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Abstract

Introduction—Prior studies have demonstrated an increased risk of cancer-associated 

scleroderma in patients with RNA polymerase III (POL) autoantibodies and in patients negative 

for anti-centromere (CENP), anti-topoisomerase-1 (TOPO), and anti-POL antibodies (referred to 

as CENP/TOPO/POL (CTP)-Negative). In a recent study of 16 CTP-negative scleroderma patients 

with coincident cancer, we found that 25% had autoantibodies to RNPC3, a member of the minor 

spliceosome complex. In this investigation, we validated the relationship between anti-RNPC3 

antibodies and cancer and examined the associated clinical phenotype in a large sample of 

scleroderma patients.

Methods—Scleroderma patients with cancer were assayed for CENP, TOPO, POL and RNPC3 

autoantibodies. Disease characteristics and the cancer-scleroderma interval were compared across 

autoantibody groups. The relationship between autoantibody status and cancer-associated 

scleroderma was assessed by logistic regression.

Results—Of 318 patients with scleroderma and cancer, 70 (22.0%) were positive for anti-POL, 

54 (17.0%) for anti-TOPO, and 96 (30.2%) for anti-CENP. Twelve patients (3.8% of overall group 

or 12.2% of CTP-negatives) were positive for anti-RNPC3. Patients with anti-RNPC3 had a short 

cancer-scleroderma interval (median 0.9 years). Relative to patients with anti-CENP, patients with 

anti-RNPC3 (OR 4.3; 95%CI 1.10–16.9; p=0.037) and anti-POL (OR 4.49; 95%CI 1.98–10.2; 
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p<0.001) had a >4-fold increased risk of cancer within 2 years of scleroderma onset. Patients with 

anti-RNPC3 had severe restrictive lung and gastrointestinal disease, Raynaud’s, and myopathy.

Conclusion—Anti-RNPC3 autoantibodies associate with an increased risk of cancer at 

scleroderma onset, similar to POL autoantibodies. These data suggest the possibility of cancer-

induced autoimmunity in this scleroderma subset.

Introduction

Patients with systemic sclerosis (scleroderma) have an elevated risk of cancer compared to 

individuals in the general population (1). Recent data have demonstrated that a subset of 

scleroderma patients has a close temporal relationship between cancer diagnosis and the first 

clinical signs of scleroderma (2, 3). This clustering is most notable in patients with RNA 

polymerase III (POL) autoantibodies (2–6), who have a >5 fold increased risk of cancer 

within 2 years of scleroderma onset (3). Biologic studies strongly suggest paraneoplastic 

development of autoimmunity and scleroderma in patients with POL autoantibodies. Genetic 

alterations (somatic mutations and/or loss of heterozygosity) of the POLR3A gene that 

encodes for POL is also specifically identified in these patients’ cancers, but not cancers 

from scleroderma patients with other autoantibodies (7). Furthermore, these patients develop 

mutation-specific T cell immune responses and the development of POL autoantibodies that 

react with both mutant and wild-type POL proteins (7). In aggregate, these studies suggest a 

model of cancer-induced autoimmunity in which autoantigen mutation in cancers may 

trigger the development of anti-tumor immune responses that then result in autoimmunity 

(8).

In addition to patients with POL autoantibodies, there are other subsets of scleroderma 

patients who demonstrate a similar clustering of cancer diagnosis with the first clinical signs 

of scleroderma. This clustering is most notable among older patients developing scleroderma 

who are positive for antinuclear antibodies (ANA), but negative for the 3 most common 

scleroderma autoantibodies observed in US cohorts (anti-centromere (CENP), anti-

topoisomerase 1 (TOPO), and anti-POL; hereafter referred to as “CENP/TOPO/POL (CTP)-

negative”) (2, 3). These individuals likely represent a heterogenous population of 

scleroderma patients targeting different autoantigens, both known and novel. We recently 

utilized Phage-Immunoprecipitation Sequencing (PhIP-Seq) and PLATO (Parallel Analysis 

of in vitro Translated ORFs) (9, 10) to identify unique autoantibodies in CTP-negative 

scleroderma patients with a clustering of cancer diagnosis and scleroderma onset (11). 

