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Abstract

Background
Anti-topoisomerase I auto-antibodies (ATA) in systemic sclerosis (SSc) are associated 
with diffuse skin involvement and interstitial lung fibrosis. Thus far, however, the 
relations between the ATA response and disease course have not yet been fully 
evaluated.

Objectives
To gain insight into the relation between characteristics of the ATA immune response 
and clinical disease course in ATA+ SSc.

Methods
ATA-IgG, -IgM and -IgA levels were assessed in consecutive serum samples of 
baseline ATA-IgG+ patients from the Leiden Combined Care In Systemic Sclerosis 
cohort (CCISS). One-year disease progression was defined by a relevant increase 
in modified Rodnan Skin Score (mRSS), decline in pulmonary function tests, 
development of digital ulcers, renal crisis, pulmonary hypertension and/or mortality. 
Validation was performed in ATA+ SSc patients from the Oslo University Hospital 
and University Hospital Zurich.

Results
Of 103 ATA-IgG+ patients available in the CCISS cohort, 81 patients had clinical 
data available to assess one-year disease progression. Of these 81 patients, 23 
patients (28%) showed disease progression. At baseline, disease-progressors were 
significantly more often ATA-IgM+ compared to non-progressors (21/23 [91%] vs 33/58 
[57%], p<0.01). This finding was confirmed in the independent validation samples.

Conclusion
In ATA-IgG+ SSc patients, presence of ATA-IgM, which might be taken as a surrogate 
for an ongoing auto-reactive B cell immune response, is associated with disease 
progression.

Introduction

Anti-topoisomerase I antibodies (ATA) are highly specific for Systemic Sclerosis 
(SSc) (1). Patients with isolated Raynaud’s phenomenon have an increased risk of 
progression to SSc when ATA positive (2), indicating presence of ATA in a preclinical 
phase. In established SSc, ATA are associated with diffuse cutaneous SSc (dcSSc), 
severe interstitial lung disease (ILD) and their presence indicates an unfavorable 
prognosis (3-7). This association with a typical clinical phenotype suggests that 
the immune response involved in ATA production may play a role in disease 
pathophysiology. The exact pathogenicity of ATA, however, has not yet been 
elucidated.

In daily clinical practice, ATA+ SSc is heterogeneous. Not all ATA+ patients 
demonstrate a severe disease course, some patients experience only moderate 
skin and lung fibrosis (6, 8). Based on the hypothesis that topoisomerase I represents 
a candidate autoantigen in the pathogenesis of SSc, different groups have studied 
immunization with topoisomerase I in mouse models. These models demonstrated 
that a specific antibody response can be induced, resulting in varying extents of 
fibrosis in skin and lungs of immunized mice (9, 10).

Previous small studies in SSc have shown that IgG and IgA levels of ATA correlate with 
skin scores (11-13). Loss of the ATA response, on the other hand, has been associated 
with a favorable disease course in a small patient group (14). However, the relations 
between ATA isotype profile and isotype levels and disease course have not yet 
been fully evaluated in larger SSc cohorts. By taking advantage of our well described 
SSc cohort with annual, prospective and comprehensive clinical data available, we 
investigated the association between presence and levels of ATA-IgG, -IgA and -IgM 
and disease course in ATA-IgG+ SSc.

