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Summary
Background: Cajal bodies (CB) are distinct sub-nuclear domains rich in small nuclear ribonucleoprotein

particles (snRNPs); they are involved in pre-mRNA processing. Lupus erythematosus (SLE) is
an autoimmune disease characterized by autoantibody production against different nuclear
molecules, including those involved in pre-mRNA processing. The aim of the present investi-
gation is to assess the presence of anti-CB autoantibodies in a cohort of SLE sera.

Material/Methods: Antinuclear antibodies (ANA) were screened by indirect immunofluorescence in a batch of
190 sera from patients who met the ACR criteria for SLE classification; fine specificity was
determined by Western blot using HEp-2 cells or rat hepatocyte extracts purified by ion
exchange chromatography.

Results: Four sera had anti-Cajal body (CB) autoantibodies. Interestingly, all of these patients had
intermittent extensive oral and esophageal ulceration. The autoantibodies to CB were of the
IgG class, and by Western blot these sera had reactivity against an 80 kDa protein (coilin)
associated with Sm proteins.

Conclusions: Anti-CB autoantibodies constitute an uncommon specificity of SLE; therefore it seems that
anti-CB antibody specificity is associated with extensive mucous ulceration.
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BACKGROUND

The Cajal body (CB) is a distinct sub-nuclear domain rich
in small nuclear ribonucleoprotein particles (snRNPs),
involved in pre-mRNA processing. Although the func-
tions of CB are still under investigation, experimental
data suggest that CBs are involved in the biogenesis,
transport and recycling of small nuclear ribonucleopro-
tein particles (snRNPs). Nuclear structures representing
CB contain an 80 kDa protein, coilin, whose function is
not fully understood, although it forms complexes with
U7, U1, U2, U4/U6 RNPs within CBs [1–3]. The microin-
jection of anti-coilin antibodies into living cells affects the
structure of CBs [4], and is likewise affected by the injec-
tion of anti-(U1) snRNP autoantibodies. In addition, the
homologous pairing activity of the human recombination
complex is inhibited by the independent effect of both
antibodies [5]. These results suggest a possible function of
CB during the splicing of messenger RNA.

Andrade (1991) and Chan (1994) used a human autoan-
tibody to clone and isolate the cDNA encoding p80
coilin [6,7]; however, no clear clinical association has
been ascribed to anti-CB. Anecdotal reports have noted
the presence of anti-coilin antibodies in inflammatory
skin diseases, such as atopic dermatitis [8]. In a Japane-
se study, sera from 365 patients were analyzed and anti-
coilin antibodies were found in eleven patients. None of
these patients could be diagnosed with a differentiated
rheumatic disease, except in two cases (one with sys-
temic scleroderma and another with Sjögren’s syn-
drome), but most of the patients with anti-coilin anti-
bodies had general symptoms, including fatigue, arthra-
lgia, headaches, dysmenorrhoea, lymph node swelling,
and/or low grade fever, as well as chronic fatigue syn-
drome (CFS), and some of them showed low comple-
ment [9].

There has been no previous investigation of the preva-
lence and clinical relevance of anti-CB autoantibody in a
cohort of systemic lupus erythematosus (SLE). Accor-
dingly, the goal of the present investigation was to assess
the presence of anti-CB autoantibodies in a cohort of
SLE sera.

MATERIAL AND METHODS

One hundred and ninety sera from lupus patients who
met the ACR criteria for SLE were screened by ANA test
on HEp-2 cells [10]. Sera positive for CB were further
characterized by Western blot. Sera specificity, such as
anti-Sm and anti-RNP, was preformed by Ouchterlony
using rabbit thymus extract (Immunovision, Inc. Sprin-
gdale, Arizona, USA); anti-Ro and anti-La were deter-
mined by double diffusion in 1% agar using human
spleen extract; anti-DNA was determined by immuno-
fluorescence on Crithidia luciliae; anti-phospholipid anti-
bodies were determined by ELISA (Binding Site). The
clinical data of the patients with anti-CB autoantibodies
are described below.

Human epithelial HEp-2 cells (ATTC, USA) were
grown in DMEM (Gibco/BRL) containing 10% fetal calf

serum and 100 units/ml of penicillin/streptomycin.
Freshly isolated rat hepatocytes were grown in modified
Waymouth medium [11]. The cells were suspended and
plated in polystyrene flasks and cover slips at a density
of 5×106/ml and incubated at 37°C in 5% CO2 and 85%
relative humidity, and used for antigen extraction or for
immunofluorescence assays.

For antigen extraction, HEp-2 cells or rat hepatocytes
were harvested and spun pelleted at 1200 rpm for 10
minutes, then resuspended in denaturing lysis buffer (1%
SDS, 0.25M EDTA, 2mM bis-mercaptoethanol, 1 mM tris
pH 7.5, 5mM PMSF, adjusted by H2O to to 1 ml). The
soluble antigens were extracted by ultrasonic disruption 5
times for 30 seconds by pulse, with an efficiency of 50%.
The lysates were then centrifuged at 12,000 rpm for 10
minutes; the supernatants were saved and used for analy-
sis. The protein concentration was measured using UV
light by coefficient extinction at 280 nm.

