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Οροί από ασθενείς με πρωτοπαθές σύνδρομο Sjogren (πσΣ) ή Συστηματικό 
Ερυθηματώδη Λύκο (ΣΕΛ) περιέχουν συχνά αυτοαντισώματα κατά της 
πρωτεΐνης La/SSB. Ο κύριος Β-κυτταρικός επίτοπος της La/SSB είναι η 
αλληλουχία 349-368αα, η οποία περιέχει στη θέση 366 ένα αμινοξικό 
κατάλοιπο σερίνης (Ser366), το οποίο αποτελεί την κύρια θέση 
φωσφορυλίωσης της πρωτεΐνης. Σε αυτή τη μελέτη ερευνήσαμε τη διαφορική 
αναγνώριση του επιτόπου 349-368αα και της φωσφορυλιωμένης του μορφής 
από τα αντισώματα, που βρίσκονται στους ορούς ασθενών με συστηματικά 
αυτοάνοσα νοσήματα. Για αυτόν τον σκοπό συνθέσαμε τα πεπτίδια, τα οποία 
αντιστοιχούν στην αλληλουχία της μη φωσφορυλιωμένης (pep349-368aa) και 
της φωσφορυλιωμένης μορφής (pep349-368aaPh) του επιτόπου 349-368αα, 
καθώς και της κομμένης μορφής, που αντιπροσωπεύει την αλληλουχία 349-
364αα και δεν περιέχει τη θέση φωσφορυλίωσης (pep349-364aa). Οροί από 53 
ασθενείς με  πσΣ και ΣΕΛ με αντί-La/SSB ειδικότητα, 30 ασθενείς με πσΣ και 
ΣΕΛ χωρίς αντί-La/SSB αντισώματα, 25 ασθενείς με Ρευματοειδή Αρθρίτιδα 
(ΡΑ) και 32 οροί από υγιείς μάρτυρες εξετάσθηκαν με πειράματα ELISA. 
Αυτοαντισώματα κατά του pep349-368aaPh προσδιορίστηκαν στον ορό των 
αντί-La/SSB θετικών ασθενών σε υψηλότερη συχνότητα, σε σύγκριση με το 
pep349-368aa (66% έναντι 45%). Το πεπτίδιο pep349-368aaPh ανέστειλε την 
πρόσδεση των αντισωμάτων σχεδόν ολοκληρωτικά (92%), ενώ το πεπτίδιο 
pep349-368aa ανέστειλε μερικώς αυτήν την πρόσδεση (45%). Τα αντί- 
La/SSB αντισώματα παρουσίασαν υψηλότερη σχετική συνάφεια για το 
φωσφορυλιωμένο, σε σύγκριση με το μη φωσφορυλιωμένο πεπτίδιο. 
Πειράματα ανοσοσυγγένειας χρησιμοποιώντας το κομμένο πεπτίδιο pep349-
364aa έδειξαν ότι τα αντισώματα, που δεν συγκρατήθηκαν στην στήλη, 
αντιδρούσαν ειδικά με το pep349-368aaPh, ενώ τα εκλουόμενα αντισώματα 
αντιδρούσαν και με τα δύο συνθετικά πεπτιδικά ανάλογα του La/SSB 
επιτόπου. Αυτά τα δεδομένα δείχνουν ότι οροί από ασθενείς με πσΣ ή ΣΕΛ με 
αντί-La/SSB ειδικότητα, κατέχουν αυτοαντισώματα που προσδένονται με 
μεγαλύτερη συχνότητα και με μεγαλύτερη συνάφεια στον φωσφορυλιωμένο 
κύριο Β-κυτταρικό επίτοπο του μορίου. 
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Summary

 

