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IToonyovueveg pehéteg €xovv vmwodeiEer pra mBavi aviryovixry ovoyETion
uetoEV tov xopPoEutelnov TwHuaTog Tov avtoovityovov Ro 60kD xai thg
vourheornaydixig mowteivng (N) tov o0 tng Pvooardmdovg Ztouoatitidog
(VSV). Ta va ehéyEovpe edv ta avti-Ro/SSA avtoaviioduoto aviidooiv pe
™V oudroyn ue to VSV meproxn g mowtetvng Ro 60kD, ovvBécaue ovupwva
ue ™ wéBodo tov Merrifield to oxntoamentidio EYRKKMDI (8p) mov
eumeQLéyxel v xowih orinlovyio auvoEéwv g momtetvng N tov VSV.
EMéxOnroav opot 61 aobevov ue avtodvooeg pevuatikéc mobnoelwg [34 ue
Svotpatird Eguinuatddn Avxo (ZEA), 21 ue Z0vdooud Sjogren's (EX) »at 6
ue Pevuatoedn Apboitda (PA)] »abag xat 59 ogol eBehovidv atpuodotdv yia
v  magovoio (i) avroavtioopdtov avti-Ro 60kD pe ELISA o
avooooamotummon (IB) xau (ii) avti-8p aviiocoudtov ue ELISA. AvefoéOnrav
avrioopota ®atd tov 8p otovg 9/31 twv Betivwv oto IB avti-Ro 60kD opov,
5/30 Towv agvnTirdv oto IB op®@v »at 2/59 twv puololoyindv opdv eréyyov. H
ovugwvia pueta&d g ELISA avti-8p »at tov IB avti-Ro 60kD ftav younii
(x2=0,71, p=0.4) oe avtibeon ue ™ ELISA avti-Ro 60kD ot tov IB avti-Ro
60kD (x2=27,6, p=10-7). Emithéov nabooLouds ue 0voGOOUYYEVELD TV OVTi-
8p avrioopdtov and évav toxyved Betnd avii-8p nat avii-Ro 60kD XEA 006
odNynoe oe eEahewyn tng avii-8p dgoaoctvdtnrag xatd 95% evd n avti-Ro
60kD dgaotindtnta tov pelddnre xatd 37%. Ielpduata ovootolis ue ta
roroBopuéva avtioduota avii-8p £€0elEav 6tL ue 10 oxtamentidio umogovoe
vo emtevyBel avaotoly g avii-Ro 60kD dpaotirdtntag toug »atd 94,5%
evd ue ™ Ro 60kD mowteivn eiyaue avactoly g avii-8p d0aoTindTNTOS TOVG
rotd 42,3%. Ipoendaon tov 0000 ue 10 oxtomentidio £€dwoe avaoTtois 4%
ot ELISA avti-Ro 60kD.

Ta amotehéopata ovtd vmodewxviouv OtL T ovii-8p aviioouato
(avtiomdpota notd tg oudroyng mepLoxis tov VSV otnv Ro 60kD mpowteivn)
elvar uévo éva uwnpd puépog twv avti- Ro avté-aviiomudtov xar o og VSV
dev paivetar va gvBivetal yio v yéveon tng avti-Ro avtoaviicopatixig
amOROLONG.
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Antibodies to EYRKK vesicular stomatitis virus-related peptide account only
for a minority of anti-Ro60kD antibodies
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SUMMARY

