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SUMMARY

The aim of this study was to investigate the immunogenicity of four synthetic peptides, representing

linear B cell epitopes of the human La/SSB autoantigen: 145±164 aa (p1), 289±308 aa (p2), 301±318 aa

(p3) and 349±364 aa (p4), in rabbits. New Zealand White rabbits were immunized with each of the

above peptides attached in four copies on tetrameric sequential oligopeptide carriers (SOC) in duplicate.

Control immunizations were also performed (one rabbit each, immunized with Freud's complete

adjuvant alone or with the SOC carrier alone). Animals were bled at regular intervals and sera were

analysed for anti-La/SSB activity by ELISA assays using as antigen the various synthetic peptides, as

well as the whole La/SSB protein. Four months after the last immunization, the animals were killed and

peripheral blood mononuclear and spleen cells were co-cultured with either the peptides, the SOC

carrier, or 27 peptides, covering the entire length of the human La/SSB molecule (23 amino acids long,

overlapping by eight residues to each other). A specific, IgG, anti-peptide antibody response was

detected, initially directed against the priming peptide, and subsequently expanded to the other La/SSB

synthetic peptides. The antibody titres remained high, even 4 months after the last immunization. Sera

from rabbits immunized with either p2 or p3 reacted also with the whole La/SSB protein, as was

demonstrated by ELISA and immunoblot assays. No reactivities against either Ro60 or Ro52

autoantigen were found. Rabbit spleen cell reacted not only with the epitope used for the immunization

but also with other La/SSB peptides. Immunization of rabbits with the major human La/SSB B cell

antigenic determinants, linked to SOC carrier, induces strong and sustained antibody and T cell

responses against multiple epitopes of the human La/SSB protein. Thus, La/SSB B cell linear epitopes

are probably capable also of functioning as T cell epitopes, in this experimental animal.

Keywords SjoÈgren's syndrome La/SSB B cell epitopes T cell epitopes autoimmunity

INTRODUCTION

La/SSB is an autoantigen which along with two other proteins

(Ro52 and Ro60kD), constitutes a complex with hYRNAs and

forms ribonucleoprotein particles (hYRNPs). Autoantibodies against

this complex are frequently found in the sera of patients with

SjoÈgren's syndrome (SS) and systemic lupus erythematosus (SLE).

Autoimmune responses against the hYRNPs are characterized by a

remarkable diversity, illustrated by autoantibodies directed towards

different proteins of the complex (Ro52, Ro60 and La/SSB),

recognizing several conformational or linear epitopes [1±3].

Previous B cell epitope mapping of human La/SSB using the

peptide mimotope scanning technique showed that anti-La/SSB

autoantibodies from SS and SLE recognize four major linear

antigenic epitopes, spanning the amino acid (aa) sequences 145±

164 aa (p1), 289±308 aa (p2), 301±318 aa (p3) and 349±364 aa

(p4) [4,5]. Using these peptides as antigenic substrates in ELISA it

was found that peptides 3 and 4 present high sensitivity and

specificity for the detection of anti-La/SSB antibodies. Further-

more, the peptides p1, p2 and p3 also possess features of putative

T cell epitopes, as shown by computer prediction analysis [4].

The aim of the present study was to investigate the

immunogenicity of these peptides in vivo, as well as to evaluate

their ability to induce antibody and T cell responses against the

La/SSB autoantigen when injected into experimental animals

(New Zealand White female rabbits) in complexes of four copies

coupled to a non-immunogenic, sequential oligopeptide carrier

(SOC) [6].
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MATERIALS AND METHODS

Four La/SSB linear B cell peptides in the form of tetrameric

SOC complexes [(peptide)4SOC4] were used as immunogens, as

follows.

Peptide synthesis and purification

The four La/SSB linear B cell peptides: 145TLHKAFKGSIFVVFD

SIESA164, 289ANNGNLQLRNKEVTWEVLEG308, 301VTWEVL

EGEVEKEALKKI318 and 349GSGKGKVQFQGKKTKF364, each

attached in four copies to the tetrameric (Gly-Aib-Lys)4 (SOC4)

backbone as well as the SOC4 alone, were used for the

immunizations. All peptides corresponded to human sequences

and were synthesized according to the solid-phase peptide

synthesis procedure and purified as previously described [7].

