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Ασθενείς
αυτοάνοσες
ασθένειες
αναπτύσσουν
με
συστηματικές
αυτοαντισώματα ενάντια σε ενδοκυτταρικά ριβονουκλεοπρωτεϊνικά σύμπλοκα
(RNPs) όπως τα Sm/nRNP και Ro/La RNPs. Στη μελέτη αυτή εξετάζονται
συγκριτικά οι μέθοδοι αντιγονικής χαρτογράφησης που έχουν εφαρμοστεί, από την
δικιά μας αλλά και άλλες ερευνητικές ομάδες, για τον προσδιορισμό των
αντιγονικών Β-λεμφοκυτταρικών καθοριστών (επιτόπων) στα παραπάνω
αυτοαντιγόνα. Επίσης αναλύεται λεπτομερώς η ακριβής εντόπιση των επιτόπων
και εξάγονται συμπεράσματα για τους μηχανισμούς παθογένεσης της αυτοανοσίας.
Στο αυτοαντιγόνο Ro/SSA 60kD οι επίτοποι εντοπίζονται στο κεντρικό τμήμα του
μορίου ανάμεσα στο μοτίβο RNP και στο δάκτυλο ψευδαργύρου, στη πρωτεΐνη
Ro/SSA 52kD το κύριο αντιγονικό τμήμα τοποθετείται στη κεντρική περιοχή του
«φερμουάρ» λευκίνης ενώ στην La/SSB πρωτεΐνη τα αυτοντισώματα στοχεύουν
αντιγονικούς καθοριστές σε λειτουργικές περιοχές του μορίου όπως το RNP
μοτίβο και η θέση δέσμευσης ATP. Η μελέτη των παραπάνω επιτόπων επέτρεψε
(α) την ανάπτυξη ευαίσθητων και ειδικών μεθόδων ανίχνευσης αυτοαντισωμάτων
με βάση συνθετικά πεπτιδικά ανάλογα είτε σε ελεύθερη μορφή είτε σε σύζευξη με
ειδικούς ολιγοπεπτιδικούς φορείς, (β) την συσχέτιση της ενεργότητας της νόσου ή
ειδικών κλινικών χαρακτηριστικών με την ύπαρξη ορισμένων αυτοαντίσωμάτων
όπως για παράδειγμα η συσχέτιση των αντί-P με τον νευροψυχιατρικό λύκο, (γ)
τον προσδιορισμό των αντιγονικών δομών που αναγνωρίζουν τα αυτοαντισώματα
οι οποίες για τα Sm, nRNP αντιγόνα ομοιάζουν με αντίστοιχες δομές σε ιικά
αντιγόνα ενώ για το Ro/SSA 60kD αντιγόνο ομοιάζουν με μια εκτεθειμένη, με
παθογενετικό δυναμικό, περιοχή των συσχετιζόμενων με τα αντί-Ro αντισώματα
MHC-II, και (δ) την κατανόηση των μηχανισμών που υπεισέρχονται στην
παθογένεση της αυτοανοσίας, όπως η ενδομοριακή και διαμοριακή εξάπλωση των
επιτόπων που πραγματοποιείται κατά τη διαδρομή της νόσου και η σχέση της με
την μοριακή μίμιση. Επίσης ενδιαφέρον παρουσιάζει η ανεύρεση ειδικών για νόσο
επιτόπων σε αντιγόνα που δεν έχουν τέτοια ειδικότητα όπως οι Ro και La
πρωτεΐνες.
Συμπερασματικά ο προσδιορισμος των Β-λεμφοκυτταρικών επιτόπων των
αυτοαντιγόνων επέτρεψε την ανάπτυξη νέων διαγνωστικών δοκιμασιών, έδωσε
χρήσιμες πληροφορίες για παθογένετικους μηχανισμούς, ενώ η χρήση τους για
ανοσοπαρέμβαση παραμένει ακόμη υποθετική.
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Introduction
Patients with systemic autoimmune diseases often develop autoantibodies directed against large
intracellular complexes composed of a number of
proteins that are non-covalently associated with
nucleic acid components. For example, antibodies against nucleosomes, a complex of double
stranded DNA and histones,are typically found
in Systemic Lupus Erythematosus (SLE) patients. Antibodies targeting spliceosomes, the
complex of small nuclear RNAs (snRNAs) or uridine rich RNAs (URNAs) with (Sm) and (RNP)
proteins involved in the processing of RNA, are
found in SLE and Mixed Connective Tissue Disease (MCTD) patients. Similarly, antibodies
against the Ro ribonucleoprotein complex that
consist of Ro and La proteins bound to small cytoplasmic RNAs (YRNAs) are most commonly
detected in primary Sjogrenís Syndrome (pSS)
and SLE; whereas, antibodies to topoisomerase I,
an enzyme involved in the DNA duplication
process, are found in patients with Systemic
Scleroderma (SCL) (1,2).
Despite the heterogeneity of systemic autoimmune diseases, the autoantibody response
against these complexes shares common characteristics. First, the response is antigen–
driven, so the antibodies are immunoglobulin
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G (IgG) in class and undergo affinity maturation (3,4). Second, autoantibodies usually exist
in linked sets. For example, anti-La antibodies
almost always coexist with anti-Ro antibodies
in SS sera, while the anti-Sm autoantibody
usually accompanies anti-U1RNP in SLE sera
(5). Third, humoral autoimmunity is primarily
directed against the protein components of ribonucleoprotein particles (6).
The autoantibody profile constitutes a useful tool for the diagnosis of autoimmune diseases and a prognostic indicator for disease evolution. Several studies over the last decade have
attempted to identify the antigenic determinants (epitopes) of autoantibodies (B-cell epitopes) (7,8). B-cell epitopes can be either linear,
formed by adjacent amino acid residues in the
primary structure of a protein, or conformational, formed by amino acid residues from distant regions in the sequence of a given protein
that are spatially juxtaposed upon folding (9).
Epitopes are characterized as major when they
are predominantly recognized by the majority
of a patient’s sera and minor when the patient’s
antibodies less frequently recognize them.

