solution
of 4-chloro-l-napthol to the strips.
Assays for Anti-peptide and Anti-Id Antibodies
1. Anti-peptide antibodies were detected by a modiﬁed ELISA assay (35), optimized for each different synthetic peptide analog. COSTAR high
binding microtitre plates were coated overnight
at 4⬚C with 100 l of the appropriate SOCnpeptide solution: pep289–308 (10 g/ml in carbonate/bicarbonate buffer pH ⫽ 9.1) or cpep289–
308 (10 g/ml in carbonate/bicarbonate buffer
pH ⫽ 9.1) or pep349–364 (5 g/ml in phosphate
buffer pH ⫽ 7.1) or cpep349–364 (10 g/ml in
phosphate buffer pH ⫽ 7.1). After blocking the
remaining binding sites with blocking buffer
(BB:2% BSA, 0.1% Tween20 in PBS) for 1 hr at
room temperature and washing with PBS – 0.05%
Tween20, the plates were incubated overnight at
4⬚C with the appropriate material: patient sera
(1:100 in BB) or puriﬁed IgG (10 g/ml in BB) or

Inhibition Assays
1. Homologous inhibition of anti-Id antibodies. The
speciﬁcity of the binding of anti-pep IgG to
anti-cpep F(ab’)2 and anti-cpep IgG to anti-pep
F(ab’)2 was ascertained by homologous inhibition using known amounts of individual F(ab’)2
as inhibitors. Brieﬂy, increasing concentrations
(0–30 g/ml) of F(ab’)2 were mixed with the
speciﬁc IgG and the mixture incubated for 2 hr
at room temperature before its application in
wells coated with F(ab’)2. The procedure continued as described above in the idiotype binding
assay section.
2. Competitive inhibition of anti-Id antibodies binding to
the antigen combining site. The paratope-idiotype
relationship of anti-pep and anti-cpep antibodies,
respectively, was characterized by two types of
competitive ELISA assays as follows: (i) In the
ﬁrst, Id-bearing anti-pep 289–308 or anti-pep349–
364 F(ab’)2 fragments were attached to microtiter
plates. Anti-cpep289–308 or anti-cpep349–364
anti-Id IgG were applied in the wells directly or
after prior incubation for 2 hr at 25⬚C with increasing concentrations (0–20 g/ml) of cpep289–
308 or cpep349–364 SOC2 peptide respectively.
(ii) In the second assay, anti-Id anti-cpep289–308
or anti-cpep349–364 F(ab’)2 fragments (anti-Id)
were immobilized in microtiter plates. Id-bearing
anti-pep289–308 or anti-pep349–364 IgG were coincubated, for 2 hr at room temperature, with
known amounts of the counter peptides pep289–
308 or cpep349–364, respectively and applied to
the wells. This was then followed by an ELISA
assay, as previously described.
3. Inhibition of Id binding to La/SSB by anti-Id antibodies.
Antigen-combining site associated Id determinants of anti-pep antibodies were also sought by
the ability of anti-Id (anti-cpep) IgG to inhibit
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the binding of anti-pep antibodies to La/SSB
coated plates. Ninety-six-well ﬂat-bottomed plates
(Costar) were coated with puriﬁed recombinant
La/SSB antigen at 5 g/ml in carbonate-bicarbonate
buffer (pH ⫽ 9.6) at 4⬚C overnight. Excess binding sites were then blocked for 1h at 25⬚C with
2% BSA in PBS. After washing, wells were incubated overnight at 4⬚C for 1 hr at 25⬚C with
mixtures, containing 2.5 g/ml of speciﬁc antipep IgG and varying amounts of the corresponding anti-cpep IgG (0–40 g/ml). The procedure
was then continued as described above for antipeptide ELISA.
4. Inhibition of paratope-epitope binding by sense-antisense
peptide interactions. The ability of La/SSB synthetic
epitope analog to associate with their complementary counterparts was assessed by an inhibition ELISA. Brieﬂy, 100 l of anti-pep IgG coated
in 96-well high binding plates at 0.5g/ml in carbonate buffer (pH ⫽ 9.6). Coating was carried out
at 4⬚C overnight and followed by blocking with
2% BSA in PBS. Biotinylated peptide pep289–
308 or pep349–364 in their amide forms, were
pre-incubated at 30 g/ml with amounts varying
from 0–250 g/ml of cpep289–308 or cpep349–
364, respectively, and added in the wells. After
washing, 100 l of 1:1500 streptavidin-peroxidase
conjugate was added and incubated at room temperature for 1hr. The color was developed with
2’-azino-cis-3-ethybenzotriazoline sulfonic acid
(ABTS) and measured at 405 nm.