For screening of peptide specificity on T cells, a set of 27

peptides, each consisting of 23 amino acids, overlapping each

other by eight residues and covering the entire sequence of the

human La/SSB protein, were prepared using the cleavable

multipin synthesis system (Chiron Mimotopes, Clayton, Australia)

according to the method of Geysen et al. [8]. Synthesis was

performed following the Fmoc strategy, based on the principles of

solid-phase peptide synthesis [7]. The peptides were cleaved from

the pins at neutral conditions that are compatible with biological

systems [9±11] (0´05 m HEPES buffer pH 7´6 in sonication bath,

for 60 min at room temperature).

Rabbit immunization

Ten New Zealand White female rabbits, 6±8 weeks old, were

immunized according to a previously described protocol [12],

using in each immunization 0´5 mg immunogen. Successive

bleedings were performed before the immunizations (days 26, 53,

99 and 152) and on days 200, 250, 300 and 330. The animals were

killed on day 330.

Rabbit no. 1 was immunized with PBS (control animal), rabbit

no. 2 with the backbone of SOC4 alone, rabbits nos 3 and 4 were

immunized with SOC-p1, rabbits nos 5 and 6 with SOC-p2,

rabbits nos 7 and 8 with SOC-p3 and rabbits nos 9 and 10 with

SOC-p4.

ELISA

The ELISA procedure was performed as previously described.

Briefly, 96-well polystyrene plates (Nunc, Roskilde, Denmark)

were coated with 5 mg/ml of each SOC4 peptide or SOC4 alone

(50 m l/ml). After blocking, serum samples from preimmunized

and post-immunized rabbits at dilutions ranging from 1:50 to

1:3200 were added. Affinity-purified goat antiserum against rabbit

IgG (heavy chain-specific) conjugated to alkaline phosphatase

(Sigma, St Louis, MO) and nitrophenyl-phosphate disodium,

substrate for alkaline phosphatase, were subsequently added.

Absorbance was measured at 405 nm. Sera were also tested by a

commercially available enzyme-immunoassay for the detection of

anti-La (SSB) antibodies (Shield Diagnostics, Diastat, London,

UK), using affinity-purified La/SSB protein as antigen and the

appropriate conjugate for rabbit antibody detection. The experi-

ments were performed three times on different days.

Immunoblotting

Recognition of the whole La/SSB molecule by antibodies raised in

immunized animals was also investigated using (i) LIA strips

(Innogenetics, Ghent, Belgium), and (ii) cytoplasmic extracts

from rabbit spleen and HeLa cells prepared as previously

described [13]. Samples of extracts were electrophorized in 15%

SDS±polyacrylamide gels, followed by electrotransfer to nitro-

cellulose membranes. Subsequently, the nitrocellulose blots were

reacted with rabbit sera in 1:30 dilution for 1 h and washed with

TBS±Tween-20 0´05% three times for 10 min. Anti-human IgG

and anti-rabbit IgG (g-chain-specific) alkaline phosphatase

conjugate was added for 2 h at room temperature. The colour

was developed by adding a substrate solution of p-nitrophenyl

phosphate on to the strips.

Inhibition assays

In order to evaluate the specificity of the anti-peptide antibody

assays and the content of rabbit sera for other anti-peptide

antibodies, homologous and cross-inhibition assays were per-

formed. Thus, sera from immunized rabbits in 1:200 dilution were

preincubated each with different peptides at concentrations 0´5, 5

and 10 mg/ml and the anti-peptide ELISAs were repeated. The

percentage of inhibition of the antibody binding to the peptides

immobilized on ELISA plates was calculated as follows:

inhibition percentage � 100 � [1 2 (inhibited OD405nm/uninhib-

ited OD405nm)]. Sera that recognized the whole La/SSB molecule

were preincubated in dilution 1:500 with: (i) the peptide used for

the animal immunization, (ii) the remaining three La/SSB

peptides, and (iii) the mixture of all four peptides at concentra-

tions 0´5, 5, 10, 50, 100 and 200 mg/ml, overnight at 48C.

Inhibition assays were performed in ELISA plates, precoated with

affinity-purified La/SSB antigen (Shield Diagnostics, Diastat).