Methods for B-cell
Epitope Identification
Diverse approaches have been used to map
B-cell epitopes. For several reasons (eg., the presentation of antigenic fragments, the type of assay employed, and the selection and number of
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patient sera), conflicting results have arisen (10).
It is well documented that no individual approach currently applied to identify B-cell epitopes in a protein is capable of complete mapping of epitopes in a given protein. Therefore,
several authors have emphasized that results of
B-cell epitope mapping studies, obtained by different methods, may be considered complementary to each other and not as exclusive (10,11).
A first method that is used is the proteolytic digestion of affinity-purified autoantigen, followed by testing of the fragments
against autoantibodies. A second method includes the preparation of recombinant fragments of the autoantigen and testing of autoantibodies against them. Finally, a third method
is the synthesis of multiple overlapping peptides covering the whole sequence of the autoantigen in order to determine the immunoreactive peptides and the minimum required
length for autoantibody binding.
Proteolytic digestion of the antigen cannot be
used for detailed epitope mapping, as the fragments of the antigen are usually large (15-35 kD),
and the whole technique is rather laborious (10).
The testing of affinity-purified or recombinant autoantigen can reveal both linear and conformational epitopes, but are unable to define either the exact localization or the exact length of
the epitope. Furthermore the antigenicity of the
recombinant protein may be partly different from
the native one, due to post-translational modifications (glycosylations /phosphorylations) that
may occur in the native protein (10).
Evaluation of B-cell epitopes using synthetic peptides reveals primarily linear epitopes. Nevertheless, if the targeting peptide is
long enough (exceeding 10-12 amino acid
residues), useful information on putative conformational epitopes can be achieved. This
method can detect amino acid residues, critical
for the binding of the autoantibody (12).
Discrepancies among laboratories can also
exist, due to the length of the fragments that are
chosen for testing. The use of longer peptides
does not necessarily lead to a higher level of reactivity, but usually leads to a higher level of
specificity. Shorter peptides can mimic linear
immunogenic determinants, but might also fold
easily into the proper orientation required for
the binding of a low affinity—not a specific antibody. In contrast, longer peptides do not easily
posses the conformational freedom to fit in to
the binding groove of a non-specific antibody.
Furthermore, longer peptides can fold and pre-

