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H mepoyn 147-15400 g mpwteivnig La/SSB  mapovoidler 83% opowdtnta  apivo&ikng
aAdndovyiog pe tnv meproyn 139-146aa g avBpomivng Bactkng mpoteivng g poehivng (BIIM).
O oKomOg TG HEAETNG OVTAG NTOV VO OIEPEVVIIGOVLE TOV EMMOANCHO KOl TNV ONUHocio TV
AVTICOUAT®V, TOL VITAPYOVY GTOV 0pO AGHEVAOV UE GLTOAVOGO GUGTNUATIKG VOG0T, EVOVTL
Kol Tov 000 aVT®V EMTOTMV KOl VO CUYKPIVOUUE TIG YVUIKEC OVOGOAOYIKEC OMOKPIGELS, TTOV
mapnyOnoav amd Kovvéla, to omoia ELPOMACTNKAY LE QVTOVG TOVG EnttoOmovs. Ta dvo opdAoya
nentidw 147-154a0 g La/SSB ko 139-14600. g BIIM ocuvtébnkov mpocdedepévo oe
TETPOUEPEIG OAYOTEMTIOWKOVE QOPEiC Kol ypnolworomdnkoy vy tov eUPoracud Agvkdv
KovveMdv Néag Znlovdiog. Avtiodpato Kotd Tov Tentidioy, pe to omoia £ywvav ot epfoltacuot,
KaOdG Kol KATO TOV TETTOI®V TOV AVTITPOSMOTEVOLY GAAOVG TPOGIOPIGUEVOLS B-KkuTTapikoig
emomovg g La/SSB (289-30800, 349-36400), katd TG OAOKANPNG avOpdTIVIG TPOTEIVIG
BIIM (aBIIM) kot g ovaocvvdovacpuévng avipomvng mpoteivg La/SSB  (rechLa),
mpoodopicOnkav pe v ypnorn ewikov mepapdtov ELISA. Opol and 45 acbevelg pe
npwtonadég cuvopopo Sjogren (nok), 49 pe Tvompatikd EpvOnpoatdon Avko (XEA), kot 18 pe
Pevpotoedn ApbOpitida (PA) eléyybnikav Evavtt tov dV0 cuvOETIKOV TERTISI®V KOl EVAVTL TNG
aBIIM. 22% twv opdv and acbevelg pe moZ, 27% twv acbevaov pe ZEA kot kavévag amd Tovg
acBeveic pe PA avtédpacav kotd tov La/SSB emtomov. 27% amd tovg noZ opovg, 22% and Toug
YEA xot 17% amd tov PA opovg €dei&av Betikn avtidpacn katd tov mentidiov g BIIM. Téhog
19% omd tovg Mo, 30% omd tovg LEA katl 38% amd toug PA opovg aviédpacav KoTd ™G
oBIIM. 35 pépeg peTd Tng 0vocomoinorm TV KouveMav pe tov emitomo tng La/SSB, elyav
mapaydel avTicOUOTO KOTA Kol TV Tplov emtdénov g La/SSB, tov nentidiov e BIIM kot tov
apoteivdv aBIIM kot rechLa. Ta xovvédia mov elyav avocomombei pe to mentido g BIIM
TOPNYOYOV OVIICOUOTO KOTO TOL MEMTIOION, UE TO OMOI0 OVOGOTOWONKOV Kol TOL OHOAOYOV
La/SSB memtidiov, 6e pikpd ¥povikd SGoTNUe LETA OO TNV (VOGOTOINGT, EVO TO OVTICMOLLOTO
Kot Tov GAAov La/SSB emtonwv, kabdg Kot Kotd Tmv 600 0AOKANpOV TpoTeivav, Tapnyincov
apyotepa. [epdpato ovacTodng 6e 0povg KOLVEMGV pe LYNARN dpactikdtra katd ¢ aBIIM,
xpnowyonowwdvrag to memtido g BIIM ¢ avactoréa, amoxdivyav o6t 1o 80% NG
OVOGOAOYIKNG SpACTIKOTNTAG T®V 0pAdV OTOAECHEL. TUUTEPUCUATIKA £VO. CTUOVTIKO TOGOGTO
avOPAOTIVOV AVTOAVOS®Y 0pAV OVTESPOCE EVOVTL Kol TV 000 mentidiov g La/SSB kot g
BIIM, xaBng kat évavtt tng aBIIM. Otav to nentido 147-15400 tng La/SSB ypnoytomomdnke
Y avocomoinoelg (v, TpokdAese pio AUEST] EAMTAMOT EMTOTW®V, 1| Ontoio. cLUTEPLEAGUPavE
ko Tig dvo mpwteiveg BIIM kor La/SSB. Avtifeta o ermitomog tg BIIM mpokdiece
kaBuoTepnUEVT OVOGOAOYIKT amokplon Evavtl tov GAlwv La/SSB emitonov. ‘Etol, mopd to
YEYOVOG OTL 0LTA To dVO TEMTIOW TAPOLGIALOVV LOPLOKT OUOLOTNTO, TPOKOAOVV SLOPOPETIKEG

0VOGOAOYIKEG OTOKPIGELC.
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Abstract