T cell proliferation assays

Three hundred and twenty-eight days after the first immunization

rabbits nos 1, 2, 3, 4, 5, 9 and 10 were killed. Rabbits nos 6, 7 and

8 died between the 53rd and 99th days of the immunization

process. Spleen cells and peripheral mononuclear cells were

isolated and cultured with 5 mg/ml of different peptides (27

overlapping 23mer peptides of La/SSB, four peptides correspond-

ing to the La/SSB linear B cell peptides and the SOC carrier

alone) in triplicate, as follows: 2 � 105 spleen cells/well were

cultured in round-bottomed 96-well plates, in RPMI 1640 medium

in the presence of 0´2 mm l-glutamine, 100 U/ml penicilln,

100 U/ml streptomycin, and 10% fetal calf serum (FCS) for

5 days. T cell proliferation was assessed by the addition of 1 mCi/

well of 3H-thymidine for the last 18 h of culture. Thymidine

incorporation was measured using a liquid scintilation beta

counter analyser (Packard, Meriden, CT). The stimulation index

(SI) was calculated as the ratio of ct/min received in the presence

versus absence of the specific antigen. Values of SI . 2 were

considered positive. For the peripheral blood mononucelar cell

(PBMC) proliferation assay, irradiated spleen cells (30 Gy, 105

cells/well) were used for enrichment of the antigen-presenting

cells (APC). Cells added in triplicate in culture medium alone or

containing 1 mg/ml phytohaemagglutinin (PHA) (PHA response

lasted 3 days) were used as controls, in all the proliferation assays.

All experiments were performed in duplicate.

RESULTS

Induction of anti-La/SSB and anti-peptide antibodies

Sera from rabbits immunized with each SOC4±La/SSB peptide

conjugate were collected before and after each immunization and

were tested for their reactivity against the immunizing as well as
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the remaining peptides. Sera from rabbits immunized either with

Freund's complete adjuvant (FCA) alone (control animal) or the

SOC carrier, did not recognize any of the La/SSB synthetic

epitope analogues. The antibody activity was gradually increased

and after the third boost remained high until the end of the study.

The optical density (OD) in serum dilution 1:200 was ranged

from 1´400 to 2000 and coefficient variation between the same

experiment was , 10%. Sera obtained from the animals

immunized with each of the p1, p2 and p3 peptides recognized

not only the immunizing but also the other peptides studied. The

higher reaction was observed in the ELISA against the immuniz-

ing peptide. In contrast, animals immunized with peptide p4

produced antibodies against only the homologous peptide (Fig. 1).

Preincubation of sera obtained from rabbits immunized with a

particular epitope resulted in significant reduction of the antibody

binding to the homologous peptides. In particular, the homologous

inhibition of sera from rabbits immunized with the peptides p1

and p2 led to 72% and 78% inhibition, respectively. Also,

homologous inhibition using peptides 3 and 4 resulted in 85% and

82% inhibition, respectively (Fig. 2).

Cross-inhibition assays

All animal sera contained a mixture of antibody specificities

recognizing not only the immunizing peptide but also the

remaining peptides. Thus, the reactivity of sera from animals

immunized with peptide p1 was inhibited by 48%, 51% and 40%,

respectively, after serum preincubation with the peptides p2, p3 or

p4. Similarly, the reactivity of sera derived from the animal

immunized with peptide 2 was inhibited by 95%, 96% and 61%,

respectively, after preincubation with the peptides p1, p3 and p4.

Sera obtained from rabbits immunized with peptide p3 were

inhibited by 76%, 60% and 55%, respectively, after preincubation

with peptides p1, p2 and p4 (Fig. 3).

Inhibition of antibody binding to the intact La/SSB antigen

Sera from rabbits immunized with peptides p2 and p3 contained

antibodies binding to the intact La/SSB antigen in the ELISA

(Fig. 4). Preincubation of these sera in dilution 1:500 with

peptides p2 and p3 as well as with a mixture of all peptides

resulted in the inhibition of anti-La/SSB reactivity. All sera from

the immunized rabbits were tested with LIA test and immuno-

blotting, using cytoplasmic extract from HeLa cells and rabbit

spleen cells. Sera from rabbits immunized with peptides p2, p3

and p4 recognized the recombinant, human and rabbit La/SSB

molecule. Binding to Ro/SSA 60 or 52kD autoantigen was not

observed either by counterimmunoelectrophoresis or immunoblot.

