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2T pEAETN OVTH] TOPOCKELACTNKOV GLVOETIKG TENTIOW OV OVTIIGTOLYOVCAV TNV
CUUTANPOUATIKY dopun TV emttdénmv 289-308aa kot 349-36400 TOL OLTOAVTIYOVOL
La/SSB. Ta memtid ovtd oyeddomkay OGOV e TV Bewpia TG HOPLOKNAG
avVayVOPIoNG Kol Topaokevdlovial €161 ®ote Yyl KABe outvo&h Tov emtdmov va
tomoBeteitonr  éva  apwvo&h pe  akpipdg  avtiBetn  vopopriikdtnta. Etolr o
CUUTANPOUOTIKOG EMITOTOG EYEL GUUANPOUATIKOTNTO ®G TPOS TOV EMITONO OGOV
aQopd TNV  KMUOKA VOPOQIMKOTNTOS. Melet@vtag TNy dpaoTikoOTnTo  TOV
CUUTANPOUATIKOV emTOT®V o€ 151 opoldcg acbevav pe cvomnuotikd epubnupatodn
AOKo Kot ouvdpopo Sjogren pe avtiocopoto kotd La/SSB dwmotddnke o6t1 éva
peydlo mocootd (51%) avtidpodoe kol HE TOVG GUUAANPOUATIKOVG EMLTOTOVC.
[Mewpapoto pe kekaBopUéva OVTITENTIOKE OVIICMOUATH LE GTAAEG YPOUATOYPAPING
ovyyevelag, Kot pio €101ké  oyedloacuévn HEB0SO  aviyvevons avTUSIOTUTIKMV
AVTICOUATOV TOV cvpurepledpfove Tov kKabBapiopd tunpdtov F(ab), katédei&ov ot
TO. AVTICOUOTO OV OVTIOPOVGOV LE TOVG CUUTATPOUATIKOVG EMTOTOVS OUPOPOVCOV
oTNV 0VGi0 OVTUSIOTLTIKA OVIICOUTE KOTE TOV OVTICOUAT®V TOV ETITOTMOV TOL
La/SSB. Mekéteg pe avacvvovacpévn mpoteivny La/SSB édeiov 011 1O
OVTUSIOTUTIKG, OVTIOMUOATO OVEGTEAOV TANPOG TNV TPOGOECT) GTO CVTONVILYOVO.
Xpnowonowwvtag pio €0k péBodo katd v omoic o opdg TOL 0acbevolg
Oepuaiveror €tol MoTe va amoy®ploBodv To, 1O10TLMIKE Omd T AVTUOLOTLTIKE
OVIIOOUOTO Kol akoAoVBmg va  adpovomBovv To avTUSOTUTIKE  OVTICAOULATO
YPTCULOTOLDVTAG GOV OVAGTOAELG TOVG GUUTANPOUOTIKOVS EMTOTOVS, KATEdE(YON OTL
n mAgovotnto tov acBevov pe ovil-Ro/SSA aviicopata glyov emiong kot ovti-
La/SSB avticopata. H mapovoa pelétn xotadeikvdel yio mpodtn @opd otnv
Biproypapio ™ VmopEn evOC EvEPYOD 1O1OTLTIKOV-0VTI-IOI0TLTKOD SIKTOOL OTO
GUCTNUOTIKA LTOGVOGO VOGHLOTO, KOl TIC EMTTAOCELS TOV TOGO OTn Odyvwon 0G0

KOl 0T YEVECT] T®V OVTONVTICOUATMV.
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Abstract

Background: Autoantigen La/SSB is molecular target of
humoral autoimmunity in patients with primary Sjogren’s
Syndrome (pSS) and systemic lupus erythematosus (SLE).
In this study, we investigated the existence and possible in-
fluence of anti-idiotypic response to anti-La/SSB antibodies.
Materials and Methods: Synthetic peptide analogs (pep)
of the major antigenic determinants of La/SSB (289-308aa
and 349-364aa) were prepared. Based on “molecular recog-
nition” theory, complementary peptides (cpep), derived by
anti-parallel readings of the noncoding strand of La/SSB
DNA encoding for its antigenic determinants, were con-
structed. Sera from 150 patients with anti-La/SSB anti-
bodies, 30 patients without anti-La/SSB antibodies, and
42 normal individuals were tested against all four pep-
tides. F(ab’), fragments from anti-peptide IgG were pre-
pared and F(ab’), — IgG interactions were evaluated using
a specific anti-idiotypic ELISA.

Results: All four peptides were recognized by anti-La pos-
itive sera (83% and 51% for pep and cpep 349-364 and
51% and 28% for pep and cpep289-308, respectively).
Anti-cpep F(ab’), bound to a common idiotype (Id) located

within or spatially close to the antigen combining site of
anti La/SSB (anti-pep) antibodies. Homologous and cross-
inhibition experiments further confirmed this relation. The
anti-idiotypic antibodies inhibited the anti-La/SSB anti-
body binding to recombinant La/SSB by 91%. To overcome
the anti-idiotypic interference in anti-La/SSB detection, a
specific assay was developed. Sera were heated for dissoci-
ation of Id-anti-Id complexes, anti-Id antibodies blocked
with cpep, and anti-La/SSB reactivity was recovered. Ap-
plication of this method to anti-Ro positive-anti-La/SSB
“negative” sera showed that all anti-Ro/SSA positive au-
toimmune sera also possess anti-La/SSB antibodies. This
reaction was not observed in 14 anti-Ro negative- anti-
Sm/RNP positive sera from patients with SLE.
Conclusions: Autoimmune sera from patients with pSS
and SLE contain anti-idiotypic antibodies targeting a
common anti-La/SSB idiotype. These antibodies can be
detected using complementary peptides of La/SSB epi-
topes. The antiidiotypic antibodies mask the anti-La/SSB
response. Hidden anti-La/SSB antibodies can be released
and detected using complementary epitope analogs.