sent conformational epitopes made up from
chemical groups or electrostatic charges located
in different parts of its amino acid chain.
Many studies have shown that the antigenic reactivity of polypeptides highly depends on the assay used (13). In some cases, a
free soluble polypeptide is more active;
whereas, in others, antibodies react preferentially with immobilized peptides adsorbed to a
solid phase or conjugated to a carrier (14).
Sakarellos-Daitsiotis et al. (15) showed that
anchoring of peptides to sequential oligopeptide carrier (SOCn) induces a favorable
arrangement of the conjugated peptides, so that
potent antigens have the proper stereochemic
orientation for interaction with antibody. The
literature concerning the fine specificity of the
autoimmune response is very controversial,
since investigations using different sera and assays concluded in B-cells recognizing different
epitopes (16).
Several studies directly assessed the nature
of the antibody response against the native versus recombinant 60kDRo. Itoh and Reichlin
(14) showed that 23% of the anti-Ro sera bind
only native antigen. McCauliffe et al. (17), using
recombinant 60kDRo fragments, found that a
number of sera, positive by immunodiffusion
failed to react with denatured recombinant protein in Western blots analysis, indicating the importance of native structure for some anti-Ro
sera. It is interesting to note that these sera usually belong to SS patients, in contrast to SLE
sera, which possess common anti-Ro antibodies
against the denatured form of the antigen (18).
Wahren et al. (19), using recombinant
Ro60 proteins, identified a major antigenic domain located in the middle part of the protein
(181-320) that was recognized by 86% of the
sera. Two further antigenic domains were
found in the N- and C-terminal ends of the protein that were recognized by 20% of the sera.
Similar results were obtained by McCauliffe et
al. using recombinant fragments of Ro60kD
antigen (20). These investigators identified a
major epitope within residues 139-326aa and a
minor one in the C-terminal region (aa
410-538). The localization of the main Ro60
epitope on the central part of the molecule was
further confirmed by two more studies (21,22).
In the first study, Saitta et al. (21) performed
epitope mapping of Ro 60kD with recombinant
fragments and found that the most frequently
recognized region was located between residues 155 and 295.
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Epitope mapping with recombinant
polypeptides gave us valuable information
about the antigenic site(s) of Ro60 protein, but
the exact location of the antigenic determinants
were revealed only after the application of synthetic peptides (Fig. 1). Wahren et al. (23)
identified a major epitope in synthetic peptide
216-245. Routsias et al. (24) performed an extensive and analytical epitope mapping of the
same protein and found that a major antigenic
region, recognized mainly by SS sera, resided
in residues 216-232; whereas, a major epitope,
recognized mainly by SLE sera, was located in
the 175-184 region of the antigen. Finally,
Scofield and associates, using synthetic octapeptides, found a number of epitopes
covering the entire length of Ro60 (25–29).
One of the peptides (485-492) shares sequence
similarity with the N-protein of Vesicular
Stomatitis Virus (29). However, the population
of anti-Ro60 antibodies directed against the
above–mentioned region seemed to be rather
limited (30).
Research on 52-kd Ro unraveled the advantages and disadvantages of the assays used
for B-cell epitope mapping. Several studies
that used recombinant-truncated proteins and
synthetic peptides (31–37) identified a common epitope overlapping the leucine zipper
motif (spanning residues 183-232; Fig. 2).
However, Ricchiuti et al. (38), by use of overlapping (by three amino acids) synthetic peptides, did not identify any epitope within the
leucine zipper motif. Pourmand et al. (39) recently showed, using recombinant fragments