Sera from patients with primary Sjögren Syndrome (pSS) or Systemic Lupus
Erythematosus (SLE) often contain autoantibodies directed against La/SSB.
The sequence 349–368aa represents the major B-cell epitope of La/SSB, also it
contains, at position 366, a serine aminoacid residue which constitutes the
main phosphorylation site of the protein. In this study we investigated the
differential  recognition of the 349–368aa epitope and its phosphorylated
form by antibodies found in sera from patients with systemic autoimmune
diseases. Peptides corresponding to the sequence of the unphosphorylated
(pep349–368aa) and the phosphorylated form (pep349–368aaPh) of the La/SSB
epitope 349–368aa, as well as to a truncated form spanning the sequence 349–
364aa and lacking the phosphorylation site (pep349–364aa), were synthe-
sized. Sera from 53 patients with pSS and SLE with anti-La/SSB specificity, 30
patients with pSS and SLE without anti-La/SSB antibodies, 25 patients with
rheumatoid arthritis and 32 healthy individuals were investigated by ELISA
experiments. Autoantibodies to pep349–368aaPh were detected in sera of
anti-La/SSB positive patients with a higher prevalence compared to the
pep349–368aa (66% 

 

versus

 

 45%). Pep349–368aaPh inhibited the antibody
binding almost completely (92%), while pep349–368aa inhibited the binding
only partially (45%). Anti-La/SSB antibodies presented a higher relative avid-
ity for the phosphorylated than the unphosphorylated peptide. Immunoad-
sorbent experiments using the truncated peptide pep349–364aa indicated
that the flowthrough showed a selective specificity for pep349–368aaPh, while
the eluted antibodies reacted with both peptide analogues of the La/SSB
epitope. These data suggest that sera from pSS and SLE patients with anti-La/
SSB reactivity possess autoantibodies that bind more frequently and with a
higher avidity to the phosphorylated major B-cell epitope of the molecule.
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 B-cell epitopes, autoantibodies, La/ SSB, Sjogren’s syndrome, post-
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Introduction

 

Patients with primary Sjogren’s syndrome (pSS) and Sys-
temic Lupus Erythematosus (SLE) often have autoantibodies
directed against the Ro/LaRNP ribonucleoprotein complex.
This consists of small cytoplasmic RNA molecules (hYRNA)
in noncovalent binding with different proteins, including La/
SSB, Ro52 and Ro60 kD [1,2]. Human La/SSB is a phos-
phoprotein consisting of 408 aminoacids, with a molecular
weight ranging from 48 to 51 kD. It contains three RNA
recognition motifs (RRMs), aminoacid regions that are

involved in binding to RNA molecules. A nuclear localiza-
tion signal (NLS), which is located at the carboxy-terminal
domain (CTD) of the molecule, allows the protein to move
through the nuclear membrane. The major physiological
role  of  La/SSB  in  the  cell  is  to  bind  newly  synthesized
RNA molecules,  transcribed by RNA polymerase III,  such
as tRNA and hYRNA, protecting them from the action of
3

 

′

 

-exonucleases and promoting their maturation [3,4].
La/SSB is phosphorylated primarily at the serine 366 ami-

noacid residue (Ser366) [5]. The phosphorylation of this res-
idue is catalysed by the Casein Kinase II (CKII) enzyme. The
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phosphorylation of La/SSB has been shown to affect the abil-
ity of the protein to bind the nascent RNA transcripts. More
specifically, studies have shown that phosphorylation of the
Ser366 decreases the ability of La/SSB to bind and subse-
quently protect the 5

 

′

 

-end of the RNA molecules [3].
Previous experiments from our laboratory defined the lin-

ear B-cell epitopes of La/SSB protein and showed that the
aminoacid region 349–368aa represented the major linear B-
cell epitope of the protein. It was found, firstly, that this
epitope is recognized by autoantibodies in the sera of pSS
patients with the highest specificity and sensitivity, secondly,
that it is the end result of epitope spreading in rabbits immu-
nized with the other La/SSB epitopes and finally, that
autoantibodies against the 349–364aa are highly correlated
with the HLA-DQA1*0501, the genotype associated with
pSS [6–8]. This epitope also contains the aminoacid Ser366
that is primarily phosphorylated by the CKII enzyme.

