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Introduction

Scleroderma is one of the connective tissue diseases with a
prevalence estimated as 1 per 5000 (1). The disease presents with
Raynaud’s phenomenon in most cases (2), but the disorder runs a
widely varying course in individual patients. For a long time two
patterns of disease expression have been recognized in scleroderma
(3). The first pattern, designated as diffuse cutaneous sclero-
derma (DCS), is characterized by skin thickening extending from
the periphery of the extremities to above the elbow, and most of the
time involves the trunk as well. It frequently follows a rapid course
complicated in a number of cases by the development of renal fail-
ure with malignant hypertension. The second pattern, described as
limited cutaneous scleroderma (LCS), shows skin thickening below
the level of the elbows as well as facial thickening. It follows an
insidious course and is associated, in some cases, with the develop-
ment of primary pulmonary hypertension. Within this second
category, a distinct clinical syndrome has been delineated. This
CREST-syndrome, also designated as Thibierge-Weissenbach syn-
drome, consists of the following symptoms: subcutaneous calcinosis,
Raynaud’s phenomenon, esophageal hypomotility, sclerodactyly,
and teleangiectasia. Although overlapping features from both pat-
terns may occur in an individual patient and the second pattern
may evolve into the first one in incidental cases, generally the two
patterns follow a distinct course and might even be considered as
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two different disorders. Specific criteria for both disease expressions
of scleroderma have been proposed (3) (Table 1).

Antinuclear antibodies (ANA) have been detected in the sera
of some 50% of scleroderma patients as early as 1963 (4). ANA were
detected by indirect immunofluorescence (IIF) on cryosections of
rat liver in those early studies. Using cultured cell lines as a sub-
strate for ANA-detection, almost 90% of scleroderma sera proved
positive for ANA (5,6). Different fluorescence patterns were identi-
fied on those substrates such as nucleolar, homogeneous, finely
speckled, and other staining patterns, which indicated that differ-
ent antibodies are apparently involved. Further studies demon-
strated that, indeed, various antigens are recognized by ANA in
scleroderma (reviewed in 7) (Table 2). Among these, antibodies to
topoisomerase I and centromere proteins are most prominent.
Interestingly, antibodies to topoisomerase I are associated with
DCS, and antibodies to centromere proteins with LCS. This, again,
suggests that those scleroderma syndromes are, in fact, separate
disease entities.

In this review, I will discuss the antigens recognized by anti-
topoisomerase I (antitopo) and anticentromere antibodies (ACA). In
addition, the clinical associations of these antibodies will be dealt
with in detail. Finally, I will discuss the genetic background and
other factors that may be involved in the induction of the antibodies.

Characterization of the Antigens

Topoisomerase |

Using a saline extract from nuclei in double immunodiffusion,
it proved that some sera from scleroderma patients precipitated an
antigen that was clearly different from the Sm- and RNP-antigens
that were regularly detected as targets for autoantibodies by immu-
nodiffusion or counterimmunoelectrophoresis (CIE) in the sera of
patients with systemic lupus erythematosus (SLE) and mixed con-
nective tissue disease (MCTD) (8). By sodium dodecyl sulfate (SDS)
gel electrophoresis and Western blotting it proved that the antigen
was a protein of 70-kDa mol wt (8). For obvious reasons, the antigen
was named Scl-70. Later on, Van Venrooy et al. described the anti-
gen as an 86-kDa protein as determined by the immunoblotting tech-
nique (9), whereas others reported a 95-100-kDa mol wt (10). The
target antigen of anti-Scl-70 was eventually identified as DNA
topoisomerase I (11-13). This enzyme is capable of relaxing nega-
tively supercoiled DNA without the need for adenosine triphosphate
(ATP), and plays, as such, a central role in cell function. The 86- and
70-kDa proteins proved to be degradation products of the 100~105-kDa
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Table 1
Subsets of Sclerodermac

DCS
Truncal and acral skin involvement
Early and significant incidence of interstitial lung disease, renal failure,
diffuse gastrointestinal disease, and myocardial involvement
Onset of RP within 1 yr of onset of skin changes
Association with antitopoisomerase I antibodies
LCS
Skin involvement limited to hands, face, feet, acral forearms, or absent
Late incidence of pulmonary hypertension with or without interstitial
lung disease, trigeminal neuralgia, skin calcifications, and teleangiectasia
Onset of RP long before onset of other symptoms
Association with ACA

sAdapted from ref. 3.

