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Abstract  
Objective                                                                                                                                                                            

The Ro ribonucleoprotein particle, targeted in systemic lupus erythematosus (SLE) and Sjögren’s syndrome (SS), includes 
Ro60 (SSA) and La (SSA) autoantigens. Anti-Ro60 occurs in SLE and SS. The importance of α-fodrin and spectrin as well 
as anti-Ro and anti-fodrin/spectrin antibodies in SS and SLE, led us to hypothesise that rabbit immunisation  with Ro60 or 
4-hydroxy-2-nonenal-modified Ro60 would induce anti-spectrin. In addition, we hypothesised that antibodies to Ro60 and 

La will develop in animals immunised with spectrin. 

Methods
Two NZW rabbits each were immunised with 4-hydroxy-2-nonenal-modified Ro60 or unmodified Ro60. Methods used 

included ELISA, including an inside-out RBC membrane ELISA, and Crithidia lucilae assays. 

Results
Commercial anti-spectrin sera bound significantly to Ro60 (OD 2.6 ± 0.1), Ro60 multiple antigenic peptides (MAPs) (3 out 

of 21 Ro60 MAPs), La (OD 4.4±0.5), and La fragments as well as to double stranded DNA but not to BSA (OD 0.6±0.1). 
Anti-spectrin binding to purified spectrin could be inhibited by spectrin (>95%), and Ro60 or La (70%). When the binding 
of anti-spectrin was tested against a nested set of La fragments we found that a N4 fragment representing the C-terminal 
250 aa (aa 159 to 408) bound the strongest (OD=4.12) followed by a N9 fragment (the C-terminal 36aa; aa373 to 408 

(OD=1.36). Also, significant anti-spectrin antibody levels were induced by Ro60 and HNE-modified Ro60 immunisation.

Conclusion
We found intermolecular epitope spreading from Ro60/La to spectrin and vice versa, and this may have pathological 

significance in these animal models of autoimmunity.
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Introduction
Systemic lupus erythematosus, a 
chronic autoimmune disorder, affects 
the skin, joints and several organ sys-
tems. Autoantibodies directed against 
self-antigens are commonly seen in 
this condition, including against Ro 
ribonucleoprotein. Anti-Ro60 occurs 
in up to 50% of patients with SLE and 
anti-La in substantially fewer patients 
(1, 2). The presence of anti-Ro60 is as-
sociated with photosensitive skin rash, 
subacute cutaneous lupus, deficiency 
of early complement components, re-
nal disease, neonatal lupus, lymphope-
nia and neutropenia (3-5). 
Anti-Ro60 occurs in up to 90% of pa-
tients with Sjögren’s syndrome (SS) 
(6, 7). SS is characterised by lacrimal 
and salivary gland inflammation lead-
ing to keratoconjunctivitis sicca (dry 
eyes) and xerostomia (dry mouth). SS 
patients can have other systemic mani-
festations, like kidney, lung, skin, mus-
cle, bone marrow, joints and vascular 
involvement. SS is considered primary 
when it occurs alone and secondary 
when SS occurs together with another 
inflammatory autoimmune disease such 
as rheumatoid arthritis, primary biliary 
cirrhosis, polymyositis, scleroderma or 
systemic lupus erythematosus (6). Se-
vere fatigue is a common complaint in 
primary SS (8, 9).
α–fodrin, the non-erythroid homolog 
of spectrin, is an autoantigen in SS. 
Antibodies to α-fodrin occur in SS. 
Immunisation with α-fodrin induces 
SS in an animal model (10). Mucosal 
administration of α-fodrin has been 
demonstrated to inhibit experimentally 
induced SS in mice (11).  
Spectrin consists of 2 non-identical 
subunits, α (MW 240,000) and β (MW 
220,000 and constitutes a major com-
ponent of the red blood cell (RBC) 
membrane skeleton. Spectrin localises 
on the cytoplasmic side of the mem-
brane and interacts with a number of 
proteins, forming an intracellular net-
work. The RBC shape as well as elas-
ticity of the lipid bilayer are controlled 
by such interactions (10, 11).
Spectrin forms a tetramer by head-to-
head association of αβ dimer pairs. 
An actin binding domain is located at 
either end of the tetramer in the N-ter-

minal region of β spectrin. Protein 4.1 
promotes the interaction of actin with 
spectrin. Actin filaments bring about 
the clustering of spectrin-4.1 complex-
es (spectrin/4.1/actin junctions). Tro-
pomyosin, tropomodulin, adducin and 
dematin (4.9) are other proteins found 
in these junctions. Numerous mem-
brane proteins are bound by protein 
4.1, thus making these junctions to act 
as scaffolds for the assembly of protein 
complexes (10, 12). 
Free radical-mediated damage has been 
shown to be actively involved in the 
pathogenesis of SLE and other diseases 
(13-15). Reactive lipid peroxidation 
products can form adducts with lysine, 
histidine and cysteine targets (16). 
One of the most common and reactive 
lipid oxidation products is 4-hydroxy-
2-nonenal (HNE) (16). Higher levels 
of HNE-modified proteins have been 
found in autoimmune diseases (13). 
HNE-protein adducts are potential ne-
oantigens, and so could be involved in 
the pathogenesis of autoimmune dis-
eases (17, 18). 
We have reported oxidatively modi-
fied proteins in the red cell membrane 
of SLE patients. Specifically, we found 
that catalase bound to red cell mem-
brane is a possible protein target for 4-
hydoxy-2-nonenal (HNE) (a by-product 
of oxidative damage to lipids) modifi-
cation. We have also previously shown 
that immunisation with HNE modified 
Ro60 induced accelerated autoimmu-
nity by bringing about rapid intra and 
intermolecular epitope spreading. 
We were interested to see whether ani-
mals immunised with Ro60 or HNE 
Ro60 would break tolerance to the spec-
trin autoantigen. We also hypothesised 
that the reverse would be true as well. 
That is, immunisation of animals with 
human spectrin will bring about anti-
spectrin antibodies and autoimmunity.