Previous studies demonstrated a possible antigenic relation between the carboxyl terminal portion
of anti-Ro60kD autoantigen and a nucleocapsid protein (N) of vesicular stomatitis virus (VSV). In
order to investigate whether anti-Ro60kD autoantibodies react with the VSV homologous region
of the Ro60kD protein we synthesized, according to Merrifield’s method, the EYRKKMDI
octapeptide (8p) sharing a common sequence with the N protein of VSV. Sera from 61 patients
with autoimmune rheumatic diseases (34 systemic lupus erythematosus (SLE), 21 Sjogren’s
syndrome (SS) and six rheumatoid arthritis (RA)) as well as 59 from normal blood donors were
tested for the presence of anti-Ro60kD autoantibodies by ELISA and immunoblot (IB) and anti-
8p antibodies by ELISA. Antibodies to 8p were found in 9/31 of anti-Ro60kD IB-positive sera,
5/30 of anti-Ro60kD-negative sera and 2/59 of normal control sera. The concordance between the
anti-8p ELISA and the anti-Ro60kD IB was very poor (x* = 0-71, P = 0-4) in contrast to the anti-
Ro60kD ELISA and the anti-Ro IB (x> = 276, P = 10" "). Subsequent affinity purification of the
anti-8p antibodies from a strong positive anti-8p and anti-Ro60kD SLE serum yielded 95%
depletion of the anti-8p activity and 37% reduction of the anti-Ro60kD activity. Inhibition assays
with the affinity-purified anti-8p antibodies demonstrated that the octapeptide gave 94-5%
inhibition of the anti-Ro60kD activity, while Ro60kD protein led to 42-3% inhibition of the
anti-8p. Preincubation of the serum with the octapeptide produced 4% inhibition of anti-Ro60kD
ELISA. These results indicate that the anti-8p antibodies account only for a minority of the anti-

Ro60kD autoantibodies.
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Ro/SSA systemic lupus erythematosus

INTRODUCTION

Sera from patients with autoimmune rheumatic diseases includ-
ing Sjogren’s syndrome (SS), systemic lupus erythematosus
(SLE) and rheumatoid arthritis (RA) often contain circulating
antibodies directed against the Ro/SSA autoantigen [1-3]. Ro/
SSA is an RNA-protein complex (RNP) composed of proteins
non-covalently associated with a family of small cytoplasmic
RNAs called hY1, hY3, hY4 and hY5 RNAs [4]. The protein
component of Ro/SSA RNP consists of at least three immu-
nologically distinct proteins, namely: 60-kD Ro/SSA, 52-kD
Ro/SSA and La/SSB protein [5]. The biological function of Ro
RNP remains unknown. Antibodies to Ro autoantigen are
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primarily directed against the protein components of Ro
RNP [6], although the antigenic determinants (B cell epi-
topes) are not well understood. On clinical grounds the
presence of anti-Ro60kD autoantibodies is strongly associated
with the pathogenesis of neonatal lupus, complete congenital
heart block, and subacute cutaneous lupus [7,8].

Recently Scofield et al. [9], using proteolytic digestion of
bovine Ro60kD, identified a major immunoreactive fragment
(13kD) of Ro60kD localized at the carboxyl end of the
molecule. A panel of sera, tested against overlapping synthetic
octapeptides covering the 13-kD segment of Ro60kD, revealed
a binding pattern quite varied among the anti-13-kD positive
sera. The 485-492 (EY RKKMDI) sequence was defined as one
of the major antigenic determinants of Ro60kD autoantigen,
and a closely related EYRKKLMD segment was found in the
nucleocapsid (N) protein of vesicular stomatitis virus (VSV). In
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a subsequent study it was demonstrated that anti-Ro60kD
precipitin-positive sera recognize at least 19 synthetic peptide
groups of the entire Ro protein, and the 13-kD sequence shares
two of them, including the VSV homologous region [10,11].
Thus, it was proposed that the autoimmune response to Ro/
SSA is related to the immune processing of the N protein of
VSV [12,13].

The present study was designed to investigate the relation-
ship between the autoimmune response to Ro/SSA and the
immune processing of the N protein of VSV. We report on both
the synthesis and the immunological characteristics of
EYRKKMDI synthetic octapeptide (485-492) of Ro/SSA,
which shares an homologous sequence (EYRKK) with the
EYRKKLMD (151-158) segment of the N protein of VSV.