Introduction

Molecular targets of humoral autoimmunity in pa-
tients with primary Sjogren’s syndrome (pSS) and
systemic lupus erythematosus (SLE) are clustered
in subcellular ribonucleoprotein particles called
La/Ro RNP complexes (1,2). Recent evidence sug-
gests that an autoantibody response to La/Ro RNPs
is antigen driven and involves a number of B- and
T-cell epitopes within the protein components of
these complexes (3,4).

We previously mapped the location of B-cell
antigenic determinants in both Ro/SSA 60-kD and
La/SSB 48-kD autoantigens (5,6, reviewed in 7) and

Correspondence and reprint requests should be addressed to:

A. G. Tzioufas MD, Dept. of Pathophysiology, National University
of Athens, School of Medicine, 75, Mikras Asias St., 115 27
Athens, Greece. Phone: +3017771095; fax: +3017703876;
e-mail: agtzi@med.uoa.gr

have shown molecular spreading of epitopes to La/Ro
RNP after immunization with a single antigenic pep-
tide (8). These data are consistent with a number of
studies reporting intra- and inter-molecular spread-
ing to La/Ro RNP (reviewed in 3). The diversification
of a B-cell response requires the delivery of T-cell
help from autoreactive T-cells. T-cell determinants
have been recently mapped in the La/SSB protein
(8-10).

Anti-idiotypic (anti-Id) antibodies reactive with
idiotypes (Id) of autoantibodies or autoreactive clono-
typic T-cells are capable of regulating the autoim-
mune response (11,12). In this report we sought to
study the Id- anti-Id network in anti-La/SSB positive
sera, exploiting the complementary peptide approach
to overcome the unavailability of sequence data from
V regions of idiotypic antibodies or clonotypic T cells.
According to this procedure, translation of two com-
plementary RNA strands into protein generates a pair
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of peptides that bind each other with specific and
high affinity (13,14). A large body of experimental
work (15-23) supports this theory. Thus, when sense
peptide resembles a B-cell epitope, a T-cell determi-
nant, or a specific ligand, the antisense (complemen-
tary) peptide can induce the formation of antibodies
with anti-idiotypic (16-18), anti-TCR (19,20), or anti-
receptor (21-23) specificity, respectively.

To test this hypothesis, we synthesized peptides
deduced from the antisense RNA, corresponding to
one immunodominant T-cell/minor B-cell epitope
(cpep 289-308) and one subdominant T-cell/major
B-cell epitope (cpep 349-364) of La/SSB autoanti-
gen (8-10,24). These peptides have been assayed for
their ability to recognize anti-Id Ab in autoimmune
sera. Based on this property, complementary pep-
tides were found capable of unmasking specific anti-
La/SSB autoantibodies.

Material and Methods
Human Sera

Sera from patients with pSS and SLE were screened
for anti-La/SSB reactivity by counterimmunoeloc-
trophoresis (CIE) as previously described (6). One
hundred fifty anti-La/SSB positive sera (110 from
patients with SS and 40 from patients with SLE)
were used for the detection of anti-peptide antibod-
ies. All patients fulfilled the diagnostic criteria for
PSS (25) and SLE (26). Thirty anti-La/SSB and anti-
R0/SSA negative sera from patients with pSS and
SLE, as well as 42 sera from healthy blood donors
served as disease and normal controls, respectively.

For the detection of masked anti-La/SSB anti-
bodies, anti-Ro(SSA)/ANA positive-anti-La/SSB neg-
ative sera from 19 patients with SS, 25 patients with
SLE and 7 normal individuals were utilized.

Peptide Synthesis and Purification

The two La/SSB B-cell/T-cell epitopes A**’NNGN-
LQLRNKEVTWEVLEG®*® (pep2890308) and G**°-
SGKGKVQFQGKKTKF>** (pep349-364) as well as
their complementary peptides S>*°*FEYFPSHFFVPEL-
EVTIIC**® (cpep289-308) and K’**FRFLALKLYFSF-
TRP**° (cpep349-364) were synthesized by the step-
wise solid phase procedure (SPPS) in their amide
forms on benzydrylamin resin according to standard
methods (27).

A new helical carrier for multiple anchoring of
antigenic peptides incorporating an «-aminoisobutyric
residue in each repetitive moiety, Ac-(Lys-Aib-Gly),,
(SOC,) was applied in this study, for anchoring the
epitopes by the Lys-¢NH, groups (28,29). Sense and
antisense La/SSB peptide epitopes were attached in
four copies and two copies each, respectively, to the
new tetrameric carrier, SOC, and used for immuniza-
tions and ELISA experiments. An irrelevant SOCy-
peptide sequence [(IASRYDQL),-SOC, correspond-
ing to the sequence 250-257aa of Leismania gp63]
was also constructed and used as a control peptide.

