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Antinuclear autoantibodies are present in more than 90% of patients with systemic sclerosis 
(SSc). Some of these antibodies can be regarded as disease-specific: anticentromere 
antibodies, anti-topoisomerase I and anti-RNA polymerase I–III identify the three major 
serological subsets. Other important antibodies recognize nucleolar antigens, such as 
fibrillarin, Th/To and PM/Scl. All of these specific serological reactivities are mutually 
exclusive, have definite clinical associations and prognostic implications. This makes 
antinuclear antibodies a valuable tool in classifying and managing patients with SSc. SSc 
pathogenesis remains unclear and the role of autoantibodies is debated. Studies exploring 
their relationships with new emerging disease mechanisms are still in progress.

Systemic sclerosis (SSc) is a chronic autoimmune
disorder characterized by microvascular injury and
connective tissue fibrosis, involving the skin and a
variable number of internal organs, mainly the
lungs, heart, gastrointestinal tract and kidneys.

Antibodies against cellular self-components are
a well-known hallmark of autoimmunity. It has
been reported that more than 90% of SSc patients
test positive for antinuclear antibodies (ANA) [1].

Some of these ANAs can be regarded as disease-
specific, such as anticentromere antibodies
(ACAs), anti-topoisomerase I (anti-topo I), anti-
RNA polymerases (RNAP) and a group of antinu-
cleolar antigens (Tables 1 & 2) [2]. These autoanti-
bodies appear in a mutually exclusive fashion in
most cases and each subset can be found in associ-
ation with definite clinical features. Autoantibod-
ies are helpful in characterizing different patient
groups and giving important indications regarding
diagnosis, disease course and prognosis [3]. 

In SSc patients, associations of these auto-
antibodies with human leucocyte antigen
(HLA) class II alleles have been extensively stud-
ied. No definite HLA background has been cor-
related to SSc itself or any SSc-associated
clinical manifestation, but a number of suscepti-
bility haplotypes have been recognized as occur-
ring in strong association with different
autoimmune profiles [2].

The mechanism explaining the mutual exclu-
sivity of some of these autoantibodies is unclear.
They could be the expression of distinct patho-
logical processes or otherwise a common envi-
ronmental pathological injury could first break
tolerance to different self-components, leading
to altered antigen processing and presentation by
immunocompetent cells in a mechanism also
involving HLA restriction [4–6].

Whether these autoantibodies play an active
role in disease pathogenesis or merely represent
an epiphenomenon, their importance resides
mostly in disease specificity and diagnostic and
prognostic implications.

Disease-specific autoantibodies
Anticentromere antibodies
At least six centromeric nucleoproteins
(CENP–A–F) are recognized by ACA-positive
SSc sera. There are no reports of clinically rele-
vant differences related to targeting different cen-
tromeric proteins and all ACA-positive sera are
found to react with CENP-B protein. ACAs are
detected easily by indirect immunofluorescence
(IIF) on interphase and metaphase Hep-2 cells
(immortalized cells originated from human
laryngeal carcinoma): they give a speckled pattern
referred as ‘centromeric’ and do not usually need
any further confirmation by other laboratory
methods. A solid-phase enzyme-linked immuno-
sorbent assay (ELISA) with a CENP-B fusion
protein exists and has been validated in sensitivity
and specificity for use in daily clinical practice.
ACA levels remain stable during the course of the
disease and do not have clinical relevance [7].

ACAs are highly specific for SSc; they occur in
approximately 15–30% of patients with frequen-
cies varying according to ethnic differences,
being higher in Caucasians than in Hispanics,
Africans, African–Americans and Asians. Clini-
cally, they are strongly associated with a limited
cutaneous involvement, high incidence of
peripheral vasculopathy, ischemic digital loss and
calcinosis, Raynaud’s phenomenon, esophageal
dismotility, sclerodactyly and teleangectasia
(CREST) syndrome, classified by LeRoy as a
form of limited cutaneous SSc (lcSSc) [2]. In
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patients with apparently isolated Raynaud’s phe-
nomenon, the finding of ACA reactivity in sera
should prompt the clinician to suspect SSc [7].