In this study, we investigated whether the addition of a
phosphate group to the Ser366 residue of the major B-cell
epitope 349–368aa of La/SSB protein might influence its
antigenicity. Compared to the unphosphorylated peptide
analogue, it was found that the phosphorylated peptide was
recognized more frequently and with a higher relative avidity
by autoantibodies derived from sera of patients with pSS and
SLE.

 

Materials and methods

 

Human sera

 

Sera were obtained from 53 patients with either SLE (

 

n

 

 

 

=

 

 13)
[9] or pSS (

 

n

 

 

 

=

 

 40) [10], with anti-La/SSB autoantibodies
detected by counter-immunoelectrophoresis (CIE) and/or
immunoblot. Twenty-five sera from patients with rheuma-
toid arthritis (RA) [11], without anti-La/SSB antibodies,
were used as disease controls, 30 sera from pSS and SLE
patients, without anti-La/SSB and Ro/SSA antibodies, were
used as autoantibody controls and 32 sera from healthy indi-
viduals were used as negative controls. All sera had been
taken for diagnostic purposes with the full consent of the
patients that part of the serum will be used for research pur-
poses. Ethical approval for the study was obtained from the
Scientific Committee of Laiko Hospital.

 

Peptide synthesis

 

Two synthetic peptides corresponding to the sequence of the
349–368aa epitope of human La/SSB were synthesized, uti-
lizing the solid phase peptide synthesis (Biosynthesis Inc.,
Lewisville, TX, USA). The first peptide corresponded to the
sequence of La/SSB NH

 

2

 

–

 

349

 

GSGKGKVQFQGKKTKFA
SDD

 

368

 

-CONH (pep349–368aa) and the second to its
phosphorylated form (pep349–368aaPh), which has a
phosphate group added to the Ser366. In addition, a
peptide corresponding to the truncated form of the 349–

368aa epitope NH

 

2

 

–

 

349

 

GSGKGKVQFQGKKTKF

 

364

 

-CONH
(pep349–364aa) was synthesized. This peptide is the shortest
form of the epitope 349–368aa of La/SSB recognized by anti-
bodies found in the sera of patients with pSS, and lacks the
phosphorylation site Ser366 [12]. An irrelevant peptide IAS-
RYDQL, corresponding to the sequence 250–257aa of Leis-
mania glycoprotein gp63, was also constructed to be used as
a control peptide (Ctrl-pep). All peptides were purified by
High Performance Liquid Chromatography (HPLC). Pep-
tide purity and the correct orientation of the phosphoryla-
tion were evaluated by Mass Spectra (MS) analysis.

 

Purification of human anti-349–364aa antibodies

 

Total IgG antibodies from the sera of three patients, contain-
ing autoantibodies to both the unphosphorylated and the
phosphorylated forms of the La/SSB epitope, were purified
by affinity chromatography using a protein-A Sepharose 4B
column. IgG fractions were concentrated and dialysed
against phosphate buffer saline (PBS). A specific immuno-
affinity column of cyanogen bromide (CNBr) activated
Sepharose 4B (Pharmacia Biotech, Uppsala, Sweden) was
generated by standard methods, using 20 mg of the synthetic
pep349–364aa. Anti-349–364aa IgG antibodies were purified
from the three total IgG fractions. Pep349–364aa coupled
beads were preincubated overnight at 

 

+

 

4 

 

°

 

C, with approxi-
mately 100 mg of total IgG. Subsequently the beads were
packed in a column washed with PBS and the flowthrough
(IgG not bound to the beads) collected. Bound anti-349–
364aa IgG antibodies were eluted with 0·1 M HCl-Gly,
pH 

 

=

 

 2·7. The flowthrough from the first purification was
applied to the column once more to ensure that the majority
of the anti-349–364aa antibodies were isolated. The two
flowthroughs, as well as the eluents from the two consecutive
experiments were mixed together, dialysed overnight against
PBS (pH 

 

=

 

 7·4), and protein concentration was measured
using the Bradford assay.