The La/SSB synthetic epitopes pep289-308 and
pep349-364 were also synthesized in the biotiny-
lated amide forms. Biotinylation was performed
after the addition of a four amino acid spacer (-Gly-
Ser-Gly-Ser-) as previously described (24).

All peptides were purified by high performance
liquid chromatography (HPLC) and subjected to
amino acid analysis and mass spectroscopy (MS)
that confirmed their purity and identity.

La/SSB Recombinant Protein

La/SSB recombinant protein was prepared from a
La/SSB cDNA as previously described (30) and
purified by poly(U)-Sepharose affinity chromatog-
raphy (31).

Isolation of anti-peptide I9G

Specific immunoaffinity columns of CNBr activated
sepharose 4B were generated by standard methods, us-
ing 20 mg of each synthetic peptide, in its SOC, form.

IgG from five sera that strongly recognized the
La/SSB epitopes in ELISA were purified by protein-
A sepharose, concentrated, dialyzed against PBS, and
passed through the peptide immunoaffinity columns.
Each column was washed with PBS and eluted with
urea 8M. The eluates were dialyzed against PBS,
concentrated, and redialyzed. Anti-peptide IgG con-
centrations were evaluated by Lowry assay (DC Pro-
tein Assay, Biorad, USA).

Preparation of F(ab’), Anti-peptide Fragments

Purified IgG, from sera with strong anti-peptide ac-
tivity, were subjected to enzymatic degradation with
pepsin. Briefly, IgG fractions were concentrated to
10 mg/ml and preincubated in 0.1 M Na-acetate
buffer (pH = 4.5) for 5 hr to increase its enzymatic
susceptibility to digestion (32). Degradation of IgG
was performed by the addition of pepsin (SIGMA
Chemical Co, St. Louis MO, USA) at enzyme:protein
ratio of 3% (w/w) and incubation at 37°C overnight.
The enzymatic reaction was stopped by adding pep-
statin and raising the pH to 8.0 with 0.1 M NaOH.
Undigested IgG molecules were less than 2% and
removed by passage through protein-A sepharose.
The F(ab’), preparations were concentrated and dia-
lyzed against PBS. Protein-A eluate was found to
contain all the undigested material (100%) and ap-
proximately 15% of the F(ab’), fragment, in agree-
ment with previous studies (33). The final product
was free of traces of intact IgG (Fig. 1).

Anti-peptide specific F(ab’), fragments were
isolated by immunoaffinity chromatography with
peptide-affinity columns, using the procedure de-
scribed for undigested IgG.

The efficiency of the enzymatic digestion was ex-
amined by Western blotting (34). The samples were
applied to polyacrylamide gel sodium dodecyl sul-
fate (SDS) electrophoresis using nonreducing condi-
tions, followed by electrotransfer to nitrocellulose
and staining with Ponseu S.
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A B C D

Fig. 1. Western blot, showing peptic digestion of purified
IgG. (A) Undigested IgG. (B) Digested IgG with pepsin for

12 hr at 37°C. (C) Digested 1gG after passage through protein-A
column. (D) Eluate from protein-A column.

Cell Extract and Immunoblotting

Cytoplasmic extract from HeLa cells was prepared
by standard methods. The samples of extracts were
applied to SDS-PAGE under reducing conditions,
followed by transfer to nitrocellulose. The nitrocel-
lulose blots were cut into strips that were blocked
with nonfat milk 5% and incubated with purified
anti-peptide antibodies at 4°C overnight. Afterward,
anti-human IgG conjugated to horseradish peroxi-
dase was added and allowed to react for 1 hr. The
color was developed by adding a substrate solution
of 4-chloro-1-napthol to the strips.

Assays for Anti-peptide and Anti-1d Antibodies

1. Anti-peptide antibodies were detected by a mod-
ified ELISA assay (35), optimized for each differ-
ent synthetic peptide analog. COSTAR high
binding microtitre plates were coated overnight
at 4°C with 100 wl of the appropriate SOC,-
peptide solution: pep289-308 (10 ug/ml in car-
bonate/bicarbonate buffer pH = 9.1) or cpep289-—
308 (10 pg/ml in carbonate/bicarbonate buffer
PH = 9.1) or pep349-364 (5 ug/ml in phosphate
buffer pH = 7.1) or cpep349-364 (10 pug/ml in
phosphate buffer pH = 7.1). After blocking the
remaining binding sites with blocking buffer
(BB:2% BSA, 0.1% Tween20 in PBS) for 1 hr at
room temperature and washing with PBS — 0.05%
Tween20, the plates were incubated overnight at
4°C with the appropriate material: patient sera
(1:100 in BB) or purified IgG (10 ug/ml in BB) or

purified F(ab’), (5 wg/ml in BB). The wells were
then washed and goat anti-human IgG conju-
gated to alkaline phosphatase (1:3000 in BB) was
added. Subsequently, the plates incubated for 1hr
at room temperature followed by washing and
addition of 100 wl p-nitrophenol substrate at
37°C. Absorbance of the color was measured at
405 nm after 20 min.

. Anti-Id activity of purified antibodies was also

evaluated by ELISA. Costar microtitre plates were
coated with each specific anti-peptide F(ab’), frag-
ment at a concentration of 5 ug/ml in carbonate-bi-
carbonate buffer, pH = 9.6. After an overnight in-
cubation the plates were blocked, washed and
incubated with each specific antipeptide IgG
(10 pg/ml in BB) overnight at 4°C. The wells then
were washed, and goat anti-human IgG (Fc spe-
cific 1:3000 in BB) was added. Following 1 hr in-
cubation and washing, p-nitrophenol substrate
was added, and color development was read as
previously.