ACA-positive patients show lower frequencies
of interstitial pulmonary fibrosis compared with
other groups of SSc patients; they also have better
survival rates. This serological subset is indeed
considered to be slowly progressive, with the cuta-
neous involvement being stable over time and
digital tip ulcers being the most frequent severe
complication. A major cause of death in patients
with SSc, and in particular in those with limited
cutaneous involvement, is pulmonary arterial
hypertension (PAH) without radiological signs of
fibrosis and restrictive lung disease on pulmonary
function tests. There are many new treatments for
PAH and it is extremely important to recognize
this complication as early as possible. This can be
obtained by strict monitoring of these patients by
indices proven to be good predictive factors, such
as CO-diffusing capacity (DLCO) and the forced
vital capacity (FVC)/DLCO ratio in addition to
systolic pulmonary arterial pressure on an
echocardiogram [8].

It has been demonstrated that ACAs may also
exert anti-endothelial cell activity, thus showing
that surface expression of the target of a classical
SSc-associated antibody may occur in cells with a
crucial pathogenic role, such as endothelial
cells [9]. Antiendothelial cell antibodies (AECAs)
have been associated with the development of
manifestations such as PAH and digital ischemia
in SSc. In vitro, they are able to mediate many
effects such as vascular injury through antibody-
dependent cytotoxicity and induction on
endothelial cells of adhesion molecules, such as
E-selectin, intercellular adhesion molecule
(ICAM)-1 and vascular cell adhesion molecule

(VCAM)-1, thus representing a possible explana-
tion for vascular hyper-reactivity and consequent
mononuclear migration to the inflamed tissue [10].

Anti-topoisomerase I 
A basic, heat-labile, chromatin-associated, non-
histone 70 kD protein (Scl70) was described in
1979 as the target of a group of human ANAs
present in SSc sera and was named anti-
Scl70 [11]. Further studies clarified that these
autoantibodies recognize several epitopes of dif-
ferent molecular weights on the central and
C-terminal portions of the enzyme topoI
(topo I). In IIF, anti-topo I antibodies can show
a variable and nonspecific staining pattern,
which is homogeneous, speckled and also nucle-
olar. They are preferentially detected in routine
laboratory assays by immunodiffusion (ID) on
calf or rabbit thymus extracts. Other techniques
include immunoblotting (IB), immunoprecip-
itation (IP) and ELISA with recombinant pro-
teins. The latter, despite being less specific than
ID, is widely used owing to its cost effectiveness
and because it offers the advantage of a
semiquantitative analysis [12].

Anti-topo I are specific and helpful in discrim-
inating SSc from other connective tissue diseases
(CTDs) and primary Raynaud’s phenomenon. 

As with ACAs, when a patient evaluated for
Raynaud’s phenomenon tests positive for anti-
topo I, this subject has a very high risk of
developing SSc [7].

Frequency ranges from 10 to 35%, with
racial and geographic variations, being
extremely common in SSc patients from Thai-
land [8]. Anti-topo I-positive patients are at
high risk of developing diffuse cutaneous SSc
(dcSSc). A strong clinical association links

Table 1. Three major disease-specific serological groups.

Autoantibody Recognized 
epitope

Systemic 
sclerosis subset

Clinical associations Frequency Ref.

Anticentromere Centromeric 
nucleoproteins

Limited 
cutaneous

Calcinosis, Raynaud’s phenomenon, 
esophageal dismotility, 
sclerodactyly teleangectasia 
syndrome, digital ulcers

15–30%
More frequent in 
Caucasians

[7]

Anti-topoisomerase I DNA 
topoisomerase I

Diffuse cutaneous Pulmonary fibrosis 10–35% 
More frequent in
Thai patients

[12,22]

Anti-RNA 
polymerase I–III

Isoform I and III 
of RNA 
polymerases

Diffuse cutaneous Scleroderma renal crisis 5–25%
Less frequent in the 
Mediterranean 
areas and Far-
Eastern countries

[4,20,21]
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anti-topo I to the development of interstitial
lung disease, with a higher rate of decline in
pulmonary function tests compared with other
serological subsets [12]. 