 

Anti-peptide ELISA assays

 

All sera, as well as the flowthroughs and the eluents from the
affinity column, were tested by specific anti-peptide ELISA
experiments developed for the detection of antibodies
against the peptide analogues of the 349–368aa La/SSB
epitope. Briefly, 96-well polysterene plates with a hydrophilic
surface (Multisorp

 

TM

 

, NUNC, Denmark) were coated with
either pep349–368aa or pep349–368aaPh, diluted in carbon-
ate-bicarbonate buffer, pH 

 

=

 

 8·6, at a concentration of 5 

 

µ

 

g/
ml. Non-specific binding on the plates was blocked with a
2% w/v solution of Bovine Serum Albumin (BSA) in PBS
(blocking buffer). All sera were added to the plates at a dilu-
tion of 1 : 140 in blocking buffer. The flowthroughs and the
eluents were added at a concentration corresponding to the
1 : 140 dilution of the initial IgG concentration in the human
serum. After a 2-h incubation time, the plates were washed
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three times with PBS; subsequently alkaline phosphatase-
conjugated, affinity purified, anti-human IgG (Jackson
Immunoresearch, West Grove, PA, USA) diluted 1 : 1400 in
blocking buffer, was added. p-Nitrophenyl phosphatase dis-
odium substrate solution (pNPP, Sigma, St Louis, MO, USA)
was subsequently added and the absorbance was measured at
410 nm by an ELISA reader (Molecular Devices, Sunnyvale,
CA, USA). The optimum concentration of the reagents used
was selected after preliminary experiments. The results from
all ELISA experiments were transformed into binding units,
to enable comparisons between different ELISA experi-
ments, according to the formula:

B.U.  

 

=

 

  (100  

 

×

 

  Absorbance at 410 nm)/cut-off value

The cut-off point value for all the assays was set as the
mean OD values obtained from the sera of 32 normal indi-
viduals plus three standard deviations (SDs).

 

Inhibition assays

 

In order to examine the specificity of the reaction of IgG with
the tested peptides, inhibition ELISA experiments were
performed. A number of sera (

 

n

 

 

 

=

 

 3) reacting with both
peptides were selected. Each serum (1 : 140 dilution) was
preincubated for 2 h at room temperature with different
concentrations, ranging from 1 to 50 

 

µ

 

g/ml, of the peptides
pep349–368aa, pep349–368aaPh, pep349–364aa and the
Ctrl-pep and subsequently examined by ELISA on plates
coated with the pep349–368aaPh peptide as previously
described. Similar inhibition assays were also performed
with the flowthroughs and the eluents derived from the
affinity chromatography column.

 

Estimation of the relative avidity

 

To estimate the relative avidity of the antibodies against
pep349–368aa and pep349–368aaPh, antibody avidity

designed ELISA experiments were performed. Sera, reacting
with the pep349–368aaPh, were selected and incubated on
plates coated with pep349–368aa and pep349–368aaPh. The
plate was then washed three times for five minutes with
either PBS or PBS containing 8 M urea. Urea is a chaotropic
agent used to dissociate the low avidity antibodies from their
target antigen [13]. Subsequently, the plate was washed three
times with PBS and the ELISA assay was performed as
described above. The relative avidity index (AI) was calcu-
lated as the percentile ratio between the absorbance readings
obtained when the plates were washed with 8 M urea to the
absorbance readings obtained when the plates were washed
with PBS.

