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ABSTRACT
Objective. To determine the prevalence 
of autoantibody negative systemic scle-
rosis (SSc) and to identify the clinical 
correlates thereof.
Methods. Clinical data and sera from 
874 SSc subjects were collected and 
autoantibodies were tested in a central 
laboratory using 1) indirect immuno-
fluorescence (IIF), 2) commercially 
available ELISA, addressable laser 
bead immunoassay (ALBIA), and line 
immunoassay (LIA), and 3) a sensitive 
immunoprecipitation (IP) assay. 
Results. Fifteen (15; 1.7%) subjects 
were autoantibody negative by IIF, ELI-
SA, ALBIA, LIA and IP, and 16 (1.8%) 
were antinuclear antibody (ANA) posi-
tive by IIF but otherwise negative by 
ELISA, ALBIA, LIA and IP. Thirty-seven 
(37; 4.2%) were ANA positive by IIF, 
autoantibody negative by commercially 
available immunoassays, but had au-
toantibodies identified by IP (including 
Th/To in 20). Autoantibody-negative 
subjects had generally less severe dis-
ease than positive subjects.
Conclusion. Autoantibody-negative SSc 
is rare (<2%) and appears to be associ-
ated with a favourable prognosis.

Introduction
Systemic sclerosis (SSc) is a chronic 
autoimmune rheumatic disease char-
acterised by endothelial and fibroblast 
dysfunction. Immune dysregulation is 
a prominent feature and autoantibodies 
are present in approximately 90–95% 
of SSc subjects (1-4). Anti-centromere, 
anti-topoisomerase I and anti-RNA 
polymerase III antibodies are rela-
tively specific for SSc and tend to be 
mutually exclusive (5, 6). Other SSc-
associated antibodies, including anti-
PM-Scl, anti-U1RNP and anti-Ro52/
TRIM21 antibodies, are often markers 
of overlap disease (7). The clinical as-
sociations of these autoantibodies have 

been studied in considerable detail and 
they can be used in the diagnosis and 
prognosis of the disease (8).
Autoantibodies can be detected by in-
direct immunofluorescence (IIF) using 
HEp-2 cells and a variety of sensitive 
immunoassays using cellular extracts 
and/or recombinant antigens, including 
enzyme-linked immunosorbent assays 
(ELISAs), addressable laser bead line 
assays (ALBIA), line immunoassays 
(LIA) and immunoprecipitation (IP). 
Autoantibodies detected by IIF are of-
ten referred to as antinuclear antibodies 
(ANA) while those detected by other 
immunoassays as extractable nuclear 
antigens (ENA), although the targets 
can be nuclear, nucleolar, cytoplasmic, 
cell membrane or extra-cellular and not 
all intra-cellular targets are extractable 
nuclear antigens in the original mean-
ing of the term. Thus, although con-
temporary nomenclature lacks preci-
sion and is somewhat of a misnomer, 
for the purposes of this study, we will 
adopt this nomenclature. 
Whereas approximately 5–10% of SSc 
subjects have been reported to be ANA 
negative (1, 3), little is known about 
these subjects. The objectives of this 
study were first, to determine the preva-
lence of ANA/ENA negative and ANA 
positive/ENA negative SSc subjects us-
ing a battery of commercially available 
immunoassays, second, to use a sensi-
tive IP assay that detects native auto-
antigens that are not included in com-
mercially available kits and to identify 
the serological features of these sub-
jects, and third, to describe the clinical 
correlates of the truly ANA/ENA nega-
tive and ANA positive/ENA negative 
subsets.

Methods
Design
This was a cross-sectional study of a 
cohort of SSc subjects. 
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Study subjects
The study subjects consisted of those 
enrolled in the Canadian Scleroderma 
Research Group (CSRG) registry. Sub-
jects in this registry are recruited by 
rheumatologists across Canada. The 
subjects must have a diagnosis of SSc 
confirmed by a rheumatologist, be 
≥18 years of age, be fluent in English 
or French, and likely to be compliant 
with study procedures and visits. Ap-
proximately 87% of subjects enrolled 
in the CSRG registry fulfill the 1980 
American College of Rheumatology 
preliminary criteria for SSc (9), which 
are known to be poorly sensitive in 
particular to subjects with limited SSc 
(10). The subjects included in this study 
were those whose baseline visit was 
between September 2004 and August 
2009. Ethics committee approval for 
the CSRG data collection protocol was 
obtained at McGill University (Mon-
treal, Canada) and at all participating 
study sites. All subjects provided in-
formed written consent to participate 
in the data collection protocol.