There are several recent studies reporting fluc-
tuations of anti-topo I antibody levels in serial
samples. By using a very specific assay for
immunoglobulin (Ig)G isotypes of anti-topo I, it
has been shown that increased serum levels corre-
late positively with pulmonary function and skin
score, sometimes even predicting flares of skin dis-
ease [13]. Another study has shown that the disap-
pearance of anti-topo I may predict a more
favorable outcome, even though changes in anti-
body levels were independent of clinical manifes-
tations [14]. It should be noted that these results
were obtained by research assays only and so far
there is no evidence that antibody titer fluctua-
tions detected using commercially available kits
have any clinical correlation.

The survival rate in this group of patients is
worse than in the ACA-positive subset, and lung
involvement with subsequent ventricular failure
is one of the most important causes of death in
SSc [8]. A Japanese study reports an increased
renal vascular resistance in anti-topo I-positive
patients. This is a feature that may correspond to
renal changes found in the kidneys of patients
affected by scleroderma renal crisis (SRC),
another SSc life-threatening complication [15].
However, studies confirming the association
between anti-topo I and SRC are lacking.

It has been demonstrated that anti-topo I are
strongly correlated with the presence of antifibro-
blast antibodies and that anti-topo I themselves
exert an antifibroblast activity by reacting with a
still unidentified membrane epitope [16]. Further
studies should clarify whether this phenomenon
is mediated by a mechanism of cross-reactivity or
if it is the topo I itself brought to the fibroblast
surface after some perturbation. Antibodies to
membrane structures on fibroblasts are able to
induce in vitro activation, proinflammatory
mediator production and ICAM-1 upregulation
by fibroblasts, thus claiming a role in perpetuat-
ing inflammation and inducing fibrosis [17].
Recently, a 100 kDa protein expressed on the
endothelial cell surface and a target for IgG anti-
bodies from anti-topo I-positive patients was
identified as DNA topo I itself, suggesting that
membrane expression of this protein can occur
and have a functional role [18].

Anti-RNA polymerase I–III
Antibodies to RNAP I and III can be found in
patients with SSc and are highly disease spe-
cific. The isoform I has nucleolar localization,
while the isoform III resides in the nucleus. In
IIF, these autoantibodies show a variable nucle-
olar and speckled pattern and they should not
be classified strictly among the antinucleolar
antibodies [2]. The gold standard technique to
ascertain the presence of anti-RNAP in patient
sera is IP, which is not so suitable for routine

Table 2. Main autoantibodies targeting nucleolar antigens in systemic sclerosis.

Autoantibody Recognized epitope Clinical associations Frequency Ref.

Anti-B23 Nucleophosmin Limited cutaneous involvement, 
pulmonary arterial hypertension.
Often associated with AFA 

Rare [23]

Anti-NOR90 Human upstream binding factor 
(NOR)

Limited cutaneous involvement Rare [24]

AFA Fibrillarin, component shared by all 
of the box C/D sno-RNPs

Diffuse cutaneous involvement, 
arthritis, pulmonary hypertension

4–22%
More common in 
African-
Americans 

[25]

Anti-U3-snoRNP U3-snoRNP, one of the box C/D 
components

Diffuse cutaneous involvement. 
Often associated with AFA

Unknown [25]

Anti-Th/To RNase MRP and RNase P Limited cutaneous involvement, 
esophageal involvement, pulmonary 
fibrosis and scleroderma renal crisis

2–5%
More common in 
Japanese patients

[26]

Anti-PM/Scl 11–16 peptides with a range of MW 
from 20 to 110 kDa and with 
PM-Scl-100 and -75 being the most 
antigenic

PM/Scl overlap syndrome, limited 
cutaneous involvement

24% in PM/Scl 
overlap,
3% in SSc

[27]