 

Statistical analysis

 

Continuous variables were compared using Students 

 

t

 

-test.
Mean values in binding units 

 

±

 

 SD are reported. Categorical
outcomes (anti-pep349–368aa positives 

 

versus

 

 anti-pep349–
368aaPh positives) were compared using the 

 

χ

 

2

 

 test. Level of
significance was set to 0·05.

 

Results

 

Recognition of pep 349–368aa and pep349–368aaPh 
peptides from sera of patients

 

Twenty-four (45%) of 53 anti-La/SSB positive sera were
found positive for antibodies against the pep349–368aa pep-
tide of the La/SSB. The prevalence of the autoantibodies
against pep349–368aaPh was 66% (35 sera of 53) (Fig. 1). All
sera positive against the unphosphorylated form of the
epitope were also positive for the phosphorylated one. None
of the normal control sera, the autoantibody control sera
(except two sera that reacted with the pep349–368aaPh), or
the disease control sera was found to be positive against

 

Fig. 1.

 

Recognition of the peptide analogues of the major linear B-cell La/SSB epitope 349–368aa, by sera from patients with pSS and SLE with anti-

Ro/SSA and anti-La/SSB immune reactivity (Ro/La), sera from patients with pSS and SLE without anti-La/SSB reactivity (autoantibody controls, AC), 

sera from healthy individuals (NORMALS), and sera from patients with RA without anti-La/SSB reactivity (disease controls, DC); (a) the unphos-

phorylated peptide pep349–368aa and (b) the phosphorylated analogue pep349–368aaPh. The dotted lines in the figures represent the cut-off values 

of the experiments, and were calculated from the mean binding unit (BU) value of the sera from healthy individuals plus three SDs (mean 

 

+

 

 3

 

×

 

SD). 

All of the values above the cut-off limit are considered as positive values. The percentages of the positive sera against the two synthetic peptides differ 

significantly (

 

P

 

 

 

<

 

 0·05).
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either peptides. The  phosphorylated  and  the  unphos-
phorylated peptide recognition (pep349–368aa 

 

versus

 

pep349–368aaPh), expressed in binding units, are statisti-
cally significantly different in patients’ sera with anti-Ro/SSA
and anti-La/SSB reactivity (mean values 

 

±

 

 SD: 166 

 

±

 

 124 

 

ver-
sus

 

 129·2 

 

±

 

 120, 

 

P

 

 

 

=

 

 0·001), as well as in the percentage of
positive outcome (66% 

 

versus

 

 45%, 

 

P

 

 

 

=

 

 0·03).

 

Inhibition experiments using whole sera

 

Three selected sera were incubated with various concentra-
tions (ranging from 1 to 50 

 

µ

 

g/ml) of soluble peptide inhib-
itors and tested by ELISA on plates coated with pep349–
368aaPh. It was found that the phosphorylated peptide
inhibited the binding of the antibodies to the solid phase
almost completely (approximately 92%), while the unphos-
phorylated peptide inhibited the binding only partially (up
to 42–45%) (Fig. 2). In contrast, pep349–364aa and ctrl-pep
did not result in a significant inhibition of the binding of the
antibodies onto the ELISA plate.

 

Immunoadsorbent experiments with Sepharose 
4B/349–364aa

 

It was previously shown that the truncated peptide 349–
364aa, which does not possess the Ser366 phosphorylation
site, is recognized by the majority of anti-La/SSB antibodies
present in patients’ sera [12]. In order therefore to examine
whether the antibodies, reacting with the phosphorylated
group of Ser366, constitute a distinct subpopulation differ-
ent from the anti-349–364aa antibodies, affinity experiments

were carried out, using a Sepharose 4B/349–364aa immu-
noadsorbent. Three selected sera were passed through this
immunoadsorbent and the flowthroughs and eluents were
tested by ELISA on plates coated with pep349–368aaPh,
pep349–368aa, pep349–364aa and Ctrl-pep. It was found
that the eluent presented reactivity against all peptides,
except for the control peptide (Ctrl-pep) as expected. The
flowthroughs of all sera showed a selective specificity against
the  phosphorylated  peptide,  while  it  did  not  react  with
the unphosphorylated pep349–368aa and the truncated
pep349–364aa peptides (Fig. 3). All isolated antibodies did
not react with the Ctrl-pep (data not shown).