Patients and Methods

Patient population
The Combined Care in Systemic Sclerosis (CCISS) cohort Leiden is a prospective 
cohort that started in April 2009, including all consecutive SSc patients evaluated 
at the Leiden University Medical Center(15). Ethical approval for data collection was 
obtained from the local ethics committee (CME number B16.037). All participants 
provided written informed consent. This research was done without patient 
involvement. As described previously (15), all patients undergo annual extensive 
screening during a 1 to 2 day health care program, including detailed physical 
examination, modified Rodnan skin score (mRSS) assessment (16), laboratory testing 
(with autoantibody screening at baseline), pulmonary function test and optionally: 
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echocardiography (mandatory at baseline), holter evaluation (mandatory at baseline), 
cardiopulmonary exercise tests (CPET) and high-resolution computed tomography 
(HRCT) (mandatory at baseline). Patients are requested to fill in the Scleroderma 
Health Assessment Questionnaire (HAQ) (17), Short Form-36 (SF-36) (18, 19), Mouth 
Handicap in Systemic Sclerosis scale (MHISS) (20, 21), EurolQol-5D (EQ-5D) (22, 
23) and Scleroderma Clinical Trial Consortium Gastrointestinal Tract Instrument 2.0 
(SCTC GIT 2.0) (24, 25) questionnaires at every visit. Additionally, every visit serum 
samples are collected and stored in the Leiden Scleroderma Biobank. All patients 
entering the cohort before September 24th, 2016, who were ATA-IgG+ were selected 
for the present study. Only patients who had a clinical SSc diagnosis at inclusion and 
fulfilled the ACR/EULAR 2013 SSc classification criteria (26) at any point during their 
disease course were evaluated.

Disease progression
Clinical data were collected, with censoring at January 1st, 2018. Skin progression was 
defined as a ≥5 point and ≥25% increase in mRSS (27). Worsening of lung involvement 
was defined as ≥ 10% relative decline in forced vital capacity (FVC) with follow-up 
FVC <80% predicted or ≥ 5% to < 10% relative decline in FVC and either a ≥ 15% 
relative decline in DLCO with follow-up DLCO <80% predicted or increase of lung 
involvement as determined by HRCT, towards >20% lung involvement (28). Patients 
were considered disease progressors in case of skin- and/or lung progression, 
incident digital ulcers (DU), newly diagnosed myocardial involvement, scleroderma 
renal crisis, pulmonary hypertension (PH) or in case of death. Use of aggressive 
immunosuppression in both progressors and non-progressors was assessed, 
including hematopoietic stem cell transplantation (HSCT), cyclophosphamide and 
mycophenolate mofetil.

Anti-topoisomerase I assay and measurements
Total ATA-IgG, -IgA, and -IgM levels of consecutive samples collected before January 
1st, 2017 were measured in baseline and follow-up sera by fluorescence enzyme-linked 
immune sorbent assay [FEIA], using Phadia250® system [Thermo Fisher Scientific, 
Nieuwegein, The Netherlands]. If necessary, sera were diluted to obtain a reliable 
ATA isotype-specific level. For ATA-IgG, the manufacturer specified a cut-off value of 
7 aU/mL. For ATA-IgA and ATA-IgM, no manufacturer cut-off values were available. 
Therefore, sera of 51 non-rheumatic subjects were measured and the cut-off value 
was determined as the mean plus two standard deviations of the measurements. A 
cut-off for ATA-IgM was determined at 432 aU/mL and for ATA-IgA at 77 aU/mL. To 
evaluate specificity of the assay, ATA-isotype levels from 5 ANA+ SSc patients lacking 
SSc specific antibodies and from 5 ACA+ SSc patients were additionally assessed. 
None of these patients were positive for any of the isotypes in the ATA assay.

Data validation
For validation of the main findings, baseline serum samples of ATA-IgG+ patients 
from the Oslo University Hospital (29) and from the University Hospital Zurich 
(30) were tested for the presence and levels of ATA isotypes using the same 
methodology. Baseline and follow-up clinical data were additionally collected. At 
both centers longitudinal data of SSc patients is being collected according to the 
EUSTAR recommendations (31). Details of these cohorts can be found elsewhere 
(29, 30). Collection and analysis of biomaterial and their clinical associations have 
been approved by the Cantonal Ethics Committee in Switzerland (PB_2016-02014 
and BASEC-Nr. 2018-01873) and by the Data Protection Authority in Norway 
(No.2006/119). All patients provided informed consent.