Results
Design and Predicted Features of the La/SSB
Epitope Complementary Peptide Analogs
We initially investigated whether the epitopes of La/
SSB and their complementary peptide analogs possess
hydropathically complementary properties as suggested from the molecular recognition theory (13–15).
Using the human La/SSB nucleotide sequence
data (Swiss-Prot AccNumber P05455), complementary peptides for the two La/SSB epitopes were
designed. The amino acid sequences of cpep289–308
and cpep349–364 free peptides, were derived by 5’
to 3’ assignment of amino acids to nucleotide
sequences complementary to the mRNA of La/SSB
protein encoding regions 289–308 and 349–364,
respectively (Fig. 2A). The complemetary mRNA
for cpep289–308 included three stop codons (positions 3, 13, and 15). Glutamic acid was placed in
these positions because its hydropathic score (⫺3.5)
is complementary to that of the corresponding
leucine residues in sense peptide (⫹3.7) (36).
According to the hydrophobicity plot, based on
Fauchere/Pliska (37) and Goldman/Engelman/Steitz
(GES) (38) scales, both complementary peptides
cpep289–308 and cpep349–364 presented inverted
hydrophobicity proﬁle compared with the peptides
pep289–308 and pep349–364 (Fig. 2B).

Speciﬁc Recognition of Complementary
Peptides from Autoimmune Sera
Human autoimmune sera from patients with SLE
or SS were screened in ELISA to investigate the
prevalence of anti-pep and anti-cpep antibodies (Fig.
3A–D). The La/SSB epitope analogs pep289–308 and
pep349–364 (in their SOC4 forms) were recognized
by 51% and 83% of anti-La/SSB positive sera,
respectively, whereas antibodies to their complementary peptides, cpep289–308 and cpep349–364,
were detected in 28% and 51% of sera with antiLa/SSB reactivity. Disease control autoimmune sera,
negative for anti-La/SSB and anti-Ro/SSA antibodies, showed no reaction with pep349–364, and
cpep349–364, and a limited reaction with peptides
pep289–308 (3%) and cpep289–308 (7%). Normal
sera used in all ELISA tests were negative for antipeptide antibodies with the exception of one normal
serum, which gave a marginally positive reaction
with peptide cpep349–364. The existence of antibodies in patients sera, capable of recognizing the lysine
substituted backbone, was excluded by the use of
the irrelevant SOC-peptide sequence [(IASRYDQL)4-SOC] as a control peptide. None of the sera
tested gave a positive reaction with the control peptide (data not shown).
To evaluate the association of anti-pep and anticpep antibodies, 30 sera with high antibody binding
levels in pep289–308 or cpep289–308 and 40 sera that
exhibited high anti-pep349–364 or anti-cpep349–364
reactivity were tested. All anti-La/SSB positive sera
containing antibodies against the complementary
peptides cpep289–308 and cpep349–364 also had
antibodies to pep289–308 and pep349–364 respectively. On the other hand, one third of anti-La/SSB
sera, positive for antibodies against the epitope peptide analogs (anti-pep positive sera), were found to
be negative for anti-cpep antibodies (data not
shown).
Puriﬁed Anti-complementary Peptide
Antibodies Possess Anti-Id Activity
Speciﬁc anti-pep and anti-cpep IgG and F(ab’)2 fragments were isolated and prepared from ﬁve sera
with strong reactivity. The puriﬁed antibodies and
F(ab’)2 fragments were found to recognize speciﬁcally the peptide against which they were puriﬁed
(data not shown). Puriﬁed antibodies to pep289–308
and pep349–364 as well as their F(ab’)2 fragments
exhibited high anti-La/SSB activity against recombinant La/SSB in ELISA and immunoblot, and they
gave also a positive speckled nuclear immunoﬂuorescence staining in an adjusted titer 1:1280 on Hep2 cells (data not shown).
To evaluate the Id-anti-Id relationship of puriﬁed antibodies, an indirect binding assay was
utilized. Therefore, isolated anti-pep or anti-cpep
F(ab’)2 fragments were incubated with intact IgG of
anti-cpep or anti-pep speciﬁcity, respectively and
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Fig. 2. (A) Design of the complementary peptides using the antisense approach. Codons in the complementary RNA [RNA(⫺)] were
assigned in the 5’ to 3’ direction to derive the amino acid sequence of complementary peptides. Arrows indicate the positions of stop
codons in cpep289–308 RNA(⫺) sequence. Glutamic acid was placed in these positions as it has complementary hydropathy to the
corresponding leucine in RNA(⫹) sequence. (B) Sense and antisense peptides possess complementary hydrophobicity proﬁles according to Fauchere/Pliska (37) and GES (38) scales.