For purposes of ion exchange chromatography, coilin was
partially purified in a 2×50 cm column containing DEAE
cellulose (DE52, Whartman, USA). Pre-swollen DEAE was
equilibrated in 0.5M NaCl, 0.025M Tris, pH 7.5 (running
buffer). HEp-2 cell extracts or rat hepatocyte extracts
were dialysed against distilled water and lyophilized; the
antigenic powder was resuspended in 50 ml of running
buffer, then applied into the DEAE column and fraction-
ated. The elution volume was 10 ml/tube, the amount of
proteins was determined at 280 nm. Individual fractions
were used to determine the active peak, which was used
for SDS-PAGE and Western blot for sera testing. A mono-
clonal anti-coilin antibody (BD Biosciences Pharmingen,
San Diego, California, USA) was used as control.

Total or purified cell extracts were submitted to sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE); the procedure was performed under reducing
conditions, as described by Laemmli and Favre, in 11%
polyacrylamide gels [12]. The unstained gels were blot-
ted onto nitro-cellulose membranes, using the procedure
described by Towbin [13]. Active sites were blocked with
1% non-fat milk. The blotted proteins were probed at
room temperature for 1 hour with SLE sera containing
anti-CB demonstrated by immunofluorescence. Bound
antibodies were disclosed with rabbit anti-human IgG,
IgA or IgM peroxidase conjugated antibodies (Sigma, St
Louis, Missouri, USA). Immunoreactive bands were visu-
alized with the ECL chemiluminescent kit (Amersham
Pharmacia Biotech). Autoradiography was then per-
formed using a Biomax X-ray film (Kodak, Rochester,
New York, USA) and cassettes with intensifying screens.

The coiled bodies were examined on HEp-2 cells or in
hepatocyte monolayers by indirect immunofluores-
cence. The SLE sera were incubated for 30 minutes on
the cell monolayers, followed by three PBS washings,
and then 30 minutes incubation was carried out with
FITC-labeled monoclonal anti-human IgG, anti-IgA, or
IgM (Sigma, St. Louis, Missouri, USA). After further
washing the cover slips were mounted and the slides
were evaluated by microscopy equipped with epifluores-
cence.
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RESULTS

Four patients were found to have CB autoantiboides;
they are described below.

Patient 1

This was an 18-year-old male, with acute disseminated
rash triggered by sunlight exposure. The skin lesions were
broadly distributed in face, torso and upper extremities,
accompanied by palmar vasculitis. Additionally, he pre-
sented with extensive oral and esophageal ulceration,
demonstrated by endoscopy, and arthritis. Six months
later he had a relapse with retinal vasculitis (Figure 1A,B);
at this time the ANA was positive, with a homogeneous
pattern at a dilution of 1:10,240. This serum was also
reactive to CB; additionally, the patient had positive anti-
DNA (1:1280) and anti-Sm antibodies. The C3 and C4
fractions were decreased; moreover, the anti-phospho-
lipid antibodies were positive by ELISA, and a skin biopsy
demonstrated a positive lupus band test. Methyl pred-
nisolone (1 gr) and cyclophosphamide 0.5 g/m2 in bolus
were administered monthly over a 6-month period.
Additionally, he received 60 mg of prednisone daily. One
month later, he developed acute transverse myelitis simul-
taneously with viral hepatitis (A type), so the antibodies
against hepatitis virus A were positive with IgM and IgG
isotypes. The patient improved steadily, with normaliza-
tion of functional hepatic tests. After six months, total
remission was observed, except for a residual plantar
burning sensation secondary to transverse myelitis.

Patient 2

This 23-yar-old female had SLE which had evolved over
three years. The disease was characterized by muco-
cutaneous involvement, including butterfly rash, palmar
vasculitis, Raynaud phenomenon, extensive oral and
esophageal ulceration. She also had transitory mental
confusion, isolated seizures, nausea and vomiting. The
CSF was aseptic, and the CAT scan was normal. She had
positive ANA (1:2560) with reactivity to CB and anti-Sm

autoantibodies. Intravenous cyclophosphamide and
methylprednisolone bolus were administred monthly
over a 6-month period. She went into remission, which
was maintained with 30 mg of prednisone. Six months
later, no residual neurological damage was demonstrat-
ed by clinical examination, CAT scan, and EEG studies.

Patient 3

This 24-year-old female had a disease that evolved over
six months and was characterized by extensive oral,
esophageal (endoscopy) and anal ulceration (Figure
1C). She also had intermittent fever, Raynaud’s phe-
nomenon, and alopecia. Her serology demonstrated a
positive ANA (1:640) with speckled pattern and also
reactivity with CB. An unexposed skin biopsy exhibited
a positive lupus band test. Prednisone (20 mg daily) was
administered and the ulcerations disappeared.

Patient 4

This 52-year-old female developed fever, extensive oral
ulceration, arthritis, photosensitivity, malar rash, and
Raynaud phenomenon over four years of clinical obser-
vation. She had positive speckled pattern ANA (1:1280),
with some speckles that corresponded to CB. Anti-Sm
antibodies were also detected. She was treated with 30
mg of prednisone daily.