Materials and methods
Materials
4-hydroxy-2-nonenal was purchased 
from Cayman Scientific, Ann Arbor, 
MI. Crithidia lucillae immunofluores-
cent anti-nDNA test kits were from In-
ova Diagnostics, San Diego, CA. Poly-
lysine coated ELISA plates were from 
Fisher Scientific, Dallas, TX. Purified 
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bovine Ro60 was from Immunovi-
sion (Springdale, AK). Purified human 
spectrin, and anti-human spectrin were 
from Sigma Chemical Co., St. Louis, 
MO. Anti-rabbit IgG fluoroisothiocy-
anate was from Jackson Laboratories, 
Bar Harbor, ME. All other chemicals 
were of reagent grade. 

Animals
The rabbits were fed standard rabbit 
feed and water ad libitum. The animal 
protocol was approved by the Institu-
tional Animal Care and Use Committee 
according to established guidelines. 

Ro60 multiple antigenic peptides 
(MAPs)
Twenty-one MAPs were synthesised 
from the sequence of the Ro60 autoan-
tigen (19-21) at the Molecular Biology 
Resource Facility, University of Oklaho-
ma Health Sciences Center, Oklahoma 
City by a manual stepwise solid phase 
procedure. An unrelated MAP with the 
sequence PPPGMRPP (22) from the Sm 
autoantigen was also synthesised.  

Preparation of Ro60 and HNE Ro60 
for immunisation
Purified Ro60 was modified by the ad-
dition of 10 mM 4-hydroxy-2-nonenal 
(HNE) at room temperature for 24 
hour in the presence of 10 mM sodium 
cyanoborohydride and then dialysed 
against 0.1 N NaCl using a 10K mo-
lecular weight cut-off membrane. Ro60 
treated with sodium cyanoborohydride 
and dialysed parallel to HNE-Ro, 
served as the control (17).

Ro 60 rabbit immunisation
New Zealand White rabbits were im-
munised with either unmodified Ro60 
or HNE-modified Ro60.  On day 1, 500 
μg of either Ro60 or HNE-modified 
Ro60 was emulsified in 500 μl of com-
plete Freund’s adjuvant and injected in-
traperitoneally and subcutaneously into 
the rabbit. Subsequent boosts, with 500 
μg antigen in incomplete Freund’s ad-
juvant each time, were administered on 
day 26, 53, 99 with a final intravenous 
boost on day 152. The animals were 
bled weekly and sera obtained were 
stored at -20° C.  Pre-immunisation se-
rum was collected from all animals. 

Anti-spectrin antibody
Anti-spectrin antibody (Sigma Chemi-
cal Co.) was made by the manufacturer 
by immunising rabbits with spectrin 
purified from freshly isolated red cell 
membranes. This antibody interacts 
specifically with the α and β chains of 
human erythrocyte spectrin.

Enzyme linked immunosorbant assay 
(ELISA)
Solid phase ELISA assays for anti-spec-
trin and anti-spectrin binding to Ro60 
MAPs, Ro60 or La were performed as 
previously described (23, 24). For inhi-
bition studies, serum samples were in-
cubated one hour at RT with inhibitor, 
Ro60, spectrin or La, at 10 μg/ml. 

Detection of antibodies to double 
stranded DNA by CLIF
Anti-dsDNA assays using Crithidia 
Lucillae Immunofluorescence (CLIF) 
dsDNA kit was carried out according 
to the manufacturer’s instructions.

Anti-nuclear antibody (ANA) testing
ANA testing using HEp-2 cells was 
carried out following the instructions 
of the manufacturer.

Preparation of inside-out red cell 
membrane
Inside-out cell RBC membranes have 
been prepared using polylysine coat-
ed glass beads (25, 26). We basically 
adapted this procedure to obtain inside-
out RBC membranes on ELISA plates. 
Peripheral blood collected in a 
heparinised tube was spun to remove 
plasma. Lymphocytes were removed 
using Lymphoprep according to in-
structions of the manufacturer. 
200 μl of packed RBC’s were washed 
twice with PBST, containing 220 mM 
sucrose. From the washed packed 
cells, 12.5 μl was removed and dilut-
ed to 20 ml. A poly-D-lysine coated 
ELISA plate (96-well) was washed 
with PBST. 200 μl of diluted cells were 
added to the buffer-washed polyly-
sine plate and incubated overnight at 
4ºC. The following day, the plate was 
washed once with PBS and blocked for 
2 h with 0.03% milk. One half of the 
plate was sonicated (10 sec/well; set-
ting n. 4, Branson Sonicator, Danbury, 

CT). The wells were washed twice with 
PBST and then blocked with 3% milk 
for 2 h at room temperature. Samples 
were added to the wells (1:100 dilution 
in 0.03% milk) and incubated at room 
temperature for two hours. The plate 
was then washed with PBST, followed 
by the addition of secondary antibody 
conjugated with alkaline phosphatase 
(1:5000) and incubated further for 1 
hour at room temperature. The plate 
was washed with PBST 4-5 times and 
color developed with p-nitrophenyl 
phosphate substrate.