Table 2
Major Autoantigens and Autoantibodies in the Sclerodermatosus Complex

Autoantigens Characterization

Scl-70, Scl-86, topoisomerase I 70- and 86-kDa degradation products of
the 100-kDa protein topoisomerase I

Centromere proteins Proteins of the kinetochore, CENP-A (17-
kDa mol wt), CENP-B (80-kDa mol wt),
and CENP-C (140-kDa mol wt)

RNA polymerase I Protein of 210 kDa, part of enzyme complex
composed of polypeptides from
12-210 kDa
Fibrillarin Protein of 34 kDa in association
with U3 RNA
PM-Scl (polymyositis- Particles 20-110 kDa mainly localized to
scleroderma) the nucleolus

mol wt DNA topoisomerase I (topo I). Immunoblotting experiments
showed that a 70-kDa band only is visualized when a 0.3M NaCl
extract of rabbit or calf thymus acetone powder is used as antigenic
source, whereas bands of 100-, 86-, 80-, and 70-kDa mol wt are
detected with a 4.0M NaCl extract of rabbit thymus acetone powder
as a substrate (14). The antigen can be purified by high performance
liquid chromatography (HPLC) (15).

Purified antigen can be used in enzyme-linked immunosorbent
assay (ELISA) for the detection of antibodies to topo I (15). More
recently, a complementary DNA (cDNA) encoding human topo I has
been cloned and sequenced (16). After expression in bacteria, fusion
products from subclones were generated to which sera from patients
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with antitopo I antibodies react. Subcloned portions of topo I were
used to test reactivities of different patient sera to the various por-
tions. Most patient sera appeared to recognize at least two indepen-
dent epitopes localized on the carboxy terminus as well as on the
amino terminus of the molecule (17). Thus, reactivity is not only
directed to the active site. Otherwise, it has been shown that most
antibodies are able to inhibit the enzymatic activity of topo I, sug-
gesting that they react with the active site of the molecule (11,12).
This is also suggested by the finding that the human autoantibodies
react with plant topo I, and apparently recognize highly conserved
regions of the molecule (18). Indeed, using a peptide that contained
11 amino acids from the active site and 8 residues unrelated to topo
I, Maul et al. showed reactivity of antitopo I positive sera with this
peptide (19). In addition, 6 amino acids from the active site corre-
sponded with a sequence of a retroviral p30 gag protein, suggesting
that viral infection may be involved in the induction of this form of
autoimmunity (19). Antibodies reactive to HIV retroviral proteins
were found also in another study in patients with antitopo I anti-
bodies, although they did not crossreact with topo I (20). Reactivity
to restricted epitopes crossreacting with viral peptides is, however,
not fully consistent with the polyclonal nature of the autoimmune
response to topo I, as shown by D’Arpa et al. (17).

Detection of antibodies to topo I is classically performed by
immunodiffusion or counterimmunoelectrophoresis using calf thy-
mus acetone powder as antigenic source. Using this technique, most
sera positive for antitopo I will be detected. The immunoblotting
technique appears, however, more sensitive than immunodiffusion,
although false positive results may occur (21). An ELISA using puri-
fied topo I proved somewhat more specific than the immunoblot,
whereas it was more sensitive than the immunodiffusion technique
(22). At present, recombinant topo I is available for use in ELISA to
detect and quantitate antitopo I antibodies in routine practice (23).
All major epitopes should, however, be present on the recombinant
protein. Use of recombinant proteins that express only one epitope
will result in lower percentages of positive results (24).

Centromere Proteins

Using cell lines from tissue culture as a substrate for ANA-test-
ing by IIF, it proved that sera from patients with LCS, in particular
those with the CREST-syndrome, produced a finely speckled fluo-
rescence pattern with a characteristic double dot appearance (Fig. 1).
The antibodies reacted with the centromeric region of chromosomes
as demonstrated by IIF on chromosome spreads (25). Enzymatic
digestion by proteolytic enzymes destroyed antigenicity only in the
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Fig. 1. Finely speckled staining produced by ACA using cultured human
fibroblasts as a substrate.