Fig. 1. Schematic representation of autoepitopes of the Ro60kD protein. a. Scofield and associates (25–29), b. Wahren et al. (19), c. McCauliffe et al. (17), d. Veldhoven et al. (22), e. Wahren
et al. (23) and f. Routsias et al. (24). Minor epitopes are shown in gray.
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of Ro52, that the zinc finger region contained
two conformation-dependent epitopes, detectable under reducing conditions in immunoblotting.
Early efforts to identify epitopes on the La
antigen began by using enzymatic digestion of
the native protein. In this instance, antigenic
sites covering the larger part of La autoantigen
were identified. These sites were called LaA
(amino acids 1-107), LaC (amino acids 111242) and LaL2/3 (amino acids 246-408) (40).
Later, more detailed and analytical epitope
mapping suggested antigenic determinants in
various parts of the La antigen (Fig. 3;
[41–46]). To a greater extent than the Ro60kD
and Ro52kD epitopes, La epitopes reside in
functional parts of the protein. Such antigenic
determinants seem to exist within the La-RNP
motif (35,36,41) and the La-ATP binding site
(39). However, autoantibodies against the RNP
motif are capable of binding La, even if the
RNP motif is utilized for binding to human cytoplasmic (hY)RNA in the full RoRNP particle
(41), whereas antibodies against the ATP binding site are unable to react with La when ATP
is bound on the protein (44).

Why Study B-cell Epitopes
of Autoantigens?
An initial reason to study B-cell epitopes is to
develop assays for autoantibody detection with
higher sensitivity and specificity. The existing

Fig. 2. Schematic representation of autoepitopes of the Ro52kD protein. a. Ricchiuti et al.
(38), b. Byuon et al. (32), c. Blange et al. (33),
d. Bozic et al. (31), e. Dorner et al. (34), f. Dorner et
al. (35), g. Kato et al. (36) and, h. Frank et al. (37).
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Fig. 3. Schematic representation of autoepitopes of the La48kD protein. a. McNeilage et al.
(40,41), b. Rischmueller et al. (42), c. Haaheim et
al. (43), d. Troster et al. (44), e. Kohsaka et al. (45),
and f. Tzioufas et al. (46). Abbreviations: NLS, nuclear localization signal; PEST, Pro-Glu-Ser-Thr;
PKR, domain homologous to RNA-dependent protein kinase.

autoantibody assays rely on recombinant or
affinity–purified human autoantigens, which
result in increased cost and low stability of the
assays. Chemically synthesized epitope peptide analogues can offer an alternative source of
a low-cost antigen of high purity and stability.
Accordingly, Yiannaki et al. (47) investigated
the use of large synthetic peptides as epitope
analogues, as well as peptides attached to sequential oligopeptide carriers (SOC) as substrates, and developed a peptide–based ELISA
and dot blot protocol for the detection of antiLa/SSB antibodies. They compared the (349364) SOC4 peptide–based assay with assays
based on recombinant native La protein, La Cterminal and N-terminal with a mutation at
base pair 640. Of the anti-La sera tested, 88.1%
were reactive with both the synthetic peptide
(349-364) SOC4 and the recombinant La protein, 83% were reactive with the La N terminus, and 67.8 % of sera were reactive with the
C terminus. Using sera that were anti–Ro positive but anti-La negative, 37% were reactive
with the recombinant protein, 26% with the La
N-terminus, and only 11% with the synthetic
protein. These results suggest that the synthetic
epitope analogues exhibit high sensitivity and
specificity for the detection of anti-La antibodies in ELISA and dot blot techniques.