Specifically, 16 CTP-negative patients with scleroderma, cancer, and a short cancer-

scleroderma interval (≤ 5 years) were studied. Four of these 16 patients (25%) had 

autoantibodies to multiple adjacent peptides within RNPC3 (11), a 65 kDa protein 

component of the minor spliceosome complex which participates in removal of U12-type 

introns from pre-mRNA (12, 13). The minor spliceosome complex consists of several small 

nuclear RNAs and multiple protein components, including SNRNP25, SNRNP35, 

SNRNP48, PDCD7 and the Sm proteins. RNPC3 has 2 RNA recognition motifs, indicating 

that it likely contacts one of the small nuclear RNAs of the minor spliceosome. This anti-

RNPC3 specificity (also known as anti-U11/U12) has previously been described in 
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scleroderma, with a reported prevalence of 3.2% in the University of Pittsburgh scleroderma 

cohort (14).

In this investigation, we sought to verify whether anti-RNPC3 antibodies associate with a 

short cancer-scleroderma interval in a large sample of patients with scleroderma and cancer, 

as this may be additional evidence supporting a model of cancer-induced autoimmunity. We 

also compared the prevalence of anti-RNPC3 antibodies in CTP-negative patients with and 

without cancer to determine whether they are markers of cancer risk overall. Similarly, we 

examined the clinical phenotype to identify whether any unique clinical characteristics could 

be a sign of an underlying cancer. Lastly, we assayed anti-RNPC3 antibodies in cancer 

patients without scleroderma to define whether anti-RNPC3 antibodies are cancer 

biomarkers more broadly.

Patients and Methods

Study population and associated statistical analyses

Patients with scleroderma and an available serum sample were identified through the IRB-

approved Johns Hopkins Scleroderma Center database. All patients have scleroderma 

defined by 2013 American College of Rheumatology (ACR) classification criteria, 1980 

ACR classification criteria, or having at least 3 of 5 CREST (calcinosis, Raynaud’s, 

esophageal dysmotility, sclerodactyly, telangiectasia) syndrome features (15, 16). 

Demographic data, symptom onset dates, cutaneous subtype (17), organ-specific severity 

scores (18, 19), smoking status, and cancer diagnoses (dates, site, histology and therapy) are 

captured in all patients at the first visit and longitudinally at 6-month intervals for relevant 

parameters. All clinically obtained pulmonary function tests and echocardiograms are 

recorded. The date of scleroderma onset was defined by the date of the first scleroderma 

symptom, either Raynaud’s or non-Raynaud’s. The date of cancer diagnosis was obtained 

from pathology reports or medical record review when available, and was otherwise defined 

by patient report. The cancer-scleroderma interval was calculated as the difference between 

these two dates.

Cancer cohort and autoantibody status—We first examined our entire cohort of 

scleroderma patients with cancer and an available serum sample (N=325). The closest serum 

sample to cancer diagnosis was studied for each participant. Autoantibodies against TOPO, 

POL, and CENP A/B were assayed by enzyme-linked immunosorbent assays using 

commercially available kits (Inova Diagnostics), and results ≥ 40 units were defined as true 

positives for our primary analyses. A sensitivity analysis was also performed redefining 

antibody positivity as ≥20 units. Autoantibodies to RNPC3 were assayed by 

immunoprecipitation of 35S-methionine labeled protein generated by in vitro transcription 

and translation from cDNA encoding full length RNPC3 (purchased from Origene 

Technologies) as described previously (20). Representative data from the 

immunoprecipitation assay to detect RNPC3 antibodies is shown in Supplemental Figure 1. 

We restricted our primary analyses to patients who were positive for only 1 scleroderma 

autoantibody, as previously described (3). Of 325 patients with complete autoantibody data, 

only 7 patients were excluded from our analyses due to positivity for multiple 
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autoantibodies, largely due to overlap with anti-centromere antibodies. Five of the 7 also had 

anti-RNPC3 antibodies, only 3 of whom were moderately or strongly positive. Therefore our 

study population consisted of 318 scleroderma patients with cancer.

Patients were subdivided into 5 autoantibody categories for analysis: anti-POL, anti-TOPO, 

anti-CENP, anti-RNPC3, and “CENP/TOPO/POL/RNPC3 (CTPR)-negative” (i.e. those who 

were negative for the 4 tested autoantibodies). Demographics, cancer-scleroderma interval, 

and scleroderma phenotypic features were compared across autoantibody subgroups. For 

continuous variables, differences in means were assessed by analysis of variance (ANOVA) 

unless unequal variances were suggested by Bartlett’s test; in this instance, the Kruskal-

Wallis test was applied as a nonparametric test. Dichotomous and categorical variables were 

compared using the Fisher’s exact test. Characteristics were also compared between anti-

RNPC3 positive vs. negative patients using the Student’s t test and Fisher’s exact test where 

appropriate.