 

Fig. 2.

 

Inhibition of the binding of anti-La/SSB antibodies on the ELISA plates coated with pep349–368aaPh. Three selected patients’ sera 

(P1, P2, P3) were incubated with various concentrations (ranging from 1 to 50 

 

µ

 

g/ml) of the peptides: (a) pep349–368aaPh, (b) pep349–368aa, 

(c) pep349–364aa and (d) ctrl-pep and subsequently tested on the coated plates.
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Fig. 3.

 

Anti-peptide immune reactivity, detected by ELISA of the 

flowthrough and the eluent antibody fractions obtained using a 

Sepharose 4B/349–364aa immunoadsorbent. The specific anti-pep349–

364aa antibodies (eluent) reacted with all three synthetic peptides (

 

�

 

). 

In contrast, the flowthrough (

 

�

 

) reacted almost exclusively with the 

phosphorylated analogue pep349–368aaPh.
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Inhibition experiments, performed with the flowthrough,
but also with the eluent fraction showed that antibody rec-
ognition of the peptides was rather specific. Thus, the bind-
ing of the antibodies present in the flowthrough fraction,
on plates coated with pep349–368aaPh was almost com-
pletely inhibited (approximately 97%) by the same peptide
at a concentration of 10 

 

µ

 

g/ml (Fig. 4). In contrast pep349–
368aa inhibited only partially the antibody binding (23% at
10 

 

µ

 

g/ml and 40% at 50 

 

µ

 

g/ml concentration). The trun-
cated form of La/SSB epitope 349–368aa, as well as the Ctrl-
pep did not produce any significant inhibition of the anti-
body binding.

The binding of the eluted antibodies, on plates coated
with pep349–368aaPh was inhibited by all peptides
(pep349–364aa, pep349–368aa and pep349–368aaPh), at an
inhibition range from 65% to 95%. This group of antibodies
reacted with the peptide analogues of the La/SSB epitope,
since all  these peptides contain the aminoacid sequence
349–364aa.

 

Avidity experiments

 

The relative avidity of the antibodies found in sera from
patients with anti-La/SSB immune response was evaluated
by ELISA by measuring the antibody binding on plates
coated with pep349–368aa and pep349–368aaPh before and
after treatment with 8 M urea. Preliminary experiments
using serial concentrations of urea in the dissociation buffer,
ranging from 2 to 8 M, disclosed that a urea concentration of
8 M, produced the optimal discrimination results.  In four
of five sera examined, the relative avidity of the antibody

binding to pep349–368aaPh was higher, compared to anti-
body binding to pep349–368aa (Fig. 5).

 

Discussion

 

Previous studies have identified that the B-cell epitopes of
the La/SSB protein span the sequences 145–164aa, 289–
308aa, 301–320aa and 349–368aa. The epitope 349–368aa
represents the major B-cell epitope of the protein, since it is
recognized with high sensitivity and specificity by the major-
ity of anti-La/SSB positive sera [12,8].

La/SSB is a phosphoprotein phosphorylated primarily at
the Ser366 aminoacid residue, which is located within the

 

Fig. 4.

 

Inhibition experiments of the antibodies present in the flowthrough and the eluted fractions, obtained using a Sepharose 4B/349–364aa 

immunoadsorbent. Antibodies were tested on plates coated with the phosphorylated peptide pep349–368aaPh; (a) eluent; (b) flowthrough.
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Fig. 5.