The use of small peptides was tested in
previous studies (16). The failure of binding of
anti-La/SSB human positive sera to synthetic
La peptides reported previously was probably
due to an incomplete survey of sequential epitopes, excluding peptides that we found to be
reactive. The four larger antigenic La peptides
used by Yiannaki et al. (47) proved to be very
sensitive and highly specific using the ELISA
and dot blot. Petrovas et al. (48) developed a
sensitive and highly reproducible solid-phase
enzyme immunoassay (ELISA) to show that
five copies of the synthetic heptapeptide
PPGMRPP—a major epitope of the Sm autoantigen—anchored in five copies to a sequential oligopeptide carrier (SOC), [(PPGMRPP)5SOC5)] was a suitable antigenic substrate to
identify anti-Sm antibodies.
A second important reason to study B-cell
epitopes is to establish the association of autoantibodies with the clinical picture of a given
disease. One has to keep in mind though, that
the nature of the immunogen is an important
factor in determining the autoimmune response.
Therefore, the molecular characteristics of the
autoantigen may determine its clinical relevance. Different antigen processing and presentation of the immunogen may result in T-cell responses to different epitopes, which may induce
autoantibodies with different specificities that
may lead to a distinct clinical picture.
A classic example is the association of autoantibodies to ribosomal P proteins (anti-P
antibodies) that react preferentially with a
common epitope consisting of 22 amino acid
residues located at the carboxyl-terminal end
of all P proteins. These autoantibodies, when
found in SLE patients, have been correlated
with neuropsychiatric lupus (49). Tzioufas et
al. (50) developed an ELISA using a synthetic
22mer peptide substrate, corresponding to the
common epitope of P proteins. According to
their results, the clinical significance of the
presence of anti-P antibodies in the general lupus clinic was rather limited. On the other
hand, their significance in patients with active
central nervous system (CNS) involvement
was very useful, since it could discriminate
among lupus psychiatric disorders and
epilepsy, as well as vascular disease not associated with anticardiolipin antibodies.
Another example of autoantibody specificity associated with clinical complications is
that of anti-topo I antibodies in systemic sclerosis. Rizou et al. (51) identified four major
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epitopes, spanning the sequences 205-224,
349-368, 397-416, and 517-536, that were
strongly associated with the risk of developing
Pulmonary Fibrosis (PIF), a serious complication in SSn patients. In fact, the magnitude of
the association of anti-topo antibodies with
pulmonary fibrosis varied in different studies.
Some investigators found a strong association,
while others did not (52). Rizou et al. (51) suggested that, although many patients with aSSc
had anti-topo I antibodies, PIF developed in
the patients with antibodies reacting with
more than two of the above-defined epitopes.
The same study also revealed that, although the
above epitopes were linear, they were very
closely associated in terms of tertiary structure,
in a way that they constituted large conformational epitopes on the other surface of the molecule, according to the classical “paradigm’’ of
molecular immunology.
Additional interest in B-cell epitope research concerns the study of antigenic structures recognized by autoantibodies. Research
on the structure of autoantigens may lead to
important information about their function.
Studying the details which govern the interaction of antigen with autoantibody may contribute to the understanding of the immune response that heralds autoimmunity.
The study of structures within the autoantigen molecules has disclosed homologous
sequences shared between B-cell epitopes of
autoantigens and foreign proteins. These homologous primary sequences have putative
3D-structures capable of reacting with the
same antibody molecule (usually with different affinity). This phenomenon is called “mol-
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ecular mimicry.” Examples of molecular mimicry include: the close relationship among antigenic octapeptides of 60kDa Ro and the Nprotein of Vesicular Stomatitis Virus (25), the
C-terminal sequence of SmD sharing broad homology with EBNA-I, a nuclear antigen whose
synthesis is induced by Epstein Barr virus (55),
and several other autoantigens with sequence
similarity to viral proteins (Table 1). These results led to the hypothesis that foreign antigens
(viral in particular) may cause an autoimmune
reaction. Nevertheless, not all individuals infected with the specific viruses have autoimmune reactions. It appears that only those individuals that are at risk to develop an
autoimmune disorder have an uncommon immune response towards these viruses.
Besides the similarity with foreign molecules, the B-cell epitopes of autoantigens also
disclosed a significant sequence homology
with endogenous native structures. Routsias et
al. (63) studied the biochemical and molecular
characteristics of 169TKYKQRNGWSHKDLLRSHLKP190 and 211ELYKEKALSVETEKLLKYLEAV232 sequences (two major epitopes of the
Ro60KD antigen), recognized by sera from SLE
and pSS patients, respectively. Their study revealed a similar molecular conformation (as
defined by circular dichroism and molecular
modeling), as well as antigenicity between the
HLA-DR3  chain and the 169-190 Ro60KD
epitope. This finding is particularly interesting
since the autoimmune response directed towards Ro/ssa and La/ssb autoantigen is highly
associated with this particular HLA class II alloantigen. Thus, autoantibodies reacting with
such exposed regions of the major histocom-