We also performed logistic regression analysis to examine whether anti-RNPC3 and other 

autoantibodies associate with an increased risk of cancer-associated scleroderma. Cancer-

associated scleroderma was defined by a short cancer-scleroderma interval (± 2 years), as 

previously described (3). The cancer-scleroderma interval was also examined graphically by 

generating scatterplots of age at scleroderma onset and age at cancer diagnosis for each 

autoantibody type.

Comparison with CTP-negative scleroderma patients without cancer—Sixty 

CTP-negative scleroderma patients without cancer were also studied. The prevalence of anti-

RNPC3 positivity was compared between CTP-negative patients with cancer and without 

cancer by the chi-square test. We examined whether the clinical phenotype differed between 

anti-RNPC3 positive patients with and without cancer using the Wilcoxon-Mann-Whitney 

test and Fisher’s exact test where appropriate.

Comparison with healthy controls and other disease states—Twenty-five healthy 

controls, 45 patients with pancreatic cancer, and 35 patients with lupus and cancer were also 

assayed for anti-RNPC3 as described above.

All statistical analyses were performed using Stata version 13 (StataCorp, College Station, 

TX). Two sided p-values <0.05 were considered statistically significant. Odds ratios (ORs) 

with 95% confidence intervals (95% CIs) are provided.

Results

Three hundred eighteen scleroderma patients with cancer were analyzed (Table 1). Seventy 

patients (22.0%) were positive for anti-POL antibodies, 54 (17.0%) for anti-TOPO, 96 

(30.2%) for anti-CENP, and 12 (3.8%) for anti-RNPC3, leaving 86 (27.0%) patients who 

likely target other specificities (the CTPR-negative group). None of the controls (healthy, 

pancreatic cancer, or lupus and cancer) had evidence of anti-RNPC3 antibodies.

Shah et al. Page 4

Arthritis Rheumatol. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



RNPC3 autoantibodies associate with a short cancer-scleroderma interval and severe 
clinical phenotype

The cancer-scleroderma interval was significantly different across the 5 autoantibody 

subgroups; this finding persisted whether scleroderma onset was defined by Raynaud’s onset 

(p=0.0008), the first non-Raynaud’s symptom (p=0.0021), or the first symptom (either 

Raynaud’s or non-Raynaud’s; p=0.0001). Patients with anti-RNPC3 autoantibodies have a 

short cancer-scleroderma interval (median 0.9 years), similar to that observed for patients 

with anti-POL antibodies (median 1.0 years). This temporal clustering between cancer and 

scleroderma for anti-RNPC3 and anti-POL positive patients is illustrated in Figure 1. The 

red line in each scatterplot represents where the age of cancer diagnosis equals the age at 

scleroderma onset (i.e., cancer-scleroderma interval=0). Patients with anti-RNPC3 

autoantibodies cluster tightly on or around the line of perfect agreement, consistent with 

cancer-associated scleroderma. Relative to patients with anti-CENP autoantibodies, patients 

with anti-RNPC3 antibodies (OR 4.3; 95 % CI 1.10, 16.9; p=0.037) and anti-POL antibodies 

(OR 4.49; 95% CI 1.98, 10.2; p<0.001) have a >4 fold increased risk of cancer within 2 

years of scleroderma onset (Table 2). When broadening our reference group to include 

patients with anti-CENP, anti-TOPO and those who are CTPR-Negative, patients with anti-

RNPC3 (OR 3.57; 95% CI 1.01, 12.6; p=0.048) and anti-POL (OR 3.72; 95% 1.99, 6.98; 

p<0.001) had a >3 fold increased odds of cancer within 2 years of scleroderma onset. These 

findings persisted in our sensitivity analyses that redefined autoantibody positivity with a 

lower cutoff of ≥20 units (data not shown).

Patients with anti-RNPC3 autoantibodies were 100% female and more likely to be black 

(25%) (Table 1). There were statistically significant differences in age at scleroderma onset 

(p=0.0007) and disease duration at first visit (p=0.0001) across autoantibody categories. 