anti-Id reaction was detected with a second antibody to the Fc portion of IgG. Both anti-pep289–308
and anti-pep349–364 F(ab’)2 fragments bind specifically to antibodies against their complementary
peptides, cpep289–308 and cpep349–364. In a similar way, F(ab’)2 fragments against complementary
peptides cpep289–308 and cpep349–364 were recognized by anti-pep289–308 and anti-pep349–364
IgG, respectively (Fig. 4). None of the anti-pep and
anti-cpep F(ab’)2 fragments reacted with normal
IgG. The speciﬁcity of anti-Id assays and the purity
of F(ab’)2 preparations were tested by applying antiF(ab’)2 and anti-Fc speciﬁc xenoantibodies. As expected, anti-F(ab’)2 antibodies gave positive reaction in all assays tested, while anti-Fc antibodies did
not (Fig. 4). Thus, anti-pep and anti-cpep antibodies

recognized each other in a speciﬁc manner, indicating their Id-anti-Id relationship.
Moreover, the speciﬁcity of anti-pep-anti-cpep
antibody interaction was further demonstrated by
homologous inhibition experiments using increasing
quantity of soluble F(ab’)2 as inhibitor. The binding
of anti-pep289–308 and anti-pep349–364 puriﬁed
IgG to anti-cpep289–308 and anti-cpep349–364
F(ab’)2 inhibited the reaction in a dose-dependent
manner with the higher rate at 65% and 67% respectively (Fig. 5A and B). Similarly, preincubation
of anti-complementary peptide IgG, speciﬁc for
cpep289–308 and cpep349–364 analogs, with soluble anti-pep289–308 and anti-pep349–364 F(ab’)2
fragments, produced 52% and 48% inhibition of
binding, respectively.
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Fig. 3. Prevalence of antibodies against pep289–308 (A) pep349–364 (B) cpep289–308 (C) and cpep349–364 (D) synthetic peptides
in human autoimmune sera, anti-La(⫹):sera positive for the anti-La/SSB antibodies by CIE, D.C.:disease controls; Normals:normal
human sera.

Assessment of Paratopic Binding
To test whether anti-Id F(ab’)2 bound to a structure
within or near the paratopic site of Id-bearing puriﬁed antibodies, the Id-anti-Id reaction was inhibited by preincubation of Id-bearing IgG with the
corresponding reacting peptide.
In this regard, the binding of anti-pep289–308
and anti-pep349–364 IgG to their F(ab’)2 anti-idiotypic anti-cpep289–308 and anti-cpep349–364, was inhibited by 66% and 47% after incubation of IgG with
the epitope analogs pep289–308 and pep349– 364, respectively (Fig. 5C and D). The oligopeptide carrier
SOC4, used as control peptide, showed no inhibitory
effect to Id-anti-Id reaction (Fig. 5C and D). The reaction of immobilized anti-pep289–308 and antipep349–364 F(ab’)2 with soluble anti-cpep289–308
and anti-cpep349–364 IgG were also inhibited by
64% and 68%, respectively, after incubation with the
corresponding complementary peptides. Preincubation with the control peptide did not produce any inhibitory effect.
The inhibition of the binding of anti-cpep to
anti-pep antibodies by the epitope peptide analogs,
indicate that the anti-Id antibodies are reacting
with idiotypes within or spatially close to the
antigen combining site of anti-pep antibodies. In a
similar manner, anti-pep antibodies bind the
paratopic site of anti-cpep antibodies; their binding is