Statistical analysis
Descriptive statistics were used to characterize the study population clinically. 
Contingency tables were evaluated by Fisher’s exact, c2 or Mann-Whitney test as 
appropriate. Correlations between isotype levels were assessed by Spearman’s 
correlation coefficient. Disease progression over time was analysed by Kaplan-Meier 
survival analysis. P values <0.05 were considered significant. To exclude relevant 
bias by expression of ATA-IgM and ATA-IgA in patients negative for ATA-IgG and by 
evaluating a higher cut-off for ATA-IgM to define positivity, a sensitivity analysis was 
performed (Supplementary Figure 5). In addition, we evaluated the robustness of 
the data by re-analyze using a different cut off for ATA IgM. Statistical analysis was 
performed using SPSS version 23.0 and GraphPad Prism 7.

Results

Baseline characteristics and ATA isotype expression of the population under study
In total, 103 ATA-IgG+ patients from the CCISS cohort were included. Of these 
patients, a total of 333 samples were available (range 1-8 per patient). Sixty-nine 
percent of patients were female with a mean age of 53 years, and 48% had diffuse 
cutaneous SSc (Table 1). At baseline, median duration since first non-Raynaud’s 
symptom was 2.8 years. Clinical follow-up was available for 3.4 years (range 0.0-
8.4).All but one patient evaluated were ATA-IgA+ at baseline. This patient was also 
low in his ATA-IgG level (24 aU/mL). At baseline, 65% (n=67/103) of patients were 
ATA-IgM+. Antibody isotype levels at baseline correlated weakly (ATA-IgG and ATA-
IgM [rs=0.25, p=0.01], ATA-IgG and ATA-IgA [rs=0.30, p=<0.01], ATA-IgA and ATA-IgM 
[rs=0.45, p=<0.01]) and were not correlated with disease duration (Supplementary 
Figure 1 + 2). Correlations between baseline ATA isotype levels and skin scores are 
presented in Figure 1, levels of ATA-IgG correlated with skin scores (rs=0.41, p<0.01), 
other isotypes did not correlate with skin scores.
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Figure 1. Correlations between baseline levels of ATA-IgG (panel A), ATA-IgM (panel B) and 
ATA-IgA (panel C) and modified Rodnan Skin Score (mRSS) of patients from the Leiden Com-
bined Care in Systemic Sclerosis (CCISS) cohort (n=103). ATA-IgG levels correlate with skin 
scores (rs=0.41, p<0.01). [ATA=anti-topoisomerase I].

During follow-up, 12 patients died (combined pulmonary and cardiac failure n=6, 
cardiac ischemia n=1, sepsis during hematopoietic stem cell transplant work-up n=1, 
gastro-intestinal ischemia n=1, influenza-related n=1, multi-organ failure during acute 
myeloid leukemia treatment n=1, unclear n=1).

Loss and gain of ATA-isotype response is only frequent for ATA-IgM
Change of isotype profile over time was assessed in 75 patients as 28 patients did 
not have follow-up samples available (Table 2, Supplementary Figure 3). Of these 
patients, four patients showed a loss of the ATA-IgG+ response (5%); all four were 
ATA-IgM- at baseline. Two of these patients were treated with IV cyclophosphamide 
before baseline sampling, one was treated with HSCT before baseline sampling and 
one was treated with HSCT 3 months after baseline sampling. Three of these four 
patients were ATA-IgA+ at baseline and two of them also showed loss of the ATA-IgA 
response. In total, there were 4 patients that lost ATA-IgA response over time (5%), 
of whom one also lost the ATA-IgM response, but remained ATA-IgG+. Loss and gain 
ATA-IgM response over time was more common compared to other isotypes. Thirty-
one percent (n=14/45) of patients lost and 10% (n=3/29) of ATA-IgM- patients gained 
an ATA-IgM+ response when followed from baseline.