Table 1. Sequence similarity between viral proteins and human autoantigen epitopes
Autoantigen

Viral Antigen

Ro/SSA 60kD

Vesicular Stomatitis Virus N-protein
Adenovirus Transcription Factor
Herpes Virus Group Proteins
Epstein Barr Proteins (EBNA-2, EBNA-1)
Epstein Barr Protein (EBNA-1)
HIV p24 gag protein
HIV gp120/41 envelope complex
Retroviral p30gag protein
Herpes Simplex Virus type I protein (ICP4)
Retroviral p30gag protein

La/SSB 48kD
Sm D 13kD
Sm B/B’ 26kD/27kD
U1 RNP 70kD
U1RNP-C 18.5kD
DNA Topoisomerase I 110kD

Reference(s)
25,
24,
53,
54,
56,
57,
59,
60,
61,
62,

29,
24,
24,
55,
24,
58,
24,
24,
24,
24,

30
25
25
25
25
25
25
25
25
25
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patibility complex (MHC)-II are capable to activate B cells or macrophages through dimerization and cross-linking of these molecules
(64,65). We should also note that dimerization
/ polymerization of surface MHC-II molecules
is the mechanism by which specific superantigens act (66,67).
Finally, and potentially most importantly,
studying the epitopes of autoantigens may
be helpful for understanding the mechanism through which autoimmune responses are
triggered and autoantibodies are generated.
Mechanisms of autoimmune response remain
obscure and seem to be regulated by a
combination of multiple factors. Considerable
evidence suggests that autoimmune diseases
occur in genetically susceptible individuals.
Specific disease–associated alleles have been
characterized (for example, the MHC HLA class
II loci in Type 1 Diabetes) and high-risk genotypes (68). Nevertheless, the disease-associated
genotypes are commonly found in healthy individuals and no particular gene is necessary or
sufficient for disease expression.
A phenomenon described as “epitope
spreading” was recently described in SLE patients, and may give insight into some of the
mechanisms involved in the evolution of autoimmunity. Early in the disease, autoantibodies were found to bind proline-rich motifs
(PPPGMRPP and PPPGIRGP). With time,
however, the autoantibody response expanded
to neighboring epitopes in a progression that
was reproducible from one patient to the next
(50). This phenomenon has been observed in
several animal models as well. Rabbits immunized with the peptide PPPGMRPP initially
develop an antibody response to the peptide.
Over time, the recognized epitope spreads to
other areas of the protein from which the immunogenic peptide was derived (69).
Epitope spreading also was shown in rabbits immunized with antigenic and non-antigenic regions of the 60kD Ro. After boosting,
the rabbits developed an expanded immune response to many different regions of 60kD Ro,
many of which were very similar to the common epitopes of human anti-Ro sera (28). In
addition, spreading of autoimmunity towards
the whole Ro/La RNP complex occurred, as indicated by the appearance of anti-La antibodies. When the same investigators attempted to
reproduce this experiment in mice, they observed that immunization of an animal with a
human 60kD Ro peptide resulted in epitope

