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An Update on Autoantibodies in Scleroderma
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Summary:

Continued advances in the study of scleroderma antibody specificties has led to important insights
into disease pathogenesis and clinical subgrouping. These advances include newly described
specificities, functional antibodies, and an emerging understanding of the cancer-scleroderma
relationship.
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Introduction

The presence of scleroderma-specific autoantibodies has long been recognized, as has their
association with distinct clinical phenotypes and utility for assessing risk and long-term
prognosist. New research continues to provide important insights into the utility of antibody
specificities. In this review, we will highlight recent studies that define novel clinical
associations for existing and new autoantibody specificities. We will also review emerging
findings that illuminate the relationship between cancer and scleroderma, and provide
tantalizing suggestions about the mechanism by which scleroderma arises.

New Insights from Existing Autoantibody Specificities

The majority of patients with scleroderma (~60-80%) have one of the following well-
defined scleroderma autoantibodies: centromere (ACA), topoisomerase-1, or RNA
polymerase 111 (RNApol3). Despite the fact that these antibodies have been recognized for
decades, exciting new studies are just beginning to define their biologic underpinnings.

Corresponding author: Livia Casciola-Rosen, Johns Hopkins University School of Medicine, Division of Rheumatology, 5200
Eastern Ave, MFL Bldg, Center Tower, Suite 4100, Baltimore, MD 21224.

Purpose of Review: New research continues to provide important insights into the utility of antibody specificities. This review
provides an update of recent findings, and the important insights they provide into disease mechanism.

Recent Findings: A growing number of autoantibodies have been discovered in scleroderma patients with unique clinical
associations. A subgroup of these antibodies may have functional consequences and contribute to disease pathogenesis, driving the
vascular and fibrotic phenotype. Recent research into the relationship between malignancy and scleroderma onset provides important
new insights into disease mechanism, and highlights the utility of autoantibodies as unique research probes.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mecoli and Casciola-Rosen Page 2

Cancer, Scleroderma and RNApol3 Antibodies

One of the most insightful recent observations into the relationship between cancer and
autoimmunity emerged from a study investigating whether clinical features differed by
autoantibody status in a small, well-defined cohort of patients with scleroderma and an
associated malignancy?. In this work, Shah et al observed that in patients with RNApol3
antibodies, the emergence of cancer and the clinical onset of scleroderma occurred very
close together in time. This key observation subsequently led to a groundbreaking study
showing that in some cases, scleroderma may be initiated by autoantigen mutation within the
patient’s cancer3-4. Noteably, most anti-RNApol3-positive patients do not have an
identifiable cancer. Despite these new insights into mechanism, the optimal approaches for
cancer screening and detection in scleroderma patients with RNApol3 antibodies remain
undefined, and are a high research priority.

The EULAR Scleroderma Trials and Research Cohort performed a large case-control study
of patients with RNApol3 antibodies to begin to address this issue®. The study consisted of
158 anti-RNApol3-positive patients matched by sex, disease duration, age at disease onset,
and cutaneous subset to 199 scleroderma patients lacking this antibody. Consistent with
earlier studies from our group and others26-7, these authors found that patients with
RNApol3 antibodies were more likely to be diagnosed synchronously (=6 months to +12
months) with malignancy, OR 7.38 (95% CI 1.61-33.8). Notably, this association appeared
to be driven by the magnitude of breast cancer risk, OR 20.2 (95% CI 1.41-355). Based on
these results, for every 17 patients screened, one synchronous malignancy would be
detected.

