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Introduction

Antinuclear antibodies (ANA) are of importance to clinical
medicine, inasmuch as they offer incomparable diagnostic help for a
number of connective tissue diseases (I-5). Among them, impres-
sive contributions to our understanding of the clinical relevance of
anti-Ro(SSA) and anti-La(SSB) antibodies have been achieved over
the past two decades. They have repeatedly been detected in patients
with primary or secondary Sjégren’s syndrome (SS), systemic lupus
erythematosus (SLE), and related disorders, and are now regarded
as one of the hallmarks of these diseases. There has subsequently
been a search for autoantibody fine specificity to define clinical sub-
sets of SS and SLE. Background analysis of Ro(SSA) and La(SSB)
ribonucleoprotein (RNP) complexes has now been completed and a
series of studies has provided a vast body of new information about
their nuclear structures.

*Author to whom all correspondence and reprint requests should be addressed.
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Ro(SSA) and La(SSB) RNP Complexes
RNPs

Historical Background

Much progress has been made since the original discovery of
ANA to extractable nuclear antigens in 1958. The milestones in
research on autoantibodies to Ro(SSA) and La(SSB) are shown in
Table 1. Two groups of investigators (6,7) have detected the pres-
ence of precipitating autoantibodies in one-third of patients with SS,
using saline extracts of salivary and lacrimal glands as substrate.
From these studies, two autoantibody systems were defined and
termed SjD and SjT, after the prototype sera (Table 2).

Another antibody was then described by Clark et al. (8) by gel
double diffusion of SLE serum, together with saline homogenate of
normal human spleen. Ultracentrifugation cell fractionation showed
that the corresponding antigen, Ro, predominated in the cytoplasm.
Mattioli and Reichlin (9) reported a distinct antibody directed
toward a cytoplasmic component designated La. Later on, Alspaugh
and Tan (10), using gel double diffusion of Wil 2 cell extracts, iso-
lated two antibodies from the serum of SS patients, termed antisicca
syndrome A (SSA) and antisicca syndrome B (SSB), of which the
target was concentrated within the nucleus. Additional components
were purified by Akizuki et al. (11) from calf thymus and liver, and
rat liver. They showed identical immunological reactivities.

Suggestions arose that the two-letter system of designating
nuclear antigens and their autoantibodies should be continued, and
that autoantibodies should be named after the disease in which they
have been found to be present with the highest incidence (12).
Finally, an interlaboratory collaborative study (13) was carried out
to demonstrate the identity of Ro and SSA on the one hand, and La,
SSB, and Ha on the other.

Structure of ANPs

An important issue in the pathogenesis of connective tissue dis-
eases is the definition of the targets of such restricted autoimmune
responses. The Ro(SSA) and the La(SSB) antigens were originally
characterized by precipitation in agar, and their nature as RNPs,
i.e., RNA protein particles, was then established using liquid
phase immunoprecipitation (14). The RNA moiety of the complex
(see Fig. 1 on p. 256) includes precursors of 7S RNA, 5S RNA, t RNA,
U6 RNA, as well as virally encoded RNAs, such as VAT and VA II
RNAs, EBER 1, and EBER 2 RNAs, and leader RNAs of vesicular
stomatitis and rabies viruses (15).
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Table 1
Milestones in Research on Anti-Ro(SSA)
and Anti-La(SSB) Autoantibodies

Identification of antibodies to soluble whole cells

Differentiation of extractable nuclear antigens

Description of the Ro antigen

Description of the La antigen

Description of the SSA and SSB antigens

Description of the Ha antigen

Resolution of the antibody systems

Demonstration that antibodies are directed to RNA-
associated proteins

Table 2
Common Antigenic Determinants of the Various
Extractable Nuclear Antigen Preparations

Antigens
No. 1 No. 2 Authors
SjD SiT Anderson et al. (1961) (7)
Ro Clark et al. (1969) (8)
La Mattioli and Reichlin (1974) (9)
SSA SSB Alspaugh and Tan (1975) (10)
Ha Akizuki et al. (1977) (11)

With regard to the Ro(SSA) particle, a 60 kDa protein is believed
to harbor most of the antigenicity. This is bound to the RNAs
referred to as hY1-hY5 in Hela cells (16). A second 52 kDa form of
the antigen has been characterized (17), and a third 54 kDa protein,
derived from human erythrocytes, has been shown to react with anti-
Ro(SSA) antibodies (18). In fact, two additional proteins have been
extracted from red blood cell extracts and it has been claimed that
these proteins of 60 and 54 kDa were antigenically different from
the corresponding 60 and 52 kDa proteins extracted from lympho-
cytes, since a number of sera bound each antigen exclusively. Thus,
at least four distinct forms of Ro(SSA) peptides have been identified
(Table 3). Some are unique to lymphocytes, whereas others are
restricted to erythrocytes (19). Interestingly, the autoimmune
response to these RNPs is directed to epitopes on the human anti-
gen that are not conserved in evolution (20), which indicated that
the human Ro(SSA) is the presumptive immunogen. The fraction of
antibody that remained reactive with human Ro(SSA) after absorp-
tion with bovine spleen extract and recognition with the 60 and 54
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Fig. 1. Human Y1 ribonucleoprotein: The Ro(SSA)52 and 60 kDa and
the La(SSB) proteins are attached to Y1 RNA.

Table 3
Heterogeneity of the Ro(SSA) Antigen
Molecular Cell
Cellular source weight localization
Lymphocytes 52, 60 kDa Nucleus
+ cytoplasm
Erythrocytes 54, 60 kDa

kDa erythrocyte peptides was determined in SS and SLE patients
(21). The sera containing anti-Ro(SSA) alone had the highest degree
of reactivity with human Ro(SSA), whereas those containing
Ro(SSA) and antinuclear RNP showed preferential reactivity with
the 60 kDa erythrocyte-derived peptide.

Anti-La(SSB) sera react with a peptide of 4648 kDa and its
degradation products (22). Corresponding monoclonal antibodies
have been obtained by several groups of investigators (23,24).
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Fig. 2. Schematic model of the Ro(SSA)60 kDa peptide.

La(SSB) is required for efficient polymerase III function of host and
viral origin (25).