AFA: Aflatoxin; NOR: Nucleolar organizer regions; PM/Scl: Polymyositis/scleroderma; snoRNP: Small nucleolar ribonucleoprotein. 
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detection in clinical practice as it is time con-
suming and requires radiolabelled cell extracts.
An immunodominant epitope on RNAP III
has been identified, obtained in a recombinant
form and employed for testing SSc sera in an
ELISA whose analytical accuracy and clinical
specificity has been validated recently [19].
Anti-RNAP I and III reactivities are usually
associated with each other and are the most
disease-specific markers, preferentially detected
in patients with a diffuse cutaneous involve-
ment. Some patients, along with
anti-RNAP I–III, can recognize subunits of the
II isoform, and even this serological profile is
highly specific for dcSSc. Anti-RNAP I–III are
mutually exclusive with respect to ACA and
anti-topo I [4]. Reactivity to anti-RNAP I–III
or I–II–III in patients’ sera has been associated
clinically with the male sex, an older age of dis-
ease onset and a lesser extent of peripheral vas-
cular and pulmonary involvement, but a
higher frequency of cardiac and renal involve-
ment compared with ACA- or anti-topo I-pos-
itive patients [20]. In particular, at least in
Caucasian patients from the USA and UK, the
incidence of SRC is significantly higher in
anti-RNAP I–III dcSSc patients compared
with anti-topo I-positive dcSSc patients [4]. By
a preliminary ELISA evaluation, it seems that
an increase in antibody levels may precede the
development of SRC. The autoantibody titer
has also been correlated with the course of skin
involvement [19]. 

In Italy, the frequency of anti-RNAP I–III is
consistently lower than in Caucasian SSc
patients from the USA and UK and is closer to
that reported in Far-East populations [21]. This
low occurrence correlates with the low preva-
lence of SRC in Italian [22] and Japanese [15]

SSc patients. The possibility of testing this
autoantibody with ELISA will allow the study
of large series and will clarify clinical associa-
tions, even in populations with low prevalence
of anti-RNAP I–III.

Antinucleolar antibodies
Nucleolar proteins are specific targets for
autoantibodies from SSc sera (Table 2). Some are
quite rare, such as anti-B23 [23] or anti-Nucleo-
lus organizer region (NOR)90 [24], while oth-
ers, such as antifibrillarin (ATA) [25], anti-
Th/To [26] and anti-polymyositis/scleroderma
(PM/Scl) [27], are relatively common and have
important clinical associations in definite SSc
and SSc overlap syndromes.

Small nucleolar (sno) ribonucleoproteins
(RNPs) are macromolecular complexes of RNA
and proteins located in the nucleolus and
involved in ribosome biogenesis. SnoRNPs are
dynamic structures that many stressor agents
(irradiation, chemotherapeutic toxins, mercury
exposure, heat shock or activation of death
receptors) may involve in the setting of an
autoimmune process leading, ultimately, to
autoantibody production [28]. Anti-snoRNPs
give a clumpy or bright nucleolar IIF pattern and
are  identified mainly by IP or IB techniques.

Antifibrillarin & anti-U3-snoRNP
Fibrillarin is a component of box C/D snoRNPs
shared by all of this class components (U3-, U8-
and U22-snoRNPs). AFA can occur in various
CTDs, but are most frequently found in SSc.
AFA-positive patients represent 9–52% of the
ANA-positive group of SSc patients [25]. They are
more frequent in African–American patients and
define a severe course of disease with diffuse skin
sclerosis, esophageal involvement and a high risk
of developing arthritis and PAH [8]. Although
rare, single reactivity against the box C/D compo-
nent U3-snoRNP alone can also be detected in
SSc sera [25].

Anti-Th/To

These autoantibodies are found in 2–5% of
patients, with the highest frequency in Japanese
series. They recognize two RNA-processing
enzymes, RNase MRP and RNase P, with ten
associated proteins, and are more common among
patients with a limited cutaneous involvement.
The anti-Th/To-positive subset shows more subtle
skin changes than ACA-positive lcSSc patients,
with puffy fingers being a common finding.
Peripheral vascular and gastrointestinal disease are
less prominent, but there is a higher risk of devel-
oping complications more frequently found in
dcSSc patients, namely pulmonary interstitial
fibrosis and SRC. The occurrence of these clinical
findings worsens the prognosis of anti-Th/To-
positive patients compared with the ACA-positive
group [26].

Anti-PM/Scl

PM/Scl identifies a RNA-processing group of
11–16 peptides, the ‘human exosome’, with
molecular weights ranging from 20 to 110 kDa,
by which they have been identified in IP and IB
assays. PM/Scl-100 and -75 have shown the great-
est antigenicity because they are recognized by the
most positive sera and are therefore employed as



www.futuremedicine.com 369

Antinuclear antibodies in systemic sclerosis – REVIEW

antigens in the more commonly used ELISA tests.
These autoantibodies are important markers of
the PM/dermatomyositis (PM/DM) SSc overlap
syndrome, where they can be found in approxi-
mately 24% of cases. They can also be detected
less frequently in SSc patients and PM/DM
patients without overlapping features, with fre-
quencies of 3 and 8%, respectively. Clinically,
anti-PM/Scl patients with an overlap syndrome
show a milder course of both diseases and a good
response to steroid treatment [2].