Patients with anti-RNPC3 and anti-POL antibodies had a mean age of scleroderma onset 

above 50 years and a shorter time to presentation for clinical evaluation than the other 

antibody subgroups, likely due to the aggressive phenotype associated with these two 

autoantibodies (6, 14). While patients with anti-RNPC3 antibodies had less severe cutaneous 

and articular disease as assessed by subtype, modified Rodnan skin scores, and the presence 

of tendon friction rubs, they had more severe restrictive lung disease at baseline with lower 

forced vital capacity and diffusing capacity and higher Medsger lung severity scores. Anti-

RNPC3 positive patients also had associated pulmonary hypertension as defined by elevated 

right ventricular systolic pressure (RVSP) on baseline echocardiography, although it is 

important to note the small sample size of patients with an estimated RVSP for this analysis. 

Anti-RNPC3 patients had an associated myopathy (33.3%), severe gastrointestinal disease 

and severe Raynaud’s phenomenon.

Given our small sample size, pairwise comparisons between the anti-RNPC3 autoantibody 

group with every other autoantibody group were not performed because of the high 

likelihood that associations would be observed by chance alone. However, we compared 

anti-RNPC3-positive and -negative patients and confirmed that anti-RNPC3 positive patients 

had statistically significant associations with a short cancer-scleroderma interval, severe 

restrictive lung disease consistent with ILD, a higher baseline RVSP, severe Raynaud’s 

phenomenon, and history of myopathy (data not shown).
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While anti-RNPC3 autoantibodies are not commercially available for clinical use, indirect 

immunofluorescence patterns on ANA testing may provide insight into CTP-negative 

patients who could have this specificity. Of the 12 anti-RNPC3 positive patients, 11 had 

available data on ANA pattern. Nine of the 11 patients (81.8%) had a speckled pattern. As 

some of the phenotypic features that associate with anti-RNPC3 autoantibodies are similar 

to that seen in patients with anti-U1RNP, we assessed by ELISA whether anti-U1RNP is 

also present among these patients. No patient with anti-RNPC3 autoantibodies was 

moderately to strongly positive for anti-U1RNP.

Patients with anti-RNPC3 antibodies also had a worse prognosis with a shorter time to death 

compared to patients in the other autoantibody subgroups (Supplemental Figure 2; median 

survival 9.0 years in anti-RNPC3 vs. >20 years in all other antibody groups; log rank test 

p<0.0001). While statistical comparisons of all tumor types are not possible with our small 

sample size, it is noteworthy that most malignancies (66.7%) in the anti-RNPC3 group were 

female/gynecologic tumors, with 50% being breast cancers (p=0.075 for comparison across 

antibody groups).

Prevalence of anti-RNPC3 autoantibodies and clinical phenotype of anti-RNPC3 positive 
patients does not differ by cancer status

Among CTP-negative scleroderma patients, there were no significant differences in the 

prevalence of anti-RNPC3 antibodies by cancer status (12/98 (12.2%) with cancer were anti-

RNPC3 positive, compared to 8/60 (13.3%) of those without cancer; p=0.842).

We examined whether unique phenotypic features could identify the subset of patients with 

an underlying cancer among anti-RNPC3 positive patients, as clinical differences could aid 

in risk stratification for cancer screening. Our sample size was limited to 12 anti-RNPC3 

positive patients with cancer and 8 anti-RNPC3 positive patients without cancer. There were 

no statistical differences in age at scleroderma onset, age at cancer diagnosis, disease 

duration at first visit, gender, race, cutaneous subtype, organ specific severity scores, 

baseline pulmonary function, myopathy or articular disease (data not shown).

Discussion

This investigation found that scleroderma patients with anti-RNPC3 autoantibodies have a 

short cancer-scleroderma interval (median 0.9 years), similar to that observed for patients 

with anti-POL antibodies (median 1.0 years). Relative to patients with anti-CENP 

autoantibodies, patients with anti-RNPC3 antibodies (OR 4.3; 95 % CI 1.10, 16.9; p=0.037) 

and anti-POL antibodies (OR 4.49; 95% CI 1.98, 10.2; p<0.001) have a >4 fold increased 

risk of cancer occuring within 2 years of scleroderma onset. The presence of anti-RNPC3 

autoantibodies did not signify an increased risk of cancer overall, but identified a subset of 

patients who have an increased risk of cancer at the time of the first clinical manifestations 

of scleroderma. The temporal association between cancer and scleroderma in patients with 

anti-RNPC3 antibodies is very similar to that observed in patients with anti-POL antibodies, 

and strongly suggests that additional, serologically-defined subsets of scleroderma patients 

may have cancer-induced autoimmunity (2, 3, 7, 8). Although the mechanistic relationship 

between cancer and scleroderma among patients with anti-RNPC3 antibodies is unknown, 
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these data support the idea that cancer might initiate scleroderma-specific immune responses 

and also provide rationale for targeted malignancy screening at scleroderma onset.

