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Objective. Little is known on the disease course of very early systemic sclerosis (SSc). Among the information 
yet to be elucidated is whether anticentromere antibody (ACA) isotype levels can serve as biomarkers for future SSc 
development and for organ involvement. This study was undertaken to evaluate whether IgG, IgM, and IgA ACA 
levels in IgG ACA– positive patients are associated with disease severity and/or progression from very early SSc to 
definite SSc.

Methods. IgG ACA– positive patients from 5 different cohorts who had very early SSc or SSc fulfilling the American 
College of Rheumatology (ACR)/European Alliance of Associations for Rheumatology (EULAR) 2013 criteria were 
included. A diagnosis of very early SSc was based on the presence of IgG ACAs and Raynaud’s phenomenon, and/
or puffy fingers and/or abnormal nailfold capillaroscopy, but not fulfilling the ACR/EULAR 2013 criteria for SSc. 
Multivariable regression analyses were performed to determine the association between baseline ACA isotype levels 
and progression to definite SSc with organ involvement.

Results. Six hundred twenty- five IgG ACA– positive patients were included, of whom 138 (22%) fulfilled the criteria 
for very early SSc and 487 (78%) had definite SSc. Levels of IgG ACAs (odds ratio 2.5 [95% confidence interval 
1.8– 3.7]) and IgM ACAs (odds ratio 1.8 [95% confidence interval 1.3– 2.3]) were significantly higher in patients with 
definite SSc. Of 115 patients with very early SSc with follow- up, progression to definite SSc occurred within 5 years 
in 48 (42%). Progression to definite SSc was associated with higher IgG ACA levels at baseline (odds ratio 4.3 [95% 
confidence interval 1.7– 10.7]).

Conclusion. ACA isotype levels may serve as biomarkers to identify patients with very early SSc who are at risk 
for disease progression to definite SSc.

INTRODUCTION

Systemic sclerosis (SSc) is a heterogeneous autoimmune 
disease with high mortality and morbidity (1,2). As early inter
vention has been shown to improve disease course and out
come, it is very important to detect SSc at an early stage, 
when therapeutic interventions can prevent progression of 
organ damage (3,4). The American College of Rheumatology 

(ACR)/European Alliance of Associations for Rheumatology 
(EULAR) 2013 criteria for SSc have a high sensitivity for accu
rately classifying patients as having SSc (5). However, there 
are still patients who do not fulfill these criteria, despite exhib
iting early signs of SSc (6). Currently, there are no biomarkers 
to identify which patients with signs of very early SSc will prog
ress to having definite SSc. Identification of this subgroup of 
patients with very early SSc, with more precise insights into 
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their potential disease course, is crucial for early therapeutic 
interventions (7).

SSc specific antinuclear autoantibodies (ANAs) are com
monly used for disease and risk stratification. Anti– topoisomerase 
I antibodies and anticentromere antibodies (ACAs) are the most 
prevalent autoantibodies in SSc (8). The presence of ACAs is 
associated with limited skin involvement, higher prevalence of cal
cinosis, and gastrointestinal (GI) involvement (9– 11). Compared 
to most other SSc associated autoantibodies, the presence of 
ACAs generally carries a better prognosis with respect to survival 
(10,12). The major reactive antigen of ACAs has been identified as 
CENP B, which has therefore been suggested as the primary tar
get driving a selected B cell response characterized by IgG ACA 
production (13,14). Based on the observation that the generation 
of disease specific ANAs is closely linked to disease development 
and clinical phenotype, it has been hypothesized that ANAs are 
implicated in disease pathogenesis (15– 17). However, the exact 
role of these disease specific ANAs and their underlying antigen 
triggers in SSc remains unclear.

In rheumatoid arthritis (RA), an autoimmune disease char
acterized by polyarthritis and the presence of rheumatoid factor 
and anti– citrullinated protein antibodies (ACPAs), an extended 
ACPA repertoire has been shown to be associated with disease 
development and disease severity, while the effector function of 
ACPAs is still not elucidated (18– 20). At present, little information 
is available regarding ACA isotype levels in SSc. Detailed informa
tion on the ACA isotype distribution in ACA positive patients with 
SSc can contribute to a better understanding of the characteris
tics and dynamics of the underlying autoreactive B cell response. 
Consis tent with findings in RA, we hypothesize that in IgG ACA– 
positive SSc, the expansion of specific ACA isotype responses is 
associated with SSc development and severity, as reflected by 
organ involvement.

By taking advantage of the prospective and comprehensive 
clinical data available from 5 independent and well described 
SSc cohorts (Leiden, Oslo, Zurich, Ghent, and Bordeaux), we 
aimed to evaluate whether individual ACA isotype levels are 
associated with disease severity in IgG ACA– positive patients 
with SSc. We also investigated whether these levels can iden
tify subjects with very early SSc whose condition will progress 
to definite SSc.

PATIENTS AND METHODS

Patient population. The SSc cohorts in Leiden, Oslo, 
Zurich, Ghent, and Bordeaux are prospective cohorts including all 
consecutive patients with SSc (21– 26). Patients in these cohorts 
undergo annual extensive screening, which includes a complete 
physical examination, laboratory testing, pulmonary function test
ing, transthoracic echocardiography, high resolution computed 
tomography (HRCT), 24 hour electrocardiography, nailfold cap
illaroscopy (NFC) evaluation, and an optional cardiopulmonary 

exercise test. At every visit, blood samples are collected and 
stored in respective biobanks (27).

IgG ACA– positive patients who were included had to ful
fill either the ACR/EULAR 2013 criteria for SSc (5) or criteria for 
very early SSc (28,29). Patients were classified as having very 
early SSc if they were IgG ACA positive and had Raynaud’s phe
nomenon (RP) and/or puffy fingers and/or abnormal NFC, but did 
not fulfill the ACR/EULAR 2013 criteria for SSc (5,28,29). In this 
study, we used a prospectively collected data set from routine 
practices with post hoc analyses. Patients entering the cohorts 
before March 2019 were selected for the present study. Detailed 
information on all of the cohorts has been previously reported 
(21,23– 25,30– 32).