abolished using as inhibitor the complementary
peptide analog.
The spatial location of idiotypes of anti-pep
antibodies were also sought by the ability of anticpep (anti-Id) IgG to inhibit the binding of Id-bearing anti-pep antibodies on the recombinant La/SSB
autoantigen. The anti-La/SSB activity of puriﬁed
anti-pep289–308 and anti-pep349–364 antibodies
were speciﬁcally inhibited by 95% and 91%, using as
inhibitors anti-cpep289–308 and anti-cpep349–364
IgG, respectively (Fig. 6A and B).
Evidence for Direct Association of La/SSB Epitopes
With Their Complementary Peptides
The ability of complementary peptides to recognize
their counterparts was evaluated in two ways.
First, calculating the extent of inhibition caused
if pep/cpep mixtures are tested against anti-pep IgG.
Coincubation of biotinylated pep349–364 with
cpep349–364 led to 76% inhibition of binding to
anti-pep349–364 IgG (Fig. 7). Application of the
same assay for the pair biotinylated pep289–308cpep289–308 caused 47% reduction of binding to
anti-pep289–308. In both cases the use of control
peptide instead of cpep analog did not affect the
binding.
Second, using electrospray ionization mass spectrometry of the complexes formed by equimolar
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Idiotypes on IgG Against the Major B-Cell Epitope 349–364
aa of La/SSB Are Shared in Common in Different Patients
Based on the observation that anti-complementary
peptide antibodies target a structure near or within
antigen combining site of anti-pep antibodies, we
investigated whether this structure is common in
different anti-pep IgG (public idiotype) or it is
unique for each patient (private idiotype). Antipep349–364 speciﬁc IgG, puriﬁed from different
patient sera (K.L., E.H., N.S., and T.K.), were all
found to recognize anti-cpep349–364 F(ab’)2 from
patient K.L. but not anti-pep349–364 F(ab’)2 isolated from the same patient serum or F(ab’)2 from
normal IgG (Fig. 8).
These results indicate that anti-pep 349–364 IgG
derived from different patients have idiotypes that
resemble each other serologically (public idiotypes).
These structures are most probably located within
the paratopic site of the IgG.

Fig. 4. Puriﬁed anti-complementary antibodies present
anti-Id activity. The speciﬁcity of anti-Id activity of anticomplementary peptide antibodies was evaluated using puriﬁed
anti-pep289–308 (A) anti-cpep289–308 (B) anti-pep349–364
(C) and anti-cpep349–364 (D) IgG, against isolated F(ab’)2
fragments with different speciﬁcities. Columns E, F, and G
represent the reactivity of normal IgG, anti-F(ab’)2 and anti-Fc
antibodies, respectively.

quantities of pep and cpep, respectively, a rather
strong association was found between pep and their
counterpeptides. More speciﬁcally, the calculated
MW of the complexes pep289–308/cpep289–308
and pep349–364/cpep349–364 were 4801.5 and
3762.0, respectively. Their observed MW were
4804.87 ⫾ 6.9 (molecular ions [M-4H]⫺4/4 ⫽
1198.82, [M-6H]⫺6/6 ⫽ 798.93) and 3762 ⫾ 3.1
(molecular ion [M-5H]⫺5/5 ⫽ 753.56).
These results indicated that pep-cpep interaction
has comparable afﬁnity to that of pep-IgG association.

Blocking of Anti-Id Antibodies Recovers
Hidden Anti-La/SSB Reactivity
As previously demonstrated, anti-cpep (anti-Id)
antibodies compete with the antigen for binding to
the paratopic site of Id-bearing anti-pep antibodies.
Anti-cpep349–364 antibodies were found capable of
masking anti-La/SSB activity of anti-pep349–364
IgG; they almost completely inhibited the binding
of the latter to La/SSB antigen. This phenomenon
could be involved in the serologic detection of antiLa/SSB antibodies, negatively affecting the sensitivity of the assay.
In this regard, a procedure to overcome this
anti-cpep interference in La/SSB detection was developed (Figs. 9A–D). Sera were heated at 55⬚C for
the dissociation of Id-anti-Id complexes. Subsequently cpep349–364 (in SOC2 form) was added as
anti-Id blocking agent (Fig. 9A and B). At this temperature, IgG remains stable without major denaturation effects (39). Afterward, the mixture was
submitted to slow cooling (55⬚C → 25⬚C in 3 hr)
and a new equilibrium was established with the
participation of cpep as anti-Id antibody binder
and the subsequent release of a portion of Id (antipep) antibodies (Fig. 9C). To counterbalance the
expected higher afﬁnity of Id-anti-Id interaction,
cpep was used in molar excess. The procedure was
followed by an anti-pep349–364 ELISA as described
(Fig. 9D). The efﬁciency of this assay, was tested in
two systems:
1. One patient became negative for anti-La/SSB
antibodies in CIE and ELISA over a period of
7 months. After heat and cpep349–364 treatment
the anti-La activity of the new serum was restored
(Fig. 9E). The same assay using a control peptide
had no positive effect in anti-La/SSB reactivity.
The incubation with cpep349–364 without prior
heating of the sample was also not sufﬁcient to
unblock anti-La/SSB antibodies (Fig. 9E).
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Fig. 5. Inhibition assays. (A and B): Homologous inhibition of anti-Id antibodies. A: Soluble anti-cpep289–308 F(ab’)2 inhibited
the binding by 65% while anti-cpep349–364 F(ab’)2 produced 67% inhibition. (C and D): Competitive inhibition of binding of
anti-Id antibodies to antigen combining site. Pep289–308 inhibited the binding of anti-pep289–308 IgG to the anti-cpep289–308
F(ab’)2 by 68% (C) and pep349–364 inhibited anti-pep349–364 IgG-anti-cpep349–364 F(ab’)2 reaction by 47% (D).