The region 147-154aa of La/SSB presents 83% sequence similarity with the 139-146aa region of the human myelin basic protein
(MBP). The aim of this study was to investigate the prevalence and significance of antibodies against both epitopes in sera from
patients with systemic autoimmune diseases, and to compare the humoral responses produced after rabbit immunization. Peptides
147-154aa of La/SSB and 139-146aa of the MBP were attached on tetrameric sequential oligopeptide carriers and used for
immunizations of New Zealand White rabbits. Antibodies to immunizing peptides, as well as to the peptides corresponding to other
previously defined La/SSB epitopes (289-308aa, 349-364aa), to the intact human MBP (hMBP) and to the recombinant human
La/SSB (rechLa) proteins, were identified using specific ELISA assays. Sera from 45 patients with Sjogren’s syndrome (pSS), 49 with
Systemic Lupus Erythematosus (SLE), and 18 with Rheumatoid Arthritis (RA) were tested against the two peptides and the hMBP.
Twenty-two per cent of sera from pSS patients, 27% of SLE patients, and none from RA sera reacted with the La epitope; 27% from
pSS sera, 22% of SLE sera, and 17% of RA sera gave a positive reaction against the MBP peptide. Finally, 19% of pSS, 30% of SLE,
and 38% of RA sera reacted with the hMBP. Thirty-five days after immunization of rabbits with the La epitope, antibodies were
produced against all three La/SSB peptides, the MBP peptide, and the hMBP and rechLa proteins. Rabbits immunized with the
MBP peptide produced antibodies against the immunizing peptide and the mimicking peptide of La shortly after immunization,
whilst antibodies against the other La epitopes and the two intact proteins were produced later. Inhibition experiments in rabbit sera
with high reactivity against hMBP, using the MBP peptide as inhibitor, revealed that 80% of serum reactivity was abolished. In
conclusion, a significant proportion of human autoimmune sera reacted with both La and MBP derived peptides, as well as with
hMBP. La 147-154aa peptide, when used for animal immunizations, induces a fast epitope spreading involving both La and MBP.
In contrast, the mimicking MBP epitope induces a delayed response against the other La epitopes. Thus, despite the fact that these
peptides present molecular similarity, they induce different immune responses.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction against organ and non-organ specific autoantigens.
Amongst them, autoantibodies to the cytoplasmic

Systemic autoimmune diseases are characterized by RoRNP complexes are frequently found in patients with
the presence of a vast array of autoantibodies directed primary Sjogren’s syndrome (pSS) and Systemic Lupus

Erythematosus (SLE). Most of these autoantibodies are

T Corresponding author. Tel.: +30-210-7462670: directed against the protein componepts of the complex,
fax: +30-210-7462664. Ro52, Ro60, and La48 kD [1-3]. During the past several
E-mail address: agtzi@med.uoa.gr (A.G. Tzioufas). years, an effort has been undertaken by others and ours
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laboratories, in order to identify the fine specificity of
autoantibodies against RoRNPs. The identification of
the major epitopes would allow us to define better the
disease subgroups, to study in depth the structure and
the biological properties of a given epitope, and to
develop assays with higher sensitivity and specificity for
the antibody detection [4].

Previous studies in our laboratory, using sera from
patients with SLE and pSS and the mimotope peptide
scanning technique revealed that the majority of sera
bind to four distinct B-cell epitopes of La/SSB [5]. These
epitopes lie within the regions 145-164aa, 289-308aa,
301-320aa, and 349-364aa [6]. Testing of a large number
of human sera against peptide analogues corresponding
to these regions, demonstrated that they have a high
sensitivity and specificity for the detection of anti-La/
SSB antibodies [6]. T-cell epitopes of La/SSB protein
have also been described in the literature. They have
been mapped within the sequences 61-84aa and 289-
299aa of the molecule [7,8].

Examination of the aminoacid sequences of the four
B-cell epitopes using protein databases has led to the
discovery that the region 145-164aa of La presents 83%
sequence similarity with the region 139-146aa of the
human myelin basic protein (MBP). MBP is considered
to be one of the major autoantigens in patients with
multiple sclerosis (MS) [9,10]. MBP and La/SSB proteins
share in common some immunological features. They
are both disease specific autoantigens, they contain
both B- and T-cell epitopes, and the immune response
against them appears to be antigen driven. Finally, when
fragments of these two proteins are used for animal
immunizations, they can induce spreading of the
immune response.

The aim of the current study was to investigate the
humoral immune responses against both regions of
La/SSB and MBP in sera from patients with auto-
immune diseases and sera from immunized rabbits.
Thereafter is shown that a significant proportion of
SLE and pSS patients with anti-Ro/La immune re-
sponses possess also antibodies directed against the
homologous with La/SSB region 139-146aa of MBP.
In addition, La epitope was able to produce intra-
molecular spreading of the immune response against
all La/SSB epitopes and the generation of specific
antibodies targeting the MBP mimicking peptide, after
immunization of the experimental animals. On the
other hand the MBP peptide with the sequence simi-
larity induced a delayed epitope spreading in compari-
son with the homologous La peptide. Thus, this study
suggests that despite the high sequence similarity be-
tween two epitopes from two different autoantigens,
they can induce different immune responses. Though,
after a long postimmunization period of time it was
observed that both peptides caused the development of
the same antibodies.

Table 1
The physicochemical properties of the two homologous peptides of
La/SSB (147-154aa) and MBP (139-146aa) proteins.

La/SSB MBP
4THKAFKGSI'** BHKGFKGVD!#

Molecular weight 887.0 887.0

Theoretical pl 10.0 8.6

Hydrophobic residues A F 1 F,V

Positively charged residues K, K K, K

Negatively charged residues None D

Aliphatic index 61.25 36.25

2. Materials and methods

2.1. Peptide properties and peptide synthesis

Regions 139-146aa of MBP and 147-154aa of La/
SSB protein have been found to present a high degree of
homology. Between these two homologous sequences,
there are three aminoacid differences. More specifically
an alanine (Ala), a serine (Ser), and an isoleukine (Ile)
residue in the region of La/SSB is substituted by a
glycine (Gly), a valine (Val), and an aspartic acid (Asp)
residue respectively in the sequence of MBP. Table 1
demonstrates the physicochemical properties of these
two regions as defined from their aminoacid sequences.
One can see that these two peptides are quite similar,
since they have the same molecular weight, identical pl,
and they contain approximately the same aminoacid
residues. The aliphatic index value demonstrates also
that these two oligopeptides possess approximately
similar hydropathic properties. From conformational
studies of the hMBP molecule it has been found that the
region of the protein that we have examined lies in a
loop located to the outer surface of the protein, as
illustrated in Fig. 1 [11,12]. Such surface exposed protein
regions usually posses high mobility and they are more
easily accessed by antibodies [13,14]. Thus, these protein
regions are more likely to contain B-cell epitopes.