Table 1. Baseline characteristics of all anti-topoisomerase I-IgG+ Systemic Sclerosis patients 
in the study

all patients (n=103)

Demographic

female, n(%) 70 (68)

age, mean[yrs.]±SD 53.0±14.8

smoking (ever), n(%) 50 (49)

Disease duration

since onset
first Raynaud symptom,
median [yrs.] (IQR)

5.8 (2.1-13.4)

since onset
first non-Raynaud symptom,
median [yrs.] (IQR)

2.8 (0.8-9.3)

Organ involvement

dcSSc, n(%) 49 (48)

modified Rodnan Skin Score, median (IQR) 6 (2-12)

FVC,
mean [% of predicted] ±SD

87±27

DLCO,
mean [% of predicted] ±SD

63±17

history of renal crisis, n(%) 3 (3)

digital ulcers, n(%) 14 (14)

pulmonary hypertension, n(%) 5 (5)

Previous use of immunosuppression*

HSCT, n(%) 7 (7)

CYC (ever), n(%) 24 (23)

MMF (ever), n(%) 1 (1)

ATA=anti-topoisomerase antibodies, CYC=cyclophosphamide, dcSSc=diffuse cutaneous 
Systemic Sclerosis, DLCO=diffusing capacity of the lung, FVC=forced vital capacity, 
HSCT=hematopoietic stem cell transplantation, IQR=interquartile range, MMF=mycophenolate 
mofetil, SD=standard deviation, yrs.=years
* Immunosuppression= use of either HSCT, CYC or MMF
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Table 2. Changes in presence of anti-topoisomerase I isotypes in paired (first and last available 
serum) samples of 75 ATA-IgG SSc patients with follow-up samples available

ATA isotype status at baseline/last follow-up

 +/+* (n)  +/-* (n)  -/-* (n)  -/+* (n)

ATA-IgG 71 4 - -

ATA-IgM 31 14 27 3

ATA-IgA 70 4 1 0

ATA=anti-topoisomerase I autoantibody
*Status of the first available serum sample/status of the last available serum sample

Disease progression is more frequent in ATA-IgG+ SSc patients positive for ATA-
IgM
To assess the association between ATA isotype profile and disease progression, we 
used data of 81 patients with one-year clinical follow-up available. During the first 
year starting from sampling, none of these patients received HSCT, 16 patients were 
treated with cyclophosphamide and 7 received mycophenolate mofetil.

In total 23 patients showed disease progression according to predefined criteria. This 
consisted of death (n=4; including combined pulmonary and cardiac failure n=3 and 
, multi-organ failure during acute myeloid leukemia treatment n=1), skin progression 
(n=12), lung progression (n=4), digital ulcers (n=5). None of the patients developed 
clinically meaningful myocardial involvement or renal crisis. Correlations between 
ATA isotype levels at baseline and one-year change in mRSS, FVC and DLCO % 
predicted are shown in Supplementary Figure 4. Baseline levels of ATA-IgM and 
ATA-IgA correlated with a decrease in FVC % predicted, and ATA-IgM additionally 
correlated with a decrease in DLCO % predicted. Baseline levels of ATA-IgG, -IgM 
and -IgA were not correlated with one-year change in mRSS.

Table 3. Baseline characteristics of ATA-IgG+ patients stratified according to one-year disease 
progression

progressors 
(n=23)

non-
progressors 
(n=58)

p

Demographic
female, n(%) 14 (61) 39 (67) 0.59
age, mean[yrs.]±SD 55.3±16.3 51.9±13.9 0.21
smoking (ever), n(%) 12 (52) 30 (52) 0.95

Table 3. Baseline characteristics of ATA-IgG+ patients stratified according to one-year disease 
progression (continued)

progressors 
(n=23)

non-
progressors 
(n=58)

p

Disease duration
since onset first Raynaud 
symptom, median [yrs.] (IQR)