Inhibition Assays
1. Homologous inhibition of anti-Id antibodies. The

specificity of the binding of anti-pep IgG to
anti-cpep F(ab’), and anti-cpep IgG to anti-pep
F(ab’), was ascertained by homologous inhibi-
tion using known amounts of individual F(ab’),
as inhibitors. Briefly, increasing concentrations
(0-30 wg/ml) of F(ab’), were mixed with the
specific IgG and the mixture incubated for 2 hr
at room temperature before its application in
wells coated with F(ab’),. The procedure contin-
ued as described above in the idiotype binding
assay section.

. Competitive inhibition of anti-1d antibodies binding to

the antigen combining site. The paratope-idiotype
relationship of anti-pep and anti-cpep antibodies,
respectively, was characterized by two types of
competitive ELISA assays as follows: (i) In the
first, Id-bearing anti-pep 289-308 or anti-pep349—
364 F(ab’), fragments were attached to microtiter
plates. Anti-cpep289-308 or anti-cpep349-364
anti-Id IgG were applied in the wells directly or
after prior incubation for 2 hr at 25°C with in-
creasing concentrations (0-20 ug/ml) of cpep289—
308 or cpep349-364 SOC, peptide respectively.
(ii) In the second assay, anti-Id anti-cpep289-308
or anti-cpep349-364 F(ab’), fragments (anti-Id)
were immobilized in microtiter plates. Id-bearing
anti-pep289-308 or anti-pep349-364 1gG were co-
incubated, for 2 hr at room temperature, with
known amounts of the counter peptides pep289—
308 or cpep349-364, respectively and applied to
the wells. This was then followed by an ELISA
assay, as previously described.

. Inhibition of Id binding to La/SSB by anti-1d antibodies.

Antigen-combining site associated Id determi-
nants of anti-pep antibodies were also sought by
the ability of anti-Id (anti-cpep) IgG to inhibit
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the binding of anti-pep antibodies to La/SSB
coated plates. Ninety-six-well flat-bottomed plates
(Costar) were coated with purified recombinant
La/SSB antigen at 5 ug/ml in carbonate-bicarbonate
buffer (pH = 9.6) at 4°C overnight. Excess bind-
ing sites were then blocked for 1h at 25°C with
2% BSA in PBS. After washing, wells were incu-
bated overnight at 4°C for 1 hr at 25°C with
mixtures, containing 2.5 ug/ml of specific anti-
pep 1gG and varying amounts of the correspond-
ing anti-cpep IgG (0-40 wg/ml). The procedure
was then continued as described above for anti-
peptide ELISA.

4. Inhibition of paratope-epitope binding by sense-antisense
peptide interactions. The ability of La/SSB synthetic
epitope analog to associate with their comple-
mentary counterparts was assessed by an inhibi-
tion ELISA. Briefly, 100 ul of anti-pep IgG coated
in 96-well high binding plates at 0.5ug/ml in car-
bonate buffer (pH = 9.6). Coating was carried out
at 4°C overnight and followed by blocking with
2% BSA in PBS. Biotinylated peptide pep289-
308 or pep349-364 in their amide forms, were
pre-incubated at 30 ug/ml with amounts varying
from 0-250 ug/ml of cpep289-308 or cpep349-—
364, respectively, and added in the wells. After
washing, 100 ul of 1:1500 streptavidin-peroxidase
conjugate was added and incubated at room tem-
perature for lhr. The color was developed with
2’-azino-cis-3-ethybenzotriazoline sulfonic acid
(ABTS) and measured at 405 nm.

Results
Design and Predicted Features of the La/SSB
Epitope Complementary Peptide Analogs

We initially investigated whether the epitopes of La/
SSB and their complementary peptide analogs possess
hydropathically complementary properties as sug-
gested from the molecular recognition theory (13-15).
Using the human La/SSB nucleotide sequence
data (Swiss-Prot AccNumber P05455), complemen-
tary peptides for the two La/SSB epitopes were
designed. The amino acid sequences of cpep289-308
and cpep349-364 free peptides, were derived by 5’
to 3’ assignment of amino acids to nucleotide
sequences complementary to the mRNA of La/SSB
protein encoding regions 289-308 and 349-364,
respectively (Fig. 2A). The complemetary mRNA
for cpep289-308 included three stop codons (posi-
tions 3, 13, and 15). Glutamic acid was placed in
these positions because its hydropathic score (—3.5)
is complementary to that of the corresponding
leucine residues in sense peptide (+3.7) (36).
According to the hydrophobicity plot, based on
Fauchere/Pliska (37) and Goldman/Engelman/Steitz
(GES) (38) scales, both complementary peptides
cpep289-308 and cpep349-364 presented inverted
hydrophobicity profile compared with the peptides
pep289-308 and pep349-364 (Fig. 2B).