2. Application of a human serum with high levels
of anti-pep349–364 and anti-cpep349–364 antibodies to peptide-immunoafﬁnity columns yielded
6.01 mg of anti-pep349–364 and 0.20 mg of anti-

cpep349364 antibodies (Figs. 9F–I). The fraction
which was not retained by the columns, passed
through the columns for second time, after concentration in the initial volume, and yielded no

Fig. 6. Inhibition of antibody binding to recombinant La/SSB by anti-idiotypic antibodies. (A) Anti-pep289–308 IgG inhibited
the binding of anti-pep289–308 IgGon recombinant La/SSB by 95%. (B) Anti cpep349–364 IgG inhibited the binding of antipep349–364 IgG to recombinant La/SSB by 91%.
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Fig. 7. Inhibition of paratope-epitope binding by sense–
antisense peptide interactions. The inhibitor cpep349–364
reduced the binding of biotinylated pep349–364 to anti-pep
349–364 IgG by 76%. Ctrl peptide:control peptide.
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we applied the heat and cpep treatment method to 44
ANA(⫹)/anti-Ro(⫹) autoimmune sera without antiLa/SSB antibodies in CIE. Fourteen sera from SLE
patients with anti-Sm and/or anti-U1RNP antibodies
were used as controls. Ninety four percent of pSS
sera and 80% of SLE sera were found also negative
in anti-pep349–364 ELISA. Using the described
method, all anti-Ro positive autoimmune sera gave
also positive anti-pep349–364 reaction in ELISA
whereas normal sera and sera with anti Sm/U1RNP
antibodies remained negative (Fig. 10 and data not
shown). This positive reaction cannot be attributed
to thermal treatment of sera, because heat alone
without the addition of cpep349–364 peptide in sera
does not affect the anti-pep349–364 ELISA. Clinical
evaluation disclosed no differences between patients
with seropositive anti-La/SSB and patients with hidden anti-La/SSB antibodies.

Discussion
signiﬁcant amount of antibodies (0.77 mg of antipep349–364) (Fig. 9F–II). The same fraction was
submitted to thermal treatment with the addition
of 0.9 mg of cpep349–364, dialyzed overnight
against PBS to remove cpep excess, and passed
through the immunoafﬁnity columns for third
time. Elution of the columns yielded 3.90 mg of
anti-pep349–364 IgG (Fig. 9F–III), a ﬁnding that
conﬁrms the previous results and suggests that a
signiﬁcant amount of anti-pep349–364 can be released using the previously described procedure.
Masked Anti-La/SSB Antibodies are Detected
in Anti-Ro/SSA(⫹), Anti-La/SSB(⫺) Human
Autoimmune Sera
To identify the prevalence of masked anti-La/SSB
antibodies in anti-La/SSB negative autoimmune sera,

Fig. 8. Identiﬁcation of a cross-reactive idiotype. A common Id
is recognized by anti-cpep349–364 F(ab’)2 on anti-pep349–364
IgG derived from different patients. Sera from different patients
reacted with the anti-cpep349–364 F(ab’)2 of the same patient
(K.L.). These sera did not react with either pep349–364 IgG
or normal F(ab’)2.