Structure of Proteins

Recombinant clones for the human 60 kDa antigen have been
isolated (26) and these code for a peptide containing 538 amino acid
residues. A schematic model with a presumptive disulfide bond link-
ing a 23-37 kDa domain has been proposed (Fig. 2). The amino ter-
minus of the smaller domain contains a dominant epitope reactive
with anti-Ro(SSA) antibodies (27). There have been major studies
devoted to the characterization of the Ro(SSA) antigen, based on the
cloning of the full-length complementary DNA encoding the 52 kDa
component (28,29). Thus, the peptide has been unambiguously
defined. A zinc finger and a leucine zipper motif were shown to be
present, both having been implicated in nucleic acid and protein
interactions. It was, however, possible that the 52 kDa form of the
Ro(SSA) was a transcriptional or posttranscriptional product of
the 60 kDa molecule. In fact, these peptides are encoded by distinct
gene sequences. No similarity in the DNA or amino acid sequences
were found between any of the present 52 kDa Ro(SSA) clones and
the previous 60 kDa Ro(SSA) clones. The 52 kDa Ro(SSA) gene has
been located on to chromosome 11 (30).

With regard to the anti-La(SSB) antibody, three approaches
have been used to define antigenic sequences. One method used the
controlled proteolytic degradation with Staphylococcus aureus V8 pro-
tease which allowed the description of two antigenically indepen-
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dent sets of protease-resistant peptides (22). A second method was
to clone the La(SSB) gene. This led several groups of investigators
to define the B-cell epitopes on its peptidic products. St. Clair et al.
(31) reported the binding of anti-La(SSB) antibody to fusion pro-
teins encoded by La(SSA) complementary DNA fragments compris-
ing amino acids 1-107 (LaA), 111-242 (LaC), and 242-408 (LaD)
spanning the entire La(SSB)-coding region. The polymerase chain
reaction has been utilized to generate a series of overlapping and
nonoverlapping La(SSB) peptides (32) in order to demonstrate that
here, the primary autoimmune response is restricted to an immuno-
dominant epitope, the N-terminus LaA. However, over a period of
time, all three major epitopes, including that encompassing the
putative RNA binding motif, are recognized. A third method was the
synthesis of peptides that were conjugated to protein carriers (33).

Technical Problems
Screening of the Antibodies

The initial step in the detection of ANA is indirect immunofluo-
rescence (IIF). It has, however, become increasingly clear that the
correct antigenic substrate is crucial for the detection of anti-
Ro(SSA) antibody. This antigen is present in undetectable amounts
when mouse or rat tissues are used as IIF substrates. It is present
in human epithelial cells, such as HEp-2 and KB cells. The IIF pat-
tern is speckled nuclear staining (Fig. 3), that is typically more
clumpy than the speckled pattern characteristic of anticentromere
antibody binding (34). Agarose gel double-diffusion techniques
(Fig. 4) employing a human spleen extract as a source of the Ro(SSA)
antigen and rabbit thymic extract as a source of La(SSB) antigen
has been extensively used in early studies (35). Antibody identifica-
tion was performed according to full identify reactions of the test
sera with precipitation lines produced by standard sera. Antibodies
(36) can be faster and better identified by using counterimmuno-
electrophoresis (CIE).

Identification of Anti-Ro(SSA)
and Anti-La(SSB) Antibodies

Anti-Ro(SSA) antibodies are difficult to identify by Western
blotting of cytoplasmic extracts, so that the 52 kDa protein is almost
undetectable (37). The latter peptide migrates with the La(SSB) pro-
tein in dodecyl sulfatepolyacrylamide gel electrophoresis (see Fig. 5
on p. 260). Recently, Ben-Chetrit et al. (17) modified the crosslinking
level of the gel to give better separation of the two proteins. Further-
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Fig. 3. Speckled nuclear staining of HEp—2 cells owing to anti-Ro(SSA)
antibody.

Fig. 4. Immunodiffusion: The central well contains extractable nuclear
antigen prepared from human spleen and the peripheral sera are positive
for anti-Ro(SSA) and/or anti-La(SSB) antibodies.

more, a sensitive RNA precipitation has been developed to detect
very low levels of anti-La(SSB) antibody (38).

With the affinity-purification of Ro(SSA) and La(SSB), much
more sensitive solid-phase assays have become feasible (39,40). Since
the availability of recombinant Ro(SSA) and La(SSB) proteins (29,41),
enzyme-linked immunosorbent assays (ELISAs) have been devel-
oped to determine the presence of the corresponding autoantibodies.
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Fig. 5. Identification of anti-Ro(SSA) antibodies directed to the 52 kDa
and/or the 60 kDa proteins and anti-La(SSB) antibodies in pathological
sera using the Western-blot technique.

Prevalence of Autoantibodies

Prevalence and Association with Clinical Symptoms

Serum antibodies directed against a variety of cellular and
extracellular antigens are of major importance for the diagnosis of
autoimmune disorders. Much attention has therefore been paid to
the identification of intracellular antigens and their association with
certain disease states. Autoantibodies directed against the Ro(SSA)
and La(SSB) antigens can be found in sera from patients with a
variety of autoimmune disorders but do not seem to be entirely dis-
ease-specific. Differences between data from various sources can be
partly accounted for by the use of distinct methods for the detection
of the autoantibodies.

Since both anti-Ro(SSA) and anti-La(SSB) autoantibodies pre-
dominate in sera from patients with either SS or SLE, these two
patient groups have been studied extensively in order to reveal pos-
sible disease associations. In SS (Table 4), anti-Ro(SSA) and anti-
La(SSB) autoantibodies were found more frequently in those with
the primary form than in those with SS associated with any connec-
tive tissue disease. Although anti-Ro(SSA) autoantibodies are not
specific for SS, anti-La(SSB) autoantibodies seem to be characteris-
tic of SS (42). In one study these were shown to be detectable years
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Table 5
Prevalence of Anti-Ro(SSA) and Anti-La(SSB) Autoantibodies
in Patients with Systemic Lupus Erythematosus

Method of Anti-Ro Anti-La

detection® (SSA), % (SSB), % References

ELISA 55 24 Maddison et al. (61)

ID 51 6 Yamagata et al. (43)

ID 63 12 Boey et al. (70)

CIE 19-69 39-41 Speransky et al. (51)

WB 17 10 De Rooij et al. (71)

CIE, ID 35 15 Chan et al. (72)

CIE 12-28 18-45 Swaak et al. (50)

RNA nd? 35 Vlachoyiannopoulos et al. (67)

°ID: immunodiffusion; WB: Western blotting; CIE: counterimmunoelectrophoresis;
RNA: RNA precipitation.
nd: not determined.

association of anti-Ro(SSA) autoantibodies and lupus pneumonitis
(52). There is also high incidence of anti-Ro(SSA) autoantibody in
patients suffering from subacute cutaneous lupus erythematosus
(SCLE) (53).