Measurement of autoantibodies
Serum was collected on all subjects re-
cruited by the CSRG at their baseline 
registry visit and sent to a central labo-
ratory, Mitogen Advanced Diagnostics 
Laboratory, University of Calgary. 
Aliquots of sera were stored at -80° C 
until needed. Antinuclear antibodies 
(ANA) were detected by indirect im-
munofluorescence (IIF) performed on 
HEp-2 substrate (HEp-2000; Immu-
noConcepts, Sacramento, CA, USA) 
that included fluorescein-conjugated 
goat antibodies to human IgG (H+L). 
IIF patterns were detected at serum 
screening dilutions of 1:160 and 1:640 
on a Zeiss Axioskop 2 plus (Carl Zeiss, 
Jena, Germany) fitted with a 100-watt 
USHIO super-high-pressure mercury 
lamp (Ushio, Steinhöring, Germany) 
by two experienced technologists with 
more than 7 years of experience. Topoi-
somerase I, chromatin, Sm, U1-RNP, 
ribosomal P, Jo-1, SSA/Ro60, SSB-La 
were assayed by an addressable laser 
bead immunoassay (ALBIA) using a 
commercially available kit (QUAN-
TAPlex ENA 8, INOVA Diagnostics 
Inc., San Diego, CA; FIDIS Connec-

tive 13, BMD, Paris, France) in a Lu-
minex 200 (Luminex Corp., Austin, 
TX) platform according to protocols 
previously described (11). Antibodies 
to RNA polymerase III were detected 
by ELISA (INOVA Diagnostics) (11) 
as were antibodies to PM/Scl (PM1 
alpha: Dr Fooke Laboratorien GmbH, 
Neuss, Germany) (12). CENP-A, 
CENP-B, fibrillarin, NOR-90, Th/To, 
PM/Scl-75, PM/Scl-100, Ku, platelet 
derived growth factor (PDGFR) and 
Ro52/TRIM21 were detected by a line 
immunoassay (LIA: EUROLINE, Eu-
roimmun, Lubeck, Germany). Sera that 
were negative on these immunoassays 
were tested by IP.  Protein components 
were analysed by IP using K562 (hu-
man erythroleukaemia) metabolically 
radiolabelled with 35S-methionine. 
RNA components of the autoantigens 
recognised by sera were analysed by IP 
using unlabelled K562 cell extract and 
RNA analysis by urea-PAGE and silver 
staining as described. 
The subjects were divided into 3 groups: 
1) ANA/ENA negative, if ANA was 
negative by IIF and ENA was negative 
by ELISA, ALBIA, LIA and IP; 
2) ANA positive/ENA negative, if ANA 
was positive by IIF but ENA was nega-
tive by ELISA, ALBIA, LIA and IP; and 
3) others, if ANA was positive by IIF 
and any autoantibody was detected by 
ELISA, ALBIA, LIA or IP in assays as 
described above.

Study measures
The subjects recruited into the Registry 
undergo an extensive medical evalu-
ation with standardised reporting of 
history, physical evaluation, and labo-
ratory investigations. Demographic in-
formation regarding age and sex was 
collected by subject self-report. Disease 
duration, determined from the onset of 
the first non-Raynaud’s disease mani-
festation to the baseline study visit, 
was recorded by the study physician. 
Skin involvement was assessed using 
the modified Rodnan skin score (13), a 
widely used clinical assessment where 
the examining rheumatologist records 
the degree of skin thickening ranging 
from 0 (no involvement) to 3 (severe 
thickening) in 17 areas (total score 
range 0–51). Subjects were classified 