Results
Earlier data from our laboratory show 
that autoimmunity is induced in ex-
perimental animals upon immunisation 
with either the whole Ro60 autoantigen 
or peptides derived from Ro60 antigen 
(17, 18, 22, 24, 27-29). Immunisation 
with Ro60 or HNE-modified Ro60 
led to epitope spreading to La, Sm 
B/B’ and 70K autoantigens. Here, we 
investigated epitope spreading to hu-
man spectrin in Ro60 and HNE-Ro60 
immunised animals as well as epitope 
spreading to Ro60 and La in animals 
immunised with spectrin.  
Figure 1 shows the binding of anti-Ro60 
and anti-HNE Ro60 antibodies to puri-
fied spectrin by ELISA. Commercial 
anti-spectrin binds to solid phase spec-
trin with an OD of about 2.9. Anti-Ro60 
as well as anti-HNE Ro60 antibodies 
bound to spectrin. Anti-spectrin anti-
bodies were induced strongly by the 9th 
bleed in the Ro60 immunised rabbits, 
while it was induced by the 6th bleed in 
HNE Ro60 immunised rabbits. 
We prepared inside-out red cell mem-
brane, to see whether anti-Ro60 and 
anti-HNE Ro60 rabbit sera would 
bind to spectrin lining the inner side 
of the cells. Commercial anti-spectrin 
antibody bound to the spectrin in the 
inside-out cell membrane preparation 
(Fig. 2). However, the binding was not 
robust as the binding to purified spec-
trin observed in Figure 1. Anti-Ro60 
and anti-HNE Ro60 antibodies also 
bound to the inside-out cell membrane 
preparation.  
Figure 3 shows the binding of commer-
cial anti-spectrin sera to La, Ro60 and 
BSA. As hypothesised, anti-spectrin 
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bound very significantly to La and Ro60 
(p<0.0001), but not to BSA (Fig. 3). 
To test the specificity of binding, anti-
spectrin was incubated with La, Ro60 

or spectrin and tested for binding to 
spectrin used as solid phase antigen. As 
shown in Figure 4, spectrin completely 
inhibited the binding of anti-spectrin 

to spectrin. However, Ro60 or La in-
hibited the binding of anti-spectrin to 
spectrin by only 70%. 
Since anti-spectrin bound Ro60 and 
La, we were interested to identify the 
epitopes recognised by anti-spectrin on 
Ro60 and La. We used 21 Ro60 multi-
ple antigenic peptides (Table I) as the 
solid phase antigen and investigated the 
binding of anti-spectrin to these pep-
tides. We found three specific epitopes 
recognised by the anti-spectrin sera 
(Fig. 5), namely TFIQFKKDLKES, 
LAVTKYKQRNGWSHK and LPMI-
WAQKTNTP (MAP n. 4, 7 and 20 –
Table I). However, anti-spectrin did not 
bind to a peptide PPPGMRPP derived 
from Sm B/B’. Figure 6 shows anti-
spectrin binding to human La recom-
binant fragments, coated on an ELISA 
plate. N4 fragment, spanning C-termi-
nal 256 aa (aa 159 to 408) amino acids 
bound to anti-spectrin the strongest.
Finally we determined whether im-
munisation with spectrin would bring 
about a lupus-like phenotype, in the 
form of induction of antibodies to dou-
ble stranded DNA. When we tested 
anti-dsDNA levels in the anti-spectrin 
anti-sera we found that anti-dsDNA an-
tibodies were induced upon immunisa-
tion with spectrin (Fig. 7).

Discussion
Spectrin plays a vital role in the struc-
tural organisation of plasma membranes 
of erythrocytes, and also in other cells 
in the form of its structural homologue 
fodrin. Spectrin has been shown to be 
associated with the membrane of or-
ganelles like exocytotic vesicles (30, 
31) or with electron-dense cytoplasmic 

Fig. 1. Serial bleeds of rabbits immunised with Ro60 or 4-hydroxy nonenal (HNE)-modified Ro60 
analysed for binding to purified spectrin. Spectrin was coated on ELISA plates and binding of the rabbit 
anti-sera to spectrin was determined by ELISA. Anti-spectrin was used as the positive control. Arrow 
indicates time of boost given to the animals.

Fig. 2. Serial bleeds of rabbits immunised with Ro60 or HNE-modified Ro60 analysed for binding to 
inside-out cell membrane immobilised to polylysine coated ELISA plates. Inside-out cell membrane 
was prepared as mentioned in Materials and methods.  The plates were blocked and anti-Ro60 or anti-
HNE Ro60 rabbit sera were added (1: 100 dilution). After addition of appropriate alkaline phosphatase 
conjugate, paranitrophenol phosphate substrate was added and the color developed was read.