spreading only if the peptides were highly homologous to the corresponding murine Ro60. If
the degree of homology was low, as was the
case for the Ro epitope 413-428, then the immune response was limited to the human
sequence-derived immunogen (70). Other
examples of such animal models are: mice
immunized with antigenic histone peptides
that developed high titers of anti-single
stranded DNA and nucleosome antibodies
(71); specific strains of mice that, after immunization with the peptide DWEYSVWLFSN (a
sequence of the anti-double stranded (ds) DNA
antibody R4A), developed anti-ds DNA antibodies; animals immunized with a 13 to 15
amino acid peptide from ovarian zona pellucida (ZP3—the primary sperm receptor) that
developed autoimmune oophoritis; and specific inbred mice strains which, after immunization with central nervous system proteins,
developed experimental allergic encephalomyelitis (EAE) (72).
Of particular interest is the relationship between molecular mimicry and epitope spreading. Molecular mimicry could represent a special issue of intermolecular epitope spreading,
thereby bypassing many of the usual control
elements and maturation steps of the primary
immune response. In this regard, the autoimmune response might involve both molecular
mimicry, as a triggering factor, followed by epitope spreading. James and collegues (27) immunized rabbits with a peptide from EpsteinBarr virus Nuclear Antigen–1, possessing
sequence similarity with the PPPGMRPP Sm
B/B common epitope, and observed typical lupus anti-spiceosomal autoimmunity, suggesting coexistence of molecular mimicry and epitope spreading mechanisms.
Several studies outline the differences between autoantibody responses against Ro and
La autoantigens in different diseases, such as
SS and SLE. First, autoantibodies in SLE are
directed mainly against Ro autoantigen (30–
40%) and much less against La (10–15%) (73);
whereas, in SS, both anti-Ro and anti-La autoantibodies coexist with increased frequency
(70–80%) (74). Second, SLE autoantibodies
target primarily the denatured form of Ro60,
but SS sera usually recognize the natural form
of the same autoantigen (18,31). Thus, it’s not
surprising that epitope mapping of Ro and La
autoantigens with synthetic peptides disclosed
disease–specific epitopes (24,46). In the case of
SS sera, Ro and La epitopes reside away from
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the RNP motifs (which are utilized for particle
assembly in full Ro/La RNP), in contrast to
SLE sera epitopes, which lie either within the
RNP motif (in La protein) or nearby (in Ro60
protein; Fig. 4). These differences in the fine
specificity of the epitopes might be due to different mechanisms operating at the onset of the
disease (before epitope spreading occurs). So it
is possible that SS autoantibodies are directed
against full (functional) Ro/La RNP complexes,
whereas SLE antibodies target individual
Ro/La RNP components.
An additional question concerning the nature of the autoimmune response is the pathogenicity of autoantibodies. It is difficult to explain pathogenicity of autoantibodies against
intracellular antigens. Growing evidence suggests that antibodies can penetrate into living
cells, in some cases by means of surfaceexposed proteins. Furthermore, a number of
studies have demonstrated that intracellular
antigens can be expressed on the surface membrane of the cell undergoing apoptosis (75–79).
Interestingly, viral–induced apoptosis results
in the co-clustering of autoantigens and viral
antigens in small surface blebs of apoptotic
cells (80). Specific complexes of viral and selfantigens encountered in this setting may provide a unique challenge to brake tolerance.
Animal models are also useful for determining the pathogenicity of autoantibodies.
Serum antibodies to a variety of nuclear con-
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stituents occur in SLE and are implicated in the
pathophysiology of the disease via immune
complex–mediated injury. In an effort to determine pathogenicity of autoantibodies and relate it to epitope spreading, Vlachoyi-annopoulos et al. (81) immunized rabbits with the
sequence PPGMRPP (a major B-cell epitope of
the Sm autoantigen) anchored to a sequential
oligopeptide carrier (SOC) that had been
proven to increase the immunogenicity of peptides. High titers of anti-(PPGMRPP)5-SOC5
antibodies occurred in all the animals immunized with this particular peptide. However, in
contrast to previous findings (56), antibodies
recognizing the Sm antigen or precipitating the
native structures of snRNPs did not appear in
the sera of the immunized animals. Nevertheless, the immune response induced by
(PPGMRPP)5-SOC5 was associated with immune–mediated kidney injury that involved
diffuse and segmental increase of mesangeal
matrix cells, crescent formation and segmental
glomerular necrosis.