into limited and diffuse cutaneous sub-
sets, based on the definition of Leroy 
et al. (14), whereby those with skin 
involvement distal to the elbows and 
knees (with or without facial involve-
ment) were identified as having limited 
cutaneous disease and those with skin 
involvement proximal to the elbows 
and knees (with or without truncal in-
volvement) were classified as having 
diffuse cutaneous disease. The pres-
ence of Raynaud’s phenomenon, scle-
rodactyly, calcinosis, oesophageal dys-
motility, telangiectasias, digital pits and 
digital ulcers was recorded by the study 
physician. History of inflammatory my-
ositis, polyarthritis, scleroderma renal 
crisis, and overlap with SLE, Sjögren’s 
syndrome, rheumatoid arthritis, and 
mixed connective tissue disease was 
recorded by the study physician. Nail-
fold capillaroscopy, which has been 
shown to predict outcome in SSc (15), 
was performed by a physician using a 
handheld Dermlite® and the presence 
of dilated or giant capillaries and drop-
out areas was recorded (16). Global as-
sessment of disease severity, as well as 
activity and damage, were reported by 
study physicians using 0–10 numerical 
rating scales, with 0 representing least 
and 10 most disease.
The presence of interstitial lung disease 
(ILD) was determined by high resolu-
tion computed tomographic (HRCT) 
scans of the chest, when available, or 
by a combination of chest x-ray find-
ings and the presence of typical “vel-
cro-like crackles” on lung auscultation, 
using a recently published algorithm 
(17). Pulmonary function tests were 
obtained in accordance with American 
Thoracic Society standards. Percent 
predicted forced vital capacity (FVC) 
and single breath diffusing capacity for 
carbon monoxide (DLCO) were record-
ed. Systolic pulmonary artery pressure 
(SPAP) was measured using the Dop-
pler flow measurement of the tricuspid 
regurgitant jet on echocardiography and 
pulmonary hypertension (PH) was de-
fined as an estimated SPAP ≥45 mmHg 
(an estimate that correlates strongly 
with right heart catheter studies (18)). 

Statistical analysis
Descriptive statistics were used to 
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summarise the baseline characteristics 
of the subjects. Comparisons of clini-
cal features among various antibodies 
profile of the subjects were done us-
ing logistic regression, ANOVA and 
Kruskal-Wallis test, where appropriate. 
p-values <0.05 were considered statis-
tically significant. Further statistical 
analysis was not performed due to the 
exploratory nature of the study. All sta-
tistical analyses were performed with 
SAS v. 9.2 (SAS Institute, USA).

Results
This study included 874 SSc sub-
jects who had serum autoantibodies 
screened by IIF, of which 859 (98.3%) 
were ANA positive by IIF (Fig. 1). Of 
these, 806 (92.2%) were ENA posi-
tive and 53 (6.1%) were ENA negative 
by conventional commercially avail-
able assays (ELISA, ALBIA and LIA). 
These 53 samples were further tested 
by IP and a number of autoantibodies 
were identified in 37 (4.2%), includ-

ing Th/To (n=20), fibrillarin (n=5), 
U1-RNP (n=2), Su/Argonaute2 (Ago2) 
(n=2), topoisomerase I (n=2), RNAPI/
III (n=1), RNAPII (n=1) and NOR90 
(n=1). Thus, 16 (1.8%) subjects were 
ANA positive by IIF but ENA negative 
by ELISA, ALBIA, LIA and IP and 15 
(1.7%) were ANA negative by IIF and 
ENA negative by conventional com-
mercially available assays (ELISA, AL-
BIA and LIA) and by IP (i.e. no identifi-
able/known autoantibodies). 
The clinical profiles of truly ANA nega-
tive/ENA negative (n=15) and ANA 
positive/ENA negative (n=16) subjects 
were examined in detail (Tables I and 
II). Among the ANA negative/ENA neg-
ative subset, 12/15 met ACR classifica-
tion criteria for SSc. Among the 3 who 
did not, all had Raynaud’s phenomenon 
and 2 had limited cutaneous disease. 
The subject without skin involvement 
had oesophageal dysmotility, telangiec-
tasias, abnormal nailfold capillaroscopy, 
digital ulcers and inflammatory myosi-
tis. Among the ANA positive/ENA neg-
ative subset, 12/16 met ACR classifica-
tion criteria for SSc. Among the 4 who 
did not, all had Raynaud’s phenomenon 
and 2 had limited cutaneous disease. Of 
the 2 subjects without skin involvement, 
one had oesophageal dysmotility, telan-
giectasias, digital ulcers, abnormal nail-
fold capillaroscopy, ILD and PH, and 

Fig. 1. Serological analyses of sera from subjects in the Canadian Scleroderma Research Group co-
hort. All sera were tested by indirect immunofluorescence (IIF) and using conventional, commercially 
available immunoassays, including ELISA, ALBIA and LIA. ANA negative/ENA negative and ANA 
positive/ENA negative sera by conventional immunoassays were further tested by immunoprecipitation.