Peptide analogues of the three B-cell epitopes of
human La/SSB protein '“"HKAFKGSI'** (pepl47-
154), > ANNGNLQLRNKEVTWEVLEG?* (pep289—
308), and the >*GSGKGKVQFQGKKTKF**
(pep349-364), as well as the "HKGFKGVD!'“® region
of the MBP (MBP peptide), were constructed using
the Fmoc strategy based on the solid-phase peptide
synthesis [15]. Each of the synthesized peptides was
attached to tetrameric sequential oligopeptide carriers
(SOC,) [16]. An irrelevant peptide IASRYDQL (corre-
sponding to the sequence 250-257aa of Leismania
glycoprotein  gp63), attached to SOC, carrier
[TASRYDQL),-SOC,] was also constructed, in order to
be used as a control peptide for the study.
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Fig. 1. Three dimension configuration of the human MBP molecule, as it is believed to be from experimental data. The protein region marked in gray
is the region 139-146aa that is homologous with the pepl47-154aa of La/SSB.

2.2. Preparation of LalSSB and hM BP intact proteins

Human MBP (hMBP), purified from human brain
according to previously described methods [17], was
purchased from Advanced ImmunoChemical Inc. Re-
combinant human La/SSB whole protein (rechLa) was
constructed using the methodology that has been pre-

viously described by Bachman et al. and Troster et al.
[18,19].

2.3. Human sera

Sera were obtained from 45 patients with pSS that
satisfied the specified European criteria [20], 49 patients
with SLE [21], 18 patients with rheumatoid arthritis
(RA) [22] and 43 normal subjects. These sera were tested
for the presence of antibodies directed against the two
homologous peptides as well as hMBP and rechLa. All
sera had been previously screened for the presence
of anti-Ro/SSA and anti-La/SSB autoantibodies by
counterimmuno-electrophoresis (CIE) and immunoblot,
as described previously [6].

2.4. Animal immunizations

The synthesized peptides 147-154aa of La/SSB and
139-146aa of the MBP were used for the immunizations
of New Zealand White female rabbits, 6-8 weeks old
with complete Freud’s adjuvant. In each immunization

0.5 mg of immunogen was used according to previously
described protocols [23]. The oligopeptide carrier SOC,
alone was used for the immunization of the rabbits that
were used as control rabbits for this study. Successive
bleedings of the immunized animals were performed at
days 0, 11, 35, 81, 132, 181, 213, 227, and 281.

2.5. ELISA assays

Specific anti-peptide ELISA assays were developed
and performed in order to detect the antibodies in
human sera as well as in rabbit sera, after the animal
immunizations. Sera from all animals were tested
against the peptides pepl147-154, pep289-308, pep349-
364, control, and MBP peptide. Sera from patients were
tested for reactivity against the two homologous pep-
tides and against the intact h(MBP and rechLa proteins.
Sera from the rabbits immunized with the MBP peptide
were also tested against the two intact proteins. 96-well
polystyrene plates (Costar, Corning, NY, USA) were
coated with the solution of the coating peptide at a
concentration 10 pg/ml in buffers with pH=7.26 for the
MBP, pep349-364, and control peptides, and with
pH=9.25 for the pep289-308 peptide. The concentration
of the coating solution of the hMBP molecule was
4 pg/ml in buffer with pH=9.6 and the concentration of
the rechLa coating solution was 5 pg/ml in buffer with
pH=9.2. Non-specific binding was blocked using block-
ing buffer consisting of bovine serum albumin (BSA)
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2% wlv in phosphate buffered saline (PBS) pH 7.4.
Afterwards sera were added in a dilution of 1:200 in
blocking buffer. After an incubation period for 2 h in
room temperature, the ELISA plates were washed three
times with PBS. Alkaline phosphatase-conjugated affin-
ity purified anti-rabbit IgG (Jackson Immunoresearch),
diluted 1:2300 for the assays with the human sera and
1:1400 for the rabbit sera assays in blocking buffer, and
p-Nitrophenyl Phosphatase Disodium substrate (Sigma,
St Louis, USA) was subsequently added and the absorb-
ance was measured at 410 nm by an ELISA reader
(Dynatech, UK). The optimum concentration of the
reagents used was selected after preliminary exper-
iments. The cut-off point for the assays was set as the
mean OD values plus three standard deviations of sera
from 43 normal individuals.

2.6. Inhibition assays

The specificity of the immune response against the
immunizing peptides was assessed using inhibition
assays. In homologous inhibition experiments, the
serum from each immunized rabbit was tested in ELISA
assays against the immunizing peptide and in cross-
inhibition experiments the serum of each rabbit was
tested against the other peptide than that used as
immunogen. Briefly, serum from rabbits immunized
with pepl47-154, taken at immunization day 213, was
diluted 1:200 in blocking buffer and preincubated with
the peptides pep147-154, MBP, and the control peptide
at concentrations 5, 50, 100, and 200 pg/ml. In all
samples SOC, backbone, without peptide was added at
a concentration of 10 pg/ml, in order to block any
anti-SOC, antibodies that may have been produced by
the animals and can potentially interfere with the assay.
Subsequently, the samples were tested in the anti-peptide
ELISA assays as previously described at the ELISA
assays section. Inhibition experiments were also per-
formed using the sera of animals immunized with the
MBP peptide. Serum taken at immunization day 181
was preincubated with the MBP peptide and subse-
quently tested in assays against the hMBP molecule.
Serum dilution and inhibitor concentration were the
same as described above. The results from the inhibition
experiments were calculated according to the formula:

%Inhibition=100 x
[1—(inhibited ODy; ,,,/uninhibited ODy;( )]

3. Results

3.1. Prevalence of anti-pep147—154, anti-MBP peptide,
and anti-hM BP antibodies in sera from patients with
autoimmune diseases