Specific Recognition of Complementary
Peptides from Autoimmune Sera

Human autoimmune sera from patients with SLE
or SS were screened in ELISA to investigate the
prevalence of anti-pep and anti-cpep antibodies (Fig.
3A-D). The La/SSB epitope analogs pep289-308 and
pep349-364 (in their SOC, forms) were recognized
by 51% and 83% of anti-La/SSB positive sera,
respectively, whereas antibodies to their comple-
mentary peptides, cpep289-308 and cpep349-364,
were detected in 28% and 51% of sera with anti-
La/SSB reactivity. Disease control autoimmune sera,
negative for anti-La/SSB and anti-Ro/SSA antibod-
ies, showed no reaction with pep349-364, and
cpep349-364, and a limited reaction with peptides
pep289-308 (3%) and cpep289-308 (7%). Normal
sera used in all ELISA tests were negative for anti-
peptide antibodies with the exception of one normal
serum, which gave a marginally positive reaction
with peptide cpep349-364. The existence of antibod-
ies in patients sera, capable of recognizing the lysine
substituted backbone, was excluded by the use of
the irrelevant SOC-peptide sequence [(IASRY-
DQL),-SOC] as a control peptide. None of the sera
tested gave a positive reaction with the control pep-
tide (data not shown).

To evaluate the association of anti-pep and anti-
cpep antibodies, 30 sera with high antibody binding
levels in pep289-308 or cpep289-308 and 40 sera that
exhibited high anti-pep349-364 or anti-cpep349-364
reactivity were tested. All anti-La/SSB positive sera
containing antibodies against the complementary
peptides cpep289-308 and cpep349-364 also had
antibodies to pep289-308 and pep349-364 respec-
tively. On the other hand, one third of anti-La/SSB
sera, positive for antibodies against the epitope pep-
tide analogs (anti-pep positive sera), were found to
be negative for anti-cpep antibodies (data not
shown).

Purified Anti-complementary Peptide
Antibodies Possess Anti-1d Activity

Specific anti-pep and anti-cpep IgG and F(ab’), frag-
ments were isolated and prepared from five sera
with strong reactivity. The purified antibodies and
F(ab’), fragments were found to recognize specifi-
cally the peptide against which they were purified
(data not shown). Purified antibodies to pep289-308
and pep349-364 as well as their F(ab’), fragments
exhibited high anti-La/SSB activity against recom-
binant La/SSB in ELISA and immunoblot, and they
gave also a positive speckled nuclear immunofluo-
rescence staining in an adjusted titer 1:1280 on Hep-
2 cells (data not shown).

To evaluate the Id-anti-Id relationship of puri-
fied antibodies, an indirect binding assay was
utilized. Therefore, isolated anti-pep or anti-cpep
F(ab’), fragments were incubated with intact IgG of
anti-cpep or anti-pep specificity, respectively and
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Fig. 2.

(A) Design of the complementary peptides using the antisense approach. Codons in the complementary RNA [RNA(—)] were

assigned in the 5’ to 3’ direction to derive the amino acid sequence of complementary peptides. Arrows indicate the positions of stop
codons in cpep289-308 RNA(—) sequence. Glutamic acid was placed in these positions as it has complementary hydropathy to the
corresponding leucine in RNA(+) sequence. (B) Sense and antisense peptides possess complementary hydrophobicity profiles accord-

ing to Fauchere/Pliska (37) and GES (38) scales.

anti-Id reaction was detected with a second anti-
body to the Fc portion of IgG. Both anti-pep289-308
and anti-pep349-364 F(ab’), fragments bind specif-
ically to antibodies against their complementary
peptides, cpep289-308 and cpep349-364. In a simi-
lar way, F(ab’), fragments against complementary
peptides cpep289-308 and cpep349-364 were recog-
nized by anti-pep289-308 and anti-pep349-364
IgG, respectively (Fig. 4). None of the anti-pep and
anti-cpep F(ab’), fragments reacted with normal
IgG. The specificity of anti-Id assays and the purity
of F(ab’), preparations were tested by applying anti-
F(ab’), and anti-Fc specific xenoantibodies. As ex-
pected, anti-F(ab’), antibodies gave positive reac-
tion in all assays tested, while anti-Fc antibodies did
not (Fig. 4). Thus, anti-pep and anti-cpep antibodies

recognized each other in a specific manner, indicat-
ing their Id-anti-Id relationship.

Moreover, the specificity of anti-pep-anti-cpep
antibody interaction was further demonstrated by
homologous inhibition experiments using increasing
quantity of soluble F(ab’), as inhibitor. The binding
of anti-pep289-308 and anti-pep349-364 purified
IgG to anti-cpep289-308 and anti-cpep349-364
F(ab’), inhibited the reaction in a dose-dependent
manner with the higher rate at 65% and 67% re-
spectively (Fig. 5A and B). Similarly, preincubation
of anti-complementary peptide IgG, specific for
cpep289-308 and cpep349-364 analogs, with solu-
ble anti-pep289-308 and anti-pep349-364 F(ab’),
fragments, produced 52% and 48% inhibition of
binding, respectively.
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human sera.

Assessment of Paratopic Binding

To test whether anti-Id F(ab’), bound to a structure
within or near the paratopic site of Id-bearing puri-
fied antibodies, the Id-anti-Id reaction was inhib-
ited by preincubation of Id-bearing IgG with the
corresponding reacting peptide.