Table I. ANA-/ENA- subjects (n=15).
 
Patient ACR Raynaud’s Disease Skin Sclero- Oesophageal   Telangi- Digital Capillaro- ILD PH Myositis Arthritis SRC 
   Phenomenon subset score dactyly dysmotility   ectasias ulcers scopy    

1 1 1 Limited 4 1 0 0 0 1 0 0 0 0 0
2 1 1 Limited 4 1 0 0 1 1 1 0 0 0 0
3 1 1 Limited 8 1 1 1 1 1 0 0 0 0 0
4 1 1 Limited 0 1 0 1 1 0 0 0 0 0 0
5 1 1 Limited 8 1 1 1 1 1 1 0 0 0 0
6 1 1 Limited 4 1 1 1 1 1 0 0 0 0 0
7 1 0 Limited 24 1 0 0 0 0 0 0 0 1 0
8 1 1 Diffuse 13 1 0 0 0   0 0 0 0 0
9 1 1 Limited 5 1 1 1 1 1 0 0 0 0 0
10 1 0 Limited 15 1 1 0 0 1 1 0 0 0 0
11 1 1 Diffuse 4 1 0 0 1 0 0 0 0 0 0
12 1 1 Diffuse 16 1 1 1 1 0 0 0 0 0 0
13 0 1 Limited 0 1 0 1 1 1 0 0 0 1 0
14 0 1 Limited 1 1   0 0 0 0 0 0 1 0
15 0 1 Sine 0 0 1 1 1 1 0 0 1 0 0
Total 12 13 Limited 11 Mean 7.1 14 7 8 10 9 3 0 1 3 0
    Diffuse 3 SD±7
    Sine 1 
 
ANA: antinuclear; ENA: extractable nuclear antigen; ACR: American College of Rheumatology; ILD: interstitial lung disease; PH: pulmonary hypertension; 
SRC: scleroderma renal crisis; NA: not available.



S-130

Autoantibody-negative SSc / M. Hudson et al.

Table II. ANA+/ENA- positive subjects (n=16). 

Patient ACR Raynaud’s Disease Skin Sclero- Oesophageal   Telangi- Digital Capillaro- ILD PH Myositis Arthritis SRC   
  Phenomenon subset score dactyly dysmotility    ectasias ulcers scopy   

1 1 1 Diffuse 24 1 1 1 1 1 0 0 1 0 0
2 1 1 Diffuse 10 1 0 1 0 0 0 0 1 0 0
3 1 1 Diffuse 34 1 0 0 0 0 0 NA 0 0 0
4 1 1 Diffuse 16 1 1 1 0 1 0 0 0 0 0
5 1 1 Limited 7 1 0 1 1 NA 0 0 0 0 1
6 1 1 Limited 2 1 1 0 0 1 0 0 0 0 0
7 1 1 Limited 4 1 1 1 0 1 1 0 1 0 0
8 1 1 Limited 12 1 0 1 1 1 0 0 0 1 0
9 1 1 Limited 3 1 0 0 0 1 0 0 0 0 0
10 1 1 Limited 0 0 1 1 1 0 0 0 0 1 0
11 1 0 Diffuse 37 1 0 1 0 0 0 0 0 1 0
12 1 0 Limited 11 1 0 0 0 0 0 0 1 1 0
13 0 1 Limited 0 1 1 0 0 0 0 0 0 0 0
14 0 1 Limited 2 0 1 1 0 0 0 0 0 0 0
15 0 1 Sine 0 0 1 1 1 1 1 1 0 0 0
16 0 1 Sine 0 0 1 1 0 1 0 1 0 0 0
Total 12 14 Limited 9 Mean 12 9 11 5 8 2 2 4 4 1  
   Diffuse 5 10.1  
   Sine 2 SD±12 

ANA: antinuclear; ENA: extractable nuclear antigen; ACR: American College of Rheumatology; ILD: interstitial lung disease; PH: pulmonary hypertension; 
SRC: scleroderma renal crisis; NA: not available.