PATIENTS AND METHODS

Sera

Thirty-four sera from patients with SLE, 21 with SS and six
with RA were collected from patients fulfilling the revised
criteria for the classification of SLE [14], SS [15] and RA [16].
Thirty-one out of 61 sera were found positive for anti-Ro/60kD
autoantibodies, by immunoblot. Fifty-nine normal sera were
collected from healthy blood donors and used as normal
controls.

Peptide synthesis and purification of the EYRKKMDI octa-
peptide (8p)

Solid-phase synthesis of the EYRKKMDI (Glu**-Tyr-
Arg-Lys—Lys-Met-Asp-llem) using  N“-t-Boc-L-isoleucine-
PAM resin (1% cross-linked divinyl-benzene-styrene, 1:2g,
0-6 mmol/g) anchor bond and N“-t-Boc/benzyl-side chain
protection was carried out by standard methods [17]. Amino
acid couplings were performed by the dicyclohexyl carbodii-
mide (DCC)/hydroxybenzotriazole (HOBt) procedure using a
ratio of amino acid/DCC/HOBt/resin (3/3/3/1). Deprotection
of the N“-t-Boc protecting group was carried out using
trifluoroacetic acid (TFA) followed by diisopropylethylamine
for neutralization. After synthesis, the peptide was cleaved
from the resin with anhydrous HF in the presence of anisole
and phenol (10% v/v) as scavengers at 0°C for 1 h. The peptide
was extracted from the resin with 2 m acetic acid and lyophilized
to give 0-74 g of the 8p (95% vyield). Purification of the crude
peptide was achieved by partition chromatography on Sepha-
dex G-25 in But/Pyr/AcOH/H,0 (5/5/1/4 v/v). The peptide was
homogeneous as determined by thin layer chromatography in
But/Pyr/AcOH/H,0 (5/5/1/4 v/v) (R; = 0-41) and AcOH 2N
(Ry = 0-53). The overall yield after purification was 0-56 g (76%
yield). Appropriate 1-D and 2-D "H-nuclear magnetic reso-
nance (NMR) spectra confirmed the identity and the purity of
the peptide.

Purification of Ro/SSA protein

Ro/SSA 60-kD protein was purified according to a previously
described method [18]. Briefly, human spleen was homogenized
in an equal amount (w/v) of PBS pH 7-2. The cell lysate was
centrifuged at 10000g for 1h and the supernatant was mixed
with 40% (v/v) DE-52 overnight followed by extraction with 0-5
NaClin PBS pH 7-2. The extract was then applied to an anti-Ro/
SSA 60-kD affinity column. The column was made by coupling
purified IgG from SLE monospecific serum to cyanogen bromide

(CNBr)-activated Sepharose 4B using conventional methods.
Ro/SSA was eluted from the affinity column with HCI-Glycine
pH 2:7 and the eluates were dialysed against PBS pH 7-2. The
preparation was evaluated by SDS gel electrophoresis and found
to contain essentially the Ro60kD protein.

Cell extract and immunoblotting

Cytoplasmic extract was prepared from cultured HeLa cells as
described by Habets er al. [19]. Samples of cytoplasmic extracts
corresponding to 50 x 10° cells were analysed using 10%
PAGE after boiling in SDS (4%) and 2-mercaptoethanol (2-
ME; 10%). SDS-PAGE gel electroblotted on nitrocellulose
membranes [20]. Nitrocellulose blots after staining with Pon-
seau 5 were cut into strips. The blotted strips were blocked with
non-fat milk 5% in TBS and incubated with diluted sera (1 : 50)
at 4°C overnight. Afterwards a solution of goat anti-human
1gG conjugated to peroxidase was added and allowed to react
for 1h. The colour was developed by adding a substrate
solution of 4-chloro-1-napthol to the strips.