Ethics approval. Collection of biomaterials and analy
sis of their clinical associations was approved by the local eth
ics committees in Leiden (CME no. B16.037), Switzerland (no. 
PB 2016 02014 02014 and BASEC Nr. 2018 01873), Nor
way (no. 2006/119), Ghent (no. 2008/385), and Bordeaux (no. 
2012 A00081 42). All participants provided written informed 
consent.

Clinical characteristics. At the baseline visit, clinical data 
and blood samples (including samples obtained for autoantibody 
testing) were collected from all patients. Baseline was defined as 
the first visit in the SSc care pathway, which included screening 
for SSc. Patients were involved in the development of the SSc 
care pathway. Patients with SSc who fulfilled the ACR/EULAR 
2013 criteria were categorized as having definite SSc either with
out organ involvement or with organ involvement, as described 
below.

For analyses, patients were categorized as having 1) very 
early SSc, 2) definite SSc without organ involvement, or 3) 
definite SSc with organ involvement. Follow up data were col
lected only for the very early SSc group, as data from this group 
of patients were of particular interest due to the possibility of 
intervention early in their disease course. Follow up consisted 
of an annual assessment in the SSc care pathway to monitor 
the course of the disease, including evaluations of the organ 
systems (skin, lung, heart, GI, renal, and musculoskeletal). Fol
low up duration was defined as the time calculated from the 
baseline visit to the most recent visit. Disease duration was 
defined as the time from RP onset, since among patients with 
very early SSc, data on the time from onset of the first non RP 
symptom were missing in those who did not have puffy fingers. 
We recorded the clinical characteristics required to evaluate the 
disease status of the patients (very early SSc, SSc with organ 
involvement, or SSc without organ involvement). The modified 
Rodnan skin thickness score (MRSS) (33), sclerodactyly, puffy 
fingers, peripheral vascular involvement including pitting scars, 
digital ulcers, and telangiectasia were evaluated and reported by 
the physician during evaluation. The NFC result was considered 
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abnormal if a scleroderma pattern was present, in accordance 
with the definitions approved by the EULAR Study Group on 
Microcirculation in Rheumatic Diseases and Scleroderma 
Clinical Trials Consortium (34,35). Use of immunosuppressive 
treatment at baseline, including hydroxychloroquine, mycophe
nolate mofetil, methotrexate, cyclophosphamide, azathioprine, 
and glucocorticoids, was recorded. Only ~0.5% of the patients 
were receiving biologic treatment at baseline; therefore, this 
was not considered.

Organ involvement. Digital ulcers were defined as areas 
with visually discernible depth and a loss of continuity of epithelial 
coverage and included both ischemic and traumatic ulcers. Inter
stitial lung disease (ILD) was considered to be present when evi
denced on HRCT imaging. Myocardial involvement was assessed 
using a modified Medsger severity scale (36), which consists of 
at least 2 of the following: arrhythmias (>2% supraventricular and 
ventricular extrasystoles, or atrial fibrillation), conduction problems 
(bundle branch block), decreased left ventricular ejection fraction 
<54%, diastolic/systolic dysfunction, pericarditis, or pericardial 
effusion.

Pulmonary arterial hypertension (PAH) was defined as an 
increase in mean pulmonary arterial pressure of ≥25 mm Hg at 
rest as assessed by right heart catheterization, including the pres
ence of precapillary pulmonary hypertension (PH), defined by a 
pulmonary capillary wedge pressure of ≤15 mm Hg and a pul
monary vascular resistance of >3 Wood units, in the absence of 
other causes of precapillary PH (i.e., PH due to lung diseases, 
chronic thromboembolic PH, or other rare diseases) (37). Renal 
crisis was defined based on clinical data (including an increase in 
blood pressure, increase in creatinine level, and oligo/anuric renal 
failure). GI involvement was defined based on a composite vari
able: presence of confirmed gastric antral vascular ectasia (GAVE) 
(data available for all patients), presence of fecal incontinence 
(data available for 413 of 625 patients), and/or malabsorption syn
drome (data available for 317 of 625 patients), and/or weight loss 
>10% in 1 year (data available for 309 of 625 patients). Patients 
with very early SSc were considered to be progressors to definite 
SSc if they developed ILD, digital ulcers, PAH, renal crisis, myo
cardial involvement, or GI involvement and if they met the ACR/
EULAR 2013 criteria during follow up.

Anticentromere assay and measurement. Blood sam
ples were stored, collected, and processed in accordance with 
the European Scleroderma Trials and Research biobank rec
ommendations (27). All baseline samples were assessed in the 
clinical chemistry department of the Leiden University Medical 
Center. Total IgG, IgA, and IgM ACA levels (CENP B) in all sam
ples were measured by one of the authors (JAB) with an enzyme 
immunoassay (FEIA) using a Phadia 250 system (ThermoFisher 
Scientific). Immunofluorescence (IF) patterns were evaluated at 
baseline, and centromere ANA patterns (speckled) were found. 

IgG ACA levels (IgG CENP B) were usually measured at commer
cial laboratories. The cutoff level for IgG ACA positivity was set 
at 7 units/ml, according to the manufacturer’s instructions. IgM 
and IgA ACAs levels were defined as research only parameters 
by the manufacturer. To define cutoff values for these parameters, 
levels in sera from 50 healthy subjects were measured, and the 
cutoff values for the presence of IgM and IgA were defined as 2 
SD above the mean in these serum samples. The cutoff value for 
IgA ACAs was 37 arbitrary units (AU)/ml, and the cutoff value for 
IgM ACAs was 13 AU/ml.

Statistical analysis. Analyses were performed using IBM 
SPSS version 23, and graphs were created using GraphPad Prism 
7 software. Descriptive statistics were used to summarize clinical 
and serologic features. To compare continuous independent var
iables, the Mann Whitney U test was used for 2 groups, and the 
Kruskal Wallis test with correction for multiple comparisons was 
used for >2 groups. Categorical variables were compared using 
the chi square test. To evaluate cross sectional associations 
between isotype levels and disease status, we used binary logistic 
regression with adjustment for age and disease duration (isotype 
levels [continuous; each isotype tested in a separate model] as 
predictor, and disease status [very early SSc, definite SSc with
out organ involvement, or definite SSc with organ involvement] as 
outcome measure).