Fig. 3. Anti-spectrin binding to purified recom-
binant human La and to bovine serum albumin by 
ELISA. Ro 60, La or BSA were coated on ELISA 
plates and binding by anti-spectrin to these anti-
gens was determined. 
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islets (32). In addition, a β-spectrin 
homologue (bIS*) is associated with 
the Golgi apparatus (33).
Alpha-fodrin genes are strictly con-
served across species, while the mam-
malian spectrin genes have diverged 
rapidly. The alpha-chains of spectrin 
and fodrin are mainly composed of ho-
mologous 106-amino-acid repeat units. 
Spectrin α chain lacks a 37 amino-acid 
sequence bearing the calmodulin-bind-
ing site of α-fodrin. The prominent de-
gree of homology between the alpha-
chains of spectrin and fodrin resides 
in a central atypical segment that is 
not related to the canonical repeat se-

quence. The important central portion 
of β-spectrin is comprised of repeat 
units of 106 amino-acids, just like α-
spectrin (34). 
In addition to its structural role, fodrin 
has been reported to play an important 
regulatory role in secretion and exocy-
tosis (35). Perrin et al., using permeabi-
lised chromaffin cells, found that anti-
fodrin inhibited secretion (36), showing 
that fodrin and the cytoskeleton take 
part in the exocytosis mechanism.
Owing to the position of spectrin or 
fodrin on the internal side of the mem-
brane should, in theory, exclude any 
interaction with antibodies. However, 

data in literature and our experience 
both indicate the interaction of anti-
spectrin antibodies with the RBC un-
der certain conditions. Membrane com-
plexes containing IgG, globin, band 
3 and other polypeptides including 
spectrin, have been found in the denser 
RBC population (37), in sickle RBCs 
(38) and also in RBCs from β-tha-
lassemic subjects (39). The ascertained 
anti-spectrin specificity of some RBC-
bound IgG (40-42), as well as the ap-
pearance of antibodies against spectrin 
in some experimental haematological 
conditions (43) show that antibodies 
can interact with spectrin.
Haneji et al. first identified the 120 kDa 
cleavage product of alpha-fodrin as a 
candidate autoantigen in experimental 
Sjögren’s syndrome (44) and cleaved 
alpha-fodrin has since been found as 
apopoptic marker in salivary glands of 
SS patients (45) (salivary glands spe-
cifically expresses alpha-fodrin). An-
tibodies targeting α-fodrin have been 
found in SS and SLE patients (44,46-
48). SS has been induced by immunisa-
tion with α-fodrin in an animal model 
(10). Mucosal administration of α-fo-
drin inhibits experimentally induced SS 
in mice (11). Savuz et al. observed IgA 
and IgG anti-spectrin with a frequency 
similar to anti-Ro/SSA and anti-La/
SSB in the serum of patients with SS 
(47). Haneji et al. first showed (44) that 
anti-alpha-fodrin has a higher specifi-
city and sensitivity than anti-Ro60 and 
anti-La antibodies in adult SS patients. 
Ro60 is a common target in SLE and SS. 
Immunisation of experimental animals 
with Ro60 or HNE-Ro60 induces inter-
molecular epitope spreading to La and 
other autoantigens (17, 18, 24, 28, 29). 
Similarly immunisation with La brings 
about intermolecular epitope spreading 
to the Ro60 autoantigen (49).
In this work we demonstrate that im-
munisation with Ro60 or HNE Ro60 
induces intermolecular epitope spread-
ing to the spectrin autoantigen. We also 
show that the reverse is possible. That 
is, immunisation with spectrin leads to 
cross-reactive intermolecular epitope 
spreading to the Ro60 and La autoan-
tigens. The interaction of anti-spectrin 
with Ro60 is mediated via binding 
through three specific sequences on 

Fig. 4. Inhibition of anti-spectrin binding to spectrin in the absence and presence of spectrin, Ro or La. 
The antigens were incubated at room temperature for one hour with anti-spectrin (1:500 dilution) and 
binding of anti-spectrin or anti-spectrin + antigen to spectrin was investigated. 

Fig. 5. Intermolecular epitope spreading of anti-spectrin to Ro MAPs. MAPs constructed from the 60 
kD Ro sequence were coated on ELISA plates, blocked and incubated with anti-spectrin rabbit antisera.  
A MAP from the Sm autoantigen, PPPGMRPP was used as control. 
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Ro60, namely amino acids 126-137, 
166-180 and 449-460. Interestingly, 
anti-spectrin binds to two epitopes of 
Ro60 (Ro 166-180 and Ro 126-137) 
that are among the targets bound by 
some human SLE patients that are pos-
itive for anti-Ro60 (50). Ro 169-180 
sequence is the epitope targeted first by 
these SLE patients, as they develop the 
disease. Following this, the antibody 

binding spreads to other regions of the 
Ro60 molecule in these patients, includ-
ing Ro 126-137 and Ro 449-460 (50). 
The interaction with La is mediated by 
binding to amino acids 159 to 408 on 
the La autoantigen. It is interesting that 
Ro60 or La do not share any significant 
sequence similarity with spectrin or 
fodrin, and yet these antigens are able 
to inhibit anti-spectrin binding to spec-