Anti-8p antibodies purification

An anti-Ro60kD strongly positive serum was selected for its
capacity to recognize the 8p. [gG from this serum, purified by
protein A Sepharose column, was concentrated and dialysed
against PBS. The 8p was then covalently attached to CNBr-
activated Sepharose 4B and the purified IgG was passed
through. The column was washed with PBS, eluted by
changing the pH, and the eluates were neutralized, concen-
trated and dialysed against PBS. IgG concentrations were
evaluated by nephelometry (Beckman Instruments, Brea, CA).

ELISA

The levels of anti-Ro/SSA antibodies were determined by
commercially available ELISA (Diastat anti-Ro; Shield Diag-
nostics, London, UK) using microtitre wells coated with
affinity-purified bovine Ro/SSA antigen, according to the
manufacturer’s instructions.

A modified solid-phase assay (ELISA) for anti-8p anti-
bodies was also applied [21]. Nunc microtitre plates were
coated with 50 ul of 8p (100 ug/ml) in ethanol overnight at
4°C. Our preliminary studies demonstrated that 5 ug/well of the
peptide was the optimal concentration for detection of 7-5 ug/
well 1gG antibodies. After blocking the remaining binding sites
with 1% bovine serum albumin (BSA), 1% ovalbumin and
0-1% Tween 20 in PBS for 1 h at room temperature, the plates
were incubated with IgG (150 pg/ml) or diluted sera (1:50 in
blocking buffer) for 3h. The wells were then washed (PBS
Tween 20) and goat anti-human IgG (0-5 mg/ml) conjugated to
alkaline phosphatase (1:1500 in blocking buffer) was added.
The plates were incubated for 1 h, washed as previously, and p-
nitrophenyl phosphate substrate was added. Colour develop-
ment was read at 450nm with a microELISA reader
(Dynatech-UK). The reliability of anti-8p ELISA was tested
as follows: (i) IgG from all patient sera was measured by
nephelometry (mean 1580 +420mg/dl). No correlation
between IgG levels and ELISA OD values was observed
(P > 0-1); (i1) all sera were tested against BSA or RLGRLG
(control peptide) according to the precited method. Normal
and patient sera showed very low and almost identical levels in
both BSA and control peptide ELISA; (iii) anti-8p depletion of
an anti-VSV strongly positive serum yielded 95% reduction of
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the optical density in anti-8p ELISA; (iv) 8p caused 55-8%
homologous inhibition in the binding of the anti-8p antibodies
in ELISA.

ELISA values were expressed as OD units, according to the
formula:

OD serum tested

Ol aniks OD normals + 2s.d. o

100

Inhibition assays

IgG samples taken from the previously mentioned strongly
positive serum were incubated with the soluble EYRKKMDI
peptide (concentrations from 25 pg/ml to 2mg/ml) or purified
human Ro60kD antigen (10 g/ml) for 2h at room temperature
before application in the ELISA test.

Statistical analysis

Correlations between the anti-Ro60kD and anti-8p antibodies
were analysed using the x? test (with Yates’ correction).
Student's i-test was used for mean OD comparisons of anti-
Ro60kD and anti-8p binding levels.

RESULTS

Relationship of the anti-Ro60kD to the anti-8p antibodies
Human autoimmune sera were tested in immunoblot for
antibodies against the denatured form of Ro60kD. The
same sera were evaluated in ELISA to quantify anti-
Ro60kD and anti-8p antibodies. Twenty-six of the 31 Ro60kD
immunoblot-positive sera were also positive in anti-Ro60kD
ELISA, while 9/31 were positive in anti-8p ELISA. The anti-
body binding levels of anti-Ro/SSA sera were higher in anti-
Ro60kD ELISA compared with the anti-8p ELISA (1 = 5-46,
P =9 x 1077). Anti-Ro60kD immunoblot-negative sera were
found positive in anti-Ro60kD (4/30) and anti-8p (5/30)
ELISA. The concordance of the anti-Ro60kD immunoblot
and anti-Ro60kD ELISA experiments was very high
(x> =2759, P 1077), in contrast to the anti-Ro60kD
immunoblot and anti-8p ELISA (x* = 0-71, P = 0-4).
Anti-Ro60kD antibodies were found in 13/34 SLE sera, 13/
21 SS sera and 4/6 of RA sera, while anti-8p antibodies were
found in 9/34 SLE sera, 5/21 SS sera and 0/6 RA sera (Fig. 1).