Sera from patients with autoimmune diseases (pSS,
SLE, and RA), as well as sera from normal subjects,
were tested for reactivity against the two homologous
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Fig. 2. Prevalence of antibodies in human sera against the (A)
pepld7-154, (B) MBP peptide, and (C) hMBP molecule. All auto-
immune sera were found to be positive for anti-Ro/La antibodies. The
dotted lines in the figures represent the cut-off values of the exper-
iments, and were calculated from the mean optical density (OD)
value of the sera from normal individuals plus three standard devia-
tions (mean+3 x SD). All the values above the cut-off limit can be
considered as positive values.

peptides pepl47-154 and MBP, and the whole hMBP
protein. All autoimmune sera were found to be positive
for anti-Ro and anti-La antibodies when tested by
CIE. The results from the anti-peptide ELISA assays
(pepl147-154 and MBP) are depicted in Fig. 2A and B
respectively. A significant proportion of human sera
from patients with autoimmune diseases reacted with
both peptides. More specifically, 22% of sera from
patients with pSS, 27% of sera from patients with SLE
and none from RA sera gave a positive reaction against
the peptide pepl47-154. In addition, 27% of sera from
pSS patients, 22% of SLE, and 17% of the RA sera
reacted with the MBP peptide. None of the sera from
normal individuals reacted with the peptides. Nineteen
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Fig. 3. Levels of antibody production of the immunized animals, against the three epitope peptide analogues of La/SSB (289-308aa, 349-364aa, and
147-154aa), the MBP peptide, the control peptide (Ctrl-pep), and the intact MBP (hMBP) and La/SSB (rechLa) proteins: (A) immunization day 35
and (B) immunization day 181. The black bars represent the antibody levels in sera from the rabbits immunized with the MBP peptide, while the
gray columns represent the antibody levels in sera from the pepl47-154 immunized rabbits respectively.

percent of the pSS sera, 30% of the SLE sera, and 38% of
the RA sera reacted with the hMBP molecule (Fig. 2C).
Only one of the sera from normal individuals gave a
positive reaction against hMBP. No clinical differences
between patients with and without anti-MBP antibodies
were observed. The recognition of both La/SSB and
MBP peptides by almost the same proportion of pSS
and SLE sera, supports furthermore the hypothesis of
molecular mimicry between the two peptides. La/SSB
appeared to be more antigenic compared to MBP, since
the sera tested are from patients with pSS or SLE,
diseases characterized by prominent anti-La response.

3.2. Kinetics of the immune response to LalSSB and
MBP, after rabbit immunizations with LalSSB epitope
and its homologous M BP peptide
3.2.1. Immune response against the MBP and LalSSB
peptides

Sera from the rabbits immunized with the epitope
147-154aa of La/SSB and the peptide corresponding to

the region 139-146aa of MBP were collected after each
immunization and tested for their reactivity against the
two immunizing peptides and the other two B-cell
epitopes of La/SSB, pep289-308 and pep349-364. Rab-
bit sera taken at two different immunizations, one
early (day 35) and one late at the immunization period
(day 181), were also examined for the presence of
antibodies against the hMBP and rechLa molecules as
well. After the first immunization, serum examination
on day 35 showed that the animals immunized with the
La/SSB epitope produced antibodies directed towards
not only against the immunizing epitope, but also
against the mimicking MBP peptide (Fig. 3A). Further-
more, the epitope spreading that occurred is attested by
the presence of high titer antibodies against the two
other epitopes of La/SSB, as well as against the rechLa
and hMBP molecules. The titer of the antibodies
produced was high since the OD values ranged from
1.50-2.00. At day 35 rabbits immunized with the
mimicking epitope of MBP produced high titers of
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Fig. 4. Kinetics of the humoral immune responses of the immunized rabbits against the four tested peptides (289-308aa, 349-364aa, 147—154aa of
La/SSB protein and 139-146aa of MBP), during the whole immunization period. The dotted line represents the immune response of the rabbits
immunized with the MBP peptide (139-146aa) and the continuous line the immune response of the animals immunized with the La/SSB peptide

(147-154aa).

antibodies against the immunizing peptide but low titer
antibodies against the three La/SSB epitope analogues
and the hMBP and rechLa proteins. Sera from the
immunized animals did not react against the control
peptide.

At the late immunization days (day 181), all rabbits,
independently of the immunizing peptide, developed
high titer of antibodies against all the four tested pep-
tides of La/SSB and MBP, as well as against the intact
hMBP and rechLa proteins (Fig. 3B).

Detailed analysis of the kinetics of antibody genera-
tion from the whole immunization period revealed that
rabbits immunized with pepl147-154 of La/SSB devel-
oped a sustained, high titer of antibodies against all four
tested peptides, since the early immunization days,
which remained high during the whole immunization
period (Fig. 4). On the other hand, rabbits immunized
with the MBP, demonstrated a delayed production of
antibodies against the peptides corresponding to the
three major B-cell epitopes of La/SSB. Again no inter-
action between the animal sera and the control peptide
was observed.

3.2.2. Immune response of rabbits immunized with the
MBP peptide against the whole hMBP and rechLa
proteins

Sera from animals immunized with the MBP peptide
(139-146aa of MBP) were tested for the presence of
antibodies against hMBP and rechLa. At the early
immunization days, low titers of antibodies to hMBP
were quantified, which increased gradually during the

Immunization with MBP

—®@—anti-hMBP -- #l--anti-rechlLa

25

0.D. (410nm)

100 150 200
DAYS OF IMMUNIZATION

0 50 250 300

Fig. 5. Evaluation of the immune response of the rabbits immunized
with the MBP peptide against the two intact proteins: the hMBP
(continuous line) and the recombinant La/SSB protein (dotted line).

immunization period, reaching finally an O.D. value of
approximately 2.05 after the last immunization. The
same animals demonstrated a more delayed antibody
production against rechLa, probably representing the
development of high affinity anti-La/SSB antibodies
(Fig. 5).