Mothers who are anti-Ro(SSA) positive display an increased
risk for the fetus (54). Neonatal lupus erythematosus (NLE) is an
autoimmune disease whose major findings are skin lesions and
congenital heart block. Babies receive maternal anti-Ro(SSA) and
anti-La(SSB) autoantibodies. Anti-Ro(SSA) are the predominant
autoantibodies found in about 95% of the cases. Autoantibodies pass
through the placenta from the mother to her child, skin disease
resolves at about the time when maternal autoantibodies can no
longer be detected, whereas heart block is almost always perma-
nent. Individuals with NLE usually have healthy childhoods, but
may develop autoimmune disease in adulthood. Mothers of babies
with NLE usually develop symptoms of autoimmune disease later
on (55).

Anti-Ro(SSA) and anti-La(SSB) autoantibodies are also found
in patients with rheumatoid arthritis (RA) without secondary SS
(56-58), although there is a high prevalence of secondary SS in RA
with anti-Ro(SSA) and anti-La(SSB) autoantibodies, this diagnosis
requires a positive lip biopsy and specific tests (59). Anti-Ro(SSA)
autoantibodies seem to characterize a distinct group of RA patients
who are almost exclusively female, express more activated B-cell
function, have a high prevalence of SS features, and commonly
develop side effects to D-penicillamine (60). Anti-Ro(SSA) and anti-
La(SSB) autoantibodies can be found in sera of patients suffering
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Table 4
Prevalence of Anti-Ro(SSA) and Anti-La(SSB) Autoantibodies
in Patients with Primary Sjogren’s Syndrome

Method of Anti-Ro Anti-La

detection® (SSA), % (SSB), % References

ELISA 96 87 Harley et al. (46)

CIE,ID 63 40 Manoussakis et al. (45)

1D 83 25 Yarnagata et al. (43)

WB 38 7 De Rooij et al. (71)

CIE,ID 60 40 Chan et al. (72)

RNA nd® 58 Vlachoyiannopoulos et al. (67)

9ID: immunodiffusion; WB: Western blotting; CIE: counterimmunoelectrophoresis;
RNA: RNA precipitation.
*nd: not determined.

prior to the confirmation of SS (43). On the other hand, recent data
suggests predominance of IgG1 subclass of anti-Ro(SSA) but not
anti-La(SSB) autoantibodies in primary SS (44). Their presence is
associated with long disease duration, earlier disease onset, parotid
or major salivary gland enlargement, intensive lymphocytic infil-
tration of the minor salivary glands, systemic manifestation as well
as hypergammaglobulinemia, rheumatoid factor, and monoclonal
type II cryoglobulin (42,45,46). Both anti-Ro(SSA) and anti-La(SSB)
autoantibodies were found in the saliva of SS patients, but it was
not clear whether they are produced locally or whether the presence
of these autoantibodies in the saliva was owing to leakage from blood
toward the saliva (47). Neither has it been demonstrated that the
presence of anti-Ro(SSA) or anti-La(SSB) autoantibodies in the
saliva accounts for the dry-mouth syndrome typical for patients with
SS. There is no conclusive evidence relating pathogenetically these
autoantibodies to tissue destruction as far as SS is concerned (42).
In SLE patients (Table 5) clinical disease manifestation associ-
ated with the presence of anti-La(SSB) and anti-Ro(SSA) autoanti-
bodies are not definitely recognized. Wasicek and Reichlin (48) found
a strong positive correlation between the presence of anti-Ro(SSA)
autoantibodies alone and serious renal involvement. However,
Maddison et al. (49) showed a negative correlation of the presence of
anti-Ro(SSA) autoantibodies to nephritis, in agreement with Swaak
et al. (50). These latter authors also reported a positive correlation
of the presence of anti-La(SSB) autoantibodies with central nervous
system complications. Additionally, Wasicek and Reichlin (48), as
well as Speransky et al. (51) described the association of the pres-
ence of both anti-Ro(SSA) and anti-La(SSB) autoantibodies with
skin rash in SLE patients. There are several reports describing the
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from polymyositis (61), especially when a secondary SS is present
(62). The presence of anti-Ro(SSA) autoantibody is associated with
atrioventricular conduction disturbances (63,64).

In analyzing serological aspects of systemic autoimmunity in
human immunodeficiency virus 1 (HIV-1) carrying individuals, anti-
bodies to the 60 kDa Ro(SSA) antigens were found in 44-95% of sera
(65). In those HIV-positive individuals with lymphocytic disorders
resembling SS, such as bilateral parotid gland enlargement, xero-
stomia, and xerophthalmia, anti-Ro(SSA), or anti-La(SSB) autoan-
tibodies were not detectable (66).

There are several examples or a correlation between drug toxic-
ity and anti-Ro(SSA) and anti-La(SSB) autoantibody production, for
instance, D-penicillamine toxicity in Greek patients with RA, which
was found to be especially high in those RA patients positive for
anti-Ro(SSA) antibody (60,67). Skin eruptions with features of SCLE
occurred in patients treated with griseofalvin, suggested that
photoactive drug may be synergistic with anti-Ro(SSA) and anti-
La(SSB) autoantibodies to produce lesions of SCLE (68,69).