Longitudinal analyses included the clinical evaluation of 
patients with very early SSc over time and progression of organ 
involvement in patients with definite SSc. To compare the clin
ical differences between progressors and nonprogressors, the 
Mann Whitney U test and chi square test were used. Multivariable 
logistic regression was used to assess the independent associ
ation between isotype levels and disease progression (isotype 
levels [continuous; each isotype tested in a separate model] as 
predictor, and disease progression [yes/no] as outcome measure), 
and receiver operating characteristic (ROC) curves were evalu
ated (Supplementary Figure 1 available on the Arthritis & Rheu-
matology website at http://onlin elibr ary.wiley.com/doi/10.1002/
art.41814/ abstract). The possibility of predicting disease progres
sion to definite SSc based on IgG ACA level was evaluated. Data 
from the previous evaluation were carried forward and applied if 
follow up data on ILD, PAH, and ejection fraction were missing 
(generally occurring if disease was clinically stable with stable pul
monary function test results, meaning additional testing was not 
performed). As data on the individual components of the compos
ite GI involvement variable were not complete for all patients, the 
validity of this parameter was verified in a sensitivity analysis using 
the subgroup with complete data (Supplementary Table 1, http://
onlin elibr ary.wiley.com/doi/10.1002/art.41814/ abstract).

Data availability. All data relevant to this study are avail
able in the manuscript, supplementary data files, and upon request 
from the corresponding author.

http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
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RESULTS

Clinical characteristics. In total, 625 IgG ACA– positive 
patients were included. Ninety percent (n = 558) were women, with 
a mean age of 58 years and a median disease duration since the 
first non RP symptom of 6 years (interquartile range 2– 9). Baseline 
characteristics of the 3 clinical groups are shown in Table 1. One 
hundred thirty eight patients (22%) had very early SSc, 240 (38%) 
had SSc without organ involvement, and 247 (40%) had SSc with 
organ involvement.

IgG, IgM, and IgA ACA levels. Among all IgG ACA– positive 
subjects, 437 (76%) were also IgA ACA positive at baseline and 
522 (89%) were also IgM ACA positive at baseline. A noncuta
neous disease subset was more common in patients who were 
positive for both IgG and IgA ACAs compared to patients who 
were positive for IgG and IgM ACAs and patients who were posi
tive for all 3 isotypes (47% versus 33% versus 27%, respectively). 
No other clinical differences were observed between subgroups 
defined by numbers of expressed isotypes (data not shown). 
Among patients in the very early SSc group, IgG and IgM ACA 

levels were significantly lower compared to patients in the definite 
SSc group (Figure 1 and Supplementary Figure 2, available on 
the Arthritis & Rheumatology website at http://onlin elibr ary.wiley.
com/doi/10.1002/art.41814/ abstract). Using logistic regression 
with adjustment for age and disease duration since the first RP 
symptom, we found a significant association of IgG ACA levels 
(odds ratio 2.54 [95% confidence interval 1.75– 3.69]) and IgM 
ACA levels (odds ratio 1.77 [95% confidence interval 1.34– 2.34]) 
with disease status, with higher levels in patients with SSc (with 
and without organ involvement combined) compared to those 
with very early SSc. No significant associations were found 
between IgG, IgM, or IgA ACA isotype levels and definite SSc with 
or without organ involvement (Table 2). Findings confirming the 
same trend across all SSc centers are shown in Supplementary 
Table 2 and Supplementary Figures 3 and 4 (http://onlin elibr ary.
wiley.com/doi/10.1002/art.41814/ abstract).

To assess a possible effect of immunomodulatory treatment 
on ACA isotype levels, we performed a logistic regression analy
sis. No significant associations were found between use of immu
nosuppressive treatment and IgG ACA levels (odds ratio 1.4 [95% 
confidence interval 0.91– 2.10]), IgM ACA levels (odds ratio 0.91 

Table 1. Baseline characteristics and ACA isotype expression and levels in patients with very early SSc and 
patients with SSc without or with organ involvement*

Characteristic
(n with data available)

Patients 
with very 
early SSc
(n = 138)

Patients with SSc 
without organ 
involvement

(n = 240)

Patients with 
SSc with organ 

involvement
(n = 247)

Female (n = 625) 125 (91) 225 (91) 208 (87)
Age, median (IQR) years (n = 625) 52 (40– 62) 57 (49– 66) 62 (52– 69)
Time since RP onset, median (IQR) years (n = 622) 5 (1– 12) 10 (3– 19) 8 (2– 18)
Time since non- RP onset, median (IQR) years (n = 465) NA 5 (2– 11) 6 (2– 12)
lcSSc (n = 482) NA 202 (84) 187 (78)
dcSSc (n = 482) NA 14 (6) 27 (11)
MRSS, median (IQR) (n = 589) 0 (0– 0) 3 (0– 5) 4 (0– 6)
Digital ulcers (n = 616) 0 0 81 (33)
FVC % predicted, mean ± SD (n = 585) 107 (17) 107 (17) 107 (19)
DLco % predicted, mean ± SD (n = 596) 81 (15) 74 (14) 67 (18)
ILD on HRCT (n = 625) 0 0 86 (36)
PAH (n = 625) 0 0 52 (21)
Myocardial involvement (n = 563) 0 0 42 (22)
Renal crisis (n = 625) 0 0 3 (1)
GI involvement (n = 625) 0 0 120 (49)
Puffy fingers (n = 548) 21 (16) 71 (39) 36 (23)
Abnormal NFC (n = 488) 69 (55) 160 (84) 149 (86)
Immunosuppressive treatment (n = 625) 25 (18)† 48 (20) 112 (46)
ACA characteristics

IgA positivity (n = 617) 88 (72) 177 (78) 172 (75)
IgM positivity (n = 617) 106 (86) 209 (91) 207 (90)
IgG level, median (IQR) units/ml (n = 617) 274 (93– 662) 480 (197– 990) 619 (263– 1,077)
IgM level, median (IQR) AU/ml (n = 617) 101 (41– 363) 183 (55– 907) 251 (63– 965)
IgA level, median (IQR) AU/ml (n = 617) 69 (35– 103) 78 (39– 166) 86 (37– 187)

* Except where indicated otherwise, values are the number (%). ACA = anticentromere antibody; SSc = systemic 
sclerosis; IQR = interquartile range; RP = Raynaud’s phenomenon; NA = not applicable; lcSSc = limited cutaneous 
SSc; dcSSc = diffuse cutaneous SSc; MRSS = modified Rodnan skin thickness score; FVC = forced vital capacity; 
DLco = diffusing capacity for carbon monoxide; ILD = interstitial lung disease; HRCT = high- resolution computed 
tomography; PAH = pulmonary arterial hypertension; GI = gastrointestinal; NFC = nailfold capillaroscopy. 
† Eight patients were treated with glucocorticoids, 12 with methotrexate, and 5 with hydroxychloroquine. 

http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
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[95% confidence interval 0.68– 1.22]), or IgA ACA levels (odds 
ratio 0.74 [95% confidence interval 0.43– 1.29]).