3.3. Study of the specificity and cross-reaction of
antibodies, using inhibition experiments

Inhibition experiments were performed in order to
investigate whether pepl47-154 of La/SSB and MBP
peptide could inhibit the binding of antibodies produced
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Fig. 6. Results from the homologous inhibition experiments using sera
from both immunized animals: (A) inhibition anti-MBP antibodies
from MBP peptide immunized animals with MBP, pepl47-154, and
control peptides in anti-MBP peptide ELISA assay, (B) inhibition
anti-pepl47-154 antibodies from the pepl47-154 immunized animals
with MBP, pepl47-154, and control peptides in anti-pepl47-154
ELISA assay.

from the immunized rabbits, to the homologous pep-
tides or to the whole MBP molecule, when they were
used as coating peptides in ELISA assays. When the
MBP peptide was used as inhibitor in the serum of
animals immunized with the MBP peptide in anti-MBP
peptide ELISA, it could inhibit the binding of the
antibodies produced by approximately 86%. The reac-
tivity of sera from the animal immunized with the MBP
peptide was inhibited by 50% when pepld47-154 of
La/SSB was used as inhibitor. The reactivity of the
serum from the animal immunized with the pep147-154
from La/SSB protein was inhibited by 50% and 58%
when the MBP peptide and the pep147—-154 were used as
inhibitors respectively. No inhibition was observed in all
cases, when the control pep was used as the inhibitor
(Fig. 6A and B).

Sera from the animals immunized with the MBP
peptide were also preincubated with the same (immuno-
genic) peptide and tested in ELISA against hMBP. This
experiment showed an inhibition of approximately 80%,
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Fig. 7. Results from the homologous inhibition experiment using sera
from MBP peptide immunized animals inhibited by the MBP peptide
(139-146aa) in anti-hMBP ELISA experiments. The reactivity of the
sera was inhibited by 80%.

pointing to the fact that the majority of the antibodies
against hMBP are those directed against the epitope
139-146aa of MBP (Fig. 7).

Sera from immunized rabbits were also tested in
cross-inhibition experiments. In these assays the serum
reactivity of animals immunized with the MBP peptide,
was inhibited by 67% and 83% in pep147-154 ELISA,
when the MBP and pepl47-154 peptides were used as
inhibitors respectively (Fig. 8A). Similarly, the reactivity
of the serum obtained from the animals immunized with
the pepl47-154 of La/SSB protein, was abolished by
66% and 48% when the peptides MBP and pep147-154
were used as inhibitors in MBP peptide ELISA respect-
ively (Fig. 8B). This experiment suggested that anti-
bodies against the peptides pepl147-154 of La and pep
139-146aa of MBP cross-reacted.

4. Discussion

Despite the progress of molecular immunology and
the large body of knowledge, achieved over the past
several years, the origin of autoimmune diseases remains
poorly understood. The key element in autoimmune
diseases is the production of autoreactive B- and
T-lymphocytes, directed against different organ or non-
organ specific autoantigens. The latter are, in their vast
majority, large subcellular complexes composed of a
number of proteins, non-covalently associated with
nucleic acids. Among these diseases, antibodies to
cytoplasmic ribonucleoproteins (named also hy or Ro
RNPs) are usually detected in primary Sjogren’s syn-
drome and SLE. In the last years, a number of investi-
gators have attempted to define the fine specificity of
autoantibodies (B cell epitopes) and to a lesser extent of
autoreactive T cells (T cell epitopes). The identification
of major epitope(s) allows: (a) to define more homog-
enous disease subgroups, (b) study in depth the structure
and the biologic properties of a given epitope, (c)
develop assays with higher sensitivity and specificity for
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Fig. 8. Cross-inhibition of sera reactivity against the immunizing
peptides: (A) Inhibition of the reactivity of sera from rabbits immu-
nized with the MBP peptide by soluble MBP, pep147-154, and control
peptides in anti-pepl47-154 ELISA assay, (B) Inhibition of the
reactivity of sera from rabbits immunized with the pepl47-154 by
soluble MBP, pepl147-154, and control peptides in anti-MBP peptide
ELISA assay.

autoantibody detection, and (d) create therapeutic tools
targeting highly specific structures within the moiety of
the autoantigens. The B-cell epitopes have been studied
more extensively, since the handling of autoantibodies is
easier, compared to autoreactive T cells. B cell epitopes
can be either linear, formed by adjacent aminoacid
residues in the primary structure of a protein, or confor-
mational, consisting of aminoacid residues from distant
regions in the sequence of a given protein, that are
spatially juxtaposed upon folding. Ro and La proteins
contain multiple linear and conformational epitopes.
Though, the initiation of the autoimmune response is
not well understood.

Among the major mechanisms, thought to be in-
volved in the initiation of autoimmune response is
molecular mimicry. In order for molecular mimicry to
take place, two molecules should share homology in

their linear primary structure, leading eventually to a
conformational fit. The homology between a foreign
molecule (xenoantigen) and a self molecule can mislead
the immune system, and induce an immune response
against the self molecule [24]. Viral infections can induce
autoimmune responses by cross-reaction of specific
viral antigens with self-proteins. [24-27]. On the other
hand, the contribution of molecular mimicry towards
the pathogenesis of autoimmune diseases is still not
clear.

In a previous study it was shown that the B-cell
epitope 147-154 of La/SSB presents sequence similarity
with the region 139-146aa of MBP [6]. Prompted by this
observation we have investigated the immunologic re-
sponse against these two regions in human autoimmune
sera as well as in rabbits, after immunization. Twenty-
two to twenty-seven percent of sera from patients with
SLE and pSS patients contained antibodies against the
peptides derived from La/SSB and MBP. Furthermore,
18-30% reacted also with affinity purified hMBP. How-
ever, the presence of anti-MBP antibodies in sera from
patients with SLE and pSS is not reported in the
literature so far. In the present study it was shown for
the first time that sera from patients with systemic
autoimmune diseases contain antibodies that react with
the MBP molecule, which possess a homologous region
with the La/SSB autoantigen [28,29]. Previous studies
have demonstrated that a proportion of patients with
SLE could present with manifestations from the central
nervous system (CNS), including multiple sclerosis
[29-31]. Despite the fact that a significant proportion of
the patients tested had anti-MBP antibodies, none of
them presented with CNS disease.