Precise Specificity of Autoantibodies

Several approaches have been required to map epitopes within
Ro(SSA) and La(SSB) proteins. The most commonly used methods
have consisted to test autoimmune sera with either overlapping syn-
thetic peptides in ELISA or sequentially truncated recombinant
fragments of the autoantigen in Western blot (70-72). Another
approach has consisted to analyze, using an immunoprecipitation
system, the reactivity of patient sera with recombinant fragments.
As pointed out by several authors (73-75), none of these approaches
is absolute and definitive in the complete mapping of autoepitopes
of the protein. Several studies (both with autoimmune sera and with
antibodies raised in animal to intact proteins) have shown that the
antigenic reactivity of peptides is highly dependent on the assay for-
mat (76,77). In some cases, the free peptide used in solution as
inhibitor is most active, whereas in other cases, antibodies react
preferentially with immobilized peptides adsorbed onto a solid-
phage or conjugated to a carrier. The length of the fragment tested
can also represent a critical parameter. It is assumed that a long
peptide will fold more easily than a short one into the proper orien-
tation within the protein, and thus lead to a higher level of cross-
reactivity with antibodies. However, it should be noted that in some
cases, shorter peptides in solution have been shown to adopt a con-
formation that mimicked more closely the native protein (78).
Finally, it is worth stressing that the presence of charged groups at
the termini of peptides (recombinant or synthetic) can effect their
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Fig. 6. Schematic representation of autoepitopes of the Ro(SSA)60 kDa
protein, as described by authors quoted on the right. In the immuno-
dominant region 181-320, Wahren et al. identified six epitopes in resi-
dues 181-200, 201-210, 216235, 226-245, 246-265, and 301-320. The
putative zinc finger is located in residues 305-323. (SS) Sjogren’s syn-
drome; (NS) not specified.

reactivity when these peptides correspond to inner sequences of the
protein (78-79). Conversely, the presence of the fusion partner of
recombinant proteins (B-galactosidase, MS2-polymerase, and so on)
that blocks the free amino group at the N-terminal end of the
polypeptide may also after the antigenicity of peptides (80). It must
be recognized, therefore, that results reported in the various epitope
mapping studies, should be considered complementary to each other,
in an additive rather than in an exclusive manner.

B-Cell Epitopes of Ro(SSA)60

Autoepitopes of the 60 kDa Ro(SSA) protein have been described
by several authors using different biochemical and molecular bio-
logical approaches. The location of autoepitopes of Ro(SSA)60 is
illustrated in Fig. 6. By analysis of the antigenicity of the complete
Ro(SSA)60 protein using 531 overlapping octapeptides synthesized
on derivatised polyethylene pins with four anti-Ro(SSA) patient
sera, Scofield and Harley identified 14 peptides that were antigenic
(81). Interestingly, these authors showed that among the 531 pep-
tides synthesized, 6 shared sequence identified with the nucleo-
capsid (N) protein from the Indiana serotype of vesicular stomatitis
virus and that 5 of these 6 small peptides were recognized by anti-
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Ro(SSA) antibodies. By using recombinant Ro(SSA)60 proteins
encoded by both full-length and deletion clones in Western blot,
Wabhren et al. (79) identified a major antigenic domain located in the
middle part of the protein (residues 181-320) and two other anti-
genic regions located in the N- and C-terminal ends of the protein
(residues 1-134 and 397-525, respectively). The results obtained by
immunoblotting with Ro(SSA)60 fragments successively truncated
from the C-terminal end toward the N-terminus were further con-
firmed in ELISA by using overlapping synthetic peptides encom-
passing the region 181-320. Within this region, several epitopes
were characterized in residues 181-200, 201-210, 216-235, 226—
245, 246-265, and 301-320, respectively. The 42 patient sera tested
in this study were selected on the basis of their anti-Ro(SSA) reac-
tivity established by CIE and they were found to react individually
to different peptides in the immunodominant region 181-320 of the
protein (82). The heterogeneity in the immune response to the
Ro(SS)60 protein was also described by Barakat et al. (83). These
authors prepared five synthetic peptides corresponding to the N-,
C-, and central domain of Ro(SSA)60. The activity of these five pep-
tides was tested by ELISA with sera from 112 patients with SLE, 55
with primary SS, and 29 with RA. Peptide 21-41 was recognized by
IgG antibodies of 57% of the primary SS patients and only 7% of the
SLE patients, whereas 63% of primary SS sera and 46% of SLE sera
tested in parallel possessed IgG antibodies reacting in ELISA with
the purified Ro(SSA)60 protein. The central region covering resi-
dues 304-324 of the protein was recognized by IgG antibodies of
13% of patients with primary SS. The domain includes a putative
zinc finger that may be involved in the protein—protein interaction
in the Ro RNP particle. Recently, Bozic et al. (84) analyzed by immu-
noprecipitation several sera anti-Ro(SSA)-positive in CIE with wild
type and deleted mutants of recombinant Ro(SSA)60 protein. They
found that all sera had a strongly reduced reactivity with all
Ro(SSA)60 N- or C- deleted mutants, extending previous studies
that showed that most anti-Ro(SSA)60 autoantibodies recognized
conformational epitopes on the Ro(SSA)60 antigen (85,86).

B-Cell Epitopes of Ro(SSA)52

The distribution of the epitope regions on Ro(SSA)52 kDa pep-
tide as reported by Bozic et al. (84) and Ricchiuti et al. (85) is shown
in Fig. 7. Bozic et al. used in precipitation assays recombinant
Ro(SSA)52 fragments and patient sera positive with Ro(SSA) by
CIEs. Most of these patients were from Slovenia, and they had
SLE (n = 22), primary SS (n = 20), secondary SS associated with SLE
(n =5), RA, or another undefined disease (n = 23). Anti-Ro(SSA)52
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Fig. 7. Autoepitopes of Ro(SSA)52 kDa protein. See Fig. 6 for legend.

antibodies of SLE patients recognized predominantly an antigenic
determinant located in residues 216-292, whereas anti-Ro(SSA)52
antibodies from 55 patients reacted with several epitope regions in
the domain 55-292. Significant differences between the regions of
Ro(SSA)52 that are recognized by either SLE of SS sera were also
found by Ricchiuti et al. (85) who used a different methodological
approach for mapping Ro(SSA)52 autoepitopes. Thirty-nine syn-
thetic peptides (10-24 residues long) covering the whole molecule of
the Ro(SSA)52 protein and overlapping each other through 1-10
residues were tested in ELISA for reactivity with sera from patients
suffering from primary SS (n = 89), secondary SS (n =57), SLE
(n = 141), and other rheumatic diseases (n = 202). Only four peptides
in residues 2-11, 107-122, 277-292, and 365-382, respectively, were
immunoreactive. Reaction with Ro(SSA)52 peptides was essentially
observed with sera from SS patients. Less than 20% of SLE sera
reacted with at least one Ro(SSA)52 peptide. Furthermore, signifi-
cant differences were found in the reactivity with Ro(SSA)52 pep-
tides according to the geographical origin of patients. For example,
raised levels of IgG antibodies reacting with peptide 277-292 were
found in primary SS sera collected in France, whereas raised levels
of antibodies reacting with peptide 365-382 were found in primary
SS sera collected in England and Poland. Also noticeable is the fact
that although primary SS sera collected in the United States reacted
strongly with recombinant Ro(SSA)52 (76%; n = 21) as primary SS
sera collected in the other countries (562-80%), very few sera from
the United States reacted with Ro(SSA)52 peptides.
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Fig. 8. Autoepitopes of La(SSB) protein. See Fig. 6 for legend. (SLE)
systemic lupus erythematosus.