Evolution of very early SSc to definite SSc. Of the 
138 patients classified as having very early SSc, 23 were lost 
to follow up (Supplementary Table 3, http://onlin elibr ary.wiley.
com/doi/10.1002/art.41814/ abstract). In total, 48 (42%) experi
enced disease progression to definite SSc during a median fol
low up period of 2 years (range 1– 4). Of these progressors, 22 
(46%) developed vital organ involvement, which consisted of ILD 
(n = 10; 21%), cardiac involvement (n = 5; 10%), or GI involvement 
(n = 7; 16%). Seventy seven percent of progressors developed skin 

involvement, including an increase based on the minimum clinically 
important difference in MRSS (n = 11; 23%) (38), development of 
telangiectasia (n = 31; 65%), or sclerodactyly (n = 18; 38%). Both 
digital ulcers and pitting scars occurred in 17% of progressors. The 
remaining 67 patients did not develop organ involvement and their 
disease did not progress to fulfilling the ACR/EULAR 2013 criteria 
for SSc after a median follow up of 2 years (range 1– 5).

Compared to patients considered to be nonprogressors, 
those who were considered to be progressors were older and 
had a longer median follow up duration (Table 3). IgG ACA levels 
were significantly higher in progressors compared to nonprogres
sors at baseline and also after adjustment for follow up duration 

Figure 1. Anticentromere antibody (ACA) isotype levels in patients with very early systemic sclerosis (SSc), those with definite SSc without 
organ involvement, and those with definite SSc with organ involvement. Levels of IgG, IgM, and IgA ACAs in each group are shown. IgG and 
IgM ACA levels were significantly higher in patients with definite SSc with organ involvement compared to those with very early SSc; IgG ACA 
levels were also significantly higher in patients with definite SSc without organ involvement compared to those with very early SSc. Symbols 
represent individual patients; bars show the median and interquartile range (IQR). * = P < 0.05. NS = not significant.

Table 2. Association of IgG and IgM ACA levels with baseline disease status and progression to 
definite SSc*

SSc vs. very early 
SSc, OR (95% CI)

SSc with organ involvement 
vs. SSc without organ 

involvement, OR (95% CI)

Very early SSc 
progression to definite 

SSc, OR (95% CI)
IgG ACA units/ml 2.54 (1.75– 3.69) 1.09 (0.77– 1.53) 4.27 (1.70– 10.71)
IgM ACA AU/ml 1.77 (1.34– 2.34) 1.11 (0.83– 1.26) 1.75 (0.97– 3.14)
IgA ACA AU/ml 1.40 (0.90– 2.17) 0.96 (0.67– 1.38) 1.36 (0.47– 3.96)

* Odds ratios (ORs) were adjusted for age and disease duration. IgG, IgM, and IgA anticentromere 
antibody (ACA) levels were log2- transformed to overcome skewness in the data. Data on ACA isotype 
levels were available for 115 patients with very early systemic sclerosis (SSc). 95% CI = 95% confidence 
interval. 

http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
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(Figure 2). In logistic regression analyses with correction for age 
and follow up duration, IgG ACA levels were significantly asso
ciated with disease progression to definite SSc (odds ratio 4.27 

[95% confidence interval 1.70– 10.71]) (Table 2). Puffy fingers were 
a significant predictor of progression to definite SSc in the univaria
ble analysis (odds ratio 2.95 [95% confidence interval 1.31– 6.62]), 

Table 3. Demographic and clinical characteristics of the patients with very early 
SSc whose disease progressed (progressors) and patients with very early SSc whose 
disease did not progress (nonprogressors) at follow up*

Progressor 
group

(n = 48)

Nonprogressor 
group

(n = 67) P
Demographic characteristics

Female 43 (90) 61 (91) 0.52
Age, mean ± SD years 53 (15)† 48 (13) 0.03

Disease duration since RP onset, median 
(IQR) years

5 (2– 11) 6 (2– 14) 0.69

Follow- up duration, median (IQR) years 5 (3– 7)‡ 2 (1– 5) <0.001
Clinical features

Puffy fingers§ 7 (15) 8 (12) 0.55
Abnormal NFC¶ 26 (54) 34 (51) 0.45

ACA isotype#
IgM positivity 36 (86) 51 (81) 0.36
IgA positivity 31 (76) 43 (68) 0.28

* Except where indicated otherwise, values are the number (%). No clinical follow- 
up data were available for 23 patients with very early systemic sclerosis (SSc). RP = 
Raynaud’s phenomenon; IQR = interquartile range; NFC = nailfold capillaroscopy; ACA = 
anticentromere antibody. 
† P = 0.03 versus nonprogressor group. 
‡ P < 0.001 versus nonprogressor group. 
§ Missing data for 10 patients. 
¶ Missing data for 2 patients. 
# Missing data for 9 patients (5 in the progressor group and 4 in the nonprogressor 
group). 