Reality and Myth
Identification of the B-cell epitopes of autoantigens has led to useful information regarding the structural and functional characteristics
of the antigenic determinants that are targeted.
Epitopes that are prominently targeted in

Fig. 4. Disease specific epitopes on autoantigens Ro60kD and La48kD (24,26).
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specific diseases (major epitopes) have been
characterized and serve as diagnostic markers
of disease and disease progression. Assays for
autoantibody detection with high specificity
and sensitivity have been produced and
associations of autoantibodies with the clinical
picture of a disease have been achieved in
many cases. These findings constitute the recent reality in the field of B-cell epitope research. Part of this reality is the understanding
of the autoimmune triggering mechanism,
which contributes to the generation of autoantibodies.
Many mechanisms have been proposed to
explain the presence of autoantibodies. These
include polyclonal B-cell activation, crossreaction with foreign antigens (molecular
mimicry), idiotype-antiidiotype response, activation of anergic autoreactive lymphocyte
clones, or direct recognition of the autoantigen
by the immune system.
Different mechanisms have also been proposed for the diversity of the autoantibody response that has been described in autoimmunity. They include inter- and intra-molecular
epitope spreading (69). Intermolecular spreading may be due to the generation of distinct
populations of autoantibodies to conformational epitopes shared in varying degrees
among autoantigens. Another more likely possibility is that intra- and inter-molecular
spreading could occur because helper signals
are provided by a non-tolerant Thelper–cell
clone to clonally distinct B-cells targeting different components of the RNP particle (82).
Spreading also has been explained as an antihapten–type response. After the initial triggering reaction, specific autoantibodies are generated toward a whole particle or complex. A
change in one component might lead to an
anti-hapten–like response directed to associated macromolecules (83).
There is a great deal to be learned about
mechanisms of autoimmunity and studying Bcell epitopes can be a useful tool. There is a lot
more to be learned about B-cell epitopes and
this knowledge could be useful for the design
of refined diagnostic tools that would facilitate
diagnosis and prognosis of disease. To achieve
this knowledge, one must characterize the antigens that contain major or disease–associated
epitopes. To study and characterize additional
epitopes, improvement has to be achieved in
the study of conformational epitopes. After the
tertiary structure of the antigens and the epi-

topes is solved by crystallography or other
means, studies for discontinous epitopes can
begin. Furthermore, T-cell epitopes also need
to be studied and their impact in disease mechanisms needs to be investigated, since T-cell responses play a fundamental role in certain autoimmune mechanisms such as epitope
spreading and autoreactive T cells are implicated in several autoimmune diseases (84).
Increased understanding in these areas will
eventually lead to improved diagnosis and,
more importantly, treatment of patients. It is
speculated that epitope analogues could be used
to block or modulate the autoimmune response.
Possible methods might include treatment with
tolerogenic doses of the major epitopes in order
to induce anergy, or treatment with peptide antagonists (pseudomimetics) to block the receptors or complementary peptides to induce antiidiotypic response. The use of B-cell epitopes to
block the autoimmune response will remain a
myth until proven otherwise.
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