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Introduction
Systemic sclerosis (SSc) is a systemic autoimmune disease that

manifests as progressive fibrosis of the skin and internal organs. SSc

is associated with the presence of several autoantibodies to

intracellular targets, with the three most important SSc-specific being

anti-centromere antibodies, anti-Scl70 antibodies and anti-RNA

polymerase III antibodies, which occur in over 50% of SSc patients.

Autoantibody specificities are strongly associated with pattern of

organ involvement and disease outcome, making autoantibodies an

essential tool in the clinical management of SSc. This highlights the

need for additional specific and sensitive diagnostic and prognostic

biomarkers in SSc. We have recently conducted high-content

autoantibody profiling studies of SSc, systemic autoimmune diseases

(AID), and healthy controls and found novel SSc-associated

autoantibodies. These novel SSc-associated autoantibody biomarker

candidates and their diagnostic value were evaluated by testing

samples derived from 2 different SSc cohorts.

Methods
Serum samples were obtained from the biobanks of the Department

of Rheumatology, University Hospital Zurich, Switzerland, and

Department of Dermatology, University of Cologne, Germany. The

analysis included samples collected from patients suffering from SSc

(n=301) systemic lupus erythematosus (n=39), Sjögren’s syndrome

(n=11), rheumatoid arthritis (n=19), idiopathic Inflammatory Myopathy

(IIM; n=20) and healthy volunteers (n=99).

Within this line of evidence, anti-BICD2 autoantibodies showed a

significantly higher titer in patients with moderate skin involvement

reflected by low MRSS-stages (p=0.002). Analysis of pulmonary

involvement revealed elevated anti-BICD2 titers in the group of

patients not suffering from pulmonary fibrosis measured by high

resolution computer tomography (HCRT, p=0.0001, not shown) or by

plain x-ray analysis (p=0.062).

Conclusion
In this study, we were able to further confirm the diagnostic value and

high specificity of the newly discovered BICD2 autoantigen. Anti-

BICD2 autoantibodies were found to be elevated in patients suffering

from limited SSc, and anti-BICD2 reactivity was found to be related to

clinical observations of a moderate course of disease. The

observations of anti-BICD2 being found in patients with limited

cutaneous involvement, low MRSS, absence of pulmonary fibrosis

and an only moderate impairment of lung function point towards a

moderate course of disease in anti-BICD2 positive SSc patients.

Clinical annotation data including age, gender, disease duration,

MRSS, detailed information on organ involvement making up to a

total of either >50 or >100 clinical data points (depending on the site)

was available for more than 80% of all SSc serum samples included

in this study. All samples were analyzed on the novel Multilisa BICD2

(CE), an ELISA for the semi-quantitative detection of anti-BICD2

antibodies in human serum or plasma.

Results
We found anti-BICD2 with a prevalence of 28.6% in SSc patients of

both cohorts, and only 2.7% prevalence in cohorts with other

rheumatic diseases or healthy controls (OR=14.56). Anti-BICD2

autoantibodies were present in a subgroup of SSc patients where

skin fibrosis was either from the limited cutaneous subtype

(p=0.0002) or restricted to sclerodactyly (p=0.0037).

Box-and-whisker plot of anti-BICD2 autoantibody reactivity in

SSc, AID, and healthy control serum samples. Elevated

reactivity against BICD2 was observed in SSc patients.

ROC analysis of the Multilisa BICD2 tested in two cohorts. SSc sera

were identified with a sensitivity of 28.6% and 97.3% specificity

(OR=14.56).

p-value 0.0032

. 
Eustar cohort Scatter plot of reactivity of the novel antigen BICD2

compared to staged residual transfer capability lung function in

SSc patients. Anti-BICD2 autoantibodies are elevated in the groups

with lowest impairment of lung transfer function

p-Value 0.1018
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Cologne cohort Scatter plot of reactivity of the novel antigen

BICD2 compared to staged residual transfer capability lung

function in SSc patients. Anti-BICD2 autoantibodies are

elevated in the goup with low impairment of lung transfer

function.

Scatter plot of anti-BICD2 autoantibody reactivity in the context of

modified Rodnan skin score. High reactivity against BICD2 was

observed in SSc patients suffering only from mild impairment of

the skin as reflected by stages 0 and 1, statistical significance

calculated by Kruskal Wallis test.

Box plot of disease duration. Anti-BICD2 reactivity was found 

higher in the group with disease duration of more than 3 years.
Elevated anti-BICD2 reactivity is found in patients with 

negative diagnosis of pulmonary fibrosis (by X-Ray)

The Protagen Biomarker Discovery workflow for the development of novel biomarker targets. SeroTag® autoantibody discovery

process is based on a bead-based array screening of recombinant human autoantigens. Assay development is based on ELISA

technology. Time from discovery to Product was three years.
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SSc Ctrl Total
SSc  ctrl 301 187 488

  AUC 95%  CI SE

BICD2 0.675 0.629 to 0.722 0.0238

N  301

BICD2 (AU) by Duration 

of disease <3 or >3 yrs  N Mean

Mean SE 

(based on 

pooled SD) Variance SD

0-3 years 102 0.76 0.15 1.50 1.22

more than 3 years 199 1.19 0.11 2.77 1.66

Pooled 301 2.34 1.53
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N  154

BICD2 (AU) by 

Pulmonary fibrosis, 

plain X-ray, lung  N Mean

Mean SE 

(based on 

pooled SD) Variance SD

negative 113 1.57 0.17 3.73 1.93

positive 41 0.83 0.28 2.20 1.48

Pooled 154 3.33 1.82
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p-value  0.0620

N  79

BICD2 (AU) by DLCO VA 

quantitative staged  N Mean

Mean SE (based 

on pooled SD) Variance SD

0 50 0.68 0.16 0.87 0.93

1 22 1.27 0.24 2.30 1.52

2 7 0.58 0.42 0.49 0.70

3 0 - +∞ - -

Pooled 79 1.25 1.12
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Scatter plot of anti-BICD2 autoantibody reactivity in the context of

skin involvement. High reactivity against BICD2 was observed in

SSc patients suffering from limited skin involvement or from

sclerodactyly.

N  177

BICD2 (AU) by Type of skin N Mean Variance SD
Diffuse cutaneous  involvement 57 0.44 0.52 0.72
Limited cutaneous  involvement 82 1.24 2.09 1.45

No skin involvement 15 1.00 0.71 0.84
Only sclerodactyly 23 1.33 2.21 1.49

Pooled 177 1.49 1.22
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