Figure 2. Anticentromere antibody (ACA) isotype levels in progressors and nonprogressors in the very early systemic sclerosis (SSc) group. 
IgG ACA levels were higher in patients with very early SSc whose condition progressed to definite SSc compared to nonprogressors. Symbols 
represent individual patients; bars show the median and interquartile range (IQR). * = P < 0.05. NS = not significant. Color figure can be viewed 
in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
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whereas abnormal NFC did not show a significant association 
with progression to definite SSc (Supplementary Table 4, http://
onlin elibr ary.wiley.com/doi/10.1002/art.41814/ abstract). The ROC 
curves for progression to definite SSc in association with levels of 
IgG and IgM ACAs are shown in Supplementary Figures 1 and 5, 
with performance characteristics shown in Supplementary Tables 
5 and 6 (http://onlin elibr ary.wiley.com/doi/10.1002/art.41814/ 
abstract). When we applied a threshold for the optimal sensitivity 
and negative predictive value for prediction of progression to defi
nite SSc, we identified an IgG ACA level of 81 units/ml together 
with the presence of puffy fingers as having predictive capacity at 
baseline (Supplementary Figure 7). With this cutoff, 84% of pro
gressors and 49% of nonprogressors were classified correctly at 
baseline. To further evaluate the predictive value of ACA isotype 
levels in SSc progression, we assessed their association with 
disease progression in patients with definite SSc at baseline and 
complete clinical data available at followup (n = 93) (Supplemen
tary Table 5, http://onlin elibr ary.wiley.com/doi/10.1002/art.41814/ 
abstract). In this subgroup, levels of IgG ACAs (odds ratio 2.79 
[95% confidence interval 1.08– 7.26]) and levels of IgM ACAs 
(odds ratio 2.06 [95% confidence interval 1.18– 3.61]) were inde
pendently associated with disease progression.

DISCUSSION

In this study, we analyzed ACA isotype levels in patients 
with very early SSc and in patients with definite SSc to evaluate 
whether disease severity within ACA positive patients is associ
ated with characteristics of the ACA immune response. Secondly, 
we evaluated the clinical course of patients with very early SSc and 
assessed whether ACA isotype levels can identify subjects whose 
condition will progress to definite SSc. We demonstrated that 
patients with definite SSc have higher levels of IgG and IgM ACAs 
compared to patients with very early SSc. Moreover, we showed 
that in patients with very early SSc, higher levels of IgG ACAs are 
associated with disease progression to definite SSc within 2 years.

The lower IgG and IgM ACA levels in the very early SSc 
group might indicate a less pronounced immune response com
pared to the definite SSc group. We identified the highest levels 
of IgG, IgM, and IgA ACAs to be present in patients with SSc 
with organ involvement, and in patients with definite SSc, baseline 
IgG and IgM ACA levels were associated with future disease pro
gression. These findings are consistent with our hypothesis that 
the immune response in patients with very early SSc is less pro
nounced compared to patients with definite SSc.

As shown by our data and by other study findings (30), 
although the classification might suggest short disease duration, 
some patients classified as having very early SSc showed similar 
disease duration as patients with definite SSc. This indicates that 
patients who fulfill the classification criteria for very early SSc are a 
heterogeneous group, in which the condition will eventually prog
ress to definite SSc in some and will continue to only meet criteria 

for very early SSc in others (30). Our data show that the levels 
of ACA specific immune response discriminate between those 
2 subgroups (Supplementary Figure 1, http://onlin elibr ary.wiley.
com/doi/10.1002/art.41814/ abstract). Similar findings have been 
observed in other rheumatic diseases, including RA (18,39). The 
observation that IgG ACA levels are numerically higher in patients 
with SSc who are positive for ACAs with organ involvement com
pared to patients with SSc who are positive for ACAs without 
organ involvement is consistent with our hypothesis. However, in 
this comparison, the differences observed were not statistically 
significant. We presume that the absence of broadly validated out
come measures for SSc might at least partially explain this lack of 
significance. Moreover, commonly accepted definitions of severe 
organ involvement such as ILD and diffuse skin involvement might 
be less sensitive in ACA positive SSc, as severe fibrotic disease 
complications are less frequent in patients with ACAs than in anti– 
topoisomerase I– positive patients.

To date, the effects of disease duration on isotype levels are 
not fully understood. One could hypothesize that isotype levels 
decrease over time as antigen triggering diminishes (40). Whether 
ACA specific immune response occurs before clinical disease 
development, and for how long, is unknown. One study showed 
that in patients with early SSc, the median duration from the time 
of RP onset to definite SSc was 4.6 years (41). There were no data 
reported regarding the first instance of specific antibody expres
sion or different autoantibodies in that study. In our very early SSc 
group, 48 patients (42%) developed definite SSc over a median 
time period of 5 years.

We observed the strongest association between IgG ACA 
 levels and disease subset (very early SSc versus definite SSc). 
Consistent with our hypothesis, it is tempting to speculate that 
either IgG ACAs and/or B cell responses underlying ACA produc
tion are involved in the disease pathogenesis. Since both microa
ngiopathy (clinically shown by RP) and dysregulated immunity 
(reflected by the presence of specific ANAs) are among the ear
liest features of SSc, it could be speculated that specifically IgG 
and IgM ACAs contribute to endothelial cell damage, possibly 
by complement activation. Indeed, ACA positive sera have been 
shown to affect endothelial cells (42). In the Leiden cohort, we 
recently demonstrated an association between ACA specific 
immune response and degree of microangiopathy (43).

Finally, there are a number of possible implications of an 
association between both IgM and IgG ACAs and disease pro
gression. In adaptive immune responses, IgM is the first isotype 
to appear after a vaccination or an infection. In normal adaptive 
immune responses, IgM disappears rapidly due to isotype switch
ing with IgG taking over, and antibodies of the IgM isotype have 
a short lifespan (T½ = 8 days). The ongoing presence of IgM 
ACAs along with the association of levels of IgG ACAs with dis
ease progression in the present study indicate ongoing immune 
activation accompanied by continuous production of IgM, which 
is most likely caused by recently activated B cells. Since there 
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is no evidence regarding the natural origin of IgA ACAs in SSc 
pathogenesis, we can only speculate about the implication of 
the high prevalence of IgA ACAs that was also observed. IgA 
is mostly found in mucous membranes, particularly the respiratory 
tract and the GI tract; as such, expression of disease specific IgA 
ACAs might implicate involvement of these mucous membranes 
in SSc pathogenesis. Frequent pulmonary and GI involvement in 
patients with SSc supports this hypothesis, but how and where 
IgA ACAs are triggered is currently unknown.