In the present study it is demonstrated for the first
time that highly homologous regions derived from
different autoantigens can induce different immune re-
sponses, with regards to the kinetics and the levels of
antibody production. In fact, rabbits immunized with
the peptide analogue of the La/SSB epitope, mounted an
early immune response, not only against the immunizing
peptide but also against the other two B-cell epitopes of
La/SSB, as well as the rechLa. These animals produced
also antibodies that reacted with the MBP derived
peptide as well as with whole hMBP protein. The same
animals did not develop any antibodies against the
irrelevant peptide that was used as the control peptide.
On the other hand, animals immunized with the MBP
peptide had different immune responses against the same
antigens, compared with the La peptide immunized
animals. Although these animals produced antibodies
against both the immunizing peptide of MBP and the
pepl147-154 of La/SSB, shortly after the immunizations,
they developed an immune response against the other
B-cell epitopes of La and against the two full-length
proteins (rechLa and hMBP) only at the very late stages
of the immunization course (day 181).
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With both immunogens the animals produced first
antibodies against the small B-cell epitopes, followed
later by antibodies against the intact molecules. Thus, it
appears that shortly after the immunizations, the rabbits
developed low affinity antibodies for the peptide targets.
Later the anti-peptide antibodies produced were of
high-affinity for their targets through the process of
affinity maturation [32]. This process is antigen-driven
involving somatic mutations of the produced antibodies.
Small peptides, such as the pepl145-164 of La/SSB and
139-146aa of MBP, are more flexible than full-length
proteins. As a result, they can exist in more than one
different conformations, fitting the antigen binding site
of the low-affinity antibodies that are produced early at
the immunization period. On the other hand, the corre-
sponding linear B-cell epitopes within the moiety of
large proteins have more rigid conformations, only
allowing the interaction with antibodies of high affinity.
These antibodies are usually produced at the final stages
of the immunizations [33,34].

In order to investigate the specificity of the immune
response in immunized animals, inhibition assays using
the peptides as inhibitors were performed. These exper-
iments showed that in sera from animals immunized
with the MBP peptide, the same peptide could inhibit
almost completely (86%) the binding of antibodies, while
pepl47-154 inhibited this reaction only partially (49%).
The same was observed in inhibition experiments, using
sera from rabbits immunized with the epitope of La/
SSB. As previously, the immunizing peptide inhibited
more efficiently the binding of the anti-peptide anti-
bodies in the solid phase, than the mimicking MBP
peptide. These data revealed that in either case the
immunized animals developed antibodies, bound in both
peptides, albeit much more specifically with the immu-
nizing peptide. This observation reflects most probably
differences in the affinity of the anti-peptide antibodies
for their targets. The relation between the two antibody
populations was confirmed with cross-inhibition assays,
where the peptides 147-154aa of La/SSB and 139-146aa
of MBP were equally capable of inhibiting the reaction
of the antibodies that were produced against the pep-
tides. When sera from rabbits immunized with the MBP
epitope were preincubated with the immunogenic pep-
tide and subsequently tested against the whole hMBP,
an inhibition of antibody binding by more than 80% was
observed. This experiment indicates that the majority of
anti-hMBP antibodies, produced after rabbit immuniz-
ation with pep139-146 of MBP, are directed specifically
against this particular peptide.

The knowledge of the structure of autoepitopes is
important for the understanding of the mechanism(s)
through which autoimmune responses are triggered and
autoantibodies are generated. Studies in sequential hu-
man sera from patients with SLE and immunization of
experimental animals with the epitopes showed that: (a)

early in the course of the disease or the immunization
dates, the autoantibody response is limited and directed
against particular epitopes, while with time, it expands,
involving neighboring or even distant epitopes within
the complex of the autoantigen; this phenomenon is
called epitope spreading [1,35] and (b) revealed putative
T cell epitopes on the autoantigens [7,8] which are
mainly responsible for the initiation, augmentation and
perpetuation of the aberrant autoimmune reactivity.
Thus, it appears that the autoimmune response is an
antigen driven dynamic process, very similar to that
observed in a specific immune response against foreign
antigens. Spreading of the immune response after animal
immunizations with peptides derived from either MBP
or La/SSB has been described in the literature. In fact, a
number of previous studies have shown that immuniza-
tions of mice with the major T-cell epitope 84-104aa of
MBP can induce antibodies and T-cell responses against
other epitopes of MBP [36-39]. In addition, immuniza-
tions of rabbits or mice with peptides corresponding to
B- or T-cell epitopes of La induce the development of
antibodies, not only against the specific epitope but also
against other epitopes of La/SSB [8,40].

The major mechanism that has been proposed for the
induction of epitope spreading, involves the crucial role
of the T-helper cells. The administration of exogenous
peptides of human La/SSB protein in the animals in-
creases the concentration of this protein, that is respon-
sible for the priming of T-helper cells. In turn,
B-lymphocytes presenting in their MHC-II molecules
the immunizing peptide, are activated by these primed
T-cells, and induce the humoral immune response
against this epitope. Furthermore, the primed T-helper
cells can activate other B-cells specific for different
protein components of the RoORNP complex. There is
evidence that these B-cells have the ability to bind and
internalize the whole RNP complex, via their surface
immunoglobulins, and then to present different protein
parts through their MHC-II peptides. Thus, the acti-
vated B-cells produce antibodies of different specificities
leading to a full blown autoimmune response [7,41,42].