T cell proliferation assays towards the La/SSB peptides

Spleen cells and PBMC isolated from rabbits were co-cultured

with 31 La/SSB peptides (27 overlapping peptides and four

synthetic epitope analogues). Responses without peptide or SOC4

backbone alone were 12 524 and 9268 ct/min, respectively.

Spleen cells obtained from rabbits immunized with p1 responded

to the immunizing peptide as well as the peptides spanning the

sequences 1±23 aa (no. 1) (28 873 ct/min), 181±203 aa (no. 13)

(38 772 ct/min), 376±398 aa (no. 26) (28 806 ct/min), 386±408

aa (no. 27) (28 379 ct/min) and 349±364 aa (p4) (58 894 ct/min).

Spleen cells from rabbits immunized with peptide 2 responded

also to peptides 286±308 aa (no. 20) (58 894 ct/min) that contain

peptide 2 and peptide 4 (28 473 ct/min). Control responses were

as follows: without peptide 8999 ct/min and with SOC4 alone

11 088 ct/min. Rabbits immunized with peptide 3 did not reach

the end of the experiment. Finally, spleen cells from the rabbits

immunized with peptide 4 strongly recognized the peptide of

origin and also the sequences 76±98 aa (no. 6) (28 871 ct/min),

106±128 aa (no. 8) (15 944 ct/min), 151±173 aa (no. 11) (15 832

ct/min), 241±263 aa (no. 17) (19 211 ct/min), 346±368 aa (no.

24) (16 078 ct/min) incorporating peptide 4, peptides 1 and 2.

(Responses without peptide: 6932 ct/min and with SOC4 alone

5832 ct/min; Fig. 5.) PBMC isolated from the immunized animals

proliferated rather poorly in the presence of La/SSB peptides.

Spleen cells and PBMC isolated from control rabbit did not

respond to any of La/SSB-related peptides. No response was

observed to the SOC backbone alone. Spleen cells and PBMC

from all animals were found to respond well to PHA

(. 100 000 ct/min), whereas the irradiated spleen cells did not.

Fig. 1. Sera from rabbits immunized with synthetic peptide analogues of

La/SSB are tested against peptide 3 (301VTWEVLEGEVEKEALKKI318)

(top) and peptide 4 (349GSGKGKVQFQGKKTKF364) (bottom). Sera from

animals immunized with peptide 2 also contained antibodies to peptides 3

and 4. In addition, sera from all animals contained antibodies to peptide 4.

Fig. 2. Homologous inhibition assays of all anti-peptide ELISAs

exhibited a maximum inhibition range of 72±85%.
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DISCUSSION

In humans, reactivity to the native La/SSB protein occurs

primarily in patients with SS. This autoantibody response is

thought to involve an antigen-driven process, but its precise nature

and role remain unclear. Anti-La/SSB reactivities are character-

ized by polyclonality against multiple peptides of the La/SSB

protein as well as by the parallel occurrence of autoantibodies to

another member of the heterogeneous hYRNP complex, namely

the Ro/SSA protein [1,14]. Despite the fact that there are obvious

difficulties in reflecting the human autoimmune response to non-

autoimmune experimental animals, a large body of knowledge has

been mounted over the last 7 years in regard to antibody response

in several animals.

In previous studies the immunization of normal mice with

recombinant preparations or short peptides of the La/SSB [15±17]

or the Ro/SSA protein [18] has been shown to result in polyclonal

antibody responses against peptides which spanned multiple sites

on both proteins. Such intramolecular and intermolecular spread-

ing of reactivities has been thought to arise from the activation of

antigen-specific T helper clones able to stimulate a diverse array

of B cells specific for the constituents of endogenous La/SSB-Ro/

SSA protein complexes [15,19,20]. In this study the immuno-

genicity of the four dominant linear B cell synthetic epitope

analogues of the human autoantigen La/SSB was investigated in

NZW rabbits. For the immunization, peptides were attached on

tetramer sequential oligopeptide carriers (SOC4) as previously

described [21,22]. In our hands, immunization with SOC4±peptide

conjugates proved an efficient tool. As shown in this study, a high,

specific and sustained immune response against the various

conjugated peptides was obtained by the immunization of rabbits

with the various SOC4±La/SSB peptide conjugates. Furthermore,

immunization with La/SSB peptides was found capable of

inducing strong B and T cell responses not only against the

particular peptide used for the priming of animals, but also against

other peptides of the La/SSB antigen. The potent immunogenic

property of synthetic peptide polymers, as opposed to monomeric

peptide preparations, has been also previously reported [17].