Puffy fingers or abnormal NFC were found to be predictive 
of the diagnosis of very early SSc in a population with RP who 
had not yet received a diagnosis of very early SSc (28). Randone 
et al (44) identified SSc specific autoantibodies, puffy fingers, and 
NFC abnormalities as predictors of disease progression in patients 
with RP and/or ANA positivity. We identified ACA characteristics to 
be predictive of disease progression; however, we were not able 
to confirm the association between abnormal NFC and disease 
progression. One explanation could be differences between the 
patient groups studied. In our study, the majority of the patients 
with very early SSc already had 8 points according to the ACR/
EULAR 2013 classification criteria. In the study by Randone et al, 
the majority of the patients scored <6 points at baseline according 
to the ACR/EULAR 2013 classification criteria. Interestingly, disease 
progression rates between patients with 8 points and patients with  
<8 points were comparable. Secondly, we only included ACA 
positive patients, whereas Randone and colleagues included 
patients with RP who could be negative for ANAs or positive for 
ANAs with different specificities. Strikingly, the number of patients 
who were considered to be progressors among those with very early 
SSc was comparable between the 2 studies (41% versus 42%), 
which highlights the necessity of biomarkers to adequately identify 
the patients at risk. Although not within the scope of the present 
study, evaluating the IgG ACA level as a possible predictive bio
marker in clinical practice showed that, in combination with pulmo
nary fibrosis, 84% of progressors and 49% of nonprogressors could 
be accurately identified at baseline. However, this finding needs to 
be further evaluated and confirmed in independent cohorts.

Previous results on the association between disease severity 
and ACA specific responses have been conflicting. Two longitudinal 
studies with a small sample size (n = 13 and n = 15) did not provide 
conclusive results on the associations between clinical characteris
tics and ACA isotypes; however, fluctuating levels of ACA isotypes 
over time were observed (45,46). These studies were limited by 
small sample sizes, the use of nonvalidated outcome measures, 
and older techniques to measure specific isotypes.

To our knowledge, our study is the first to perform complete 
evaluation of ACA isotype responses in patients with SSc, and spe
cifically to evaluate ACA isotype response in association with clinical 
progression to SSc in the very early SSc group. Our results provide 
an answer to one of Witebsky’s postulates (47), offering evidence 
that may be useful in further investigations into a possible pathoge
netic role of ACAs in the SSc disease course. We believe that ACA 

isotypes can be seen as biomarkers for the underlying immune 
response, and the presence and levels of the different isotypes can 
be used as markers for the breadth of the immune response. In 
addition, we hypothesize that the breadth of the immune response 
is a proxy for the intensity of the immune response, i.e., continu
ous expression of more isotypes indicates more active triggering of 
the adaptive immune response, which is also supported by data in 
other autoimmune diseases (18,19,48).

This study has some limitations. We included patients who 
were positive for IgG ACAs at baseline, and cannot completely 
exclude the possibility that patients who were positive only for 
IgM or IgA ACAs were missed. However, as a sensitivity check, 
we additionally measured expression of IgA and IgM ACAs in 46 
patients with SSc of various durations who were negative for IgG 
ACAs (negative both by Phadia FEIA and by IF assay), which con
firmed that clear expression of IgM and IgA ACAs in patients who 
are negative for IgG ACAs is very rare (results not shown). Like
wise, no conclusions can be drawn with regard to other antibody 
subgroups in SSc. Since samples were not analyzed longitudi
nally, the effect of starting or discontinuing immunosuppressive 
treatment remains unclear, although we did not find an association 
between immunosuppressive treatment and ACA isotype levels. 
Another limitation is the difference in follow up duration among 
patients in the very early SSc group. However, we performed 2 
additional sensitivity checks: 1) including patients with long fol
low up duration and 2) including patients with short disease dura
tion, both of which confirmed the significant association between 
levels of IgG ACAs and progression to definite SSc (Supplemen
tary Tables 8 and 9, http://onlin elibr ary.wiley.com/doi/10.1002/
art.41814/ abstract). GI involvement was assessed based on 
available parameters including GAVE. This could have led to 
underestimating the prevalence of GI involvement, and therefore 
we performed a sensitivity check in a subgroup with additional 
data available (Supplementary Table 1, http://onlin elibr ary.wiley.
com/doi/10.1002/art.41814/ abstract). Even with this broader 
definition of GI involvement, patients with organ involvement still 
showed the highest levels of IgG and IgM ACAs. To strengthen 
these results, the next step would be to evaluate ACA isotypes 
longitudinally and at the time of disease progression.

In conclusion, we have shown, to our knowledge for the first 
time and in a large multicenter ACA positive SSc cohort, that IgG 
and IgM ACA levels are significantly higher in patients with defi
nite SSc compared to patients with very early SSc. Moreover, we 
showed that in 42% of ACA positive patients with very early SSc, 
disease progressed to definite SSc within 5 years and was asso
ciated with higher IgG ACA levels. Both observations indicate that 
CENP B– specific IgG levels may be novel biomarkers in SSc and 
can potentially contribute to disease development.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 

http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41814/abstract


VAN LEEUWEN ET AL2346       |

to be published. Dr. van Leeuwen had full access to all of the data in the 
study and takes responsibility for the integrity of the data and the accuracy 
of the data analysis.
Study conception and design. van Leeuwen, Boonstra, Scherer, Toes, 
Huizinga, de Vries Bouwstra.
Acquisition of data. van Leeuwen, Boonstra, Bakker, Grummels, Jordan, 
Liem, Distler, Hoffmann Vold, Melsens, Smith, Truchetet, Scherer, Toes, 
Huizinga, de Vries Bouwstra.
Analysis and interpretation of data. van Leeuwen, Boonstra, Bakker, 
Grummels, Jordan, Liem, Distler, Hoffmann Vold, Melsens, Smith, 
Truchetet, Scherer, Toes, Huizinga, de Vries Bouwstra.

REFERENCES
 1. Steen VD, Medsger TA Jr. Severe organ involvement in systemic scle

rosis with diffuse scleroderma. Arthritis Rheum 2000;43:2437– 44.

 2. Elhai M, Meune C, Avouac J, Kahan A, Allanore Y. Trends in mortality 
in patients with systemic sclerosis over 40 years: a systematic review 
and meta analysis of cohort studies [review]. Rheumatology (Oxford) 
2012;51:1017– 26.