Anti-idiotypic and anti-clonotypic antibodies to
autoantibodies and autoreactive T-cells, respectively,
represent theoretically the ideal treatment of autoimmune diseases because they can speciﬁcally affect the
harmful autoreactive cells without compromising the
ability of the immune system to respond to foreign
antigens. Previous studies in systemic autoimmune
diseases have shown that anti-idiotypic antibodies to
intracellular autoantigens may play a role in regulation of the autoimmune response (40).
In the present report, we used the antisensecomplementary peptide approach in an operational
sense to derive peptides capable of detecting anti-idiotypic antibodies to La/SSB major B- and T-cell epitopes. The two synthesized complementary peptides
cpep289–308 and cpep349–364 were found to possess inverted hydrophobicity proﬁles compared with
the corresponding La/SSB epitopes pep289–308 and
pep349–364 (sense peptides), that is consistent with
the molecular recognition theory (13–15). This
observation reﬂects most likely one more degree of
degeneration of the genetic code; the second position of codons is strongly correlated with the
hydrophobicity of amino acids (41). All codons with
uracil in second position translate to hydrophobic
amino acids, whereas adenine in the same position
results in hydrophilic amino acids. Most codons
with cytosine or guanine in second position correspond to intermediate hydrophilicity amino acids,
according to the GES scale (38,41). Because uracil
pairs with adenine and cytosine with guanine, it is
not surprising that sense and antisense peptides possess inverted hydrophilicity proﬁles. On a biochemical basis, it has been proposed that the hydropathic
complementarity may lead to strong interactions between peptides (42), which has been conﬁrmed by
analytical methods (43–45). In the present report,
the interaction between the epitope analogs of
La/SSB and their complementary peptides has been
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Fig. 9. Recovery of masked anti-La/SSB reactivity by speciﬁc blocking of anti-Id antibodies. In some sera anti-Id antibodies
(shown in gray) bind and mask anti-La/SSB antibodies (idiotypes) (shown in black) (A) Heating at 55⬚C dissociates Id-anti-Id
complexes and cpep349–364 is added (B) Slow-cooling to 25⬚C allows cpep to react with a portion of anti-Id antibodies (C) The
unmasked Id antibodies can be detected by a pep349–364 ELISA (D) This assay was utilized (a) For the detection of hidden antiLa/SSB reactivity in a patient serum (E). This patient was initially positive for antibodies to pep349–364 (10/5/1999). Seven months
later (5/6/2000) antibodies to pep349–364 were not detected by the conventional method. Application of the heat and cpep treatment
assay restored anti-pep349–364 reactivity. (b) For isolation of masked anti-pep349–364 antibodies (F). The heat and cpep technique
applied to the IgG fraction of a human serum, which was not retained by anti-pep349–364 immunoafﬁnity column (I-III) as described
in the results section. In panel III, 3.9 mg of hidden–anti-pep349–364 antibodies was isolated.

demonstrated using two different experimental procedures: ﬁrst, by the detection of the epitope/complementary peptide complex with mass spectroscopy,
and second by a speciﬁc inhibition assay, where
coincubation of cpep349–364 with biotinylated
pep349–364 inhibited the binding of the latter to
anti-pep349–364 IgG, suggesting that a direct cpeppep interaction in liquid phase occurs.
The most striking ﬁnding in this study was that
sera from patients with pSS and SLE contain anticpep antibodies that possess anti-idiotypic activity
and compete with pep or La/SSB antigen for binding to the paratopic site of Id-bearing anti-pep antibodies. These anti-Id antibodies are likely to belong
to antigen inhibitable (Ab2␤ or “internal image”)
anti-idiotypes according to Jerne’s classiﬁcation,
which most likely recognize public (common) idiotypes (46). Indeed, puriﬁed anti-pep349–364 antibodies from different sera were found to possess
cross-reactive idiotypes; they are all recognized by a
unique anti-cpep349–364 F(ab’)2 fragment. The

possibility of rheumatoid factor interference in this
assay must be excluded; anti-pep 349–364 IgG reacted speciﬁcally with anti-cpep349–364 and not
with IgG of other speciﬁcities or normal immunoglobulin. Furthermore, in all Id-anti-Id assays,
F(ab’)2 fragments have been utilized.
In favor of these ﬁndings are recent immunization experiments, where BALB/c mice immunized
with either pep or cpep developed antibodies to pep
or cpep, following by the production of antibodies
to their counterparts cpep and pep respectively (data
not presented).
On clinical and diagnostic grounds, the most
prominent ﬁnding arising from this work is the ability of the complementary peptide to unmask the antiLa/SSB response. It is of particular interest that nearly
all anti-Ro/SSA positive-anti-La/SSB negative sera
tested possessed masked antibodies to the major epitope 349–364aa of La/SSB. These antibodies were released and detected after a speciﬁc treatment of the
sera, aiming ﬁrst to dissociate Id-anti-Id-immune
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Fig. 10. Prevalence of antibodies against La/SSB major
B-cell epitope 349–364 in anti-La/SSB negative autoimmune
sera before and after heat and cpep349–364 treatment. The
dotted line denotes the cutoff point set by the mean optical
density of the normal sera plus 3 SD.