New studies on the risk of cancer in an observational cohort study of 2,383 scleroderma
patients followed at the Johns Hopkins Scleroderma Center relative to the general population
shed important insights into the cancer screening issue®. Cancer risk was determined by
comparing the incidence in the Johns Hopkins Scleroderma cohort to the Surveillance,
Epidemiology and End Results (SEER) registry, a nationally representative sample of the US
population. A total of 205 (8.6%) of patients were diagnosed with cancer over 37,686
person-years. The standardized incidence ratio (SIR) of cancer in anti-RNApol3 antibody-
positive patients within three years of scleroderma diagnosis was 2.84 (95% CI 1.89-4.10).
Interestingly, among anti-RNApol3-positive patients, the risk of different cancer types
differed based on skin subtype. Those with diffuse scleroderma had an increased breast
cancer risk (SIR 5.14, 95%CI 2.66-8.98), whereas those with limited scleroderma had a
high lung cancer risk (SIR 10.4, 95%CI 1.26-37.7). For patients with anti-centromere
antibodies, a lower risk of cancer was observed throughout follow-up (SIR 0.59, 95% CI
0.44-0.76). These data suggest that enhanced screening of breast cancer with MRI imaging
may be warranted in women with diffuse scleroderma and antibodies against RNApol3.
Additional studies are needed to confirm these tantalizing findings, and to define evidence-
based guidelines for optimal screening practices.

RNPC3 antibodies are associated with a short cancer scleroderma interval

In a recent study, our group identified autoantibodies to RNA Binding Region Containing 3
(RNPC3) in a cohort of “antibody-negative” (that is, lacking the 3 most prominent antibody
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specficities in scleroderma: centromere, topoisomerase-1 and RNApol3) scleroderma
patients with short-interval malignancy detection, using phage-immunoprecipitation
sequencing®. We subsequently described a close temporal association between anti-RNPC3
positive scleroderma onset and malignancy detection®. The study cohort consisted of 318
patients with scleroderma and cancer; of these, twelve patients had RNPC3 antibodies.
Interestingly, a short cancer-scleroderma interval (<1 year) was described for the twelve
anti-RNPC3-positive patients, similar to the findings with anti-RNApol3 antibodies. Relative
to scleroderma patients with anti-centromere antibodies, those with anti-RNPC3 antibodies
had a >4-fold increased risk of cancer within two years of scleroderma onset (OR 4.3 95%
Cl 1.1-16.9, p=0.037). In this study, it was also noted that aside from the short-interval
cancer relationship, RNPC3 antibodies associated with other clinical features including
severe interstitial lung disease, gastrointestinal dysmatility, Raynaud’s, and myopathy.

New insights from other scleroderma-specific autoantibodies

Perosa et al used a phage-based assay to study a cohort of 84 Italian scleroderma patients, all
of whom had antibodies against centromere proteins A and B (CENP-A and CENP-B), and
noted heterogeneity of the targeted epitopes!l. The group then focused on a specfic
immunodominant epitope of the CENP-A protein located at the amino terminus (amino
acids 1-17), and isolated antibodies targeting one of two shorter peptides within this epitope.
Autoantibodies recognizing these two CENP-A epitopes corresponded to distinct clinical
subgroups with different risk levels of pulmonary vascular diseasell. Intriguingly, these
clinical associations were opposite in direction, with one group statistically more likely to
have a greater risk of higher SPAP and lower DLCO, and the other antibody group
statistically less likely to have these clinical features. It is unknown from this study whether
the patients had co-existing antibodies. Further studies are warranted to understand whether
these two different CENP-A epitopes truly account for the observed difference in clinical
phenotype, or whether co-existing antibodies may also have a role.