 

Estimation of the relative avidity index (AI) of the antibody 

binding to the two synthetic peptides pep349–368aa (

 

�

 

) and pep349–

368aaPh (

 

�

 

) using urea (8 M) disruption of the antigen-antibody 

bonds. Four of five tested sera bound the phosphorylated form of the 

La/SSB epitope (pep349–368aaPh) with higher avidity than the unphos-

phorylated peptide (pep349–368aa).
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major epitope of La/SSB. This aminoacid residue, together
with the three following residues, comprise a conserved ami-
noacid motif 

 

366

 

SDDE

 

369

 

 that represents the specific ami-
noacid pattern, required to be recognized by CKII. Other
putative phosphorylation sites include two threonine resi-
dues, Thr302 and Thr362, and one serine, Ser325, all located
in the carboxy-terminous of the autoantigen [14].

In this study, using the unphosphorylated and phospho-
rylated forms of the 349–368aa epitope, we showed that the
latter peptide is recognized more frequently and with higher
avidity by anti-La/SSB antibodies present in sera of patients
with pSS or SLE compared to the unphosphorylated one. A
phosphate group has a negative charge, while the 349–368aa
La/SSB epitope is highly positively charged (pI 

 

=

 

 10·4). The
incorporation of a negatively charged group into a positively
charged protein region would be expected to alter the local
tertiary structure via ion–ion interactions [15–17], affecting
eventually anti-La/SSB antibody binding. The inhibition
experiments showed that pep349–368aaPh inhibited almost
completely the binding of antibodies onto the ELISA plate,
coated with pep349–368aaPh, whereas the unphosphory-
lated analogue inhibited this reaction only partially. When
the truncated form (pep349–364aa) of the epitope, lacking
the Ser366 phosphorylation site, and the irrelevant peptide
were used as inhibitors no significant inhibition was
observed. These data suggest that anti-La/SSB positive sera
contain autoantibodies binding specifically the region 365–
368aa of the epitope, which contains the phosphorylated
Ser366 residue. Previous studies have demonstrated the
existence of autoantibodies against the truncated sequence
349–364aa of La/SSB protein [12]. Therefore, we purified
antibodies against the 349–364aa region by affinity chroma-
tography. The absorbed and eluted antibodies and the
flowthrough (the fraction of IgG that did not recognize and
attach to pep349–364aa) were tested for reactivity against all
the synthesized peptide analogues. It was found that the
flowthrough reacted only against the pep349–368aaPh pep-
tide. In contrast the eluent IgG from the column reacted
against all three peptide analogues of the 349–368aa epitope
of La/SSB, since it is directed against a common aminoacid
region (349–364aa) present in all the synthetic peptides. The
inhibition experiments confirmed the specificity of the
immune reactivity of each antibody cluster, obtained from
the affinity chromatography. These experiments disclosed
two distinct antibody subpopulations reactive against differ-
ent regions of the same epitope, one targeting specifically the
region that is phosphorylated by the CKII (365–368aa) and
the other targeting the remainder of the epitope sequence
(349–364aa). Interestingly, the inhibition experiments
revealed that the antibodies against the 365–368aa region of
the epitope bound more strongly to the phosphorylated
epitope (pep349–368aaPh) that the unphosphorylated one
(pep349–368aa). This was confirmed from the urea antigen-
antibody dissociation experiments, where the autoantibod-
ies from the autoimmune sera, reactive against the La/SSB

epitope, bound the phosphorylated form with higher avidity
than the unphosphorylated form of the epitope, since they
resisted the urea disruption of their binding to the peptide
target.

Several studies have implicated the post-translational
modifications (PTMs), as possible triggering factors for the
breakdown of the immune tolerance against self proteins
[18–20]. According to this hypothesis, new potentially anti-
genic epitopes (neoepitopes) are created and presented to the
immune system [21]. Furthermore, preexisting epitopes hid-
den from the immune system (cryptotopes) may become
available to the immunological cells through the disruption
of the tertiary structure, by post-translational modifications
of the target protein.