 3. Tyndall AJ, Bannert B, Vonk M, Airo P, Cozzi F, Carreira PE, et al. 
Causes and risk factors for death in systemic sclerosis: a study from 
the EULAR Scleroderma Trials and Research (EUSTAR) database. 
Ann Rheum Dis 2010;69:1809– 15.

 4. Nihtyanova SI, Tang EC, Coghlan JG, Wells AU, Black CM, 
Denton CP. Improved survival in systemic sclerosis is associated 
with better ascertainment of internal organ disease: a retrospective 
cohort study. QJM 2010;103:109– 15.

 5. Van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, 
Tyndall A, et al. 2013 classification criteria for systemic sclerosis: 
an American College of Rheumatology/European League Against 
Rheumatism collaborative initiative. Arthritis Rheum 2013;65: 
2737– 47.

 6. Jordan S, Maurer B, Toniolo M, Michel B, Distler O. Performance of 
the new ACR/EULAR classification criteria for systemic sclerosis in 
clinical practice. Rheumatology (Oxford) 2015;54:1454– 8.

 7. Bellando Randone S, Matucci Cerinic M. Very early systemic 
sclerosis and pre systemic sclerosis: definition, recognition, clin
ical relevance and future directions [review]. Curr Rheumatol Rep 
2017;19:65.

 8. Allanore Y, Simms R, Distler O, Trojanowska M, Pope J, Denton CP, 
et al. Systemic sclerosis [review]. Nat Rev Dis Primers 2015;1:15002.

 9. Steen VD. Autoantibodies in systemic sclerosis. Semin Arthritis 
Rheum 2005;35:35– 42.

 10. Ho KT, Reveille JD. The clinical relevance of autoantibodies in sclero
derma [review]. Arthritis Res Ther 2003;5:80– 93.

 11. Liaskos C, Marou E, Simopoulou T, Barmakoudi M, Efthymiou G, 
Scheper T, et al. Disease related autoantibody profile in patients with 
systemic sclerosis. Autoimmunity 2017;50:414– 21.

 12. Hao Y, Hudson M, Baron M, Carreira P, Stevens W, Rabusa C, et al. 
Early mortality in a multinational systemic sclerosis inception cohort. 
Arthritis Rheumatol 2017;69:1067– 77.

 13. Earnshaw W, Bordwell B, Marino C, Rothfield N. Three human chro
mosomal autoantigens are recognized by sera from patients with 
anti centromere antibodies. J Clin Investig 1986;77:426– 30.

 14. Hildebrandt S, Weiner E, Senécal JL, Noell S, Daniels L, Earnshaw WC, 
et al. The IgG, IgM, and IgA isotypes of anti– topoisomerase I and 
anticentromere autoantibodies. Arthritis Rheum 1990;33:724– 7.

 15. Kayser C, Fritzler MJ. Autoantibodies in systemic sclerosis: unan
swered questions [review]. Front Immunol 2015;6:167.

 16. Hénault J, Tremblay M, Clément I, Raymond Y, Senécal JL. Direct 
binding of anti– DNA topoisomerase I autoantibodies to the cell sur
face of fibroblasts in patients with systemic sclerosis. Arthritis Rheum 
2004;50:3265– 74.

 17. Senécal JL, Hénault J, Raymond Y. The pathogenic role of autoan
tibodies to nuclear autoantigens in systemic sclerosis (scleroderma). 
J Rheumatol 2005;32:1643– 9.

 18. Verpoort KN, Jol van der Zijde CM, Papendrecht van der Voort EA, 
Ioan Facsinay A, Drijfhout JW, van Tol MJ, et al. Isotype distribu
tion of anti– cyclic citrullinated peptide antibodies in undifferenti
ated arthritis and rheumatoid arthritis reflects an ongoing immune 
response. Arthritis Rheum 2006;54:3799– 808.

 19. Van der Woude D, Syversen SW, van der Voort EI, Verpoort KN, 
Goll GL, van der Linden MP, et al. The ACPA isotype profile reflects 
long term radiographic progression in rheumatoid arthritis. Ann 
Rheum Dis 2010;69:1110– 6.

 20. Van de Stadt LA, van der Horst AR, de Koning MH, Bos WH, 
Wolbink GJ, van de Stadt RJ, et al. The extent of the anti 
citrullinated protein antibody repertoire is associated with arthritis 
development in patients with seropositive arthralgia. Ann Rheum Dis 
2011;70:128– 33.

 21. Meijs J, Schouffoer AA, Marsan NA, Kroft LJ, Stijnen T, Ninaber MK, 
et al. Therapeutic and diagnostic outcomes of a standardised, com
prehensive care pathway for patients with systemic sclerosis. RMD 
Open 2016;2:e000159.

 22. Hoffmann Vold AM, Midtvedt O, Molberg O, Garen T, Gran JT. 
Prevalence of systemic sclerosis in south east Norway. Rheumatology 
(Oxford) 2012;51: 1600– 5.

 23. Vanthuyne M, Smith V, De Langhe E, Van Praet J, Arat S, Depresseux G, 
et al. The Belgian Systemic Sclerosis Cohort: correlations between 
disease severity scores, cutaneous subsets, and autoantibody pro
file. J Rheumatol 2012;39:2127– 33.

 24. Smith V, Scire CA, Talarico R, Airo P, Alexander T, Allanore Y, et al. 
Systemic sclerosis: state of the art on clinical practice guidelines. 
RMD Open 2018;4:e000782.

 25. Frauenfelder T, Winklehner A, Nguyen TD, Dobrota R, Baumueller 
S, Maurer B, et al. Screening for interstitial lung disease in sys
temic sclerosis: performance of high resolution CT with limited 
number of slices: a prospective study. Ann Rheum Dis 2014;73: 
2069– 73.

 26. Truchetet ME, Demoures B, Guimaraes JE, Bertrand A, Laurent P, 
Jolivel V, et al. Platelets induce thymic stromal lymphopoietin pro
duction by endothelial cells: contribution to fibrosis in human sys
temic sclerosis. Arthritis Rheum 2016;68:2784– 94.

 27. Beyer C, Distler JH, Allanore Y, Aringer M, Avouac J, Czirják L, et al. 
EUSTAR biobanking: recommendations for the collection, storage 
and distribution of biospecimens in scleroderma research. Ann 
Rheum Dis 2011;70:1178– 82.