Antibodies to components of the Th/To complex (human RNase MRP complex) have been
described by various groups over the last several years!2. Ribonuclease P protein subunit
p25 (Rpp25) is a 25kDa protein subunit of RNAse P and has been recently shown by the
Canadian Scleroderma Research Group (CSRG) to be the main antigen target in scleroderma
patients who are anti-Th/To positivel3. In this study, 53 patients who were ANA positive but
negative for extractable-nuclear antigens were identified from a cohort of 873 scleroderma
patients enrolled in the CSRG registry between 2004—-2009. Within this group, 19/53 (36%)
were positive for Th/To antibodies as assessed by RNA immunoprecipitation; that is 19/873
(2.2%) of the starting cohort had these antibodies. When this set of 19 anti-Th/To antibody-
positive samples was tested using a chemiluminescence immunoassay to detect Rpp25
antibodies, 12/19 were positive, while 10 patients were positive by ELISA using Rpp25
antigen-coated wells. The authors point out that the commercially available line
immunoassay (LIA) testing for Th/To antibodies is based on the hPOP1 antigen, and that in
this study, the 19 patients positive for Th/To by immunoprecipitation were negative using the
LIA, suggesting either low prevalence of anti-hPOP1 antibodies in their cohort, or lack of
reactivity in the LIA. Further studies are warranted to validate readouts of the different
assays, and to precisely define which components of the RNAse MRP complex are targets of
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the immune response in scleroderma. Knowing this will provide the information to associate
disease phenotype with these specificities.

Newly Discovered Antibodies

Eukaryotic initiation factor 2B (elF2B)

Betteridge and colleagues recently reported a novel autoantibody to elF2B in a small subset
of seronegative scleroderma patients in the United Kingdom?4. eIF2B is a cytoplasmic
multimeric protein consisting of 5 subunits that plays a role in the initiation of protein
synthesis, helping tRNA bind to ribosomes. The specificity was identified using
immunoprecipitation followed by mass spectrometry. Of 548 scleroderma patients tested, 7
(~1%) were positive for this autoantibody, which was clinically associated with diffuse
cutaneous disease and interstitial lung disease (ILD). More recently, the same group using
the same methodology reported a higher prevalence (9/128, 7%) of these antibodies in a
largely North American scleroderma cohort. Consistent with results from the UK cohort, the
majority of North American patients with anti-elF2B had diffuse skin disease and ILD.

RuvBL1/2 Antibodies

First described in 2014 by Kaji et al®, antibodies to RuvBL1/2 were observed in both
Japanese and North American cohorts with a prevalence of ~2%. RuvBL1 and 2 are ATPase
homologues with a variety of functions including regulation of transcription and DNA
repairt®. Clinical associations with this antibody include diffuse skin disease and skeletal
muscle involvement, similar to scleroderma-myositis overlap with PM-Scl antibodies.
However, in contrast to the the PM-Scl phenoptype, patients with this antibody specificity
were more likely to have an older age at scleroderma onset, be male, and have a higher
frequency of diffuse disease. Pauling et al also described autoantibodies to RuvBL1/2 in
scleroderma patients with a similar prevalence and clinical association with scleroderma-
overlap syndromes?’.

Bicaudal D homolog 2 (anti-BICD2) antibodies

The CSRG recently reported on a novel autoantigen in scleroderma patients, anti-BICD2, an
intracellular protein involved in dynein and microtubule processes18. Sera from 451
scleroderma patients were tested with a paramagnetic bead immunoassay using recombinant
BICD2. 116/451 (26%) of sera were positive for this antibody. Of these 116, 22 (19%) were
monospecific, whereas 94 (81%) had multiple antibody specificities, most commonly anti-
CENP-A. The authors propose that given BICD2’s function in facilitating intracellular
protein movement and mitosis, a shared specificity with CENP places both in the category of
“microtubule-related autoantibody targets”. Patients with single-specificity anti-BCID2 were
more likely to have ILD (52.4% vs 29.0%, p=0.024) and inflammatory myositis (31.8% vs
9.6%, p=0.004) compared to the BCID2 negative patients. Notably, 25% of patients in the
single-specificity group had co-existing antiU1RNP antibodies.