B-Cell Epitopes of La(SSB)

Epitopes of the La(SSB) antigen have been mapped using both
recombinant proteins and enzymatic degradation of natural La(SSB)
protein (Fig. 8) (38). In 1985, Chambers and Keene (86) identified
an autoepitope within a partial cDNA product of La(SSB), later iden-
tified in the full-length sequence in residues 45-97. Chan et al. (22)
described the presence of autoepitopes on two fragments of 29 and
23 kDa, termed X and Y, obtained by limited proteolytic eleavage of
La(SSB) and then found as corresponding to the N- and C-terminal
domains of the protein (87). Sturgess et al. (88), utilizing a cDNA
encoding 87% of La(SSB), identified a major epitope within the
C-terminal 103 residues of the molecule (residues 306-408). Rauh
et al. (89) defined three independent antigenic regions in residues
284-292, 293-345, and 346-383, the latter corresponding to an
immunodominant region. St. Clair et al. (31) found activity in three
cDNA fragments comprising residues 1-107, 111-242 (showing the
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highest level of binding with autoantibodies), and 242—408. Bini et
al. (90) identified two immunodominant epitopes in residues 112—
126 and 226-408, and Kohsaka et al. (91) identified two major
epitopes in residues 81-101 and 283-338 and a minor one in resi-
dues 179-220. All these studies used only small numbers of anti-
La(SSB) sera. McNeilage et al. (32), by using sera from 156 patients
containing anti-La(SSB) antibodies and recombinant La(SSB) poly-
peptides, confirmed the existence of a dominant epitope in the N-
terminal domain 1-107 in addition to epitopes in the fragments
111-242 and 243-408. A striking homology between the region
93-100 and a viral gag protein has been reported. Similitudes
between the La(SSB) region 81-101 and immunodominant epitopes
of the HIV-capsid protein have also been described (for a review, see
ref. 92). Interesting also was the finding by McNeilage et al. (32)
that in the very early stage of the anti-La(SSB) response, the immuno-
dominant N-terminal fragment 1-107 was recognized preferentially
and, with time, the response broadens to include other epitopes.

Associations with HLA Alleles

In primary SS, as well as SLE, the production of anti-Ro(SSA)
and La(SSB) antibodies is associated with the human leukocyte
antigen (HLA) class I and class II phenotype (93,94). The HLA-B8/
DR3/DRwS2a/DQw2 haplotype is often found in patients with pri-
mary SS displaying anti-Ro(SSA) and anti-La(SSB) activity (46).
The patients positive for anti-Ro(SSA) and anti-La(SSB) antibody
are primarily suffering from SLE and present the HLA-DR2/DQw1
(DRw6) haplotype. Whatever the underlying disease, the HLA-
DQw1/dQw2 heterozygotic patients are particularly prone to the

“autoantibody production.

Moreover, the frequency of the HLA-DR3 allele is significantly
increased in anti-Ro/SSA positive mothers of infants with NLE,
but that of the HLA-DR2 allele is increased in anti-Ro/SSA posi-
tive mothers of normal infants, irrespective of infant HLA pheno-
type (94). Perhaps Ro/SSA autoantibodies from HLA-DR3 mothers
are more likely to cause NLE because they react with different
Ro/SSA epitopes than the antibodies produced in HLA-DR2 moth-
ers or because they have a higher affinity for the same epitope.

Recent data confirm that HLA-DQ genes are better candidates
than DRP1 or DRB3 genes to confer susceptibility to Ro(SSA) and
La(SSB) autoantibody production. DQw1.2 (DQw6) and DQw2.1
(linked to DR3) appear to bring about the strongest risk factors,
especially when they occur together. Other DQ (or DR alleles) might
also carry the same or similar sequences that promote this response,
especially in blacks, since DQw1.2 (DQw6) and DQw2.1 were not
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found in all patients. DQw3 might be relatively protective since it
occurs less frequently. It should be noted that DQw1 occurs in link-
age disequilibrium with DR1, DR2, DRw6, and DRw10, and DQw2
with DR3 and DR7. Thus, effects from both of HLA haplotypes
should be important in the generation of the Ro(SSA) and La(SSB)
autoantibodies.

Pathophysiology of the Autoantibody Production

Autoimmunogenicity

The demonstration that only a few proteins are targeted, nota-
bly the Ro(SSA) and La(SSB) peptides, suggests that autoantibody
production is antigen-driven. To examine this hypothesis, lympho-
cytes from normal volunteers were stimulated with Ro(SSA). Sur-
prisingly, a striking inhibition of the autologous mixed lymphocyte
reaction occurred, indicating that Ro(SSA) peptides may interfere
with recognition of self-antigens by autologous T-cells (95).

We have focused on epithelial cells in SS (96) and have taken
advantage of the accessibility of conjunctival cells. Our findings of
La(SSB) membrane-expression (Fig. 9) demonstrated that the
autoantigenic peptides may be expressed on the cell membrane. This
observation confirms the results of Baboonian et al. (97) who induced
the same phenomenon by infecting HEp-2 cells with adenovirus.
Keratinocyte membrane expression of nuclear antigens Sm, RNP,
and Ro(SSA) has also been obtained through ultraviolet light expo-
sure of the cells (98) on stimulation of serum-starved cells with 10%
fetal calf serum (99). Transformed keratinocytes (100) and SLE
patient keratinocytes (101) have been subsequently shown to expose
nuclear antigens on the cell surface. It is of interest that SLE-
derived keratinocytes were more susceptible than control keratino-
cytes to ultraviolet-induced intracellular and surface expression of
soluble intracellular antigens.