In this regard, the binding of anti-pep289-308
and anti-pep349-364 IgG to their F(ab’), anti-idio-
typic anti-cpep289-308 and anti-cpep349-364, was in-
hibited by 66% and 47% after incubation of IgG with
the epitope analogs pep289-308 and pep349- 364, re-
spectively (Fig. 5C and D). The oligopeptide carrier
SOC,, used as control peptide, showed no inhibitory
effect to Id-anti-Id reaction (Fig. 5C and D). The reac-
tion of immobilized anti-pep289-308 and anti-
pep349-364 F(ab’), with soluble anti-cpep289-308
and anti-cpep349-364 IgG were also inhibited by
64% and 68%, respectively, after incubation with the
corresponding complementary peptides. Preincuba-
tion with the control peptide did not produce any in-
hibitory effect.

The inhibition of the binding of anti-cpep to
anti-pep antibodies by the epitope peptide analogs,
indicate that the anti-Id antibodies are reacting
with idiotypes within or spatially close to the
antigen combining site of anti-pep antibodies. In a
similar manner, anti-pep antibodies bind the
paratopic site of anti-cpep antibodies; their binding is

abolished using as inhibitor the complementary
peptide analog.

The spatial location of idiotypes of anti-pep
antibodies were also sought by the ability of anti-
cpep (anti-Id) IgG to inhibit the binding of Id-bear-
ing anti-pep antibodies on the recombinant La/SSB
autoantigen. The anti-La/SSB activity of purified
anti-pep289-308 and anti-pep349-364 antibodies
were specifically inhibited by 95% and 91%, using as
inhibitors anti-cpep289-308 and anti-cpep349-364
IgG, respectively (Fig. 6A and B).

Evidence for Direct Association of La/SSB Epitopes
With Their Complementary Peptides

The ability of complementary peptides to recognize
their counterparts was evaluated in two ways.

First, calculating the extent of inhibition caused
if pep/cpep mixtures are tested against anti-pep IgG.
Coincubation of biotinylated pep349-364 with
cpep349-364 led to 76% inhibition of binding to
anti-pep349-364 1gG (Fig. 7). Application of the
same assay for the pair biotinylated pep289-308-
cpep289-308 caused 47% reduction of binding to
anti-pep289-308. In both cases the use of control
peptide instead of cpep analog did not affect the
binding.

Second, using electrospray ionization mass spec-
trometry of the complexes formed by equimolar
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Fig. 4. Purified anti-complementary antibodies present
anti-Id activity. The specificity of anti-1d activity of anti-
complementary peptide antibodies was evaluated using purified
anti-pep289-308 (A) anti-cpep289-308 (B) anti-pep349-364

(C) and anti-cpep349-364 (D) IgG, against isolated F(ab’),
fragments with different specificities. Columns E, F, and G
represent the reactivity of normal IgG, anti-F(ab’), and anti-Fc
antibodies, respectively.

quantities of pep and cpep, respectively, a rather
strong association was found between pep and their
counterpeptides. More specifically, the calculated
MW of the complexes pep289-308/cpep289-308
and pep349-364/cpep349-364 were 4801.5 and
3762.0, respectively. Their observed MW were
4804.87 * 6.9 (molecular ions [M-4H] */4 =
1198.82, [M-6H] ®/6 = 798.93) and 3762 * 3.1
(molecular ion [M-5H] >/5 = 753.56).

These results indicated that pep-cpep interaction
has comparable affinity to that of pep-IgG association.

Idiotypes on I9G Against the Major B-Cell Epitope 349364
aa of La/SSB Are Shared in Common in Different Patients

Based on the observation that anti-complementary
peptide antibodies target a structure near or within
antigen combining site of anti-pep antibodies, we
investigated whether this structure is common in
different anti-pep IgG (public idiotype) or it is
unique for each patient (private idiotype). Anti-
pep349-364 specific 1gG, purified from different
patient sera (K.L., E.H., N.S., and T.K.), were all
found to recognize anti-cpep349-364 F(ab’), from
patient K.L. but not anti-pep349-364 F(ab’), iso-
lated from the same patient serum or F(ab’), from
normal IgG (Fig. 8).

These results indicate that anti-pep 349-364 IgG
derived from different patients have idiotypes that
resemble each other serologically (public idiotypes).
These structures are most probably located within
the paratopic site of the IgG.

Blocking of Anti-Id Antibodies Recovers
Hidden Anti-La/SSB Reactivity

As previously demonstrated, anti-cpep (anti-Id)
antibodies compete with the antigen for binding to
the paratopic site of Id-bearing anti-pep antibodies.
Anti-cpep349-364 antibodies were found capable of
masking anti-La/SSB activity of anti-pep349-364
IgG; they almost completely inhibited the binding
of the latter to La/SSB antigen. This phenomenon
could be involved in the serologic detection of anti-
La/SSB antibodies, negatively affecting the sensitiv-
ity of the assay.

In this regard, a procedure to overcome this
anti-cpep interference in La/SSB detection was de-
veloped (Figs. 9A-D). Sera were heated at 55°C for
the dissociation of Id-anti-Id complexes. Subse-
quently cpep349-364 (in SOC, form) was added as
anti-Id blocking agent (Fig. 9A and B). At this tem-
perature, IgG remains stable without major denat-
uration effects (39). Afterward, the mixture was
submitted to slow cooling (55°C — 25°C in 3 hr)
and a new equilibrium was established with the
participation of cpep as anti-Id antibody binder
and the subsequent release of a portion of Id (anti-
pep) antibodies (Fig. 9C). To counterbalance the
expected higher affinity of Id-anti-Id interaction,
cpep was used in molar excess. The procedure was
followed by an anti-pep349-364 ELISA as described
(Fig. 9D). The efficiency of this assay, was tested in
two systems:

1. One patient became negative for anti-La/SSB
antibodies in CIE and ELISA over a period of
7 months. After heat and cpep349-364 treatment
the anti-La activity of the new serum was restored
(Fig. 9E). The same assay using a control peptide
had no positive effect in anti-La/SSB reactivity.
The incubation with cpep349-364 without prior
heating of the sample was also not sufficient to
unblock anti-La/SSB antibodies (Fig. 9E).
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Fig. 5.