Other antinuclear antibodies
Anti-RNAP II
Antibodies to the isoform II of RNAP target the
three major subunits of this enzyme: IIo, which is
highly phosphorylated; IIa, an unphosphorylated
form; IIc, which results from cleavage of the
former subunits. In SSc, anti-IIo, anti-IIa and
anti-IIc can all be recognized together with the
isoforms I and III. Anti-RNAP II reactivity may
be present alone or in association with anti-topo I.

In the latter cases, the subunit recognized is more
frequently represented by IIo. Anti-RNAP II anti-
bodies in SSc do not show distinct clinical associ-
ations and can also be detected in mixed CTD
(MCTD) and systemic lupus erythematosus
(SLE) [4].

Anti-Ro
Anti-Ro autoantibodies are  more commonly
detected in Sjögren’s Syndrome (SSj) or SLE, but
they can also be found in SSc, in particular if the
autoantigen recognized is the Ro52 subunit. Its
presence can be indicative of a higher incidence of
sicca syndrome symptoms [2]. 

Anti-U1-RNP
Anti-U1-RNP is a well known marker of
MCTD, but it can also be found in definite SSc,
especially if directed against the 70 kD subunit
of the molecule. Clinically, anti-U1-RNP-posi-
tive SSc patients have limited cutaneous disease
and joint involvement [29].

Executive summary

Antibodies in systemic sclerosis

• Antibodies to nuclear self-components are present in more than 90% of systemic sclerosis (SSc) patients. Some autoantibodies 
are specific and can be regarded as markers of the disease. These include anticentromere antibodies (ACA), anti-topoisomerase I 
(anti-topo I), anti-RNA polymerase (anti-RNAP)I–III and some of the so-called antinucleolar antibodies (ANoA).

• The importance of disease-specific autoantibodies resides in the fact that they are mutually exclusive in a single patient and 
possess definite clinical and prognostic associations. Therefore, they represent a precious tool for clinicians.

Disease-specific markers

• ACAs are associated with a limited cutaneous involvement, calcinosis, Raynaud’s phenomenon, esophageal dismotility, sclerodactyly 
and teleangectasia (CREST) syndrome and peripheral vasculopathy. As for other patients with limited cutaneous SSc, ACA-positive 
patients may be at risk of developing isolated pulmonary arterial hypertension. Nevertheless, they have a good prognosis.

• Anti-topo I are more common in the diffuse cutaneous subset, and are associated with the development of pulmonary fibrosis. 
They have a worse prognosis compared with ACA-positive patients.

• Anti-RNAP I–III antibodies are the most specific marker of SSc and are associated with diffuse cutaneous involvement. They are 
also associated with scleroderma renal crisis (SRC). Survival rates have now been improved by treatment of SRC with angiotensin 
converting enzyme-inhibitors.

• Among the targets of ANoAs there are fibrillarin, U3-small nucleolar ribonucleoprotein and RNAse MRP/RNAse P (Th/To). Which 
are mutually exclusive with each other and the other three major disease-specific serological groups. Clinical associations are 
diffuse cutaneous involvement and pulmonary hypertension for antifibrillarin and limited cutaneous involvement, pulmonary 
fibrosis and SRC in anti-Th/To-positive patients.

• Other ANoAs are the rare anti-B23 and anti-nucleolus organizer region (NOR)90, and anti-polymyositis/scleroderma (PM/Scl), 
associated with PM/Scl overlap syndrome.

• Many other antinuclear autoantibodies can be found, although they are less specific for SSc. 

Autoantibodies with potential direct pathogenic roles 

• Several autoantibodies might be candidates for a direct pathogenic role. Among them, ACAs and anti-topo I have been reported 
to react with antigens on the surface of endothelial cells and fibroblasts.