In our study of scleroderma patients with cancer, patients with anti-RNPC3 were more likely 

to be black and have severe ILD, GI disease, and Raynaud’s phenomenon. Even among a 

cohort of patients with a history of cancer, patients with anti-RNPC3 had a faster time to 

death from scleroderma onset than patients without anti-RNPC3, which may be consistent 

with the aggressive phenotype of these patients. Overall, our findings related to the clinical 

phenotype and prevalence estimates (3.8% Johns Hopkins, 3.2% Pittsburgh) are similar to 

those previously described for U11/12 antibodies in the University of Pittsburgh scleroderma 

cohort (14). Our data suggest that patients with anti-RNPC3 may be more likely to have a 

myopathy, which has not been described; further study is required to validate this finding in 

a larger cohort.

Recognizing that the prevalence of anti-RNPC3 antibodies was low in our cohort, we were 

unable to identify any significant clinical phenotypic differences between anti-RNPC3 

positive patients with cancer compared to those without cancer. Anti-RNPC3 autoantibodies 

were unique to scleroderma and were not found in cancer patients without scleroderma, 

demonstrating that anti-RNPC3 antibodies are not cancer biomarkers in non-scleroderma 

populations.

As in patients with POL autoantibodies, these data support the practice of careful cancer 

screening at the onset of scleroderma in patients with anti-RNPC3 autoantibodies. As we 

begin to identify more subsets of patients with possible cancer-associated scleroderma, it 

will be critical to consider evidence based approaches to define the optimal cancer screening 

algorithm in these patients to maximize cancer dectection while minimizing the risks 

associated with false positive testing. The approach to cancer screening in scleroderma may 

vary by autoantibody subtype. In our small sample of anti-RNPC3 positive patients with 

cancer, 50% of the malignancies were breast cancers, suggesting that mammography is 

important. The remaining cancers seen in our anti-RNPC3 positive patients were 

gynecologic, hematologic and skin in origin.

Our study was conducted in the largest cohort of well characterized patients with 

scleroderma and cancer to date, but it was limited by the small sample size of patients with 

anti-RNPC3 autoantibodies. While we observed statistical differences, it is important to note 

that we could not perform pairwise comparisons between each pair of autoantibody groups 

due to our sample size. In addition, our control group was restricted to scleroderma patients 

who were CTP-negative without cancer. Lastly, while our data demonstrating a clustering of 

cancer diagnosis with scleroderma onset suggests a paraneoplastic mechanism of 

scleroderma onset similar to patients with POL autoantibodies, this investigation did not 

examine whether genetic or post-translational alterations of RNPC3 are present in the cancer 

tissue of these patients.

In conclusion, anti-RNPC3 autoantibodies associate with an increased risk of cancer at 

scleroderma onset, similar to that observed in patients with POL autoantibodies. These data 

suggest the possibility of cancer-induced autoimmunity in this subset of scleroderma 
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patients, and biologic studies of autoantigen alteration in cancer tissues of anti-RNPC3 

patients remains an important priority. Awareness of the association between anti-RNPC3 

antibodies and cancer in patients with scleroderma provides an opportunity for early cancer 

detection and intervention, which may improve overall outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Relationship between age at cancer diagnosis and age at scleroderma onset
The red line in each graph denotes perfect agreement between age at cancer diagnosis and 

age at scleroderma onset. CTPR-Negative refers to the group that is negative for centromere, 

topoisomerase 1, RNA polymerase III and RNPC3 autoantibodies.
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Table 2

Relative odds (95% CI) of cancer-associated scleroderma*

Autoantibody Cancer-associated scleroderma

Centromere (CENP) Reference

RNA polymerase III (POL) 4.49 (1.98, 10.2)

Topoisomerase 1 (TOPO) 1.72 (0.65, 4.54)

RNPC3 4.3 (1.10, 16.9)

Remaining (CTPR-Negative) 1.13 (0.45, 2.87)

*
Cancer-associated scleroderma defined as cancer and scleroderma occurring within 2 years of each other (±2 years)
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