3.8 (1.3-8.4) 5.6 (2.1-12.9) 0.21

since onset first non-Raynaud 
symptom,
median [yrs.] (IQR)

1.9 (0.6-4.5) 3.5 (0.7-11.4) 0.07

Organ involvement
dcSSc, n(%) 12 (52) 28 (48) 1.00
modified Rodnan Skin Score, 
median (IQR)

6 (2-19) 6 (3-13) 0.86

FVC, mean [% of predicted] ±SD 89±26 89±28 0.92
DLCO, mean [% of predicted] 
±SD

62±18 64±16 0.83

history of renal crisis, n(%) 0 (0) 2 (4) 1.00
digital ulcers, n(%) 0 (0) 5 (9) 0.31
pulmonary hypertension, n(%) 2 (9) 2 (4) 0.59

Previous use of immunosuppression*

HSCT, n(%) 0 (0) 7 (12) 0.18
CYC (ever), n(%) 4 (17) 16 (28) 0.34
MMF (ever), n(%) 1 (4) 0 (0) 0.28

Use of aggressive immunosuppression* during one-year follow-up
HSCT, n(%) 0 (0) 0 (0) -
CYC, n(%) 11 (19) 5 (26) 0.52
MMF, n(%) 1 (5) 6 (10) 0.67

ATA characteristics
IgG level [aU/mL], median(IQR) 813

(542-1263)
396
(115-832)

<0.01

IgA positivity, n(%) 23 (100) 57 (98) 1.00
IgA level [aU/mL], median(IQR) 9898

(2743-16656)
2045
(462-5314)

<0.01

IgM positivity, n(%) 21 (91) 33 (57) 0.04
IgM level [aU/mL], median(IQR) 1065

(869-3853)
588
(223-1610)

0.01

ATA=anti-topoisomerase antibodies, CYC=cyclophosphamide, dcSSc=diffuse cutaneous 
Systemic Sclerosis, DLCO=diffusing capacity of the lung, FVC=forced vital capacity, 
HSCT=hematopoietic stem cell transplantation, IQR=interquartile range, MMF=mycophenolate 
mofetil, SD=standard deviation, yrs.=years
* Aggressive immunosuppression= use of either HSCT, CYC or MMF.
In 22 patients, clinical follow-up data was not available; therefore, they could not be stratified 
into either progressors or non-progressors.
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In total, 23 patients (28%) showed disease progression according to pre-specified criteria 
during the first year. Clinical characteristics and ATA isotype profiles at baseline stratified 
for disease progression are presented in Table 3. At baseline, there were no differences 
in clinical characteristics between patients with and those without disease progression. 
Treatment strategy was also comparable between patients with and without disease 
progression. Strikingly, while the clinical characteristics were similar, ATA isotype levels 
at baseline were significantly higher and ATA-IgM positivity was significantly more 
frequent in patients with disease progression (91% vs 57%, p<0.01). Kaplan-Meier analysis 
underlined the prognostic value of ATA-IgM positivity (Log-Rank - Mantel-Cox p=0.02, 
Figure 2). Sensitivity analysis did not influence these results (Supplementary Figure 5).

Validation in other cohorts
To confirm our results, we additionally performed ATA isotype level measurements 
in 90 ATA-IgG+ SSc patients (n=60 from University Hospital Zurich and n=30 from 
Oslo University Hospital). Baseline characteristics of these patients are presented 
in Supplementary Table 1. Cross-sectional analysis confirmed the correlation 
between ATA-IgG levels and skin scores at baseline (rs=0.37 p=<0.01). Additionally, 
in this sample set a correlation between ATA-IgG and respectively FVC (rs=-0.30 
p=<0.01) and DLCO (rs=-0.24 p=0.03) was found. Clinical follow-up at one year was 
available in 63 patients of the validation samples. During this year, 5 patients died, 
skin progression was observed in 6, lung progression in 7, incident renal crisis 
developed in 1 and digital ulcers developed in 5 patients. In total, 24 patients from 
the validation sample set experienced disease progression. Again, there were no 
clinical differences between disease progressors and non-progressors at baseline, 
but disease progressors more often expressed ATA-IgM (96%, vs. 71%, p=0.04) 
(Supplementary Table 1). Thus, these data confirm that ATA-IgG+ SSc patients that 
are also positive for ATA-IgM, have a higher risk for disease progression as compared 
to ATA-IgG+ patients not positive for ATA-IgM.