Interferon-inducible protein 16 (IFI-16) antibodies

Anti-IF116 antibodies were first reported in up to 25% of patients with scleroderma over a
decade agol®. As well, these antibodies have been described in cohorts of patients with
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Sjogren’s Syndrome and systemic lupus erythematosus2?. Recent studies have put a new
focus on IF116 antibodies in scleroderma2. In this work, novel clinical associations in
scleroderma patients with IF1-16 antibodies and vascular disease were reported. McMahan
and colleagues found that IFI-16 antibodies are associated with digital gangrene, and that in
patients with higher anti-1FI116 antibody levels, the risk of developing gangrene was greater.
Furthermore, autoantibody levels were highest within 6 months of a digital ischemic event.
Since IFI-16 is expressed in vascular endothelial cells?2, a potential mechanism could be
proposed in which antibodies to IFI-16 damage endothelial cells, resulting in vascular injury.
The same group subsequently reported that scleroderma patients dual positive for both
anticentromere and anti-1FI-16 antibodies had an increased risk (OR 3.5, p=0.03) of digital
vascular events relative to patients with only anti-centromere antibodies?3. Further studies on
additional cohorts are warranted to confirm whether antibodies against centromere proteins
and IFI16 may have clinical utility as disease biomarkers for stratifying the risk of vascular
events in scleroderma.

Antibodies with Functional Consequences

The notion that functional antibodies can play a role in disease pathogenesis is not novel;
Grave’s disease and myasthenia gravis are examples where antibodies are intimately
involved in the pathophysiology of their associated conditions. Recent work in scleroderma
has examined anti-receptor antibodies and their potential for functional consequences. Since
this topic has been recently reviewed24, we have focused on advances made in the last few
years.

Angiotensin Il type | receptor (AT1R) and endothelin-1 type A receptor (ETAR) antibodies

Originally described in the early 2000s in the organ transplant and preeclampsia literature,
autoantibodies to AT1R and ETAR have been reported in scleroderma patients and have
been associated with disease phenotype, most commonly vascular complications. In recent
years, a number of studies have demonstrated /n vitro functional consequences of these
autoantibodies, including increased production of TGF-beta, inflammatory cytokines, and
reactive oxidative species?®~26, Furthermore, both cross-sectional and longitudinal studies
have demonstrated that these antibodies are associated with vascular complications
including pulmonary arterial hypertension (PAH) and ischemic digital lesions2’. Most
recently, Avouac studied a prospective cohort of 90 patients to evaluate the ability of these
antibodies to predict the occurrence of digital ulcerations (DU)28. Univariable analysis
revealed elevated levels of anti-AT1R and anti-ETAR antibodies were predictive of ischemic
digital ulcers (HR 2.85, 95% CI 1.19-6.84 and HR 3.39 95% CI 1.35-8.50). Upon
controlling for other clinical predictors, as well as several angiogenic biomarkers, anti-
ETAR autoantibodies remained an independent predictor of new ischemic DU (HR 9.59,
95% CI 1.75-52.64) together with the presence at baseline of active DU or history of DU.

It should be noted that while data with AT1R and ETAR antibodies has been compelling
over the past several years, there have been some studies with conflicting findings regarding
prevalence and clinical association. In a recent cross-sectional study of 93 patients, llgen et
al reported no difference in anti-AT1R levels between scleroderma patients and healthy
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controls. Furthermore, no disease phenotypes associated with elevated autoantibody levels
including skin subtype, presence of digital ulcers, or lung involvement2°.

Muscarinic-3 receptor (M3R)

M3R autoantibodies have long been of interest to researchers studying the autonomic
nervous system and gastrointestinal dysmatility. Upon stimulating the M3 receptor,
acetylcholine - the primary mediator of gastrointestinal motility — is produced. Thus,
antagonist/blocking antibodies to this receptor would explain the high prevalence of
gastrointestinal dysmotility amongst scleroderma patients30. Recently, Kumar et al tested the
hypothesis that 1gG from scleroderma patients leads to neuropathy via inhibition of M3R on
the myenteric cholinergic neurons, which progresses to myopathy by subsequent inhibition
of M3R on the gastrointestinal smooth muscle cells31. Using sera from ten individual
scleroderma patients, they demonstrated binding of scleroderma IgG to the myenteric plexus
and smooth muscle cells in rat colonic sections by immunofluorescence, and showed co-
localization with M3R. Addition of scleroderma IgG inhibited contraction of colonic smooth
muscle and decreased acetylcholine release. Interestingly, treatment with intravenous
immunoglobulin attenuated many of these effects.