Anti-Ro60kD reactivity of the anti-8p antibodies

IgG from one SLE serum, which gave strong positive reaction
in both anti-Ro60kD and anti-8p ELISA, was purified by
the protein A-Sepharose method and then passed through an
8p-coupled Sepharose column. Elution of the anti-8p anti-
bodies, performed by changing the pH, yielded two major
IgG fractions at pH 4-5 (A) and 27 (B) (Fig. 2). IgG from
the initial SLE sample before and after treatment with the 8p
column, as well as the IgG elution fractions, were tested at the
same concentrations in anti-Ro60kD and anti-8p ELISA. Both
elution fractions possessed 36% and 300% of the initial anti-
Ro60kD and anti-8p reactivity, respectively. In contrast, the
sample after treatment with the 8p column preserved 73% of
anti-Ro60kD reactivity and only 5% of the anti-8p reactivity
(Fig. 2).

Inhibition studies on the anti-8p antibodies
Cross-inhibition assays demonstrated that 8p inhibited the

anti-Ro60kD reactivity of (i) the elution fractions A and B,
(i1) IgG from SLE before treatment with the 8p column, and
(iii) IgG pretreated with the 8p column at about 50-2%, 94-5%,
4-9% and 3-9%, respectively. In addition, preincubation of the
anti-8p antibodies (elution fraction B) with purified Ro/SSA
autoantigen resulted in 68% inhibition of anti-Ro60kD reac-
tivity and 44% inhibition of anti-8p reactivity. Finally, homo-
logous inhibition assay showed that 8p caused 55-8% inhibition
of the anti-8p antibody activity.

DISCUSSION

Molecular mimicry as a mechanism for the induction and
perpetuation of autoimmunity has been the subject of great
research interest [22]. One of the well documented examples of
molecular mimicry between infective agents and autoantigens is
the gp120 of HIV and HLA class II antigens [23]. However,
it is likely that many of the sequence similarities reported in the
last decade occur by chance, and the potentially cross-reactive
sequences are in fact repeat sequences. In previous studies
[9-13] it was proposed that the anti-Ro60kD autoimmune
response is related to the immune processing of a nucleocapsid
protein (N) of VSV due to sequence similarities between the
485-492 sequence of Ro60kD (an antigenic determinant
according to Scofield et al. [9]) and the 151-158 sequence of
the N protein in VSV.

A panel of 61 sera from patients with autoimmune rheu-
matic diseases was screened, initially on electroblots from SDS
gels, for the presence of anti-Ro60kD antibodies. These sera
were screened for antibodies against the denatured form of
Ro60kD, which are more likely to bind linear epitopes [24,25].
Our results indicate a poor concordance between anti-Ro60kD
immunoblot and anti-8p ELISA, contrary to the anti-Ro60kD
immunoblot and anti-Ro60kD ELISA.

In a previous study [12] it was shown that anti-VSV (anti-
nucleocapsid protein) antibodies were found more frequently in
anti-Ro60kD-positive SLE sera (41:5%) than in anti-Ro60kD-
negative SLE sera (20:5%). In our study the prevalence of
antibodies to 8p was not statistically different between anti-
Ro60kD-positive and -negative SLE sera (33:3% and 21-1%,
respectively).

