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Abstract

Anti-RNA Polymerase III has been recognized as an important autoantibody in Systemic Sclerosis
and it is now included in the 2013 ACR/EULAR classification criteria for Systemic Sclerosis. With
this manuscript we attempt to review the current data on anti-RNA polymerase II as it relates to
Systemic Sclerosis.
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1. Introduction

Systemic Sclerosis (SSc) is an autoimmune connective tissue disorder characterized by tissue fibrosis, vascular
dysfunction, both structural and functional, early cellular infiltration of affected tissues, with local cytokine and
growth factor upregulation as well as B-cell abnormalities resulting in the production of autoantibodies. It af-
fects multiple organ systems, has a peak incidence between 20 - 50 years of age, and it can be chronic and pro-
gressive in naturewith female predominance [1] [2]. SSc is subdivided based on skin involvementinto limited
cutaneous Systemic Sclerosis (IcSSc) which involves the skin distal to the knees and elbows, and diffuse cuta-
neous Systemic Sclerosis (dcSSc) which involves the skin proximal to the knees and the elbows. Less common
forms of SSc are sclerosis sine scleroderma, overlap syndromes, and undifferentiated scleroderma. Raynaud’s
phenomenon, skin tightness/thickening, myalgias, arthralgias, digital ulcers, pulmonary arterial hypertension
(PAH), gastrointestinal symptoms, and renal impairment are some of the disease manifestations of SSc. The eti-
ology of the disease is unknown but believed to be a combination of genetic and environmental factors [3] [4].
SSc is associated with various autoantibodies including anti-centromere antibodies (sensitivity 33%, specific-
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ity 99.9%) and anti-topoisomerase-1 antibody (sensitivity 20.2%, specificity 100%) that are used to predict dis-
ease type. The former is associated with IcSSc and the latter with dcSSc, and they are generally mutually exclu-
sive [5]. Thus, these antibodies assist the clinician to identify patients at risk for certain organ system involve-
ment, which may benefit from closer monitoring. Other autoantibodies previously established are also associated
with certain manifestations of SSc, such as anti-U3-RNP with increased risk of PAH and skeletal muscle in-
volvement [6], and anti-PM-Scl antibodies are associated with myaositis [7], while high titers of rheumatoid fac-
tor, antibodies to citrullinated peptides (anti-CCP), anti-U1-RNP antibodies, anti-double stranded DNA, and an-
ti-Smith are uncommon in patients with SSc and suggest overlap syndromes [8].

Another antibody, anti-RNA-polymerase Il (anti-RNAP I11) is now included in the most recent American
College of Rheumatology (ACR)/EULAR classification criteria for SSc and it is used to predict disease severity
[9]. The prevalence of anti-RNAP Il among SSc patients has been estimated from 4% - 22% worldwide with
geoethnic variation. Higher frequency is seen in USA (8.3%), England (11.7%), Sweden (22%) and lower fre-
quency is noted in Japan (5%) and France (4%) [10]. More recently, a study in Belgium further supports prior
results and notes 7% prevalence of anti-RNAP I1l ab [11]. Similar to other autoantibodies in SSc, anti-RNAP 111
has a lower sensitivity, but is highly specific for SSc (sensitivity: 10% - 20%, specificity: 98.8%) [12]. Moreover,
it is highly associated with dcSSc, associated with scleroderma renal crisis, and skin changes. More recently, an-
ti-RNAP 111 has been associated with malignancy in patients with SSc. Moinzadeh et al. examines a cohort of
SSc (>2000 patients with SSc) and find significantly increased frequency of cancers among patients with anti-
RNAP 111 compared to ACA and anti-Scl-70 abs. Finally, a temporal association is suggested between onset of
SSc and breast cancer. That is, among patients diagnosed with cancer within the first 36 months of SSc onset, a
large number of them have anti-RNP (55.3%) compared to ACA (23.5%) and anti-Scl-70 (13.6%) [13]. This
will be further elaborated below. This review seeks to examine past and current literature on the anti-RNAP 111
antibody, its association with SSc, and potential future applications of the biomarker.