Once made accessible to T-lymphocytes, the autoantigen still
has to be presented within an immunogenic context. It has indeed
been shown that major histocompatibility complex class IT molecules
are present on diseased epithelial cells. Mobilization of nuclear pep-
tides is an intriguing phenomenon, but the presentation of these
autoantigens is accomplished through HLA class II molecules.

Pathogenicity

NLE is a productive model for the study of anti-Ro(SSA) and
anti-La(SSB) antibody pathogenicity. Titers of autoantibodies in
serum from babies with congenital heart block are lower than in the
mothers, suggesting that they are removed from the maternal circu-

Clinical Reviews in Allergy Volume 12, 1994



270 Youinou et al.

Fig. 9. The La(SSB) antigen is expressed on the membrane of epithelial
conjunctival cells from patients with primary Sjogren’s syndrome.

lation and deposited in the baby’s tissue (102). Unaffected children
have autoantibody titers comparable to maternal levels (103). Skin
biopsies have yielded positive IIF of skin lesions in infants with NLE
(104), and such studies on cardiac tissue from a baby born with con-
genital heart block has also been performed (105). Using human sera
monospecific for Ro(SSA), this antigen was found to be present in
the nuclei of myocardial cells and cells of the cardiac conduction sys-
tem (106). Ro(SSA) might be temporarily expressed on the cell sur-
face of conduction system cells during cardiac embryopagenesis.
Using monoclonal and affinity-purified antibodies to La(SSB) and
affinity-purified anti-Ro(SSA) antibodies, Horsfall et al. (107) iden-
tified both antigens on the surface of the fibers of the affected heart.
Surface coexpression of immunoglobulin, complement, and class II
antigen, consistent with a local immune response, was also found.

A great deal of knowledge has thus become available over the
last 20 yr, owing to the availability of new immunological and molec-
ular techniques. Much further work is needed to bridge the gap
between the functions of Ro(SSA) and La(SSB) antigens and the
clinical manifestations of connective tissue diseases.

References

Tan, E. M. (1982), Adv. Immunol. 33,167-240.

Harmon, C. E. (1985), Med. Clin. North Am. 69, 547-563.

MacCarty, G. A, (1986), Med. Clin. North Am. 70, 237-261.

Harley, J. B. and Gaither, K. K. (1988), Rheum. Dis. North Am. 14, 43-56.
Tan, E. M. (1989), Adv. Immunol. 44, 93-151.

SUA o to

Clinical Reviews in Allergy Volume 12, 1994



Anti-Ro/-La Autoantibodies 271

6.
7.

8.

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.

27.

28.

29.
30.

31.

32.

Jones, B. R. (1958), Lancet i1, 736-773.

Anderson, J. R., Gray, K. G., Beck, J., and Kinnear, W. F. (1961), Lancet
ii, 456-460.

Clark, G., Reichlin, M., and Tomasi, T., Jr. (1969), J. Immunol. 102,
117-122.

Mattioli, M. and Reichlin, M. (1974), Arthritis Rheum. 17,421-429.
Alspaugh, M. A. and Tan, E. M. (1975), Arthritis Rheum. 55, 1067-1073.
Akizuki, M., Powers, R., Jr., and Holman, H. R. (1977), J. Clin. Invest.
59, 264-272.

Tan, E. M., Christian, C., Holman, H. R., Homma, M., Kunkel, H. G,
Reichlin, M., Sharp, G. C., Ziff, M., and Barnett, E. V. (1977), Arthritis
Rheum. 20, 1419-1423.

Alspaugh, M. A. and Maddison, P. (1979), Arthritis Rheum. 22, 796—798.
Lerner, M. R. and Steitz, J. A. (1979), Proc. Natl. Acad. Sci. USA 76,
5495-5499.

Prujin, G. J. M., Slobbe, R. L., and van Venrooij, W. J. (1990), Mol. Biol.
Rep. 14,43-48.

Wolin, S. L. and Steitz, J. A. (1984), Proc. Natl. Acad. Sci. USA 81,
1996-2000.

Ben-Chetrit, E., Chan, E. K. L., Sullivan, K. F., and Tan, E. M. (1988),
J. Exp. Med. 167,560-571.

Rader, M. D., O’Brien, C., Liu, Y., Harley, J. B., and Reichlin, M. (1989),
J. Clin. Invest. 83, 1293-1298.

Itoh, Y., Rader, M. D., and Reichlin, M. (1990), Clin. Exp. Immunol. 81,
45-51.

Reichlin, M., Rader, M., and Harley, J. B. (1989), Clin. Exp. Immunol.
76, 373-377.

Rader, M. D., Codding, C., and Reichlin, M. (1989), Arthritis Rheum. 32,
1563-1571.

Chan, E. K. L., Francoeur, A. M., and Tan, E. M. (1986), J. Immunol.
136, 3744-3749.

Harley, J. B, Rosario, M. O., Yamagata, H., Fox, O. F., and Koren, E.
(1985), J. Clin. Invest. 76, 801-806.

Smith, P. R., Williams, D. G., Venables, P. J. W., and Maini, R. N. (1985),
J. Immunol. Methods 77, 63-76.

Rinke, J. and Steitz, J. A. (1982), Cell 29, 149-159.

Deutsche, S. L., Harley, J. B., and Keene, J. D. (1988), Proc. Natl. Acad.
Sci. USA 85, 9479-9483.

McCauliffe, D. P., Lux, F. A,, Lieu, T. S, Sanz, 1., Hanke, J., Newkirk,
M. M,, Siciliano, M. J., Sontheimer, R. D. and Capra, J. D. (1984), J.
Autoimmun. 2, 375-382.

Chan, E. K. L., Hamel, J. C., Buyon, J. P., and Tan, E. M. (1991), J. Clin.
Invest.. 87, 68-76.

Itoh, K., Itoh, Y., and Frank, M. B. (1991), J. Clin. Invest. 87, 177-186.
Frank, M. B, Itoh, K., Fukisaku, A., Pontarotti, P., Mattei, M. G., and
Neas, B. R. (1993), Am. J. Hum. Genet. 52, 183-191.

St. Clair, E. W., Pisetsky, D. S., Reich, C. F., and Keene, J. D. (1988),
J. Immunol. 141, 4173-4180.

McNeilage, 1. J., MacMillan, E. M., and Whittingham, S. F. (1990), JJ.
Immunol. 145,3829-3835.