trin by 70%. The observed reactivity 
is likely a result of cross-reactive con-
formational epitopes brought about by 
epitope spreading. The Ro60, especial-
ly the HNE Ro60, immunised animals 
developed anti-Ro60, anti-La, anti-Sm, 
anti-RNP A and anti-double stranded 
DNA, thus developing a lupus-like 
condition. The fact that spectrin im-
munisation induced anti-Ro60, anti-La 
and antibodies to double stranded DNA 
also suggests the development of a lu-
pus phenotype.  
We have not monitored salivary flow or 
lymphocytic infiltration in the salivary 
glands of the Ro60, HNE-Ro60 or the 
spectrin immunised animals. However, 
it is our hypothesis that these animals 
will have a normal salivary flow and 
would not have lymphocytic infiltra-
tion of the salivary glands owing to the 
observed development of anti-dsDNA 
antibodies in these animals. Anti-dsD-
NA is normally not seen in primary 
SS patients. Therefore, anti-spectrin 
development in the Ro60/HNE-Ro60 
immunised animals and anti-Ro60/
anti-La development in the spectrin 
immunised mice points more to these 
animals as being a model of SLE rather 
than primary SS.
Even though studies have shown el-
evated anti-fodrin activity in Sjögrens 
syndrome, other studies report the non-
specificity of these antibodies in SS (51, 
52). Anti-spectrin also has been shown 
to be part of the normal repertoire in hu-
mans and animals (51, 53-57). A more 
recent study (58) has shown that anti-
alpha fodrin is present in almost twice 
as many non-SS (with sicca symptoms 
only) compared to SS patients with anti-
Ro60, anti-La and sicca. This study also 
showed using sialoscintigraphy that al-
most thrice as many of the non-SS sub-
jects had grade III impairment of the 
salivary gland compared to SS subjects. 
The authors suggest that sialoscintig-
raphy could be used along with serum 
anti-alpha-fodrin, anti-Ro and anti-La 
to distinguish between SS and non-SS 
sicca (58). Nordmark et al found anti-
fodrin antibodies in 16/56 (29%) of 
subjects with primary SS and in 25/53 
(47%) of subjects with SLE (without 
secondary SS).  However, these authors 
suggest that alpha-fodrin autoantibod-

Table I. Ro 60 multiple antigenic peptides (MAPs), their sequence, amino acid position and 
molecular weight (measured by mass spectrometry). 

Map  Amino acid sequence Location on M. Wt. by mass
no.  protein spec. (in kD)
     
1  TYYIKEQKLGL 45-55 11.69
2  SQEGRTTKQ 81-89 9.12
3  STKQAAFKAV 106-115 9.25
4  TFIQFKKDLKES 126-137 12.7
5  MKCGMWGRA 139-147 9.2
6  MWGRALRKAIA 143-153 11.02
7  LAVTKYKQRNGWSHK 166-180 15.37
8  LRLSHLKPS 183-191 9.25
9  VTKYITKGWKEVH 198-210 13.55
10  LYKEKALS 212-219 8.45
11  TEKLLKYL 222-229 8.9
12  EAVEKVKRTKDELE 230-243 14.23
13  HLLTNHLKSKEVWKAL 257-272 16.18
14  ALLRNLGKMTA 280-290 10.34
15  NEKLLKKARIHPFH 310-323 14.69
16  YKTGHGLRGKLKWRP   331-345       15.22
17  AAFYKTFKTV 355-364 10.25
18  VEPTGKRFL 364-372 9.21
19  MVVTRTEKDSY 401-411 11.4
20  LPMIWAQKTNTP 449-460 12.04
21  ALREYRKKMDIPAK 482-495                  14.59
22  PPPGRRPP Sm 7.63

Fig. 6.  Anti-spectrin binding to fragments of La showing intermolecular epitope spreading. BSA, La 
and fragments of La were coated on ELISA plates and the binding of anti-spectrin to these antigens 
was determined by ELISA. N4 corresponds to the C-terminal 256 amino acids (aa 159 to 408). N9 cor-
responds to the C-terminal 46 amino acids (aa 373 to 408).
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ies are mainly related to non-organ-spe-
cific autoimmunity in primary SS and 
SLE and only have limited discriminat-
ing value (48). SLE serum, mediated 
by complement fragment deposition on 
RBC membrane, has been reported to 
induce dephosphorylation of β-spectrin 
bringing about reduced RBC membrane 
deformability and increase in RBC 
production of nitric oxide (59). Thus, 
complement activation in SLE patients 
is thought to lead to calcium-depend-
ent changes in the RBC cytosketeleton 
making RBCs less deformable. This 
can impair the flow through capillaries 
and negatively affect oxygen delivery 
to the tissues (59).
Anti-spectrin has not been described in 
animal models of autoimmunity, as far 
as we know. The fact that we have ob-
served anti-spectrin antibodies in our 
animal models of autoimmunity sug-
gests that these antibodies might have 
a pathogenic role.