presence of the protein denaturating agent SDS, suggesting that the
antigen(s) in question are tightly bound proteins, in contrast to his-
tones that can be removed by treatment with acid (0.1M HCI) alone
(25). Using a soluble nuclear protein fraction from HeLa cells,
Guldner et al. (26) showed by immunoblotting experiments that the
antigen is a 19.5-kDa protein. After elution, the antibodies indeed
produced the centromeric staining pattern on chromosome spreads.
The identification of a 17-19-kDa protein from the centromeric
region as the target antigen for ACA was confirmed by others (9).
Earnshaw et al. (27), however, showed that ACA recognize at least
three polypeptides from the centromeric regions. Their immuno-
blotting studies with highly purified HeLa chromosomes revealed
reactivity of ACA with a centromere protein (CENP)-A of 17-kDa
mol wt, a CENP-B of 80-kDa mol wt, and a CENP-C of 140-kDa mol
wt. All 39 sera positive for ACA by IIF recognized CENP-B, whereas
38 sera recognized CENP-A and 37 sera CENP-C (28). Since CENP-
B and -C are highly insoluble, it was presumed that these antigens
might have been discarded by fractionation procedures in the
immunoblotting studies (9,26). It was suggested that CENP-B was
the primary autoantigen. Antibodies reacting with CENP-A reacted
with -B, and antibodies affinity purified from CENP-C also strongly
crossreacted with -B, whereas no epitopes were shared by -A and -C.
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Subdomains of CENP-B have now been cloned and expressed in
bacteria resulting in an N-proximal fusion protein of 347 amino acids
and a C-terminal product of 147 amino acids (29,30). The latter pro-
tein was subdivided into proteins of 104 and 43 amino acids. Using
these fusion proteins, it was demonstrated that ACA-positive sera
recognize at least three different epitopes, one on Nprox-CENP-B
and two on Cterm-CENP-B. The autoantibodies affinity purified
from CENP-A, -B, and -C, respectively, appeared to recognize three
additional epitopes. Thus, the immune response resulting in ACA,
comparable to the response to topo I, is highly polyclonal. CENP-B,
however, seems the primary autoantigen since all ACA-positive sera
recognize chromosomal CENP-B by immunoblotting (29) and react
with the fusion protein Cterm-CENP-B (-Gal) by ELISA (30).

More recently, epitope mapping has been performed on CENP-B
(31). For this study, a functional recombinant CENP-B (i.e., a
molecule with DNA-binding capacity as CENP-B is one of the
centromere DNA-binding proteins constituting centromeric hetero-
chromatin of human chromosomes) was expressed in E. coli. The
functional site was located at the N-terminal part of the molecule
and had a binding motif identified for the helix-loop-helix (HLH)
family of DNA-binding proteins. Four epitopes were mapped on the
molecule, two epitopes at the C-terminus, and two on the HLH
region at the N-terminus. Antibodies to CENP-B were able to inhibit
the DNA-binding activity of the molecule. Thus, like antitopo I, ACA
are directed against highly conserved regions. This was shown also
by their reaction with mouse CENP-B (32). So, ACA are polyclonal
antibodies directed as many other (antinuclear) autoantibodies to
highly conserved functional domains of their targets.

Antibodies to centromere proteins (ACA) are routinely detected
by indirect IIF on tissue culture cell lines such as HEp-2 cells. They
produce a characteristic finely speckled double dot staining pattern.
They can be detected also by immunoblotting using an HeLa cell
nuclear extract (9,26) (Fig. 2). At present, cloned antigen is available
for detecting and quantitating ACA in ELISA (30).

Clinical Associations

ACA

In the first report on ACA (25), it was recognized that 7 of the
10 ACA-positive patients from a group of 32 patients with sclero-
derma had the CREST-syndrome. Following this report, two studies
described a prevalence of ACA in patients with CREST of 55% (5) and
96% (33), respectively, whereas ACA were infrequently found in
patients with DCS (8% /5] and 12% [33], respectively). Since that time,
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Fig. 2. Antibodies detected by immunoblotting. Protein blot strips con-
taining HeLa nuclear proteins were incubated with: normal human serum
(1), anti-U1l RNP serum (2), anti-Sm serum (3), anti-SSB serum (4),
antitopoisomerase I serum (5), anticentromere (CENP-A) serum (6), and
antihistone serum (7). Bound antibodies were detected using %J-labeled
protein A. Molecular weights (x10-%) of the antigens are indicated.
Reprinted with permission from Kallenberg (54).

other reports have confirmed the association of ACA with CREST
(6,34-39). In general, the prevalence of ACA in CREST is roughly
55%, but marked differences in prevalence (ranging from 49% [38] to
96% [33]) are found between the several reports. These differences
are explained by differences in patient population, in particular racial
background (see Genetic and Environmental Factors Involved in Auto-
antibody Formation); differences in the technique used for the detec-
tion of ACA (see Centromere Proteins); and different definitions for the
CREST-syndrome used by several authors. CREST may be defined as
the presence of all of the syndrome’s symptoms in the absence of proxi-
mal scleroderma. In some studies, however, patients with incomplete
CREST displaying only two of the five symptoms were included.
Indeed, in a study on 138 patients with Raynaud’s phenomenon (RP;
34), we found ACA in the sera of 7 of 10 patients with CREST but also
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in 7 patients with (limited) scleroderma and 7 patients with RP in
conjunction with minor signs of scleroderma only. To solve this prob-
lem of nomenclature, a new classification has been proposed (3), as
has already been discussed, which dissects the group of patients
with scleroderma in those with DCS and those with LCS (Table 1).
ACA are definitely associated with the latter group.