Clinical Reviews in Allergy Volume 12, 1994



272 Youinou et al.

33. Briand, J. P., van Dorsselaer, A., Raboy, B., and Muller, S. (1989), Pep-
tide Res. 2, 381-388.

34. Burham, T. K. and Kleinsmith, D. M. (1983), Semin. Arthritis Rheum.
13, 155-159.

35. Maddison, P. J., Provost, T. T., and Reichlin, M. (1981), Medicine (Balti-
more), 60, 87-94.

36. Kurata, N. and Tan, E. M. (1976), Arthritis Rheum. 19,574-580.

37. Williams, D. G., Stocks, M. R., Charles, P. J., and Maini, R. N. (1986),
J. Immunol. Methods 91,65-73.

38. Slobbe, R. L., van Esch, S. A., Kveder, T., and van Venroij, W. J. (1991),
J. Immunol. 138,237-244.

39. Yamagata, H., Harley, J. B., and Reichlin, M. (1984), J. Clin. Invest. 74,
625-633.

40. Venables, P. J. W., Charles, P. J., Buchanan, R. R. C., Yi, T., Mumford,
P. A, Schrieber, L., Room, G. R. W., and Maini, R. N. (1983}, Arthritis
Rheum. 26, 146-155.

41. Whittingham, S., Naselli, G., McNeilage, L. J., Coppel, R. L., and
Sturgess, A. D. (1987), Lancet ii, 1-3.

42. Moutsopoulos, H. M. and Zerva, L. V. (1990), Clin. Rheumatol. 9,
123-130.

43. Yamagata, H., Akizuki, M., Tojo, T., and Homma, M. (1986), Scand. J.
Rheumatol. 61,98-101.

44. Maran, R., Dueymes, M., Pennec, Y. L., Cusburn-Budd, R., Shoenfeld,
Y., and Youinou, P. (1993), Autoimmunity 6, 379-387.

45. Manoussakis, M. N., Tzioufas, A. G., Pange, P. J. E., and Moutsopoulos,
H. M. (1986), Scand. J. Rheumatol. 61,89-92.

46. Harley, J. B., Alexander, E., Bias, W. B., Fox, O. F., Provost, T. T.,
Reichlin, M., Yamagata, H., and Arnett, F. C. (1986), Arthritis Rheum.
29, 196-206.

47. Manoussakis, M. N., Zerva, L. V., Siouna-Fatourou, C. G., Katsikis, P.
D., Germanidis, G., Mavridis, A., and Moutsopoulos, H. M. (1989), Clin.
Rheumatol. 8, 147A.

48. Wasicek, C. A. and Reichlin, M. (1982), J. Clin. Invest. 69, 833-843.

49. Maddison, P. J., Isenberg, D. A., Goulding, N. J., Leddy, J., and Skinner,
R. P. (1988), Br. J. Rheumatol. 27, 27-31.

50. Swaak, A. J. G., Huysen, V., Nossent, J. C., and Smeenk, R. J. T. (1990),
Clin. Rheumatol. 9, 82-95.

51. Speransky, A. I, Ivanova, M. 1., Rjazantceva, T. A., Piven, V. A., and
Bulanova, T. D. (1988), Scand. J. Rheumatol. 67, 39-43.

52. Boulware, D. W. and Hedgpeth, M. T. (1989), J. Rheumatol. 16,479-481.

53. David-Bajar, K. M. (1993), J. Invest. Dermatol. 100, 2s—-8s.

54. Ramsey-Goldman, R. (1988), Rheum. Dis. Clin. North Am. 14,169-185.

55. Lee, L. A. (1993), J. Invest. Dermatol. 100, 9s-13s.

56. Tishler, M., Moutsopoulos, H. M., and Yaron, M. (1992), JJ. Rheumatol.
19,234-236.

57. Boire, G., Lopez-Longo, F. J., Lapointe, S., and Menard, H. A. (1991),
Arthritis Rheum. 34, 722-730.

58. Montecucco, C., Bestagno, M., Cerino, A., Caporali, R., Carnevale, R.,
Longhi, M., Pedrini, M. A, and Astaldi-Ricotti, G. C. (1989), Clin. Exp.
Rheumatol. 7, 5-11.

Clinical Reviews in Allergy Volume 12, 1994



Anti-Ro/-La Autoantibodies 273

59.
60.
61.
62.
63.

64.
65.

66.

67.

68.

69.
70.

71.

72.
73.

74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

85.

Andonopoulos, A. P., Drosos, A. A., Skopouli, F. N., Acritidis, N. C., and
Moutsopoulos, H. M. (1987), J. Rheumatol. 14,1098-1103.

Skopouli, F. N., Andonopoulos, A. P., and Moutsopoulos, H. M. (1988),
J. Autoimmun. 1,381-388.

Maddison, P. J., Skinner, R. P., Vlachoyiannopoulos, P., Brennand, D.
M., and Hough, D. (1985), Clin. Exp. Immunol. 62, 337-345.

Meyer, O., Aeschlimann, A., Bourgeois, P., Belmatoug, N., Palazzo, E.,
Haim, T., and Kahn, M. F. (1989), Ann. Med. Intern. 140,449-452.
Behan, W. M. and Behan, P. O. (1984), Ital. J. Neurol. Sci. 5,23-31.
Behan, W. M., Behan, P. O., and Gairns, J. (1987), Br. Heart J. 57, 176-180.
Muller, S., Richalet, P., Laurent-Crawford, A., Barakat, S., Riviere, Y.,
Porrot, F., Chamaret, S., Briand, J. P., Montagnier, L., and Hovanessian,
A. (1992), AIDS 6, 933-942.

Itescu, S., Brancato, L. J., Buxbaum, J., Gregersen, P. K., Rizk, C. C,,
Croxson, T. S., Solmon, G. E., and Winchester, R. (1990), Ann. Intern
Med. 112,3-10.

Vlachoyiannopoulos, P. G., Zerva, L. V., Skopouli, F. N, Drosos, A. A,,
and Moutsopoulos H. M. (1991), J. Rheumatol. 18, 44-49.

Miyagawa, S., Okuchi, T., Shiomi, Y., and Sakamoto, K. (1989), J. Am.
Acad. Dermatol. 21, 343-346.

Miyagawa, S. and Sakamoto, K. (1989), Am. J. Med. 87, 100-102,
Boey, M. L., Peebles, C. L., Tsay, G., Feng, P. H., and Tan, E. M. (1988),
Ann. Rheum. Dis. 47, 918-923.