References
  1. YAMAGATA H, HARLEY JB, REICHLIN M: 

Molecular properties of the Ro/SSA antigen 
and ELISA for quantitation of antibody. J 
Clin Invest 1984; 74: 625-33.

  2. HARLEY JB, YAMAGATA H, REICHLIN M: 
Anti-La/SSB antibody is present in some 
normals and is coincident with anti-Ro/SSA 
precipitins in systemic lupus erythematosus. 
J Rheumatol 1984; 11: 309-14.

  3. HARLEY JB, SCOFIELD RH, REICHLIN M: 
Anti-Ro in Sjögren’s syndrome and systemic 
lupus erythematosus. Rheum Dis Clin North 
Am 1992; 18: 337-58. 

  4. HARLEY JB, SESTAK AS, WILLIS LG, FU 
SM, HANSEN JA, REICHLIN M: A model 
for disease heterogeneity in systemic lu-
pus erythematosus. Relationships between 
histocompatibility antigens, autoantibodies 
and lymphopenia or renal disease. Arthritis 
Rheum 1989; 32: 826-36.

  5. KURIEN BT, NEWLAND JG, PACZKOWSKI C, 
MOORE KL, SCOFIELD RH: Anti-Ro mediates 
neutropenia in systemic lupus erythematosus 
by binding a 60,000 MW antigen on the sur-
face of neutrophils. Clin Exp Immunol 2000; 
120: 209-17. 

  6. SCOFIELD RH, ASFA S, OBESO D, JONSSON 
R, KURIEN BT: Immunisation with  short 
peptides from the 60-kDa Ro antigen reca-

pitulates the serological and pathological 
findings as well as the salivary gland dys-
function of Sjögren’s syndrome. J Immunol 
2005; 175: 8409-14.

  7. BOWMAN SJ: Patient-reported outcomes 
including fatigue in primary Sjögren’s syn-
drome. Rheum Dis Clin North Am 2008; 34: 
949-62, ix. Review. 

  8. PRIORI R, IANNUCCELLI C, ALESSANDRI C 
et al.: Fatigue in Sjögren’s syndrome: rela-
tionship with fibromyalgia, clinical and bio-
logic features. Clin Exp Rheumatol 2010; 28 
(Suppl. 63): S82-6.

  9. MATHEWS SA, KURIEN BT, SCOFIELD RH: 
Oral manifestations of Sjögren’s syndrome. 
J Dent Res 2008; 87: 308-18. 

10. HE J, WANG H, ZHAO JX, LI ZG: Establish-
ment of Sjögren’s syndrome models by im-
munization with alpha-Fodrin: experiment 
with mice. Zhonghua Yi Xue Za Zhi 2008; 
88: 2360-3.

11. HE J, ZHAO JX, WANG H, LI ZG: Mucosal ad-
ministration of alpha-fodrin inhibits experi-
mental Sjögren’s syndrome autoimmunity.  
Zhonghua Yi Xue Za Zhi 2008; 88: 625-9.

12. BENNETT V, GILLIGAN DM: The Spectrin-
Based Membrane Skeleton and Micron-Scale 
Organization of the Plasma Membrane. Ann 
Rev Cell Biol 1993; 9: 27-66.

13. GRUNE T, MICHEL P, SITTE N et al.: Increased 
levels of 4-hydroxynonenal modified proteins 
in plasma of children with autoimmune dis-
eases. Free Radic Biol Med 1997; 23: 357-
60.

14. TURI S, NEMETH I, TORKOS, A et al.: Oxi-
dative stress and antioxidant defense mecha-
nism in glomerular diseases. Free Radic Biol 
Med 1997; 22: 161-8.

15. SERBAN MG, TANASEANU S, BARA C: Oxi-
dant stress and antioxidant protection in lu-
pus nephropathy. Rom J Intern Med 1996; 
34: 105-9.  

16. UCHIDA K, KANAMATSU M, MORIMITSU Y, 
OSAWA T, NOGUCHI N, NIKI E: Acrolein is a 
product of lipid peroxidation. Formation of 
free acrolein and its conjugation with lysine 
residues in oxidized low density lipoproteins. 
J Biol Chem 1998; 273: 16058-66.

17. SCOFIELD RH, KURIEN BT, GANICK S et al.: 
Modification of lupus-associated 60 kDa Ro 
protein with the lipid oxidation product 4-hy-
droxy-2-nonenal increases antigenicity and 
facilitates epitope spreading. Free Radic Biol 
Med 2005; 38: 719-28.

18. KURIEN BT, PORTER A, DORRI Y et al.:         
Degree of modification of Ro60 by the lipid 
peroxidation by-product 4-hydroxy-2-non-
enal may differentially induce Sjögren syn-
drome or systemic lupus erythematosus in 
BALB/c mice. Free Radic Biol Med 2011; 
50: 1222-33.

19. DEUTSCHER SL, HARLEY JB, KEENE, JD: 
Molecular analysis of the 60 kDa human Ro 
ribonucleoprotein. Proc Natl Acad Sci USA 
1988; 85: 9479-83.

20. SCOFIELD RH, KURIEN BT, ZHANG F et al.: 
Protein-protein interaction of the Ro-ribonu-
cleoprotein particle using multiple antigenic 
peptides. Mol Immunol 1999; 36: 1093-106.