Within the group of patients with LCS, ACA-positive patients
differ from ACA-negative patients with respect to the following items:

Older age at onset;

Stronger female preponderance;

More intense teleangiectasia;

More frequent occurrence of calcinosis; and

The less frequent occurrence of interstitial fibrosis (36).

ou oM

Although ACA are associated with LCS, they also occur in patients
with DCS. A prevalence of 10%, ranging from 3% (36) to 26% (39), is
suggested from data of several reports (6,35-39).

The occurrence of ACA is not restricted to patients with
scleroderma syndromes. ACA have been described in a substantial
percentage (+30%) of patients with primary biliary cirrhosis (PBC)
(40-42). Interestingly, ACA-positive PBC patients frequently dis-
play one or more symptoms of the CREST-syndrome or LCS,
whereas these symptoms are generally absent in PBC patients with-
out ACA. The acronym PACK (primary biliary cirrhosis, anticentro-
mere antibody, CREST syndrome, Keratoconjunctivitis sicca) has
been proposed to describe the former patients (43). ACA are virtu-
ally absent in normal controls and in patients with different connec-
tive tissue diseases, although a prevalence of 3% both in healthy
controls and in patients with different connective tissue diseases
was reported when ACA were determined by CENP-B-specific
ELISA (30). Finally, the titer of ACA may have some importance as
high titer autoantibodies were particularly seen in patients with
very severe RP and in patients with vascular occlusive disease (44).
Remarkable changes in the titer or in the presence of ACA during
followup are, however, not observed.

Antitopoisomerase |

As stated before, antitopo I are associated with DCS and ACA
with LCS. Generally, the antibodies are mutually exclusive, as
shown in most reports. A recent report from Poland, however, men-
tioned the simultaneous occurrence of antitopo I and ACA in 10 of
180 patients with scleroderma (45). The antibodies were detected by
indirect IIF, immunodiffusion, and immunoblotting. Patients with
both antibody specificities had pronounced vascular involvement.
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Antitopo I are found in some 30% of patients with DCS (5,35,39,
46-51), ranging from 26% (33) to 65% (47). The severity of the dis-
ease was reported not to correlate with the presence of antitopo I,
although the duration of the disease was shorter in patients with
antitopo I antibodies (46). Fast progression of the disease in patients
with antitopo I has also been mentioned in another study (50).
Antitopo I has also been detected in 12% of patients with LCS (5,39).
At present, it is not clear if the disease follows a different course in
patients with LCS and antitopo I compared to patients with LCS
and ACA. Although no association was found between the severity
of the disease and the presence of antitopo I in patients with DCS,
the presence of antitopo I was associated with pulmonary fibrosis
(562). When MHC class II antigens were additionally included in the
analysis, it proved that the presence of either antitopo I or HLA
DR3/DRw52a constituted a relative risk of 16.7 for the development
of pulmonary fibrosis in patients with scleroderma (52). The pres-
ence of antitopo I in scleroderma has also been connected to cancer
(53). Rothfield et al. reported that 7 of 36 antitopo I-positive
scleroderma patients developed cancer in contrast to 2 of 112
patients negative for those antibodies. The following malignancies
were recorded: lung cancer (n = 4), colon cancer (n = 1), lymphocytic
lymphoma (n = 1), and metastatic brain cancer (n = 1). Whether lung
cancer developed on a background of interstitial fibrosis was not
mentioned. Antitopo I were not detected in patients with lung can-
cer without scleroderma.

Prognostic Significance
of ACA and Antitopo |

Most patients with scleroderma present with RP. Otherwise,
only a small percentage of patients with RP will eventually develop
scleroderma. Thus, it would be useful to have tests with predictive
power for the evolution of such disorders in patients presenting with
RP (54,55). To evaluate the predictive power of ANA in patients with
RP, for 6 yr we prospectively followed up 85 patients referred
because of RP (56). Every 2 yr they were screened for signs and
symptoms of connective tissue disease (CTD) according to a proto-
col, and serum was stored. Initially, 30 patients had primary RP, 16
had one symptom of CTD (possible CTD), 18 had two or more symp-
toms (probable CTD), and 21 definite CTD, 14 of whom had sclero-
derma. There was an insidious progression to scleroderma: 11 of 46
patients with primary RP or possible CTD developed probable
scleroderma (i.e., two or more symptoms but not fulfilling all crite-
ria), and 7 of 13 patients with probable scleroderma developed defi-
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nite scleroderma. The antibody specificities of ANA had prognostic
value for the development of certain disease entities: ACA for LCS
including CREST (sensitivity 60%, specificity 98%), and antitopo I
for DCS or probable scleroderma (sensitivity 38%, specificity
100%). Thus, the presence of ACA or antitopo I in a patient pre-
senting with RP is highly indicative for the future development of
scleroderma subsets.