De Rooij, D. J., Van de Putte, L. B., Habets, W. J., Verbeek, A. L., and
van Venrooij, W. J. (1988), Scand. J. Rheumatol. 17, 353-364.

Chan, E. K. and Tan, E. M. (1989), Curr. Opin. Rheumatol. 1,376-381.
Van Regenmortel, M. H. V. (1992), Molecular Dissection of Protein Anti-
gens, Van Regenmortel, M. H. V., ed., CRC Press, Boca Raton, FL, pp. 1-27.
Rokeach, L. A. and Hoch, S. O. (1992), Mol. Biol. Rep. 16,165-174.
Pettersson, 1. (1992), Mol. Biol. Rep. 16,149-153.

Muller, S., Plaué, S., Couppez, M., and Van Regenmortel, M. H. V.
(1986), Mol. Immunol. 23, 593-601.

Al Moudallal, Z., Briand, J. P., and Van Regenmortel, M. H. V. (1985),
EMBO J. 4, 1231-1235.

Hodges, R. S., Heaton, R. J., Parker, R. J. M., Modlay, L., and Molday, R. S.
(1988), J. Biol. Chem. 263, 11,768-11,775.

Gras-Masse, H., Jolivet, M., Drobecq, H., Aubert, J. P., Beachey, E. H.,
Audibert, F., Chedid, L., and Tartar, A. (1988), Mol. Immunol. 25, 673-678.
Rokeach, L. A., Jannatipour, M., and Hoch, S. O. (1990), J. Immunol.
144,1015-1022.

Scofield, R. H. and Harley, J. B. (1991), Proc. Natl. Acad. Sci. USA 88,
3343-3347.

Wahren, M., Rudén, U., Andresson, B., Ringertz, N. R., and Pettersson,
1. (1992), J. Autoimmun. 5, 319-332.

Barakat, S., Meyer, O., Torterotot, F., Youinou, P., Briand, J. P., Kahn,
M. F., and Muller, S. (1992), Clin. Exp. Immunol. 89, 38—45.

Bozic, B., Pruijn, G. J. M., Rozman, B., and van Venrooij, W. J. (1993),
Clin. Exp. Immunol. (in press).

Ricchiuti, V., Briand, J. P., Meyer O., Isenberg, D. A., Pruijin, G., and
Muller, S. (1993), submitted.

Clinical Reviews in Allergy Volume 12, 1994



274

86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.

98.

99.

100.
101.

102.
103.

104.
105.

106.

107.

Youinou et al.

Chambers, J. C. and Keene, J. D. (1985), Proc. Natl. Acad. Sci. USA 82,
2115-2119.

Chan, E. K. L., Sullivan, K. F., Fox, R. 1., and Tan, E. M. (1989), J.
Autoimmun. 2, 321-327.

Sturgess, A. D., Peterson, M. G., McNeilage, L. J., Whittingham, S., and
Coppel, R. L. (1988). J. Inmunol. 140,3212-3218.

Rauh, A. J. G, Homig, H., and Liithrmann, R. (1988), Eur. J. Immunol.
18,2049-2057.

Bini, P., Chu, J. I., Okob, C., and Elkon, K. (1990), J. Clin. Invest. 85,
325-333.

Kohsaka, H., Yamamoto, K., Fujii, H., Miura, H., Miyasaka, N., Nishioka,
K., and Miyamoto, T. (1990), J. Clin. Invest. 85, 1566-1574.

Horsfall, A. C. (1992), Mol. Biol. Rep. 16,139-147.

Wilson, R. W,, Provost, T. T., Bias, W. B., Alexander, E. L., Edlow,D. W,
Hochberg, M. C., Stevens, M. B., and Arnett, F. C. (1984), Arthritis
Rheum. 27, 1245-1253.

Hamilton, R. G., Harley J. B., Bias, W. B., Roebber, M., Reichlin, M.,
Hochberg, M. C., and Arnett, F. C. (1988), Arthritis Rheum. 31,496-505.
Karsh, J., Harley, J. B., Goldstein, R., and Lazarovits, A. 1. (1993), Clin.
Exp. Immunol. 91,103-109.

Yannopoulos, D. I, Roncin, S., Lamour A., Pennec, Y. L., Moutsopoulos,
H. M., and Youinou, P. (1992), J. Clin. Immunol. 12,259-265.
Baboonian, C., Venables, P. J. W., Booth, J., Williams, D. G., Roffe, I. M.,
and Maini, R. N. (1989), Clin. Exp. Immunol. 78, 454-459.

LeFeber, W. P, Norris, D. A, Ryan, S. R,, Huff, J. C., Lee, L. A., Kubo,
M., Boyce, S. T., Kotzin, B. L., and Weston, W. L. (1984), J. Clin. Invest.
74, 1545-1551.

Bachmann, M., Chang, S., Bernd, A., Mayet, W., Meyer Zum Biischen-
felde, K. H., and Miiller, W. E. G. (1991), Autoimmunity 9, 99-107.
Sequi, J., Leigh, 1., and Isenberg, D. A. (1991), Ann. Rheum. Dis. 50, 167-172.
Golan, T. D,, Elkon, K. B., Gharavi, A. E., and Krueger, J. G. (1992), J.
Clin. Invest. 90, 1067-1076.

Taylor, P. V., Taylor, K. F., Norman, A., Griffiths, S., and Scott, J. S.
(1988), Br. J. Rheumatol. 28, 1321-1325.

Harley, J. B., Kaine, J. L., Fox, O. F., Reichlin, M., and Gruber, H. (1985),
Arthritis Rheum. 28, 1321-1325.

Lee, L. A. and Wesson, W. L. (1984), Am. J. Dis. Child. 138,233-236.
Litsey, S. E., Noonan, J. A., O’Connor, W. N., Cottrill, C. M., and
Mitchell, B. (1985), N. Engl. J. Med. 312,98--99.

Deng, J. S., Bair, L. W_, Jr., Shen-Scharz, S., Ramsey-Goldman, R., and
Medsger, T., Jr. (1987), Arthritis Rheum. 30, 1232-1238.

Horsfall, A. C., Venables, P. J. W., Taylor, P. V., and Maini, R. N. (1991),
J. Autoimmaunity 4, 165-176.

Clinical Reviews in Allergy Volume 12, 1994