Future perspectives in SSc

• B cells are now claimed to play an important role in SSc. Autoantibodies, even if not pathogenetic themselves, are a direct 
expression of B-cell activation and may represent a good instrument to shed light on the mechanisms of disease and to monitor 
the effects of novel therapeutic agents.



REVIEW – Codullo, Bardoni, Salvini & Montecucco 

370 Future Rheumatol. (2006)  1(3)

Anti-Ku
Ku is a chromatin-associated heterodimer that
is composed of two subunits, 70 and 80 kD in
weight, respectively. Anti-Ku autoantibodies are
rare and reports on their clinical significance
vary depending on the ethnicity of the popula-
tion considered. They have been described in
SSc, frequently in overlap with PM/DM or
SLE, and associated with Raynaud’s phenome-
non, myositis, arthritis and pulmonary
hypertension [30].

Antiheterogenous nuclear 
ribonucleoprotein I
Among the abundant group of heterogeneous
nuclear (hn) RNPs, various components have
been demonstrated to elicit autoimmune
responses in a wide spectrum of rheumatic dis-
eases; autoantibodies to hnRNP I, also named
polypirimidine tract-binding protein, are associ-
ated specifically with SSc. Anti-hnRNP I can be
found in all subsets, but is more frequently
found in patients with lcSSc. Interestingly,
hnRNP I differs from the other hnRNPs in its
perinucleolar localization [31].

Conclusions
Genetic, environmental and stochastic factors
may influence which antigen activates an
autoimmune response within a single patient
with SSc. Although the mechanistic implications

of such observations remain uncertain, the
diagnostic and prognostic meaning of ANAs
is undisputed. 

Sensitive and specific tests are now available in
daily clinical practice, making detection and titer
measurements easily accessible and providing a
useful clinical tool for patient management.

Future perspective
Autoimmunity, flogosis and fibrosis are
expressions of SSc physiopathology. Processes
that could explain them in a single theory can
provide pathogenetic information, useful in
the identification of therapeutic targets. This
issue is crucial in SSc, whose therapeutic
armamentarium is still limited. Altered B-cell
functions occur via various pathways, both in
SSc patients and in the tight-skin mouse, an
experimental model of SSc, leading to break-
down of tolerance with consequent autoanti-
body production. Furthermore, chronically
activated B lymphocytes can produce inter-
leukin-6 and transforming growth factor-β,
which in turn induces increased collagen pro-
duction by fibroblasts. Attention in the near
future will be paid to the role of B-cell-targeted
therapies in SSc. Disease markers such as
autoantibodies may, albeit indirectly, give
important clues when monitoring the effects of
new therapeutic agents in this multifaceted
disease [32].

Bibliography
Papers of special note have been highlighted as 
either of interest (•) or of considerable interest (••) 
to readers.
1. Tan EM: Antinuclear antibodies: diagnostic 

markers for autoimmune disease and probes 
for cell biology. Adv. Immunol. 44, 93–151 
(1989).

2. Ho KT, Reveille JD: The clinical relevance of 
autoantibodies in scleroderma. Arthritis Res. 
Ther. 5, 80–93 (2003).

3. Steen VD, Powell DL, Medsger TA Jr: Clinical 
correlations and prognosis based on serum 
autoantibodies in patients with systemic 
sclerosis. Arthritis Rheum. 31, 196–203 
(1988).

4. Harvey GR, Butts S, Rands AL, Patel Y, 
McHugh NJ: Clinical and serological 
associations with anti-RNA polymerase 
antibodies in systemic sclerosis. Clin. Exp. 
Immunol. 117, 395–402 (1999). 

•• Defines anti-RNA polymerase (RNAP) 
serological subgroups and suggests possible 
explanations of finding these distinct patterns 
in different subsets of systemic sclerosis SSc 
patients.

5. Harris ML, Rosen A: Autoimmunity in 
scleroderma: the origin, pathogenetic role, and 
clinical significance of autoantibodies. Curr. 
Opin. Rheumatol. 15, 778–784 (2003). 

•• Interesting overview of the main mechanisms 
involved in autoantibody production, major 
clinical associations and potential 
pathogenetic roles.

6. Chen M, Dittmann, Kuhn A, Ruzicka T, von 
Mikecz A: Recruitment of topoisomerase I 
(Scl-70) to nucleoplasmic proteasomes in 
response to xenobiotics suggests a role for 
altered antigen processing in scleroderma. 
Arthritis Rheum. 52, 877–884 (2005). 