Weiner et al. (57) followed 77 patients with RP for a mean period
of 4 yr. During that period, 8 patients developed teleangiectasias, 4
developed skin tightening, and 4 developed a CTD other than
scleroderma. ACA at the start of the study were associated with the
development of teleangiectasias, and antitopo I was associated with
the development of tight skin. Patients initially positive for ACA or
antitopo I had a 63-fold increased risk for developing signs of CTD
compared to the remaining patients with RP. This study also under-
scores the prognostic significance of the antibodies.

Genetic and Environmental Factors
Involved in Autoantibody Formation

The etiology of scleroderma is far from known. Specific autoan-
tibody formation, however, seems to precede the development of the
disease by many years (56,57). As such, insight into the factors that
underlie the induction of autoantibody formation may give a clue to
the etiology of the disease. Among these, genetic factors might play
arole. No single gene, however, appears to be involved in the induc-
tion of either antitopo I or ACA. Monozygotic twins were discordant
for the disease and for the presence of particular autoantibodies in
one study (58), but concordant in another (59). Also, in first degree
relatives of patients with ACA no increased prevalence of these auto-
antibodies is detected (60), although an early report suggested a
somewhat increased prevalence (61). Nevertheless, interracial dif-
ferences in the prevalences of the scleroderma autoantibodies sug-
gest that genetic factors are involved. In a group of 156 American
patients with scleroderma, ACA were found in 36% of whites and
4% of blacks (p < 0.005), whereas antitopo I occurred in 17% of
whites and 37% of blacks (p < 0.05) (62). These data are congruent
with a study from South Africa showing that ACA, and conse-
quently the limited cutaneous form of scleroderma, were notably
absent in blacks in contrast to antitopo I antibodies (63). Compa-
rable data were obtained from a study from Australia evaluating
Thais and Australian patients with scleroderma (64). Seventy-six
percent of the Thais and 26% of the Australians were positive for
antitopo I, whereas only 2% of the Thais in contrast to 51% of the
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Australians were positive for ACA. A number of recent studies on
the relation between MHC-antigens and the scleroderma autoanti-
bodies have shown interesting results. The association of HLA class
IT antigens with these autoantibodies, i.e., DR5 with antitopo I (65)
and DR1 (or DR4) with ACA (64,66), suggests that processed anti-
gens and T-cells are involved in the generation of the antibodies.
Further studies directed at HLA class II genotyping showed that
the antitopo I response was associated with certain amino acid
sequences in the first domain of HLA-DQB1 (67,68). Using the
PCR-RFLP technique, Kuwana et al. (68) showed that either the
DQB1*0601 or the DQB1*0301 allele was present in all antitopo I
positive patients. Tyrosine at position 26 in the second hypervariable
region in the f1 domain of the DQB1 gene was shared by both alleles
and seems to be critical for the antitopo I response. Besides DQ
genes, DR genes appeared to be involved in the response as well.
Interestingly, one major B-cell epitope on topo I corresponded to a
particular sequence in the DRB gene. Another study (66) recently
reported the association of antitopo I with an acidic residue of DP 3,
1.e., DPB1:69:E showing a relative risk of 4.6. This study also used
the PCR-RFLP technique. Thus, DR, DP, and DQ genes control the
autoimmune response to topo I. A recent study from the UK showed
that the presence of antitopo I in conjunction with certain class II
molecules, i.e., HLA DR3/DRw52a, constituted an important risk
factor for pulmonary fibrosis, in scleroderma (52). In patients with
pulmonary fibrosis, 24 of 42 (57%) (of a group of 75 with scleroderma)
were positive for one of these markers, whereas only 2 of the 33
patients without pulmonary fibrosis (6%) were positive. This results
in a relative risk of 16.7.

The expression of ACA was shown to be associated with either
DR1 or DR4 (relative risk of 6.7) (66). Further studies have revealed
that tyrosine at position 26 in the DQB1 B1 domain is one of the
amino acid residues also associated with ACA (69). In view of the
different structure of topo I and centromere proteins, this finding
makes it unlikely that the putative antigen binding cleft at position
26 in the DQB1 B1 outermost domain is involved in the induction of
those antibodies. Indeed, Fox et al. recently reported (70) that sev-
eral ACA-positive patients lack a polar amino acid at position 26.
Thus, although genetic markers seem to be involved in autoanti-
body production, their direct role has not yet been fully elucidated.
In general, genetic markers are more strongly associated with auto-
antibody formation than with the expression of the disease itself.
This suggests a more direct involvement of immune response genes
in the induction of autoantibodies whereas other, possibly exog-
enous, factors are involved in the expression of the disease.
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Besides genetic traits, exogenous factors appear also to be
involved in the induction of the scleroderma autoantibodies. Silica
exposure appears a risk factor for the development of scleroderma.
In a study from Germany, 93 of 120 male scleroderma patients had
a long-term exposure to silica dust (71). Strikingly, only 10 patients
were positive for ANA, 5 for ACA, and 3 for antitopo I. Whether the
autoantibodies developed before the clinical expression of the dis-
ease was not reported. These data, however, suggest that autoanti-
body formation is not necessarily related to the expression of
scleroderma. Different results were reported in a study from the UK
on silica-induced scleroderma (72). They studied 17 mine workers
exposed to silica dust who later developed scleroderma. Clinical fea-
tures of these patients were indistinguishable from those of patients
with idiopathic scleroderma. Eight of the 17 patients had antibodies
to topo I. ANA were detected also in 3 of 22 miners exposed to silica
dust without developing disease, and in 14 of 30 miners who later
developed silicosis. The antibodies were not directed at topo I or cen-
tromere proteins.