Table III. Clinical profiles of ANA-/ENA- and ANA+/ENA- subjects, compared to ANA+/ENA+ subjects in the CSRG (n=874).

  ANA-/ENA- (n=15) ANA+/ENA- (n=16) ANA+/ENA+ (n=843) p-values p-values
       ANA-/ENA- ANA+/ENA-
 Mean or n. SD or % Mean or n. SD or % Mean or n. SD or % vs. ANA+/ENA+   vs. ANA+/ENA+
   
Female 12 80.0% 14 87.5% 724 85.9% NS NS
Age 57.18 11.56 54.93 12.75 55.50 12.24 NS NS
Meet ACR classification 12 80.0% 12 75.0% 746 88.6% NS NS
Disease duration 12.54 11.20 6.40 6.02 10.90 9.36 NS 0.0480
Diffuse disease, % 3 20.0% 5 31.3% 321 38.5% NS NS
Modified Rodnan skin score (0-51) 7.07 7.05 10.13 12.01 10.20 9.46 NS NS
Raynaud’s phenomenon 13 86.7% 14 87.5% 820 97.7% 0.0171 0.0214
Sclerodactyly 14 93.3% 12 75.0% 776 92.7% NS 0.0148
Calcinosis 3 20.0% 3 18.8% 263 31.4% NS NS
Oesophageal dysmotility 7 50.0% 9 56.3% 528 71.2% NS NS
Telangiectasias 8 53.3% 11 68.8% 608 76.9% 0.0419 NS
Abnormal nailfold capillaroscopy 9 64.3% 8 53.3% 634 77.8% NS 0.0327
Digital pits 6 42.9% 5 33.3% 404 48.8% NS NS
Digital ulcers 10 66.7% 5 31.3% 475 56.7% NS NS
Interstitial lung disease 3 20.0% 2 12.5% 311 37.6% NS NS
Pulmonary hypertension 0 0.0% 2 13.3% 87 12.1% NS NS
Cardiac involvement           
% with ejection fraction <50% 1 7.1% 1 7.7% 15 2.2% NS NS
% currently on drugs for heart failure 0 0.0% 1 6.3% 43 5.1% NS NS
% currently on anti-arrythmics 0 0.0% 0 0.0% 20 2.4% NS NS
FVC, % predicted 93.86 16.37 90.81 14.47 90.54 19.27 NS NS
DLCO, % predicted 73.54 27.33 65.06 19.39 69.26 20.60 NS NS
History of scleroderma renal crisis 0 0.0% 1 6.3% 39 4.7% NS NS
Proteinuria          NS NS
        0 13 92.9% 13 92.9% 678 92.4%   
        1-2 1 7.1% 1 7.1% 47 6.4%   
        >3 0 0.0% 0 0.0% 9 1.2%   
History of  inflammatory myositis 1 6.7% 4 25.0% 96 11.5% NS NS
History of inflammatory arthritis 3 20.0% 4 25.0% 263 32.5% NS NS
Joint contractures 3 20.0% 2 12.5% 158 18.9% NS NS
CRP (mg/L) 14.28 21.33 5.95 9.40 9.66 18.94 NS NS
Overlap with other CTD 0 0.0% 1 6.3% 127 15.17 NS NS
Global assessment of severity (0-10) 1.93 1.44 3.81 3.31 2.74 2.25 NS NS
Global assessments of activity (0-10) 1.60 1.45 2.63 2.87 2.34 2.09 NS NS
Global assessments of damage (0-10) 2.13 1.64 3.69 3.22 3.36 2.33 NS NS