complexes by heating and block, afterward, the antiidiotypic antibodies using complementary peptides.
Anti-Ro/SSA positive-anti-La/SSB precipitin negative sera represent a stable serologic subset among
patients with pSS (47). These sera are all negative
for antibodies against the LaL2/3 fragment of
La/SSB, and although they recognize the full-length
recombinant protein. In contrast, almost all (92%)
La/SSB precipitin positive sera react with both the
aforementioned region, as well as the full-length
La/SSB protein (48). As LaL2/3 fragment corresponds to the 346–408 part of La/SSB sequence containing the 349–364aa major B-cell epitope, it seems
highly likely that anti-idiotypic antibodies are capable, in some cases, of efﬁciently blocking the La/SSB
recognition by anti-pep349–364 antibodies, halting
the spreading of the autoimmune response and affecting the serologic proﬁle of the patients. The genetic associations of La/SSB precipitin negative sera
have also been studied. Patients without La/SSB
precipitin antibodies carried alleles of DR2-DQ1
haplotype, whereas La/SSB precipitin positive
patients expressed DR3/DQ2 HLA (4). This is in
agreement with our recent observation that antipep349–364 correlate with the DR3 haplotype (49).
Taken together, these data support the view that the
development of anti-La/SSB blocking anti-Id antibodies is probably dependent on speciﬁc genetic
background and seems to be capable of affecting the
serologic proﬁles of patients. Therefore, cpep349–
364 complementary peptide might prove useful for
both development of sensitive assays for antiLa/SSB detection and regulation of autoimmune response against La/SSB (50,51). Taking into consideration the high speciﬁcity and sensitivity of
anti-pep349–364 ELISA (6,24), the incorporation of
cpep349–364 treatment to this assay will provide
beneﬁcial properties for the detection of anti-La/SSB
antibodies and advantages over the other conventional methods.
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The presence of both anti-pep and anti-cpep
antibodies in the same sera, raises the question
whether the anti-cpep response is the initiation
agent for the formation of anti-pep antibodies or it
is a consequence of them. From this point of view,
three additional explanations for the origin of anticpep antibodies should be considered. First, anticpep antibodies could be generated as a response
to a complementary peptide sequence bearing protein produced by reverse strand transcription and
translation. Antisense translation has been recently
demonstrated as an alternative mechanism of gene
expression in virus-infected, tumor, or normal human cells (52,53). This mechanism could be implicated only in the production of cpep349–364 peptide (the cpep289–308 originally possessed three
stop codons). Second, antibodies to complementary
peptides could occur by molecular mimicry with a
host protein or an infectious agent product that resembles cpep structures (54). Alternatively, anticpep antibodies may arise as response to a self or
most likely nonself protein with La/SSB binding
properties (55). In this case, anti-ligand-protein
antibodies could induce the formation of antiidiotypic antibodies recognizing La/SSB antigen
(12). Related to this mechanism could be the observation that the C-terminal region of La/SSB antigen (where the two epitopes are residing), but not
its RNA binding domain, enhances viral translation/replication (56) as well as the reported speciﬁcity of poliovirus 3Cpro protease for La/SSB Q358–
G359 bond (57).
In conclusion, our study demonstrated that virtually all anti-Ro/SSA positive autoimmune sera
possess also anti-La/SSB antibodies, but in some
cases the latter are efﬁciently masked by a speciﬁc
anti-idiotypic response, abrogating their ability to
bind the target epitope. These anti-idiotypic antibodies can be identiﬁed and isolated using complementary peptides to major epitopes of La/SSB. Over
the above, a new methodology has been developed
to restore the hidden anti-La/SSB reactivity, providing new advantages for the detection of anti-La/SSB
autoantibodies. The possibility that anti-cpep antibodies can serve as a triggering factor for antiLa/SSB autoantibody formation is currently under
investigation in our laboratory.
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