Bridges et al. recently studied the effect of silicone breast
implants, possibly as a model of adjuvant disease, on the induction
of scleroderma and related autoantibodies (73). Fourteen of 156
women with breast implants and rheumatic disease complaints had
a scleroderma-like illness in conjunction with ACA or anti-PM-Scl
(polymyositis-scleroderma) antibodies. These data suggest that,
comparable to cyclosporin-induced autoimmunity (74), polyclonal
activation may result in scleroderma together with the relevant
autoantibodies.

In conclusion, racial factors are definitely involved in the
expression of the scleroderma autoantibodies: ACA occur in whites
and antitopo I in blacks and Asians. Although no single gene is
involved, HLA-associations are detected for both antibodies. Extrin-
sic factors are also involved as shown by the induction of antitopo I
and DCS after silica dust exposure and the occurrence of ACA and
LCS after silicone breast implants.

References

1. Steen, V. D. and Medsger, Th. A,, Jr. (1990), Rheum. Dis. Clin. North
Am. 16, 1-10.

2. Bennett, R., Bluestone, R., Holt, P. J. L., and Bywaters, E. G. L. (1971),
Ann. Rheum. Dis. 30, 581-588.

3. LeRoy, E. C,, Black, C., Fleischmajer, R., Jablonska, S., Krieg, T., Medsger,
T. A., Jr., Rowell, N., and Wollheim, F. (1988), J. Rheumatol. 15,202—-204.

Clinical Reviews in Allergy Volume 12, 1994



Antibodies in the Sclerodermatosus Complex 233

4.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

Beck, J. S., Anderson, J. R., Gray, K. G., and Rowell, N.R. (1963), Lancet
ii, 1188-1190.

Tan, E. M., Rodnan, G. P., Garcia, I., Moroi, Y., Fritzler, M. J., and Peebles,
C. (1980), Arthritis Rheum. 23, 617-625.

Bernstein, R. M., Steigerwald, J. C., and Tan, E. M. (1982), Clin. Exp.
Immunol. 48, 43-51.

Tan, E. M., Chan, E. K. L., Sullivan, K. F., and Rubin, R. L. (1988), Clin.
Immunol. Immunopathol. 47, 121-141.

Douvas, A. S., Achten, M., and Tan, E. M. (1979), J. Biol. Chem. 254,
10,514-10,522.

Van Venrooij, W. J., Houben, S. H., Habets, W. J., Kallenberg, C. G. M.,
Penner, E., and van de Putte, L. B. (1985), J. Clin. Invest. 75, 1053—1060.
Alderuccio, F., Barnett, A. J., Campbell, J. H., Pedersen, J. S., and Toh,
B. H. (1986), Clin. Exp. Immunol. 64, 94-100.

Shero, J. H., Bordwell, B., Rothfield, N. F., and Earnshaw, W. C. (1986),
Science 231, 737-740.

Maul, G. G., French, B. T., and Van Venrooij, W. J. (1986), Proc. Natl.
Acad. Sci. USA 83, 5145-5149.

Guldner, H. H., Szosteki, C., and Vosberg, H. P. (1986), Chromosoma 94,
132-138.

Kumar, V., Kowalewski, C., Koelle, M., Qutaishat, S., Chorzelski, T. P.,
Beutner, E. H., Jarzabek-Chorzelska, M., Kolacinska, Z., and Jablonska,
S. (1988), J. Rheumatol. 15,1499-1502.

Juarez, C., Vila, J. L., Gelpi, C., Augusti, M., Amengual, M. J., Martinez,
M. A, and Rodriguez, J. L. (1988), Arthritis Rheum. 31, 108-115.
D’Arpa, P., Machlin, P. S, Ratric, H., Rothfield, N. F., Cleveland, D. W.,
and Earnshaw, W, C. (1988), Proc. Natl. Acad. Sci. USA 85,2543-2547.
D’Arpa, P., White-Cooper, H., Cleveland, D. W., Rothfield, N. F., and
Earnshaw, W. C. (1990), Arthritis Rheum. 33, 1501-1511.