 28. Minier T, Guiducci S, Bellando Randone S, Bruni C, Lepri G, Czirjak L, 
et al. Preliminary analysis of the very early diagnosis of systemic scle
rosis (VEDOSS) EUSTAR multicentre study: evidence for puffy fin
gers as a pivotal sign for suspicion of systemic sclerosis. Ann Rheum 
Dis 2014;73:2087– 93.

 29. Avouac J, Fransen J, Walker UA, Riccieri V, Smith V, Muller C, et al. 
Preliminary criteria for the very early diagnosis of systemic sclerosis: 
results of a Delphi Consensus Study from EULAR Scleroderma Trials 
and Research Group. Ann Rheum Dis 2011;70:476– 81.

 30. Blaja E, Jordan S, Mihai CM, Dobrota R, Becker MO, Maurer B, et al. 
The challenge of very early systemic sclerosis: a combination of mild 
and early disease? J Rheumatol 2021;48:82– 6.

 31. Fretheim H, Halse AK, Seip M, Bitter H, Wallenius M, Garen T, et al. 
Multidimensional tracking of phenotypes and organ involvement in 
a complete nationwide systemic sclerosis cohort. Rheumatology 
(Oxford) 2020;59:2920– 9.

 32. Hoffmann Vold AM, Fretheim H, Halse AK, Seip M, Bitter H, 
Wallenius M, et al. Tracking impact of interstitial lung disease in sys
temic sclerosis in a complete nationwide cohort. Am J Respir Crit 
Care Med 2019;200:1258– 66.



ANTICENTROMERE RESPONSE IN THE DEVELOPMENT OF SSc |      2347

 33. Clements PJ, Lachenbruch PA, Ng SC, Simmons M, Sterz M, Furst DE. 
Skin score: a semiquantitative measure of cutaneous involvement 
that improves prediction of prognosis in systemic sclerosis. Arthritis 
Rheum 1990;33:1256– 63.

 34. Smith V, Beeckman S, Herrick AL, Decuman S, Deschepper E, 
De Keyser F, et al. An EULAR study group pilot study on reliability of 
simple capillaroscopic definitions to describe capillary morphology in 
rheumatic diseases. Rheumatology (Oxford) 2016;55:883– 90.

 35. Smith V, Herrick AL, Ingegnoli F, Damjanov N, De Angelis R, Denton CP, 
et al. Standardisation of nailfold capillaroscopy for the assessment 
of patients with Raynaud’s phenomenon and systemic sclerosis 
[review]. Autoimmun Rev 2020;19:102458.

 36. Medsger TA Jr, Silman AJ, Steen VD, Black CM, Akesson A, Bacon PA, 
et al. A disease severity scale for systemic sclerosis: development 
and testing. J Rheumatol 1999;26:2159– 67.

 37. Coghlan JG, Denton CP, Grunig E, Bonderman D, Distler O, 
Khanna D, et al. Evidence based detection of pulmonary arterial 
hypertension in systemic sclerosis: the DETECT study. Ann Rheum 
Dis 2014;73:1340– 9.

 38. Khanna D, Clements PJ, Volkmann ER, Wilhalme H, Tseng CH, 
Furst DE, et al. Minimal clinically important differences for the modi
fied Rodnan skin score: results from the Scleroderma Lung Studies 
(SLS I and SLS II). Arthritis Res Ther 2019;21:23.

 39. Kastbom A, Ljungberg KR, Ziegelasch M, Wetterö J, Skogh T, 
Martinsson K. Changes in anti citrullinated protein antibody isotype 
levels in relation to disease activity and response to treatment in early 
rheumatoid arthritis. Clin Exp Immunol 2018;194:391– 9.

 40. Brinkman DM, Jol van der Zijde CM, ten Dam MM, Vossen JM, 
Osterhaus AD, Kroon FP, et al. Vaccination with rabies to study the 
humoral and cellular immune response to a T cell dependent neoan
tigen in man. J Clin Immunol 2003;23:528– 38.

 41. Koenig M, Joyal F, Fritzler MJ, Roussin A, Abrahamowicz M, Boire G, 
et al. Autoantibodies and microvascular damage are independent 
predictive factors for the progression of Raynaud’s phenomenon to 
systemic sclerosis: a twenty year prospective study of 586 patients, 
with validation of proposed criteria for early systemic sclerosis. 
Arthritis Rheum 2008;58:3902– 12.

 42. Shen CY, Li KJ, Lai PH, Yu CL, Hsieh SC. Anti CENP B and anti 
TOPO 1 containing sera from systemic sclerosis related diseases with 
Raynaud’s phenomenon induce vascular endothelial cell senescence 
not via classical p53– p21 pathway. Clin Rheumatol 2018;37:749– 56.

 43. van Leeuwen NM, Wortel CM, Fehres CM, Bakker JA, Scherer HU, 
Toes RE, et al. Association between centromere and topoisomerase 
specific immune responses and the degree of microangiopathy in 
systemic sclerosis. J Rheumatol 2021;48:402– 9.

 44. Randone SB, Lepri G, Husher D, Minier T, Guiducci S, Bruni C, et al. 
OP0065 The very early diagnosis of systemic sclerosis (VEDOSS) 
project: predictors to develop definite disease from an international 
multicentre study. Ann Rheum Dis 2019;78:104– 5.

 45. Tramposch HD, Smith CD, Senecal JL, Rothfield N. A long term 
longitudinal study of anticentromere antibodies. Arthritis Rheum 
1984;27:121– 4.

 46. Vazquez Abad D, Russell CA, Cusick SM, Earnshaw WC, Rothfield NF. 
Longitudinal study of anticentromere and antitopoisomerase I iso
types. Clin Immunol Immunopathol 1995;74:257– 70.

 47. Rose NR, Bona C. Defining criteria for autoimmune diseases (Witebsky’s 
postulates revisited) [review]. Immunol Today 1993;14:426– 30.

 48. Van der Woude D, Rantapaa Dahlqvist S, Ioan Facsinay A, Onnekink C, 
Schwarte CM, Verpoort KN, et al. Epitope spreading of the anti 
citrullinated protein antibody response occurs before disease onset 
and is associated with the disease course of early arthritis. Ann 
Rheum Dis 2010;69:1554– 61.