Figure 2. Disease progression over in time in ATA-IgM positive and negative SSc patients 
from the Leiden Combined Care in Systemic Sclerosis (CCISS) cohort with at least one year 
follow-up available (n=81). Disease progression occurs more often in ATA-IgM positive patients 
(Log-Rank - Mantel-Cox p=0.02). [ATA=anti-topoisomerase I].

Discussion

This study shows that ATA-IgG+ SSc patients, additionally positive for ATA-IgM, 
more often experience disease progression compared to ATA-IgG+, ATA-IgM- 
patients. Importantly, progressors could not be identified based on baseline clinical 
parameters. In addition, we show that ATA-IgG+ patients are almost always ATA-
IgA+. Alteration from a positive to negative response (or vice versa) for ATA-IgG and 
ATA-IgA isotypes is relatively rare, while loss and gain of the ATA-IgM response 
occurs frequently. Over one-third of patients ATA-IgM+ at baseline, becomes ATA-
IgM- during follow up.

Our observations of high levels of ATA-IgA, and only part of ATA-IgG+ patients 
harboring ATA-IgM+, are consistent with previous findings from the early 1990’s 
(32, 33). The sustained ATA-IgG response found in SSc patients, with little or no 
fluctuations with disease activity and not sero-reverting (in some cases even after 
high dose cyclophosphamide treatment in the context of hematopoietic stem cell 
transplantation), points to the notion that this response is long-lived and that its 
generation depends on T cell help. Hence, it is conceivable that long-lived plasma 
cells secreting ATA-IgG without the need for antigenic triggering may be responsible 
for a large fraction of the ATA-IgG levels measured in serum. However, we consider 
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it possible that there is also a short-lived, more dynamic part of the ATA-response, 
triggered due to the continuous presence of autoantigens and potentially, additional/
external (yet unknown) triggers such as TLR-ligands. Such triggers would be able 
to recruit naïve B cells from the repertoire and explain why IgM-secreting plasma 
cells arise that, due to their short life span (i.e., the lack of a long-lived memory 
compartment) and the short half-life of IgM, more closely reflect disease-relevant 
processes, with possible clinical consequences in the near future.

ATA-IgG levels have previously been described to be correlated with skin scores 
(11-13). A study of Kuwana et al. in 28 SSc patients reported that 21% of ATA-IgG+ 
patients lost their ATA-IgG response over time, which was associated with a favorable 
disease course (14). Notably, although non-significant, none of these patients were 
ATA-IgM+ at baseline, while one-third of patients that persisted to be ATA-IgG also 
were ATA-IgM+ at baseline. In our cohort, loss of ATA-IgG response over time was less 
common (5%). This discrepancy between the study of Kuwana et al. and ours might 
be explained by methodological differences. Kuwana et al. used a cut-off of 3 times 
the standard deviation of samples of healthy controls for their ELISA assays (34). We 
used a cut-off for ATA-IgG as pre-specified by the manufacturer and used in clinical 
routine, which corresponds to the mean plus 8 standard deviations (data not shown). 
Consequently, Kuwana et al. might have included patients with already lower ATA-IgG 
levels at baseline. In addition, in another study including 21 patients, decreasing levels 
were accompanied by skin showing atrophic changes, while increasing levels were 
associated with new onset or worsening of organ involvement. Thus, our work and that 
from others show that the ATA-response is related to disease course. Nonetheless, the 
frequency of ATA-IgM+ in patients not experiencing disease progression implicates 
that ATA-IgM status solely is not sufficient to function as a biomarker in every day 
clinical practice, but might be of additional help for clinical trial enrichment. As disease 
progression is highly unlikely in patients negative for ATA-IgM (<10%), ATA-IgM status 
might be of help to decide to refrain from aggressive treatment like HSCT.