Agris, P. F., Parks, R., and Bowman, L. (1990), Exp. Cell. Res. 189,276-280.
Maul, G. G,, Jimenez, S. A, Riggs, E., and Ziemnicka-Kotula, D. (1989),
Proc. Natl. Acad. Sci. USA 86, 8492-8496.

Haustein, U. F., Pustowvit, B., Krusche, U., and Herrmann, K. (1993),
Acta Derm. Ven. 73, 116-118.

Fonong, T., Evans, S. M., and Homburger, H. A. (1990), Clin. Chem. 36,
2053-2056.

Hildebrandt, S., Weiner, E. S., Senecal, J. L., Earnshaw, W., and
Rothfield, N. F. (1990), Clin. Immunol. Immunopathol. 587, 399-405.
Verheijen, R., van den Hoogen, F., Beijer, R., Richter, A., Penner, E.,
Habets, W. J., and Van Venrooy, W. (1990), Clin. Exp. Immunol. 80,
38-43.

Jarzabek-Chorzelska, M., Blaszczyk, M., Kolacinska-Strasz, Z., and
Jablonska, S. (1990), Arch. Dermatol. Res. 282, 76-79.

Moroi, Y., Peebles, C., Fritzler, M. J., Steigerwald, J., and Tan, E. M.
(1980), Proc. Natl. Acad. Sci. USA 77, 1627-1631.

Guldner, H. H., Lakomek, H. J., and Bautz, F. A. (1984), Clin. Exp.
Immunol. 58, 13-20.

Earnshaw, W. C. and Rothfield, N. F. (1985), Chromosoma 91,313-321.
Earnshaw, W. C., Bordwell, B., Marino, C., and Rothfield, N. (1986), .J.
Clin. Invest. 77, 426-430.

Clinical Reviews in Allergy Volume 12, 1994



234

29.

30.
31.
32.
33.
34.
356.
36.
37.
38.
39.
40.
41.

42.
43.

44.
45.

46.
47.
48.
49.

50.
51.

52.
53.
54.

55.
56.

Kallenberg

Earnshaw, W. C., Sullivan, K. F., Machlin, P. S, Cooke, C. A., Kaiser, D.
A, Pollard, Th. D., Rothfield, N., and Cleveland, D. W. (1987), J. Cell.
Biol. 104, 817-829.

Rothfield, N., Whitaker, D., Bordwell, B., Weiner, E., Senecal, J. L., and
Earnshaw, W. C. (1987), Arthritis Rheum. 30, 1416-1419.

Sugimoto, K., Muro, Y., and Himeno, M. (1992), J. Biochem. 111, 478—481.
Sullivan, K. F. and Glass, C. A. (1991), Chromosoma 100, 360—364.
Fritzler, M. J., Kinsella, T. D., and Garbutt, E. (1980), Am. J. Med. 69,
520-526.

Kallenberg, C. G. M., Pastoor, G. W., Wouda, A. A, and The, T. H. (1982),
Ann. Rheum. Dis. 41, 382-387.

Catoggio, L. J., Bernstein, R. M., Black, C. M., Hughes, G. R. V., and
Maddison, P. J. (1983), Ann. Rheum. Dis. 42, 23-27.

Steen, V. D., Ziegler, G. L., Rodnan, G. P., and Medsger, T. A., Jr. (1984),
Arthritis Rheum. 27, 125-131.

Framposch, H. D., Smith, C. D., Senecal, J. L., and Rothfield, N. (1984),
Arthritis Rheum. 27, 121-124.

Sarkozi, J., Bookman, A. A. M., Lee, P., Keystone, E. C., and Fritzler, M.
d.(1987), Am. J. Med. 83, 893-898.

Weiner, E. S., Earnshaw, W. C., Senecal, J. L., Bordwell, B., Johnson, P.,
and Rothfield, N. F. (1988), Arthritis Rheum. 31, 378-385.

Makinen, D., Fritzler, M., Davis, P., and Sherlock, S. (1983), Arthritis
Rheum. 26,914-917.

Kallenberg, C. G. M., Limburg, P. C., and The, T. H. (1985), in Protides
Biological Fluids, Peeters, H., ed., Pergamon, Oxford, UK, pp. 359,360.
Shoji, 1., Takagi, T., and Kasukawa, R. (1992), Int. Med. 31,1348-1353.
Powell, F. C., Schroeter, A. L., and Dickson, E. R. (1987), Q. J. Med. 237,
75-82,

Buchanan, R. R. and Riglar, A. G. (1989), Br. J. Rheumatol. 28, 221-224.
Jarzabek-Chorzelska, M., Blaszczyk, M., Kolacinska-Strasz, Z., and
Jablonska, S. (1990), Br. J. Dermatol. 122,201-203.