2. Discovery and Methodology of Testing

Antibodies to RNA Pol I11 were first described by Okano et al. by immunoprecipitation in a 1992 abstract [14].
However, before their more definitive paper came out, Kuwana et al. described autoantibodies from all three
RNA polymerases as biomarkers for SSc [15]. Okano et al. took 252 serum samples of patients with SSc of
these 161 samples precipitated specific antibodies previously described in SSc. However, the remaining sera
from 91 patients produced nuclear, or nucleolar staining, or both towards a unidentified antigen. Of the 91 sam-

ples, 57 precipitated proteins that could represent RNA Pol I, 11, or I1l. These were brokendown into 3 groups
based upon protein precipitation pattern using previously identified molecular weights and structures of RNA
polymerases. Group 1 exhibited proteins similar to all RNA Pol I, I, and 11l (n = 13). While group 2 was likely

RNA Pol I, and Il (n = 27), and group 3 was suspected to be RNA Pol Il (n = 17). To confirm the hypothesis,
immunoblotting studies were performed on the sera directed against anti-RNA Pol I1l. Afterward, immunodep-
letion studies were conducted on the 3 groups of sera for confirmation. Finally, immunofluoresnce studies were
performed on all 57 sera. Characteristic nucleolar and nuclear RNA Pol | staining was observed in 17 patients
(7 from group 1, 10 from group 2, and none from group 3). The remaining 40 sera showed only nuclear speckled
staining. RNA Pol | is known to be located in nucleoli, while RNA Pol Il and 111 are found in the nuclei. Finally,
Okano et al. tested for the presence of anti-RNA Pol 11 ab in patients with SSc with other autoantibodies. None
of these patients were found to have anti-RNA Pol 111 ab in addition to another autoantibody. Further analysis
revealed that of the SSc patients who were positive for Anti-RNAP 111 ab 45% had dcSSc (compared to 7% with
IcSSc). Finally, these patients also had significant skin thickness and were more likely to have scleroderma renal
crisis [16].

Due to the time consuming and complicated nature of immunopreciptation assays and the inconsistency of in-
direct immunofluorescent (1IF) staining, it was difficult to employ the use of anti-RNA Pol 111 antibody detec-
tion in routine clinical practice. To demonstrate the difficulty with 1IF, Yamasaki et al. tested three methods of
RNAP 11 detection using 18 samples of Anti RNAP 1I/111 samples: 1) sera were tested using immunofluorescent
antinuclear antibodies on HEp-2 cell slides; 2) by anti-RNAP 111 ELISA; and 3) by IP assay using 35S-labeled
K562 cell extract. Nucleolar staining of anti-RNAP antibody IP-positive sera was confirmed by double staining
with antifibrillarin monoclonal antibodies. It was noted that anti-RNAP | almost always coexists with anti-
RNAP Il ab, and are often accompanied by anti-RNAP Il [17]. Anti-RNAP I ab are believed to localize to nuc-
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leoli. If this were the case, then IIF could be used as a screening test prior to anti-RNAP 11l ELISA. All 18 sam-
ples showed nuclear speckled/homogeneous staining, but nucleolar staining was clearly present only 42% of the
time, while 26% was not obviously present, and 32% of the time it was unrecognizable, making the majority of
nucleolar staining samples unclear to unrecognizable. Thus, detection using enzyme-linked immunosorbent as-
say (ELISA) was developed [18]. However, before an ELISA could be developed an RNA Pol Il epitope
needed to be identified.

3. Anti-RNA Pol III Epitope

Kuwana et al. identified an RNA Pol 111 immunodominant epitope and developed an ELISA in 2002. RNA Pol |
and 111 are multiprotein complexes consisting of >12 subunits, thus the development of a subunit-specific assay
required recognition of the antigenic subunit recognized by anti-RNAP I/111 positive sera. Prior investigation
revealed RNAP Ill-specific 62-kd and 155-kd subunits are recognized by nearly all SSc sera containing an-
ti-RNAP 1/111 abs, which corresponded to RNAP 11 subunits RPC62 and RPC155 [19]-[21]. cDNA which en-
codes the nucleotide sequences for the complete open-reading frames were then identified [20] [22]. Afterward,
Kuwana et al. then further examined the epitopes using a series of recombinant fragments expressed in Escheri-
chia coli. These recombinant fragments were used to express the major epitope as antigen, which led to the de-
velopment of an ELISA for detection of anti-RNAP I/111 antibodies.

4. Pathogenesi

To date, the mechanism in which anti-RNA Pol 11l antibodies cause disease remains unclear. Based on the epi-
tope described above, the subunits are highly conserved throughout multiple organisms (yeast, bacteria, mam-
malian cells), and it has been suggested that molecular mimicry may lead to the production of antibodies against
RNA Pol 111 [21].