This mechanism requires that the immunogenic pep-
tide shares a high degree of homology with the corre-
sponding endogenous region, since the induction of
immune response against the endogenous peptide is
decisive for the development of epitope spreading.
Scofield et al. [43] used three peptides corresponding to
the B-epitopes of human Ro-60kD autoantigen for the
immunizations of BALB/c mice. They found that only
immunizations with the peptides that shared high degree
of homology with the corresponding endogenous mouse
Ro-60kD could induce spreading of the immune re-
sponse against the other epitopes of Ro60kD. Taken
together it appears that the different kinetics of the
immune responses in rabbits, following the immuniza-
tions with the two homologous peptides of La/SSB and
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MBP is probably due to the difference in homology
between these sequences with the corresponding se-
quence of rabbit La/SSB. Rabbit La/SSB protein has not
yet been completely sequenced. A small fragment of the
whole rabbit protein has been identified (Swissprot
accession number Q04504), and this fragment does not
include the epitope that corresponds to the examined
epitope pepl47-154 of human La/SSB.

In conclusion we found that one of the major B-cell
epitopes of human La/SSB protein shares 83% of se-
quence similarity with the region 139-146aa of MBP. A
significant proportion of the patients with systemic
autoimmune diseases, such as SLE, pSS, and RA, con-
tain antibodies against not only the La protein, but also
against the mimicking MBP peptide and the intact
hMBP molecule. Animals immunized with the epitope
of La/SSB protein developed an early immune response
against the two homologous epitopes, as well as against
the other B-cell epitopes of La/SSB, while those animals
immunized with the MBP peptide produced early anti-
bodies against the two peptides with the molecular
similarity, delayed antibodies against the other epitopes
of La. Thus, despite the fact that these two regions
(pep147-154 and MBP peptide) share high homology,
they can induce different immune responses.

Acknowledgements

This work has been supported by a grant (PENED-
01EDI164) from the Hellenic Secretariat for Research
and Technology. The authors wish to thank Fotini
Soliotis for her valuable and helpful review and
comments of this paper.

References

[1] Fatenejad S, Mamula MJ, Craft J. Role of intermolecular/
intrastructural B- and T-cell determinants in the diversification of
autoantibodies to ribonucleoprotein particles. Proc Natl Acad Sci
U S A 1993;90:12010-4.

[2] Manoussakis MN, Tzioufas AG, Pange PJ, Moutsopoulos HM.
Serological profiles in subgroups of patients with Sjogren’s
syndrome. Scand J Rheumatol Suppl 1986;61:89-92.

[3] Harley JB, Alexander EL, Bias WB et al. Anti-Ro (SS-A) and

anti-La (SS-B) in patients with Sjogren’s syndrome. Arthritis

Rheum 1986;29:196-206.

Yiannaki EE, Tzioufas AG, Bachmann M et al. The value of

synthetic linear epitope analogues of La/SSB for the detection of

autoantibodies to La/SSB; specificity, sensitivity and comparison
of methods. Clin Exp Immunol 1998;112:152-8.

Moutsopoulos NM, Routsias JG, Vlachoyiannopoulos PG,

Tzioufas AG, Moutsopoulos HM. B-cell epitopes of intracellular

autoantigens: myth and reality. Mol Med 2000;6:141-51.

Tzioufas AG, Yiannaki E, Sakarellos D, Routsias JG, Sakarellos

C, Moutsopoulos HM. Fine specificity of autoantibodies to

La/SSB: epitope mapping, and characterization. Clin Exp

Immunol 1997;108:191-8.

4

fin.ar)

[5

[

[6

—_

[7]1 Reynolds P, Gordon TP, Purcell AW, Jackson DC, McCluskey J.
Hierarchical self-tolerance to T cell determinants within the
ubiquitous nuclear self-antigen La (SS-B) permits induction of
systemic autoimmunity in normal mice. J Exp Med 1996;
184:1857-70.

Yiannaki E, Vlachoyiannopoulos PG, Manoussakis MN et al.

Study of antibody and T cell responses in rabbits immunized with

synthetic human B cell epitope analogues of La (SSB)

autoantigen. Clin Exp Immunol 2000;121:551-6.

[9] Vincent A, Lily O, Palace J. Pathogenic autoantibodies to
neuronal proteins in neurological disorders. J Neuroimmunol
1999;100:169-80.

[10] Dharmasaroja P. Specificity of autoantibodies to epitopes of
myelin proteins in multiple sclerosis. J Neurol Sci 2003;206:7-16.

[11] Beniac DR, Luckevich MD, Czarnota GJ et al. Three-
dimensional structure of myelin basic protein. I. Reconstruction
via angular reconstitution of randomly oriented single particles. J
Biol Chem 1997;272:4261-8.

[12] Ridsdale RA, Beniac DR, Tompkins TA, Moscarello MA,
Harauz G. Three-dimensional structure of myelin basic protein.
II. Molecular modeling and considerations of predicted structures
in multiple sclerosis. J Biol Chem 1997;272:4269-75.

[13] Geysen HM, Tainer JA, Rodda SJ et al. Chemistry of antibody
binding to a protein. Science 1987;235:1184-90.

[14] Westhof E, Altschuh D, Moras D et al. Correlation between
segmental mobility and the location of antigenic determinants in
proteins. Nature 1984;311:123-126.

[15] Bodanszky M. Principles of peptide synthesis. New York:
Springer-Verlag, 1990.

[16] Sakarellos Daitsiotis M, Tsikaris V, Sakarellos C,
Vlachoyiannopoulos PG, Tzioufas AG, Moutsopoulos HM. A
new helicoid-type sequential oligopeptide carrier (SOC(n)) for
developing potent antigens and immunogens. Vaccine 1999;
18:302-10.

[17] Deibler GE, Martenson RE, Kies MW. Large scale preparation
of myelin basic protein from central nervous tissue of several
mammalian species. Prep Biochem 1972:;2:139-65.

[18] Bachmann M, Troster H, Bartsch H, Grolz D. A frame shift
mutation in a hot spot region of the nuclear autoantigen La
(SS-B). J Autoimmun 1996;9:747-56.

[19] Troster H, Metzger TE, Semsei I et al. One gene, two transcripts:
isolation of an alternative transcript encoding for the autoantigen
La/SS-B from a cDNA library of a patient with primary Sjogrens’
syndrome. J Exp Med 1994;180:2059-67.