2. Application of a human serum with high levels
of anti-pep349-364 and anti-cpep349-364 anti-
bodies to peptide-immunoaffinity columns yielded
6.01 mg of anti-pep349-364 and 0.20 mg of anti-

Fig. 6.
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cpep349364 antibodies (Figs. 9F-1). The fraction
which was not retained by the columns, passed
through the columns for second time, after con-
centration in the initial volume, and yielded no
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pep349-364 IgG to recombinant La/SSB by 91%.
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significant amount of antibodies (0.77 mg of anti-
pep349-364) (Fig. 9F-II). The same fraction was
submitted to thermal treatment with the addition
of 0.9 mg of cpep349-364, dialyzed overnight
against PBS to remove cpep excess, and passed
through the immunoaffinity columns for third
time. Elution of the columns yielded 3.90 mg of
anti-pep349-364 IgG (Fig. 9F-1II), a finding that
confirms the previous results and suggests that a
significant amount of anti-pep349-364 can be re-
leased using the previously described procedure.

Masked Anti-La/SSB Antibodies are Detected
in Anti-Ro/SSA(+), Anti-La/SSB(—) Human
Autoimmune Sera

To identify the prevalence of masked anti-La/SSB
antibodies in anti-La/SSB negative autoimmune sera,
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Fig. 8. Identification of a cross-reactive idiotype. A common Id
is recognized by anti-cpep349-364 F(ab’), on anti-pep349-364
1gG derived from different patients. Sera from different patients
reacted with the anti-cpep349-364 F(ab’), of the same patient
(K.L.). These sera did not react with either pep349-364 IgG

or normal F(ab’),.

we applied the heat and cpep treatment method to 44
ANA(+)/anti-Ro(+) autoimmune sera without anti-
La/SSB antibodies in CIE. Fourteen sera from SLE
patients with anti-Sm and/or anti-U1RNP antibodies
were used as controls. Ninety four percent of pSS
sera and 80% of SLE sera were found also negative
in anti-pep349-364 ELISA. Using the described
method, all anti-Ro positive autoimmune sera gave
also positive anti-pep349-364 reaction in ELISA
whereas normal sera and sera with anti Sm/U1RNP
antibodies remained negative (Fig. 10 and data not
shown). This positive reaction cannot be attributed
to thermal treatment of sera, because heat alone
without the addition of cpep349-364 peptide in sera
does not affect the anti-pep349-364 ELISA. Clinical
evaluation disclosed no differences between patients
with seropositive anti-La/SSB and patients with hid-
den anti-La/SSB antibodies.

Discussion

Anti-idiotypic and anti-clonotypic antibodies to
autoantibodies and autoreactive T-cells, respectively,
represent theoretically the ideal treatment of autoim-
mune diseases because they can specifically affect the
harmful autoreactive cells without compromising the
ability of the immune system to respond to foreign
antigens. Previous studies in systemic autoimmune
diseases have shown that anti-idiotypic antibodies to
intracellular autoantigens may play a role in regula-
tion of the autoimmune response (40).

In the present report, we used the antisense-
complementary peptide approach in an operational
sense to derive peptides capable of detecting anti-id-
iotypic antibodies to La/SSB major B- and T-cell epi-
topes. The two synthesized complementary peptides
cpep289-308 and cpep349-364 were found to pos-
sess inverted hydrophobicity profiles compared with
the corresponding La/SSB epitopes pep289-308 and
pep349-364 (sense peptides), that is consistent with
the molecular recognition theory (13-15). This
observation reflects most likely one more degree of
degeneration of the genetic code; the second posi-
tion of codons is strongly correlated with the
hydrophobicity of amino acids (41). All codons with
uracil in second position translate to hydrophobic
amino acids, whereas adenine in the same position
results in hydrophilic amino acids. Most codons
with cytosine or guanine in second position corre-
spond to intermediate hydrophilicity amino acids,
according to the GES scale (38,41). Because uracil
pairs with adenine and cytosine with guanine, it is
not surprising that sense and antisense peptides pos-
sess inverted hydrophilicity profiles. On a biochem-
ical basis, it has been proposed that the hydropathic
complementarity may lead to strong interactions be-
tween peptides (42), which has been confirmed by
analytical methods (43-45). In the present report,
the interaction between the epitope analogs of
La/SSB and their complementary peptides has been
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demonstrated using two different experimental pro-
cedures: first, by the detection of the epitope/comple-
mentary peptide complex with mass spectroscopy,
and second by a specific inhibition assay, where
coincubation of cpep349-364 with biotinylated
pep349-364 inhibited the binding of the latter to
anti-pep349-364 IgG, suggesting that a direct cpep-
pep interaction in liquid phase occurs.