5. RNA Pol III Ab Associations
5.1. Malignancy

Cancer has been associated with SSc ranging from 3.6% - 10.7% in patients with SSc and 75% compared to the
general population [23] [24]. Malignancy has been noted more frequently with dcSSc compared to 1cSSc [13].
Prior studies have not found significant relationship between ACA and anti-Scl-70 antibodies in patients with
SSc and malignancy. However, more recent investigation has noted association with SSc patients with RNA Pol
111 ab and malignancy [25] [26]. Wooten in a 2008 review article describes lung cancer as the major malignancy,
followed by breast cancer, and then gastrointestinal cancers (esophageal (6.2%) being most common), urogenital,
lymphomas and other hematologic cancers [24]. More recently, Bonifaze et al. further confirmed SSc and can-
cer risk [23] again noting the strong association with lung cancer, but did not show an association with breast
cancer. Most recently, Moinzadeh et al. conducted the largest population study to date on SSc and cancer
(n-2177 with SSc, n-154 pts with SSc and cancer) and found increased frequency of breast cancer (42.2%) then
lung cancer (10.4%), and hematological cancers (12.3%) and Gl or gynecological (11%). The cohort was 85%
female and 63% had 1cSSc. Abs to ACAs, anti-Scl-70 and Anti RNP ab were measured and found to contain
26%, 18.2%, and 26.6% respectively. They noted a statistically significant higher frequency of malignancy in
patients with anti-RNP abs than those without cancers (26.6% vs. 12.2% respectively P < 0.001), while no sta-
tistically significant differences were noted in ACA and anti-Scl-70 abs.

5.2. Temporal Relationship

Investigation into the timing of malignancy diagnosis with respect to SSc diagnosis has yielded some associa-
tions of interest. Pulmonary cancer has been associated with long standing SSc > 5 years from dx of SSc and
closely associated with pulmonary fibrosis, while breast cancer appears to have a closer temporal relationship
between onset of SSc and cancer [23] [27]. Launay et al. reported a less than 12 month duration between onset
of breast cancer and diagnosis of systemic sclerosis [28]. Scope noted 75% of reported breast cancer cases and
SSc were diagnosed within 3 years of each other [29]. Moinzadeh et al. noted a statistically significant number
of patients with SSc and anti-RNP 11l abs were diagnosed with cancer (again breast cancer most common at



A. Kelly, C. T. Derk

46%) within the first 3 years, and had nearly 6x higher odds of developing cancer in the first 3 years compared
to patients without anti-RNAP abs. They found no significant cancer development with patients from 36 - 120
mo after SSc onset. This temporal relationship between SSc and malignancy suggests the possibility of SSc
representing a paraneoplastic syndrome in which the immune system is responding to malignancy. There has
been implication of abnormal RNAP activity in cancer cells from breast and lung carcinomas as well as fibrob-
lasts transformed by polyomavirus. Thus, it has been suggested that repression of tumor suppressor genes p53
and retinoblastoma and/or activation of oncogene product c-Myc may lead to enhanced RNAP activity. Al-
though, no biologic basis for an association between specific autoantibody subtypes against nucleolar RNA as-
sociated proteins and malignancy has been established to date. However, the presence of anti-RNAP ab may in-
itiate an anti-tumor immune response, which in the appropriate setting may cross-react against specific host tis-
sue resulting in damage [30]-[34].

6. Conclusion

Anti-RNAP 111 antibody is highly specific but not sensitive for SSc. It is associated with dcSSc and often seen
with skin thickening and renal crisis. Assays for detection of the antibody have improved from immunoprecipi-
tation, to discovering the inability to use IIF, to now commercially available ELISA. There appears to be an as-
sociation with SSc and malignancy and some evidence implicating that anti-RNAP 111 is elevated in these pa-
tients. Anti-RNAP 111 is, to date, the only antibody in SSc to show a significant relationship to malignancy and
temporal relationship with breast cancer. However, there is conflicting data on whether breast cancer is asso-
ciated with SSc. More investigation into the biologic underpinnings between anti-RNAP 11l and malignancy
should be explored. Individuals with SSc who have anti-RNAP 111 ab and are at high risk for malignancy, may
warrant appropriate screening.
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