21. KURIEN BT, SCOFIELD RH: Immunoblotting 
of multiple antigenic peptides. Electrophore-
sis 1998; 19: 1659-61. 

Fig. 7. Antibodies to dsDNA detected by CLIF assay in rabbits immunised with spectrin, haemoglob-
in, or Freund’s control. A: Haemoglobin immunised; B: Freund’s immunised.  C: Spectrin immunised; 
D: Spectrin immunised.   



893

Induced anti-Ro60/anti-spectrin cross-reactivity / B.T. Kurien et al.

22. JAMES JA, GROSS T, SCOFIELD RH, HARLEY 
JB: Immunoglobulin epitope spreading and 
autoimmune disease after peptide immuniza-
tion: Sm B/B’-derived PPPGMRPP and PP-
PGIRGP induce spliceosome autoimmunity.  
J Exp Med 1995; 181: 453-61.

23. HUANG SC, PAN Z, KURIEN BT, JAMES JA, 
HARLEY JB, SCOFIELD RH: Immunization 
with Vesicular stomatitis virus nucleocapsid 
protein induces autoantibodies to the 60 kD 
Ro ribonucleoprotein particle. J Invest Med 
1995; 43: 151-8.

24. SCOFIELD, RH, HENRY WE, KURIEN BT, 
JAMES JA, HARLEY JB: Immunization with 
short peptides derived from the systemic 
lupus erythematosus associated 60 kDa Ro 
autoantigen results in autoimmunity directed 
towards the Ro ribonucleoprotein. J Immunol 
1996; 156: 4059-66.

25. KALISH DI, COHEN CM, JACOBSON BS, 
BRANTON D: Membrane isolation on poly-
lysine-coated glass beads. Asymmetry of 
bound membrane. Biochim Biophys Acta 
1978; 506: 97-110.

26. JACOBSON BS, BRANTON D: Plasma mem-
brane: rapid isolation and exposure of the 
cytoplasmic surface by use of positively 
charged beads. Science 1977;195: 302-4.

27. KURIEN BT, ASFA S, LI C, DORRI Y, JONSSON 
R, SCOFIELD RH: Induction of oral tolerance 
in experimental Sjögren’s syndrome autoim-
munity. Scand J Immunol 2005; 61: 418-25.

28. SCOFIELD RH, PIERCE PG, JAMES JA, KAUF-
MAN KM, KURIEN BT: Immunization with 
peptides from 60 kDa Ro in diverse mouse 
strains. Scand J Immunol 2002; 56: 477-83. 

29. SCOFIELD RH, KAUFMAN KM, BABER U, 
JAMES JA, HARLEY JB, KURIEN BT: Immu-
nization of mouse with 60 kD Ro peptides 
results in epitope spreading if peptides are 
highly homologous between man and mouse. 
Arthritis Rheum 1999; 42: 1017-24. 

30. HIROKAWA NR, CHENEY E, VILLARD M: Lo-
calization of a protein of the fodrin-spectrin-
TW 260/240 family in the mouse intestinal 
brush border. Cell 1983; 32: 953-65.

31. FISHKIND DJ, BONDER EM, BEGG DA: Sub-
cellular localization of sea urchin spectrin: 
evidence for assembly of the membraneskel-
eton on unique classes of vesicles in eggs and 
embryos. Dev Biol 1990; 142: 439-52.

32. BLACK JD, KOURY ST, BANKERT RB, RE-
PASKY EA: Heterogeneity in lymphocyte 
spectrin distribuition: Ultrastructural identi-
fication of a new spectrin-rich cytoplasmic 
structure. J Cell Biol 1988; 106: 97-109.

33. BECK KA, BUCHANAN JA, MALHOTRA V, 
NELSON WJ: Golgi spectrin: identification 
of an erythroid beta-spectrin homolog asso-
ciated with the Golgi complex. J Cell Biol 
1994; 127: 707-23.

34. DHERMY D: The spectrin super-family. Biol 
Cell 1991; 71: 249-54.

35. AUNIS D, BADER MF: The cytoskeleton as a 
barrier to exocytosis in secretory cells. J Exp 
Biol 1988; 139: 253-66.

36. PERRIN D, LANGELY K, AUNIS D: Anti-alpha 
fodrin inhibits secretion from Permeabilized 
chromaffin cells. Nature 1987; 326: 498-
501.

37. KANNAN R, YUAN J, LOW PS: Isolation and 
partial characterization of antibody-and glob-
in-enriched complexes from membranes of 
dense human erythrocytes. Biochem J 1991; 
278: 57-62.

38. KANNAN R, LABOTKA R, LOW PS: Isolation 
and characterization of the hemichrome-sta-
bilized membrane protein aggregates from 
sickle erythrocytes. Major site of autologous 
antibody binding. J Biol Chem 1988; 263: 
13766-73.

39. YUAN J, KANNAN R, SHINAR E, RACHMILE-
WITZ EA, LOW PS: Isolation, characterization, 
and immunoprecipitation studies of immune 
complexes from membranes of beta-thalas-
semic erythrocytes. Blood 1992; 79: 3007-13.

40. WIENER E, HUGHES-JONES NC, IRISH WT, 
WICKRAMASINGHE SN: Elution of Antispec-
trin antibodies from red cells in homozygous 
beta-thalassaemia. Clin Exp Immunol 1986; 
63: 680-6.