Although the anti-8p immune response was not associated
with the anti-Ro60kD reactivity, correlation between them was
observed in the case of one SLE serum, which gave strong
positive reaction for both anti-Ro60kD and anti-8p ELISA.
Purified IgG from the reported SLE serum, which passed
through an 8p-coupled Sepharose column, resulted in deple-
tion of the anti-8p reactivity, while the anti-Ro60kD reactivity
was maintained. Interestingly the IgG eluents from this column
preserved 300% of the anti-8p reactivity and only 36% of the
anti-Ro60kD reactivity, when examined at the same initial IgG
concentration. These findings suggest that anti-8p antibodies
represent a limited minority of the anti-Ro60kD antibodies.
Alternatively, it is possible that anti-8p antibodies are com-
pletely distinct from anti-Ro60kD antibodies, since short
peptide moieties may exist in various flexible conformations,
compared with the more rigid homologous region of Ro60kD
protein [26]. In this case the observed anti-Ro60kD reactivity
could be attributed to the ability of some anti-Ro60kD anti-
bodies to bind I1gG [27].

In order to distinguish these possible explanations, IgG
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Fig. 1. Binding of anti-Ro and anti-8p ELISA for immunoblot anti-Ro positive, anti-Ro negative and normal sera. Dotted line

represents 2s.d. above the mean binding levels of normal sera.

samples were applied in homologous and cross-inhibition
assays. The 8p induced inhibition of binding of anti-8p anti-
bodies in both Ro and 8p ELISA assays. Preincubation of
anti-8p antibodies with Ro antigen resulted in considerable
inhibition of both anti-Ro and anti-8p reactivity. These results
indicate that some anti-Ro antibodies react actually with the
VSV homologous region on Ro protein. It should also be
mentioned that IgG anti-8p elution fractions had different
properties in regard to Ro60kD and 8p binding. In fact, 8p
induced 94-5% (elution fraction B) and 50-2% (elution fraction
A) inhibition of anti-Ro60kD reactivity. Taking into con-
sideration the different pH levels used for the IgG elution
(pH 42 and 2-7 for fractions A and B, respectively) it is very
possible that autoantibodies eluted at higher pH possess low
affinity to the VSV, and high affinity to Ro60kD antigen. In
contrast, antibodies eluted at lower pH showed high affinity
to both 8p and Ro60kD antigen. Moreover, preincubation of
the initial IgG preparation with the 8p yielded approximately
5% inhibition in anti-Ro60kD ELISA, which further confirms
that anti-8p antibodies represent a minority of anti-Ro60kD
antibodies.
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Taking into account the reported results we can conclude
that anti-8p antibodies were not frequently found in sera from
patients with autoimmune rheumatic diseases and anti-
Ro60kD antibodies. However, the existence of anti-8p-specific
antibodies among the anti-Ro60kD antibodies is not surpris-
ing, since it is known that the anti-Ro/SSA autoimmune
response is characterized by its heterogeneity. Several anti-
Ro/SSA subpopulations have been reported to be associated
with particular diseases, and conformational diversity is
dependent on various molecular forms of Ro/SSA antigen
[24,28,29]. These findings are in agreement with previous
reports, which failed to demonstrate the presence of main B
cell epitopes on the carboxy terminus of Ro60kD autoantigen,
where the sequence EYRKK is located [30]. They are also
consistent with our recent results, which disclose two major
disease-specific anti-Ro60kD targets on the central region of
Ro60kD [31].

It is also interesting to note that although VSV human
infection has not been documented in Europe, anti-Ro/SSA
antibodies and the related autoimmune rheumatic diseases are
found throughout the world. Consequently, VSV cannot be

(c)

(A) B)

0D (280 nm)

(iv)

Time

(i) (i)

Fig. 2. Anti-Ro60kD (a) and anti-8p (b) binding capacity for total 1gG (i), anti-8p 1gG of elution fractions A (ii) and B (iii), and 1gG
after anti-8p depletion (iv). (¢) Absorbance of anti-8p eluates at 280 nm.
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itself responsible for anti-Ro60kD autoantibodies and auto-
immune diseases. On the other hand, anti-8p antibodies do
exist, even as a minority of the anti-Ro60kD response, and their
diagnostic and biological significance remains to be further
investigated.
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