ANA: antinuclear; ENA: extractable nuclear antigen; SD: standard deviation; ACR: American College of Rheumatology; FVC: forced vital capacity; 
DLCO: diffusion capacity of the lung for carbon monoxide; CRP: C-reactive protein; CTD: connective tissue disease.
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the other had oesophageal dysmotility, 
telangiectasias, abnormal nailfold capil-
laroscopy and PH.
The clinical profiles of truly ANA nega-
tive/ENA negative and ANA positive/
ENA negative subjects were compared 
to ANA positive/ENA positive sub-
jects (Table III). Notable differences 
included the following: ANA negative/
ENA negative had generally less organ 
involvement than ANA positive/ENA 
positive subjects (including skin, oe-
sophageal, lung, muscle and joint dis-
ease) and less overall disease severity, 
activity and damage. ANA positive/
ENA negative subjects had less CREST 
symptoms and lung disease than ANA 
positive/ENA positive subjects, but 
comparable overall disease severity, ac-
tivity and damage.

Discussion
In this large cohort of well-characterised 
SSc subjects, we found that the vast ma-
jority of subjects had a positive ANA 
(98.3%) and an identifiable autoanti-
body using a battery of commercially 
available immunoassays (92.2%). An 
additional 4.2% had identifiable autoan-
tibodies using a sensitive IP assay. Thus, 
after an exhaustive approach to serolo-
gy, only a small proportion had an ANA 
but no identifiable autoantibody using 
sensitive immunoassays (i.e. ANA posi-
tive/ENA negative, 1.8%) and even less 
were ANA negative and had no identifi-
able autoantibody (1.7%). In addition, 
we also found that the vast majority 
of autoantibody-negative SSc subjects 
had features that were highly consist-
ent with the classification and diagnosis 
of SSc, although their disease appeared 
to be generally milder compared to that 
of autoantibody replete subjects. These 
data emphasise the fact that the immune 
diathesis is among the most common 
manifestation of SSc, even more com-
mon than Raynaud’s manifestation. 
Whether the autoantibody profiles of 
autoantibody-negative subjects are 
more labile or whether the absence of 
detectable autoantibodies persists and is 
to be viewed as a favourable prognostic 
factor are questions to be addressed by 
future longitudinal studies, which are 
considered within the design and ongo-
ing efforts of the CSRG.    

Our study was specifically designed to 
characterise the clinical and serological 
profiles of SSc subjects without autoan-
tibodies detected by a battery of com-
mercially available kits. In agreement 
with a previous study, many had autoan-
tibodies to the Th/To system as detected 
by IP (19). Very few SSc subjects with 
positive ANA by IIF still remain with 
undetectable autoantibodies after an ex-
haustive search (less than 2%).
The German network for systemic scle-
roderma recently analysed the autoan-
tibody profiles of their subjects, using 
a detailed approach that included IIF, 
LIA, immunodiffusion and IP (2). In 
that study, sera that were negative for 
ANA by IIF on HEp-2 cells, but exhib-
ited cytoplasmic fluorescence and/or a 
positive signal in any of the other assays 
were grouped together as ANA-nega-
tive. Sera without any positive signal, 
neither defined nor undefined, in all im-
munoassay systems used were listed as 
autoantibody-negative. They reported 
50/863 (5.8%) ANA-negative SSc sub-
jects and 38/863 (4.4%) autoantibody-
negative subjects. They provided some 
clinical correlates for the ANA-negative 
subjects, including significantly less 
Raynaud’s phenomenon, digital ulcers 
and PH compared to ANA-positive 
subjects, and more joint contractures. 
Our findings are generally consistent 
with these, with our data also suggest-
ing that ANA negative/ENA negative 
and ANA positive/ENA negative sub-
jects have less organ involvement and 
disease severity. EUSTAR also recently 
reported on their subjects without ANA 
or Raynaud’s phenomenon (4). In their 
large sample, ANA was negative in ap-
proximately 8% of subjects. However, 
only 12/5378 (0.2%) lacked both ANA 
and RP, which is identical to our results. 
Differences in the studies may be attrib-
uted, among other things, to somewhat 
different definitions of ANA negativity, 
different sets of immunoassays used, or 
differences in the study cohorts.
In conclusion, we showed that, in a dis-
ease as heterogeneous as SSc, autoan-
tibodies are almost universally present. 
Autoantibody-negative SSc is rare and, 
if it is to be considered as a separate en-
tity, appears to be associated with a fa-
vourable prognosis.
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