[20] Vitali C, Bombardieri S, Jonsson R et al. Classification criteria for
Sjogren’s syndrome: a revised version of the European criteria
proposed by the American-European Consensus Group. Ann
Rheum Dis 2002;61:554-8.

[21] Tan EM, Cohen AS, Fries JF et al. The 1982 revised criteria for
the classification of systemic lupus erythematosus. Arthritis
Rheum 1982;25:1271-7.

[22] Arnett FC, Edworthy SM, Bloch DA et al. The American
Rheumatism Association 1987 revised criteria for the classifica-
tion of rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.

[23] James JA, Gross T, Scofield RH, Harley JB. Immunoglobulin
epitope spreading and autoimmune disease after peptide immu-
nization: Sm B/B’-derived PPPGMRPP and PPPGIRGP induce
spliceosome autoimmunity. J Exp Med 1995;181:453-61.

[24] Oldstone MB. Molecular mimicry and immune-mediated
diseases. FASEB J 1998;12:1255-65.

[25] Gamble DR. The epidemiology of insulin dependent diabetes
with particular reference to the relationship of virus infection to
its etiology. Epidemiol Rev 1980;2:49-70.

[26] Miller SD, Vanderlugt CL, Begolka WS et al. Persistent infection
with Theiler’s virus leads to CNS autoimmunity via epitope
spreading. Nat Med 1997;3:1133-6.

[8



A.G. Terzoglou et al. | Journal of Autoimmunity 21 (2003) 47-57 57

[27] Yoon JW. Role of viruses in the pathogenesis of IDDM. Ann
Med 1991;23:437-45.

[28] Tola MR, Granieri E, Caniatti L et al. Systemic lupus erythema-
tosus presenting with neurological disorders. J Neurol 1992;
239:61-4.

[29] Tzioufas AG, Tzortzakis NG, Panou P et al. The clinical rel-
evance of antibodies to ribosomal-P common epitope in two
targeted systemic lupus erythematosus populations: a large cohort
of consecutive patients and patients with active central nervous
system disease. Ann Rheum Dis 2000;59:99-104.

[30] Baraczka K, Lakos G, Sipka S. Immunoserological changes in the
cerebro-spinal fluid and serum in systemic lupus erythematosus
patients with demyelinating syndrome and multiple sclerosis.
Acta Neurol Scand 2002;105:378-83.

[31] Linardaki G, Skopouli FN, Koufos C, Moutsopoulos HM.
Subclinical multisystemic autoimmunity presenting as a progres-
sive myelopathy. Lupus 1997;6:675-7.

[32] Kaattari SL, Zhang HL, Khor IW, Kaattari IM, Shapiro DA.
Affinity maturation in trout: clonal dominance of high affinity
antibodies late in the immune response. Dev Comp Immunol
2002;26:191-200.

[33] Elkon KB. Use of synthetic peptides for the detection and
quantification of autoantibodies. Mol Biol Rep 1992;16:207-12.

[34] Kaiser ET, Kezdy FJ. Secondary structures of proteins and
peptides in amphiphilic environments. (A review). Proc Natl Acad
Sci U S A 1983;80:1137-43.

[35] McCluskey J, Farris AD, Keech CL et al. Determinant spreading:
lessons from animal models and human disease. Immunol Rev
1998;164:209-29.

[36] Cross AH, Tuohy VK, Raine CS. Development of reactivity to
new myelin antigens during chronic relapsing autoimmune
demyelination. Cell Immunol 1993;146:261-9.

[37] Jansson L, Diener P, Engstrom A, Olsson T, Holmdahl R.
Spreading of the immune response to different myelin basic
protein peptides in chronic experimental autoimmune encephalo-
myelitis in B10.RIII mice. Eur J Immunol 1995;25:2195-200.

[38] Kalman B, Alder H, Lublin FD. Characteristics of the T lym-
phocytes involved in experimental allergic encephalomyelitis. J
Neuroimmunol 1995;61:107-16.

[39] Lehmann PV, Forsthuber T, Miller A, Sercarz EE. Spreading of
T-cell autoimmunity to cryptic determinants of an autoantigen.
Nature 1992;358:155-7.

[40] Topfer F, Gordon T, McCluskey J. Intra- and intermolecular
spreading of autoimmunity involving the nuclear self-antigens La
(SS-B) and Ro (SS-A). Proc Natl Acad Sci U S A 1995;92:875-9.

[41] Craft J, Fatenejad S. Self antigens and epitope spreading in
systemic autoimmunity. Arthritis Rheum 1997;40:1374-82.

[42] Deshmukh US, Lewis JE, Gaskin F et al. Immune responses to
Ro060 and its peptides in mice. I. The nature of the immunogen
and endogenous autoantigen determine the specificities of the
induced autoantibodies. J Exp Med 1999;189:531-40.

[43] Scofield RH, Kaufman KM, Baber U, James JA, Harley JB,
Kurien BT. Immunization of mice with human 60-kd Ro peptides
results in epitope spreading if the peptides are highly homologous
between human and mouse. Arthritis Rheum 1999;42:1017-24.



	13. Linear epitopes of two different autoantigens-La-SSB and myelin basic protein—with a high deg.pdf
	Linear epitopes of two different autoantigens-La/SSB and myelin basic protein—with a high degree of molecular similarity, cause different humoral immune responses
	Introduction
	Materials and methods
	Peptide properties and peptide synthesis
	Preparation of La/SSB and hMBP intact proteins
	Human sera
	Animal immunizations
	ELISA assays
	Inhibition assays

	Results
	Prevalence of anti-pep147–154, anti-MBP peptide, and anti-hMBP antibodies in sera from patients with autoimmune diseases
	Kinetics of the immune response to La/SSB and MBP, after rabbit immunizations with La/SSB epitope and its homologous MBP peptide
	Immune response against the MBP and La/SSB peptides
	Immune response of rabbits immunized with the MBP peptide against the whole hMBP and rechLa proteins

	Study of the specificity and cross-reaction of antibodies, using inhibition experiments

	Discussion
	Acknowledgements
	References