Platelet-derived growth factor receptor (PDGFR) antibodies

Stimulation of the PDGFR on fibroblasts and smooth muscle cells results in cell activation.
Thus, over the years it was hypothesized that agonist antibodies to this receptor may play a
role in scleroderma pathogenesis. However, the significance (and even the presence) of
antibodies to PDGFR has been controversial. Differences in methodology have resulted in
disparate results regarding their detection and function. Most recently, in an effort to obtain
direct evidence of agonist activity of anti-PDGFR antibodies, Luchetti and colleagues
engineered samples isolated from skin biopsies of healthy donors which were engrafted to
SCID mice. The skin graft was then injected with anti-PDGFR monoclonal antibodies
generated from B cells isolated from a scleroderma patient, including either agonistic
collagen-inducing anti-PDGFR mAB or a nonagonistic one. The agonistic monoclonal
antibody resulted in a scleroderma-like phenotype, which the authors argue demonstrates the
profibrotic role of PDGFR antibodies®2. This group has also reported on the ability of
agonistic anti-PDGFR antibodies to induce vascular smooth muscle cell proliferation in vitro
in human pulmonary smooth muscle cells33.

Conclusion

Funding:

The study of autoantibodies in scleroderma continues to provide new insights that inform
our understanding of the pathogenesis of this disease. As well, the ability to better
phenotype patients based on antibody profile will ultimately enable more precise disease
diagnosis, selection of the most appropriate therapy and real-time monitoring of the
effectiveness of treatment in each patient.

Portions of the work have been supported by the Rheumatic Diseases Research Core Center, which is funded by
NIH grant P30-AR-070254. C.M. is a Jerome L. Greene Foundation Scholar.
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Key Points:

1 Scleroderma patients with RNA polymerase 111 (RNApol3) antibodies are at
increased risk of cancer within three years of diagnosis, most notably for
breast and lung cancers.

2. New scleroderma-specific antibodies such as elF2B, RuvBL1/2, and anti-
BICD2 are infrequent, but are associated with unique clinical phenotypes.

3. Autoantibodies against angiotensin Il type | receptor (AT1R) and
endothelin-1 type A receptor (ETAR) may have functional consequences in
scleroderma.
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Newly described clinical characteristics associated with both well-defined and novel autoantibodies found in
patients with systemic sclerosis. ILD: interstitial lung disease; PAH: pulmonary arterial hypertension, GI-

gastrointestinal.

Platelet-derived growth factor receptor PDGFR

Antibodiesin Scleroderma alﬁ)?g/bi(;(tji)én Salient Featuresand Clinical Associations
RNA polymerase 111 RNA pol IIl Malignancy (notably breast and lung cancer)? 67
RNA Binding Region Containing 3 RNPC3 Malignancy, ILD, GI dysmotility, myopathy9-10
Ribonuclease P protein subunit 25 Rpp25 Antigen target of anti-Th/To immune response!3
Eukaryotic initiation factor 2B elF2B Diffuse cutaneous disease, | LD4
RuvBL1 & RuvsBL2 RuvBL1/2  Diffuse cutaneous disease, inflammatory myositis overlap?® 7
Bicaudal D homolog 2 BICD2 Inflammatory myositis, 1LD'8
Interferon-inducible protein 16 IF116 Digital ischemia?!-23
Angiotensin 11 type | receptor AT1R Vascular disease (digital ischemia, PAH)27-28
Endothelin-1 type A receptor ETAR Vascular disease (digital ischemia, PAH)27-28
Muscarinic-3 receptor M3R GI dysmotility30-31

Controversial, possibly profibrotic32:33
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