Although healthy animals have been shown to be in a non-tolerant

immune state for intracellular proteins which are autoantigenic in

humans, the patterns of endogenous autoantigen recognition by

humans and experimental animals may differ [23]. In addition,

discrete differences in amino acid sequences of peptides applied

for immunization may be crucial in the induction and maintenance

of responses, as well as for the intramolecular spreading of

reactivities [24]. Unfortunately, the current unavailability of

the complete sequence of the rabbit La/SSB protein precludes

the comparison of amino acid sequence differences between the

human-derived La/SSB peptides applied in this study and the

reciprocal peptides in the rabbit.

The intramolecular spreading of antibody responses following

immunization with peptide polymers appears well documented

[12,15±18]. Our findings are in agreement with these reports and

further suggest that immunization with synthetic peptides also

leads to the intramolecular spreading of T cell reactivities, albeit

in a more restricted pattern. These phenomena probably result

from the sequential reactions between homotypic and heterotypic

antigen-specific B and T cells. B and T cells with specificity for

one or more peptides of the La/SSB protein should exist in non-

immunized animals, but at quite low frequencies. As in most

antibody responses, the induction of anti-La/SSB protein reactions

in the immunized rabbits probably involves the activation of

helper T cells through the presentation of the priming peptides by

rabbit MHC class II-expressing professional APC. Although the

peptide binding characteristics of rabbit MHC molecules are yet to

be defined, our results suggest that at least three of the four La/

SSB peptides used for the immunizations were adequately

presented by rabbit APC. The capacity of B cells to capture even

Fig. 4. Binding of antibodies, produced after immunization with synthetic

peptides 2 and 3 in the intact La/SSB protein. Sera from animals

immunized with Freund's complete adjuvant alone have been used as

controls.

Fig. 3. Cross-inhibition in the assays of synthetic peptide analogue 1

(145TLHKAFKGSIFVVFDSIESA164) (top) and synthetic peptide analogue

2, to determine the binding of antibodies (bottom) produced by

intramolecular spreading in animals immunized with other peptides.
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minute amounts of circulating antigens and to present protein

determinants to peptide-specific T cells is crucial for the T cell-

dependent stimulation of B cells and antibody production [19,25].

In the case of immunization with synthetic peptide polymers, as in

the present study, B cells specific for the priming peptide should

be able to present increased amounts of the same peptide to T

cells. Thus, under our experimental conditions, immunization

should primarily involve the activation and the expansion of B and

T cell populations recognizing the priming peptide, a prediction

which is in accordance with our findings. In the process, peptide-

specific B cells may capture endogenously derived La/SSB

molecules by surface immunoglobulin receptors and present new

determinants to T cells. This would presumably result in the

activation of one or more T cell clone(s) reacting to secondary

epitope(s) of the La/SSB protein, which in turn are able to provide

help to diverse B cell clones that recognize multiple peptides of

the La/SSB protein.

In this study, despite the notable intramolecular spreading of

the anti-La/SSB response, no evidence of intermolecular spread-

ing of reactivities to the Ro/SSA antigen was observed.

Intermolecular spreading of antibody responses has been reported

to occur following immunization of animals with recombinant La/

SSB protein [15,17], as well as with polymeric preparations of

peptide sequences residing in the lupus autoantigenic protein Sm

Fig. 5. T cell proliferation assays using 27 overlapping peptides covering the sequence of La/SSB. The four last peptides correspond to

linear B cell peptides 1, 2, 3 and 4. The cut-off point for positivity in stimulation index (SI � 2).
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[14], mouse La/SSB [16,17] and human Ro (SSA) protein [23]. It

is noticeable however, that in those studies certain peptide

sequences derived from the above proteins were found incapable

of inducing intermolecular diversification of immune responses

[16±18,24,26]. Further studies are necessary to clarify the

implication of dominance and crypticity features of peptide

sequences selected for the priming of animals, in these phenomena

[27,28].
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