Purified chromatographic fractions

Total cell extracts were partially purified by ion
exchange chromatography; individual fractions were
collected, dialyzed and lyophilised. The active fraction
was eluted in the second peak (tube number 13); this
fraction reacted with the monoclonal anti-coilin anti-
body as well as the SLE sera containing antibodies anti-
CBs (Figure 2).

Sera from patients with anti-CB antibodies demonstrat-
ed by immunofluorescence exhibited simultaneous anti-
Sm reactivity (i.e. proteins B and B’ and D) as demon-
strated by Western blot. In addition, these sera recog-
nized a non-Sm ~80 kDa protein. Similar assays were
carried out with the ion exchange purified fraction, and
an ~80 kDa protein (coilin) in the active peak was
specifically recognized by the monoclonal anti-coilin
antibody, as well as by anti-CB sera. This autoantibody
was further characterized as follows: A preparative SDS-
PAGE was pre-formed using the active peak, which was
electro-transferred onto a nitrocellulose sheet; the 80
kDa band was dissected and incubated 12 hours with a
1:50 dilution of anti-CB serum. The nitrocellulose strips
were then extensively washed; bound antibodies were
eluted with a 0.2M, pH 2.8 glycine buffer, and then
neutralized with 0.1M tris, pH 8.9. Eluted antibodies
were tested by indirect immunofluorescence on HEp-2
cells and by Western blot. Affinity-purified antibodies
specifically recognized the Cajal bodies by immunofluo-
rescence; they also recognized a unique 80 kDa protein
which corresponded to coilin. All anti-CB sera were of
the IgG class as determined by the isotype specific
reagents described in the Methods section (Figure 2).
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B

Figure 1. (A) Retineal vasculopathy in patient number 1; fundoscopy
demonstrates multiple exudates. (B) Fluorangiography
of patient 1, demonstrating that exudates are coincident with
areas of retinal vasculitis. (C) Endoscopic image of esophageal
ulcerations seen in patient number 3.
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DISCUSSION

The present study found that the frequency of autoanti-
bodies against CBs in a cohort of SLE sera was 4 out of
190 (~2%). Although with such a frequency anti-CB
could be considered rare or uncommon, this is not
unlike the frequency of autoantibodies to other well-
known autoantigens, such as proliferating cell nuclear
antigen (PCNA) [14].

A common clinical feature shared by these patients
included extensive mucous ulceration; in two patients
the ulceration was documented by endoscopy.

The frequency of autoantibodies against CB in SLE has
not previously been reported. Anti-CB may frequently
be masked by other anti-nuclear antibodies, making the
identification of CBs a difficult task. In addition, sera
may have antibodies that produce similar nuclear dot
staining with reactivity to gems, PML bodies, SP100 and
other nuclear components [15–17].

In the present study, four SLE sera reactive to CB were
identified, and these sera also recognized various Sm
proteins as well as coilin. The specificity of these anti-
bodies was demonstrated when the antibodies affinity-
purified from the 80 kDa band reacted with CBs by
immunofluorescence.

At present it is difficult to specify the clinical significance
of anti-CB. However the extensive mucosal ulceration in
these patients proved to be an interesting clinical observa-
tion. It is difficult to confirm that anti-CB is a marker of
esophageal ulceration in SLE, since mucous involvement
is a common feature and endoscopy is not usually per-
formed. The presence of occlusive retinopathy in patient
no. 1 can probably be attributed to an anti-phospholipid
syndrome rather than to anti-CB autoantibodies [18].

From the immunochemical point of view, the anti-CB
autoantibodies were restricted to IgG class, and this is a
strong evidence that they are the product of a sec-
ondary immune response. Interestingly, this response is
apparently linked to an anti-Sm immune response as
well. This notion is supported by the observation that
coilin complexes with U1, U2, snRNPs and Sm proteins
within the CB [19]. In addition, it would appear that
this linked response is driven by true antigens rather
than exogenous agents [20].

CONCLUSIONS

Autoantibodies against CB constitute a rare specificity in
SLE, and is clustered with anti-Sm autoantibodies. Anti-
CB are clinically associated with extensive mucous ulcer-
ation.
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~80 kDa protein. Autoantibodies (lines 1a–4a) reacted with
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(B) Indirect immunofluorescence on HEp-2 cells, showing
a positive ANA, with speckled pattern and a few prominent
dots corresponding to CB. (C) Affinity-purified antibodies eluted
from the 80 kDa band tested by indirect immunofluorescence
on HEp-2 cells recognize exclusively CBs (contrasted by
Evans blue). (D) Ion exchange purification in DEAE cellulose.
The chromatogram shows the active peak indicated by an
arrow (AP), tube 13, and a shoulder (N) used as negative
control. (E) Monoclonal anti-coilin antibody recognized the
AP fraction, and was negative with the N fraction. AP was
specifically recognized by sera with anti-CB antibodies, as
demonstrated by Western blot in lines 1a–4a.
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