Giordano, M., Valentin, G., Migliaresi, S., Picillo, U., and Vatti, M.
(1986), J. Rheumatol. 13,911-916.

Steen, V. D., Powell, D. L., and Medsger, T. A., Jr. (1988), Arthritis
Rheum. 31,196-203.

Barnett, A. J., Miller, M. H., and Littlejohn, G. O. (1988), J. Rheumatol.
15,276-283.

Aeschlimann, A., Meyer, O., Bourgeois, P., Haim, T., Belmaboug, N.,
Palazzo, E., and Kahn, M. F. (1989), Ann. Rheum. Dis. 48, 992-997.
Parodi, A., Puciatti, P., and Reborn, A. (1991), Dermatologica 183, 15-20.
Ferri, C., Bernini, L., Cechetti, R., Latorraca, A., Marotta, G., Pasero,
G., Neri, R., and Bombardieri, S. (1991). J. Rheumatol. 18,1826—1832.
Briggs, D., Vaughan, R., Welsh, K. I., Myers, A., du Bois, R., and Black,
C. (1991), Lancet 338, 661-662.

Rothfield, N., Kurtzmann, S., Vasquez-Abad, D., Charron, C., Daniels,
L., and Greenberg, B. (1992), Arthritis Rheum. 35, 724,

Kallenberg, C. G. M. (1990), Rheum. Dis. Clin. North Am. 16,11-30.
Kallenberg, C. G. M. (1991), Ann. Rheum. Dis. 50, 666,667.
Kallenberg, C. G. M., Wouda, A. A., Hoet, M. H., and Van Venrooij, W. J.
(1988), Ann. Rheum. Dis. 47, 634-641,

Clinical Reviews in Allergy Volume 12, 1994



Antibodies in the Sclerodermatosus Complex 235

57.

58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

70.
71.

72.

73.

74.

Weiner, E. S., Hildebrandt, S., Senecal, J. L., Daniels, L., Noell, S., Joyal,
F., Roussin, A., Earnshaw, W., and Rothfield, N. F. (1991), Arthritis
Rheum. 34, 68-T17.

Englert, H. J., Arnold, M. J., Brooks, P. M., et al. (1993), Austr. N.
Zealand J. Med. 54, 160-163

Guseva, N. G., Folomeeva, O. M., and Oskilko, T. G. (1981), Ter. Arkh.
53, 43—-46.

Barnett, A. J. and McNeilage, L. J. (1993), Ann. Rheum. Dis. 52, 365-368.
Ruffatti, A., Artifoni, L., and Glorioso, S. (1985), J. Rheumatol. 12,940-943.
Reveille, J. D., Durban, E., Goldstein, R., Moreda, R., and Arnett, F. C.
(1992), Arthritis Rheum. 35, 216-218.

Pudifin, D. J., Dinnematin, H., and Duursma, J. (1991), South Afr. Med.
J. 80, 438-441.

McNeilage, L. J., Youngchaiyud, U., and Whittingham, S. (1989),
Arthritis Rheum. 32, 54-60.

Dunckley, H., Jazwinska, E. C., Gatenby, P. A., and Serjeantson, S. W,
(1989), Tissue Antigens 33, 418-420.

Briggs, D., Stephens, C., Vaughan, R., Welsh, K., and Black, C. (1993),
Arthritis Rheum. 36, 943-954.

Reveille, J. D., Durban, E., MacLeod-St. Clair, M. J., et al. (1992), J.
Clin. Invest. 90, 973.

Kuwana, M., Kaburaki, J., Okano, Y., Inoko, H., and Tsuji, K. (1993), J.
Clin. Invest. 92, 1296-1301.

Reveille, J. D., Owerbach, D., Goldstein, R., Moreda, R., Isern,R. A,, and
Arnett, F. C. (1992), J. Clin. Invest. 89, 1208-1213.

Fox, R. I. and Ho-II Kang (1992), Curr. Op. Rheumatol. 4, 857-861.
Haustein, U. F., Ziegler, V., and Herrmann, K. (1990), J. Am. Acad.
Dermatol. 22, 444-449.

Rustin, M. H,, Bull, H. A, Ziegler, V., Mehlhorn, J., Haustein, U. F.,
Maddison, P. J., James, J., and Dowd, P. M. (1990), Br. J. Dermatol. 123,
725-734.

Bridges, A. J., Conley, C., Wang, G., Burns, D. E., and Vasey, F. B. (1993),
Ann. Intern. Med. 118, 929-936.

Bos, G. M. J., Majoor, G. D., Willighagen, R. G. J., and Van Breda
Vriesman, P. J. C. (1989), J. Invest. Dermatol. 93, 610-615.

Clinical Reviews in Allergy Volume 12, 1994