The most striking finding in this study was that
sera from patients with pSS and SLE contain anti-
cpep antibodies that possess anti-idiotypic activity
and compete with pep or La/SSB antigen for bind-
ing to the paratopic site of Id-bearing anti-pep anti-
bodies. These anti-Id antibodies are likely to belong
to antigen inhibitable (Ab2B or “internal image”)
anti-idiotypes according to Jerne’s classification,
which most likely recognize public (common) idio-
types (46). Indeed, purified anti-pep349-364 anti-
bodies from different sera were found to possess
cross-reactive idiotypes; they are all recognized by a
unique anti-cpep349-364 F(ab’), fragment. The

possibility of rheumatoid factor interference in this
assay must be excluded; anti-pep 349-364 IgG re-
acted specifically with anti-cpep349-364 and not
with IgG of other specificities or normal im-
munoglobulin. Furthermore, in all Id-anti-Id assays,
F(ab’), fragments have been utilized.

In favor of these findings are recent immuniza-
tion experiments, where BALB/c mice immunized
with either pep or cpep developed antibodies to pep
or cpep, following by the production of antibodies
to their counterparts cpep and pep respectively (data
not presented).

On clinical and diagnostic grounds, the most
prominent finding arising from this work is the abil-
ity of the complementary peptide to unmask the anti-
La/SSB response. It is of particular interest that nearly
all anti-Ro/SSA positive-anti-La/SSB negative sera
tested possessed masked antibodies to the major epi-
tope 349-364aa of La/SSB. These antibodies were re-
leased and detected after a specific treatment of the
sera, aiming first to dissociate Id-anti-Id-immune
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complexes by heating and block, afterward, the anti-
idiotypic antibodies using complementary peptides.
Anti-Ro/SSA positive-anti-La/SSB precipitin nega-
tive sera represent a stable serologic subset among
patients with pSS (47). These sera are all negative
for antibodies against the LalL2/3 fragment of
La/SSB, and although they recognize the full-length
recombinant protein. In contrast, almost all (92%)
La/SSB precipitin positive sera react with both the
aforementioned region, as well as the full-length
La/SSB protein (48). As LalL2/3 fragment corre-
sponds to the 346-408 part of La/SSB sequence con-
taining the 349-364aa major B-cell epitope, it seems
highly likely that anti-idiotypic antibodies are capa-
ble, in some cases, of efficiently blocking the La/SSB
recognition by anti-pep349-364 antibodies, halting
the spreading of the autoimmune response and af-
fecting the serologic profile of the patients. The ge-
netic associations of La/SSB precipitin negative sera
have also been studied. Patients without La/SSB
precipitin antibodies carried alleles of DR2-DQ1
haplotype, whereas La/SSB precipitin positive
patients expressed DR3/DQ2 HLA (4). This is in
agreement with our recent observation that anti-
pep349-364 correlate with the DR3 haplotype (49).
Taken together, these data support the view that the
development of anti-La/SSB blocking anti-Id anti-
bodies is probably dependent on specific genetic
background and seems to be capable of affecting the
serologic profiles of patients. Therefore, cpep349—
364 complementary peptide might prove useful for
both development of sensitive assays for anti-
La/SSB detection and regulation of autoimmune re-
sponse against La/SSB (50,51). Taking into consid-
eration the high specificity and sensitivity of
anti-pep349-364 ELISA (6,24), the incorporation of
cpep349-364 treatment to this assay will provide
beneficial properties for the detection of anti-La/SSB
antibodies and advantages over the other conven-
tional methods.

The presence of both anti-pep and anti-cpep
antibodies in the same sera, raises the question
whether the anti-cpep response is the initiation
agent for the formation of anti-pep antibodies or it
is a consequence of them. From this point of view,
three additional explanations for the origin of anti-
cpep antibodies should be considered. First, anti-
cpep antibodies could be generated as a response
to a complementary peptide sequence bearing pro-
tein produced by reverse strand transcription and
translation. Antisense translation has been recently
demonstrated as an alternative mechanism of gene
expression in virus-infected, tumor, or normal hu-
man cells (52,53). This mechanism could be impli-
cated only in the production of cpep349-364 pep-
tide (the cpep289-308 originally possessed three
stop codons). Second, antibodies to complementary
peptides could occur by molecular mimicry with a
host protein or an infectious agent product that re-
sembles cpep structures (54). Alternatively, anti-
cpep antibodies may arise as response to a self or
most likely nonself protein with La/SSB binding
properties (55). In this case, anti-ligand-protein
antibodies could induce the formation of anti-
idiotypic antibodies recognizing La/SSB antigen
(12). Related to this mechanism could be the ob-
servation that the C-terminal region of La/SSB anti-
gen (where the two epitopes are residing), but not
its RNA binding domain, enhances viral transla-
tion/replication (56) as well as the reported speci-
ficity of poliovirus 3CP™ protease for La/SSB Q>>%-
G*°? bond (57).

In conclusion, our study demonstrated that vir-
tually all anti-Ro/SSA positive autoimmune sera
possess also anti-La/SSB antibodies, but in some
cases the latter are efficiently masked by a specific
anti-idiotypic response, abrogating their ability to
bind the target epitope. These anti-idiotypic anti-
bodies can be identified and isolated using comple-
mentary peptides to major epitopes of La/SSB. Over
the above, a new methodology has been developed
to restore the hidden anti-La/SSB reactivity, provid-
ing new advantages for the detection of anti-La/SSB
autoantibodies. The possibility that anti-cpep anti-
bodies can serve as a triggering factor for anti-
La/SSB autoantibody formation is currently under
investigation in our laboratory.
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