Our hypothesis that ATA or its underlying immune response is (at least partly) 
responsible for clinical heterogeneity, might not seem to rhyme with the heterogeneity 
observed among patients who are all ATA-IgG+ and ATA-IgM+ from the first 
measurement onwards. A pathophysiologic explanation of the clinical heterogeneity 
within ATA-IgG+, ATA-IgM+ SSc might be found in the presence of additional triggers 
for ATA or its underlying immune response to become pathogenic. For example, it 
has been speculated that ATA triggers adhesion and activation of monocytes by 
binding to DNA-topoisomerase I expressed on fibroblasts. This potentially could lead 
to amplification of the fibrogenetic cascade (35-37). In line with this, it is tempting to 
speculate that the presence of ATA may only be pathogenic in case there is insufficient 
clearance of apoptotic bodies of endothelial cells containing DNA-topoisomerase 
I. Consequently, the production of ATA-IgG might be an ongoing process in all 

ATA+ patients, however if not accompanied by the presence of extracellular DNA-
topoisomerase I, the ability of ATA to trigger fibrosis is lost. Clinically, this might 
result in different ATA+ subsets of patients depending on the level of endothelial 
cell apoptosis. This could also fit with the observation that more severe capillary loss 
is associated with more severe organ involvement independent of auto-antibody 
subtype (38). Alternatively, other characteristics of ATA or its underlying immune 
response, such as epitope recognition patterns, the extent of T-cell and/or B-cell 
activation or interaction with cytokines could be important for pathogenicity.

This study has some limitations to be considered. As we only included patients positive 
for ATA-IgG at baseline, we cannot exclude that there might be patients positive for ATA-
IgM and/or ATA-IgA solely. However, based on our sensitivity analysis, we conclude that 
in SSc patients continuous expression of ATA-IgM without switching to ATA-IgG does 
hardly occur. Also, as data were derived from a cohort study, treatment was uncontrolled. 
However, significant treatment differences between disease progressors and non-
progressors were not observed. In addition, because of the exploratory character 
of the study, we deliberately did not correct for multiple testing as this would lead to 
increased chances of false negative findings (39), which cannot be easily justified in an 
explorative study. Instead, we validated our main findings in an independent cohort. 
Finally, we used a composite of several individually validated scores for different organs 
to define overall disease progression, including all-cause mortality. We acknowledge that 
a precise determination of cause of death is often difficult, leading to weak data quality. 
To address this, recorded causes of death are described in the results section. Using a 
composite end point for disease progression is common in SSc studies (40, 41), as the 
heterogeneous nature of the disease with multiple organs involved implicates the use 
of composite indices. Availability of a validated composite for disease progression could 
have substantiated our findings. However, although it lacks validation, our composite has 
face validity and most importantly, as our data have been validated in an independent 
second cohort, our analyses is robust.

In conclusion, our results indicate that the ATA immune response is relevant for the 
disease course of SSc. Further research of the ATA response by characterization of 
specific epitopes and other antibody characteristics such as Fc-glycosylation are 
relevant for understanding of the disease pathogenesis. Most important, our data 
indicate that expression of an ATA-IgM response associates with an unfavorable 
disease course, a finding that we validated in other cohorts. Whether IgM positivity 
of other SSc specific auto-antibodies is of equal importance in explaining disease 
course remains to be evaluated.

Supporting information
Supplementary data is available at the website of Arthritis & Rheumatology or can 
be obtained by contacting the first author
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