7. Reveille JD, Solomon DH, American College 
of Rheumatology ad hoc committee on 
immunologic testing guidelines: Evidence-
based guidelines for the use of immunologic 
tests: anticentromere, Scl-70, and nucleolar 
antibodies. Arthritis Rheum. 49, 399–412 
(2003).

8. Steen VD: Autoantibodies in systemic 
sclerosis. Semin. Arthritis Rheum. 35, 35–42 
(2005). 

• Review of the major autoantibody reactivities 
in a large USA SSc cohort. 

9. Hill MB, Phipps JL, Cartwright RJ, 
Milford Ward A, Greaves M, Hughes P: 
Antibodies to membranes of endothelial 
cells and fibroblasts in scleroderma. Clin. 
Exp. Immunol. 106, 491–497 (1996).

10. Ihn H, Sato S, Fujimoto M et al.: 
Characterization of autoantibodies to 
endothelial cells in systemic sclerosis 
(SSc): association with pulmonary 
fibrosis. Clin. Exp. Immunol. 119, 
203–209 (2000).

11. Douvas AS, Atchen M, Tan EM: 
Identification of a nuclear protein (Scl-70) 
as a unique target of human antinuclear 
antibodies in scleroderma. J. Biol. Chem. 
254, 10514–10522 (1979).

12. Basu D, Reveille JD: Anti-scl-70. 
Autoimmunity 38, 65–72 (2005).

13. Hu PQ, Fertig N, Medsger TA Jr, 
Wright TM: Correlation of serum anti-DNA 
topoisomerase I antibody levels with disease 
severity and activity in systemic sclerosis. 
Arthritis Rheum. 48, 1363–1373 (2003).

• Demonstrates the usefulness of monitoring 
anti-topoisomerase I levels during the course 
of SSc.



www.futuremedicine.com 371

Antinuclear antibodies in systemic sclerosis – REVIEW

14. Kuwana M, Kaburaki J, Mimori T, Kawakami 
Y, Tojo T: Longitudinal analysis of 
autoantibody response to topoisomerase I in 
systemic sclerosis. Arthritis Rheum. 43, 
1074–1084 (2000).

15. Nishijima C, Sato S, Hasegawa M et al.: Renal 
vascular damage in Japanese patients with 
systemic sclerosis. Rheumatology 40, 406–409 
(2001).

16. Henault J, Tremblay M, Clement I, Raymond 
Y, Senecal J-L: Direct binding of anti-DNA 
topoisomerase I autoantibodies to the cell 
surface of fibroblasts in patients with systemic 
sclerosis. Arthritis Rheum. 50, 3265–3274 
(2004).

17. Chizzolini C, Raschi E, Rezzonico R et al.: 
Autoantibodies to fibroblasts induce a 
proadhesive and proinflammatory fibroblast 
phenotype in patients with systemic sclerosis. 
Arthritis Rheum. 46, 1602–1613 (2002).

18. Garcia de la Pena-Lefebvre P, Chansaud Y, 
Tamby MC et al.: IgG reactivity with a 
100-kDa tissue and endothelial cell antigen 
identified as topoisomerase 1 distinguishes 
between limited and diffuse systemic sclerosis 
patients. Clin. Immunol. 111, 241–251 
(2004).

19. Kuwana M, Okano Y, Pandey JP, Silver RM, 
Fertig N, Medsger TA Jr: Enzyme-linked 
immunosorbent assay for detection of anti-
RNA polymerase III antibody. Arthritis 
Rheum. 52, 2425–2432 (2005). 

• Validates an enzyme-linked immunosorbent 
assay  test for anti-RNAP III, which enables 
routine detection of the antibody in large 
series of patients and on serial samples.

20. Kuwana M, Kaburaki J, Mimori T, Tojo T, 
Homma M: Autoantibody reactive with three 
classes of RNA polymerases in sera from 
patients with systemic sclerosis. J. Clin. Invest. 
91, 1399–1404 (1993).

21. Bardoni A, Rossi P, Salvini R, Bobbio-
Pallavicini F, Caporali R, Montecucco C: 
Autoantibodies to RNA-polymerases in Italian 
patients with systemic sclerosis. Clin. Exp. 
Rheumatol. 21, 301–306 (2003). 