Common modifications include proteolytic cleavage of
proteins from virus encoded proteases [22], or by caspases
during  apoptosis,  producing  novel  autoantigen  forms
[23–25]. In addition, proteins are phosphorylated and
dephosphorylated during apoptosis [26,27]. Since many of
the modified autoantigens, are sequestered in apoptotic
blebs of the cell [28], it is believed that they constitute puta-
tive sources of neoepitopes or cryptotopes [20].

Previous experiments had demonstrated that adenovirus
infection increases both the extend of phosphorylation and
the antigenicity of La/SSB protein, as well as it induces the
translocation of the protein to the cell membrane [29,30]. It
is still unknown if these changes involve the epitope 349–
368aa of the protein. Adenovirus infected HeLa cells have
also been used as antigen source for the detection of anti-La/
SSB antibodies in the sera from patients with systemic
autoimmune diseases. Slobbe 

 

et al.

 

 [31] showed that the use
of lysates from these infected cells can improve the sensitivity
of the anti-La/SSB antibody detection, compared with other
commonly used immunological assays, such as CIE. The fac-
tors that are involved in this enhanced recognition of La/SSB
antigen are still unknown.

Previous studies in corneal epithelial cells of pSS have
shown that La/SSB is redistributed and localized on the cel-
lular membranes [32]. Moreover, in the pathological lesion of
pSS, affected epithelial cells have been found to present
increased levels of La/SSB mRNA [33] and the B-cells contain
intracytoplasmic immunoglobulins with anti-Ro/SSA and/or
anti-La/SSB reactivity [34]. Taken together it appears that the
affected salivary glands in pSS constitue an active site for anti-
La/SSB response. The activated phenotype of the epithelial
cells of exocrine glands in pSS [35] has suggested that they are
infected by a virus. We recently presented evidence that cox-
sackievirus may persistently infect the salivary glands of pSS
patients. We hypothesize that the coxsackieviruses may play
a permissive role for the perpetuation and possibly the induc-
tion of the autoimmune disease in pSS [36].

Until now little is known about the possible effect of the
phosphorylation status of La/SSB on its antigenicity. Phos-
phorylation of Ser366 has previously been reported to have
multiple effects on the function of the protein. Firstly, it
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diminishes the ability of the protein to protect the nascent
transcripts of the RNApolIII and alters its interactions with
several viral RNAs [37,38]. The second effect is a change in
the distribution of the protein within the cell. However,
Broekhuis 

 

et al

 

. [14] have reported that phosphorylation of
La/SSB does not affect the distribution of the protein in the
nucleus and cytoplasm. However, it has been found that
nonphosphorylated human La/SSB is concentrated in nucle-
olar sites, where it interacts with a protein called nucleolin,
while the phosphorylated form of the protein resides in the
nucleoplasm [39].

Taken together, conditions, such as virus infection of epi-
thelial cells, can increase the phosphorylation rate of the La/
SSB protein, enchancing its recognition by autoantibodies.
Moreover, a new epitope adjacent to the Ser366 residue of
the autoantigen is formed upon phosphorylation of the pro-
tein (neoepitope at 349–368aa), with the potential to interact
specifically with a subpopulation of anti-La/SSB antibodies.
Our observation, of the increased antibody recognition of
the phosphorylated major B-cell epitope of the La/SSB
protein, may lead to the development of new improved
diagnostic ELISA assays for the detection of anti-La/SSB
antibodies. The recombinant protein that is used lacks post-
translational modifications such as phosphorylation. In this
case, it is likely that these assays do not detect antibodies that
are directed against the chemically modified epitopes, such
as the anti-pep349–368aaPh antibodies, the existence of
which we demonstrated in this study. Thus, the use of the
phosphorylated protein or the phosphorylated epitope as the
coating antigen in the diagnostic ELISA assays will have an
advantage in the detection of more anti-La/SSB antibodies,
compared to the unmodified antigen.
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