41. SORETTE MP, CLARK MR: Specificity of 
autologous antibody binding to phenylhy-
drazine-treated human erythrocytes: implica-
tions for models of red blood cell aging. J 
Lab Clin Med 1991; 117: 477-84.

42. WIENER E, WANACHIWANAWIN W, KOTIPAN 
K, FUCHAROEN S, WASI P, WICKRAMASING-
HE SN: Erythroblast- and erythrocyte-bound 
antibodies in alpha and beta thalassaemia 
syndromes. Transfus Med 1991; 1: 229-38.

43. DAY MJ, RUSSELL J, KITWOOD AJ, PONS-
FORD M, ELSON CJ: Expression and regula-
tion of erythrocyte auto-antibodies in mice 
following immunization with rat erythro-
cytes. Eur J Immunol 1989; 19: 795-801.

44. HANEJI N, NAKAMURA T, TAKIO K et al.:
Identification  of alpha-fodrin as a candidate 
autoantigen in primary Sjögren’s syndrome. 
Science 1997; 276: 604-7.

45. WANG Y, VIRJI AS, HOWARD P, SAYANI Y, 
ZHANG J, ACHU P, MCARTHUR C: Detection 
of cleaved alpha-fodrin autoantigen in Sjö-
gren’s syndrome: apoptosis and co-localisa-
tion of cleaved alpha-fodrin with activated 
caspase-3 and cleaved poly(ADP-ribose) 
polymerase (PARP) in labial salivary glands. 
Arc Oral Biol 2006; 51: 558-66. 

46. ULBRICHT KU, SCHMIDT RE, WITTE T: Anti-
bodies against alphafodrin in Sjögren’s syn-
drome. Autoimmun Rev 2003; 2: 109-13.

47. YAVUZ S, TOKER E, BICAKCIGIL M, MUMCU 

G, CAKIR S: Comparative analysis of autoan-
tibodies against a-fodrin in serum, tear fluid, 
and saliva from patients with Sjögren’s syn-
drome. J Rheumatol 2006; 33: 1289-92.

48. NORDMARK G, RORSMAN F, RÖNNBLOM L 
et al.: Autoantibodies to alpha-fodrin in pri-
mary Sjögren’s syndrome and SLE detected 
by an in vitro transcription and translation as-
say. Clin Exp Rheumatol 2003; 21: 49-56.

49. FARRIS AD, BROWN L, REYNOLDS P et al.: 
Induction of autoimmunity by multivalent 
immunodominant and Subdominant T cell 
determinants of La (SS-B). J Immunol 1999; 
162: 3079-87.

50. MCCLAIN MT, HEINLEN LD, DENNIS GJ, 
ROEBUCK J, HARLEY JB, JAMES JA: Early 
events in Lupus humoral autoimmunity sug-
gest initiation through molecular mimicry. 
Nat Med 2005; 11: 85-9. 

51. MOODY M, ZIPP M, AL-HASHIMI I: Salivary 
anti-spectrin autoantibodies in Sjögren’s 
syndrome. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2001; 91: 322-7.

52. TURKÇAPAR N, OLMEZ U, TUTKAK H, DU-
MAN M: The importance of alpha-fodrin 
antibodies in the diagnosis of Sjögren’s syn-
drome. Rheumatology Int 2006; 26: 354-9. 

53. GIULIANI AL, GRALDI G, VERONESI M et 
al.: Binding of anti-spectrin antibodies to 
red blood cells and vesiculation in various in 
vivo and in vitro ageing conditions in the rat. 
Exp Gerontol 2000; 35: 1045-59.

54. GRALDI G, GIULIANI AL, UNIS L et al.:       
Accelerated elimination from the circulation 
of homologous aged red blood cells in rats 
bearing anti-spectrin antibodies. Mech Age-
ing Dev 1999; 107: 21-36.

55. BERTI G, GOVONI M, VENTRELLI I: Autoan-
tibodies against spectrin in rats. Boll Soc Ital 
Biol Sper (Napoli) 1989; 65: 29-36.

56. BALLAS SK: Spectrin autoantibodies in    
normal human serum and in polyclonal blood 
grouping sera. Br J Haematol 1989; 71: 137-
9.

57. LUTZ HU, FLEPP R, STAMMLER P, BACCALÀ 
R: Red cell associated, naturally occurring 
anti-spectrin antibodies. Clin Exp Immunol 
1987; 67: 674-6.

58. CHEN KS, JIANG MC, LI CJ, LIU OK, TSAI CS: 
Discrimination between Sjögren’s and non-
Sjögren’s sicca syndrome by sialoscintigra-
phy and antibodies against alpha-fodrin and 
Ro/La autoantigens. J Int Med Res 2009; 37: 
1088-96.

59. GHIRAN IC, ZEIDEL ML, SHEVKOPLYAS SS, 
BURNS JM, TSOKOS GC, KYTTARIS VC: Sys-
temic lupus erythematosus serum deposits 
C4d on red blood cells, decreases Red blood 
cell membrane deformability, and promotes 
nitric oxide production. Arthritis Rheum 
2011; 63: 503-12.