• Focuses on geographical and racial differences 
in anti-RNAP I–III frequency and its 
associations with scleroderma renal crisis.

22. Ferri C, Valentini G, Cozzi F et al.: 
Demographic, clinical and serologic features 
and survival in 1012 Italian patients. 
Medicine 81, 139–153 (2002).

23. Ulanet DB, Wigley FM, Gelber AC, 
Rosen A: Autoantibodies against B23, a 
nucleolar phosphoprotein, occur in 
scleroderma and are associated with 
pulmonary hypertension. Arthritis Rheum. 
49, 85–92 (2003).

24. Dagher JH, Scheer U, Voit R et al.: 
Autoantibodies to NOR 90/hUBF: longterm 
clinical and serological followup in a patient 
with limited systemic sclerosis suggests an 
antigen driven immune response. 
J. Rheumatol. 29, 1543–1547 (2002). 

25. van Eenennaam H, Vogelzangs JHP, 
Bisschops L et al.: Autoantibodies against 
small nucleolar ribonucleoprotein 
complexes and their clinical associations. 
Clin. Exp. Immunol. 130, 532–540 (2002).

26. Mitri GM, Lucas M, Fertig N, Steen VD, 
Medsger TA Jr: A comparison between anti-
Th/To- and anticentromere antibody 
positive systemic sclerosis patients with 
limited cutaneous involvement. Arthritis 
Rheum. 48, 203–209 (2003).

27. Oddis CV, Okano Y, Rudert WA, 
Trucco M, Duquesnoy RJ, Medsger TA Jr: 
Serum autoantibody to the nucleolar 
antigen PM/Scl. Clinical and 
immunogenetic associations. Arthritis 
Rheum. 35, 1211–1217 (1992).

28. Overzet K, Gensler TJ, Kim S et al.: Small 
nucleolar RNP scleroderma autoantigens 
associate with phosphorylated serine/arginine 
splicing factors during apoptosis. Arthritis 
Rheum. 43, 1327–1336 (2000).

29. Ihn H, Yamane K, Yazawa N et al.: 
Distribution and antigen specificity of anti-
U1RNP antibodies in patients with systemic 
sclerosis. Clin. Exp. Immunol. 117, 383–387 
(1999).

30. Beyne-Rauzy O, Couret B, Fortenfant F, 
Adoue D: Anti-Ku antibodies. Study of 
prevalence and of clinical meaning. Rev. 
Med. Interne 25, 619–622 (2004).

31. Montecucco C, Caporali R, Cobianchi F, 
Biamonti G: Identification of 
autoantibodies to the I protein of the 
heterogeneous nuclear ribonucleoprotein 
complex in patients with systemic sclerosis. 
Arthritis Rheum. 39, 1669–1676 (1996).

32. St Clair EW, Tedder TF: New prospects for 
autoimmune disease therapy: B cells on 
deathwatch. Arthritis Rheum. 54, 1–9 
(2006). 

Affiliations
• Veronica Codullo

University of Pavia, Chair and Division of 
Rheumatology, IRCCS Policlinico San Matteo, 
Piazzole, Golgi 2, 27100 Pavia, Italy
Tel.: +39 038 250 1887;
Fax: +39 038 250 3171;
veronicacodullo@yahoo.it

• Anna Bardoni
University of Pavia, Department of Biochemistry 
‘A Castellani’, Via Taramelli 3B, 27100 Pavia, 
Italy
Tel.: +39 038 298 7233;
Fax: +39 038 242 3108;
abardoni@ unipv.it

• Roberta Salvini
University of Pavia, Department of Biochemistry 
‘A Castellani’, Via Taramelli 3B, 27100 
Pavia, Italy
Tel.: +39 038 298 7233;
Fax: +39 038 262 3108;
salvini@unipv.it

• Carlomaurizio Montecucco
University of Pavia, Chair and Division of 
Rheumatology, IRCCS Policlinico San Matteo, 
Piazzale Golgi 2, 27100 Pavia, Italy
Tel.: +39 038 250 1878;
Fax: +39 038 250 3171;
montecucco@smatteo.pv.it



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice




