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Abstract

Objective—To investigate peripheral blood (PB) cell transcript profiles of systemic sclerosis (SSc)
and its subtypes in direct comparison with systemic lupus erythematosus (SLE).

Methods—We investigated PB cell samples from 74 SSc patients, 21 healthy controls, and 17 SLE
patients using Illumina Human Ref-8 BeadChips and quantitative polymerase chain reaction
confirmation. None of the study participants were receiving immunosuppressive agents other than
low-dose steroids and hydroxychloroquine. In addition to conventional statistical and modular
analysis, a composite score for the interferon (IFN)—-inducible genes was calculated. Within the group
of patients with SSc, the correlation of the IFN score with the serologic and clinical subtypes was
investigated, as were single-nucleotide polymorphisms in a selected number of IFN pathway genes.

Results—Many of the most prominently overexpressed genes in SSc and SLE were IFN-inducible
genes. Forty-three of 47 overexpressed IFN-inducible genes in SSc (91%) were similarly altered in
SLE. The IFN score was highest in the SLE patients, followed by the SSc patients, and then the
controls. The difference in IFN score among all 3 groups was statistically significant (P < 0.001 for
all 3 comparisons). SSc and SLE PB cell samples showed striking parallels to our previously reported
SSc skin transcripts in regard to the IFN-inducible gene expression pattern. In SSc, the presence of
antitopoisomerase and anti-U1 RNP antibodies and lymphopenia correlated with the higher IFN
scores (P =0.005, P =0.001, and P = 0.004, respectively); a missense mutation in IFNAR2 was
significantly associated with the IFN score.
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Conclusion—SLE and SSc fit within the same spectrum of IFN-mediated diseases. A subset of
SSc patients shows a “lupus-like” high IFN-inducible gene expression pattern that correlates with
the presence of antitopoisomerase and anti-U1 RNP antibodies.

Systemic sclerosis (SSc) is a multisystem autoimmune disease of connective tissue
characterized by immune dysregulation, obliterative vasculopathy, and fibrosis of skin and
internal organs (1-3). Using microarrays, 4 previous studies have investigated the transcript
profiles of SSc peripheral blood (PB) cells or their subpopulations. We first reported that,
compared with PB cells from controls, PB cells from patients with early SSc have a distinct
transcript pattern that includes dysregulation of interferon (IFN)—inducible genes (4). This
observation was replicated by other investigators in PB mononuclear cells (PBMCs) (5),
monocytes, and CD4+ T cells (6) and PB cells (7) from SSc patients. None of those studies
found a correlation between the IFN signature and the clinical or serologic subtypes of SSc.
Due to the heterogeneity of SSc, those studies may not have been sufficiently powered to assess
subtle clinical and serologic differences in the transcript profile. However, Bos et al (7) reported
that the expression levels of 5 IFN-inducible gene transcripts measured by quantitative
polymerase chain reaction (PCR) in an extended group of 43 SSc patients were higher in
patients without anticentromere antibodies (ACAS).

Several studies have shown a striking pattern of up-regulated type | IFN—inducible genes in
PBMCs from patients with systemic lupus erythematosus (SLE) (8-10). In particular, the
presence of anti-Ro, anti-U1 RNP, anti-Sm, and anti—double-stranded DNA (anti-dsDNA) is
significantly associated with a high IFN score in SLE (11).

SSc shares several similarities with SLE, such as autoantibodies directed against nuclear
antigens, and in some patients, overlapping clinical features. At the gene level, there is
emerging evidence that SSc and SLE share common genetic associations, such as IRF5 (12—
14) and PTPN22 (15-17). The risk alleles of the IRF5 and PTPN22 genes have been linked to
higher serum levels of IFNa in SLE patients (18,19). Despite the evidence of similarities
between SSc and SLE, a direct comparison of the transcript profiles of patients with the 2
diseases has not been undertaken.

We now report the results of such a comparative study of a large number of SSc patients with
SLE patients and controls. We analyzed our results using conventional methods and a newly
described modular analysis framework (10). We examined whether SSc patients with certain
genetic, clinical, or serologic features are more likely to have a transcript profile that is similar
to that of SLE. The results place a subset of SSc patients alongside SLE in the continuum of

IFN-mediated autoimmune diseases.

PATIENTS AND METHODS

Study participants

The study participants were recruited prospectively from January 2005 to February 2008. All
SSc patients met the 1980 American College of Rheumatology (ACR; formerly, the American
Rheumatism Association) preliminary criteria for the classification of SSc (20). None of the
SSc patients fulfilled the ACR classification criteria for SLE (21). We used the more stringent
criterion of first Raynaud’s or non-Raynaud’s symptom as the disease onset date, because we
were interested in exploring early immune dysregulations that lead to the different phenotypes
of SSc. Patients with early SSc had a disease duration <5 years, while late SSc was defined as
adisease duration >7 years. The healthy control subjects had no history of autoimmune diseases
and were matched by age, sex, and ethnicity to patients with early SSc. All enrolled SLE
patients met the ACR classification criteria for SLE (21) and had signs of active disease in at
least 2 categories of the revised Systemic Lupus Activity Measure (SLAM-R) (22). SSc or
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SLE patients receiving immunosuppressive agents other than low-dose steroids (prednisone
<5 mg/day) and hydroxychloroquine were excluded from the study.

The majority of SSc patients were recruited from the prospective outcome Genetics versus
Environment in Scleroderma Outcome Study (GENISOS). The remaining patients were
enrolled at the rheumatology outpatient clinics of the University of Texas Health Science
Center at Houston (UTHSC-H) and the national and local meetings of the Scleroderma
Foundation. The SLE patients were enrolled from the rheumatology outpatient clinics of the
UTHSC-H and affiliated hospitals. Medical records for all participants were obtained to verify
their diagnosis and to characterize the disease. We collected the following information about
SSc patients: medication regimen, extent of skin involvement (limited versus diffuse cutaneous
skin involvement [23]), Modified Rodnan Skin Thickness Score (MRSS) (24), date of onset
of Raynaud’s phenomenon and first non-Raynaud’s symptoms, white blood cell (WBC) count
and differential cell count obtained within 1 week of blood sample drawing, presence of
pulmonary hypertension, pulmonary fibrosis/alveolitis on imaging, and pulmonary function
test results. All study subjects provided written informed consent, and the study was approved
by the institutional review boards of all participating centers.

Sample processing and microarray experiments

Autoantibodies, including antinuclear antibodies (ANAs), ACA pattern, antitopoisomerase,
anti-RNA polymerase 111 (anti- RNAP I11), anti-U1 RNP, and anti-Ro/La, were detected with
commercial kits in all SSc serum samples at the laboratories of the UTHSC-H Division of
Rheumatology.

Blood samples for transcript studies were drawn directly into PAXgene tubes (PreAnalytiX,
Franklin Lakes, NJ). Total RNA was isolated according to the manufacturer’s protocol using
the PAXgene RNA kit (PreAnalytiX). The RNA quality and yield were assessed using a 2100
Bioanalyzer (Agilent, Palo Alto, CA) and an ND-1000 Spectrophotometer (NanoDrop
Technologies, Wilmington, DE). We did not conduct a globin reduction on our samples,
because this procedure did not increase percent present calls in an experiment with 9 healthy
control samples (further information is available online at
http://www.uth.tmc.edu/scleroderma).

Two hundred nanograms of total RNA was amplified and purified using the Illumina TotalPrep
RNA Amplification Kit (Applied Biosystems/Ambion, Austin, TX) in accordance with the
manufacturer’s instructions. The amplified complementary RNA was hybridized on lllumina
Human Ref-8 BeadChips, and the data were extracted with the lllumina Beadstudio software
suite (Illumina, San Diego, CA).

Microarray data analysis

The initial analysis was performed with Beadstudio software. Raw data were also exported
into and analyzed with BRB-ArrayTools, developed by Richard Simon and Amy Peng Lam
(National Cancer Institute, Frederick, MD).

Any transcript with a P value for signal detection that was not significantly different from the
negative controls (P = 0.01) was removed from the analysis. In addition, transcripts with
missing or filtered out expression values in >50% of the experiments were excluded. Data were
normalized using the median over the entire array. A transcript was defined as differentially
expressed when the significance level for the comparison was P <0.01 and the false discovery
rate was <0.10 using a random-variance t-test (25). Differentially expressed transcripts were
also modeled in Ingenuity Pathway Analysis (Ingenuity Systems, Redwood City, CA) (further
information is available online at http://www.uth.tmc.edu/scleroderma). We also employed a
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modular data mining strategy described by Chaussabel et al (10) (further information is
available online at http://www.uth.tmc.edu/scleroderma).

We calculated an IFN score according to the method outlined by Baechler et al based on a set
of 286 IFN-inducible genes identified by treatment of healthy PBMCs with IFNo/B and IFNy
(8). The IFN score in our study was calculated based on the 43 transcripts from the IFN-
inducible gene list that were differentially expressed in SSc and SLE patients when compared
with healthy controls (further information is available online at
http://www.uth.tmc.edu/scleroderma).

Real-time quantitative PCR

Genotyping

Quantitative PCR assays for the STATL, IFI6, IFIT3, and TLR5 genes were designed to confirm
the microarray results. Each sample was assayed in triplicate plus a control without reverse
transcriptase to assess DNA contamination levels (further information is available online at
http://www.uth.tmc.edu/scleroderma). An average gene expression value for IFN-inducible
genes was calculated using a normalization method described by Niewold et al (18). The final
IFN guantitative PCR score was calculated based on the average of relative values in STAT1,
IFI6, and IFIT3.

The genomic DNA from the investigated samples had already been genotyped for selected
single-nucleotide polymorphisms (SNPs) in a group of IFN-inducible genes as part of a larger
candidate gene study. In an exploratory analysis, we investigated the correlation of these SNPs
with the respective IFN scores (further information is available online at
http://www.uth.tmc.edu/scleroderma).

Statistical analysis

RESULTS

The categorical dependent variables were analyzed by chi-square test or by Fisher’s exact test
if the values were less than 5. Continuous variables were analyzed by t-test if the raw or log-
transformed data had a normal distribution. If the assumption of equal variance was not met,
we used the Aspin-Welch unequal variance t-test. The Mann-Whitney nonparametric test was
used if the model assumptions for the t-test were not met. Furthermore, linear regression
analysis was used to adjust for the effect of multiple independent variables. Two-sided P values
less than 0.05 were considered significant. The analyses were performed using the NCSS 2007
statistical program (NCSS, Kaysville, UT).

Characteristics of the study participants

Sixty patients with early SSc, 14 patients with late SSc, 21 healthy controls, and 17 SLE patients
with active disease were examined in this cross-sectional study. The demographic features of
the subjects are shown in Table 1. As expected from the typical ages at disease onset, the
patients with SLE were significantly younger than other study subjects. No other features
differed significantly among the study groups.

In the patients with early SSc, ACAs, antitopoisomerase, anti-RNAP 111, and anti-U1 RNP
antibodies were present in 9 patients (15%), 10 patients (16.7%), 15 patients (25%), and 4
patients (6.7%), respectively. All patients with late SSc were positive for antitopoisomerase
antibodies (Table 1). Furthermore, 2 patients with early SSc had 2 SSc-related antibodies, while
17 patients in this group were ANA positive but did not have any of the above autoantibodies;
only 2 SSc patients were ANA negative. The mean + SD disease duration in patients with early
SSc was 2.94 + 1.53 years, while that in patients with late SSc was 9.86 + 1.58 years. Among
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all the SSc patients, 38 (51.4%) had diffuse cutaneous involvement, and 33 (44.6%) had limited
disease. The extent of skin involvement could not be determined in 3 SSc patients. The majority
of SLE patients had active disease, as demonstrated by a mean + SD SLAM-R score of 11.19
+6.73.

Both SLE and SSc PB cells demonstrate dysregulation of IFN-regulated transcripts

A total of 8,172 transcripts were detected across all PB cell samples that passed our filtering
criteria. Clustering analyses according to date of sample collection and hybridization did not
indicate that the observed gene expression patterns resulted from a technical artifact.

In a 3-way comparison, there were 907 significantly differentially expressed transcripts among
SSc patients, SLE patients, and controls. Notably, of the top 100 differentially regulated
transcripts among the 3 groups, 35 (35%) were known to be regulated by type I and type Il
IFNSs.

A comparison of SSc patients with controls demonstrated 297 differentially expressed
transcripts, whereas 987 transcripts were differentially expressed between SLE patients and
controls. The complete lists of differentially expressed genes are available online at
http://www.uth.tmc.edu/scleroderma/Supplemental_data.html.

Intersection of the differentially expressed transcripts in SSc and SLE demonstrated 185
transcripts that the 2 diseases had in common (Figure 1). In other words, 62% (185/297) of the
transcripts differentially expressed in SSc PB cells were also differentially expressed in SLE
PB cells. Modeling of these data in the Ingenuity Pathway Analysis Canonical Pathway
Knowledge Base revealed significant enrichment for transcripts involved in IFN signaling,
regulation of IFN regulatory factors, recognition of pathogen-associated molecular patterns,
and JAK/STAT signaling (Figure 1). A hierarchical clustering of the genes that were
differentially expressed in SSc and SLE is available online at
http://www.uth.tmc.edu/scleroderma.

We also modeled the differentially expressed transcripts that were unique to SLE and SSc, in
the context of the Ingenuity Pathway Analysis Canonical Pathway Knowledge Base. The 802
unique SLE transcripts were enriched for transcripts involved in antigen presentation. This is
consistent with the classic notion of SLE being an “antigen-driven” disease. In contrast, the
112 unique SSc transcripts demonstrated significantly decreased levels of genes involved in T
lymphocyte apoptosis and T cell receptor and CD28 signaling compared with controls.
However, transcripts belonging to the fMLP pathway for activation of granulocytes were up-
regulated in SSc. Constitutive granulocyte activation leading to enhanced production of
reactive oxygen species has been reported previously in SSc (Figure 1) (26-28).

A modular data mining strategy described by Chaussabel et al showed similar results (10). For
this analysis, we derived composite transcriptional vectors by averaging expression values for
the genes forming each module. As a result, the global transcriptional activity of each patient
is summed up in 28 vectors. Unsupervised hierarchical clustering arranged modules (rows)
and samples (columns) based on patterns of modular activity (Figure 2). This analysis
confirmed the presence of an IFN signature (M3.1) in the blood transcript profiles in a vast
majority of SLE patients. Furthermore, it demonstrated that a subset of patients with SSc
possessed a “lupus-like” signature, which in some patients included both IFN and plasma cell
signatures (M3.1 and M1.1, respectively).

We also reanalyzed microarray data from a previous skin biopsy study, performed by our group,
of patients with early SSc (29). The skin biopsy sections used for this analysis had histologic
findings that were typical for SSc, but they did not show increased staining for CD3 or CD20
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markers compared with controls (29). From these data, we extracted a set of significantly
differentially expressed transcripts using the same threshold criteria, and we modeled the
expression data on the Ingenuity Pathway Analysis Canonical Pathway Knowledge Base. SSc
skin showed striking parallels to SSc and SLE PB cells with regard to up-regulation of multiple
transcripts involved in the IFN signaling pathway (further information is available online at
http://www.uth.tmc.edu/scleroderma). One notable difference was that STAT2 was
differentially up-regulated only in SSc. These data suggest that both SLE and SSc may belong
to the same spectrum of IFN-mediated diseases. Furthermore, the data from SSc PB cells and
skin strongly suggest that there is activation of IFN signaling pathways at the immune effector
arm (circulating blood cells) as well as at the level of the target organ (skin) in SSc.

The IFN signature in SSc and SLE patients is a quantitative trait

A comparison between the SSc and SLE patient groups demonstrated that expression of all the
IFN-inducible genes was significantly higher in SLE relative to SSc
(http://www.uth.tmc.edu/scleroderma/Supplemental _data.html), suggesting a gradient of the
IFN signature that is strongest in SLE patients, intermediate in SSc patients, and lowest in
healthy controls. To better quantitate this, we cross-referenced our expression data with a set
of 286 transcripts reported by Baechler et al (8) that were observed to be induced by treatment
of normal PBMCs with IFNa/p and IFNy. A total of 83 IFN-inducible genes were differentially
expressed in SLE patients compared with controls (80 of 83 up-regulated), whereas 47
transcripts showed altered expression in SSc patients compared with controls (44 of 47 up-
regulated). Forty-three genes (91%) were differentially expressed in both comparisons. We
used these 43 transcripts to calculate an IFN score (see Patients and Methods; further
information is available online at http://www.uth.tmc.edu/scleroderma). Similarly, 37 of the
40 genes (92.5%) that were uniquely differentially expressed among SLE patients were
overexpressed in SSc patients, but these genes did not reach our selection criteria for
differentially expressed genes in the group of SSc patients.

The IFN score was highest in SLE patients, followed by SSc patients and then controls (mean
+SD28.1+£7.26,17.6 £7.39, and 11.57 + 10.91, respectively). Figure 3A shows the box plots
of the IFN scores in the 3 study groups. The difference in IFN score among all 3 groups was
statistically significant (P < 0.001 for all 3 comparisons). Furthermore, the IFN score correlated
with the SLAM-R score in the SLE patients (P = 0.01). The IFN score was also dichotomized
according to a threshold value corresponding to the 95th percentile in controls (horizontal line
in Figures 3A and B); the IFN score values above this threshold were considered positive.

Calculation of the IFN score between the 3 groups using quantitative PCR of selected IFN-
regulated transcripts (STAT1, IFI6, and IFIT3) confirmed this observation. Graphs show the
expression values of the 3 IFN-regulated genes in addition to TLR5 (negative control) in the
investigated study groups (further information is available online at
http://www.uth.tmc.edu/scleroderma). Similar to the microarray results, the expression levels
of all 3 IFN-inducible genes were highest in SLE, followed by SSc. The expression level of
TLR5 (negative control) did not differ among the 3 study groups. The expression levels of the
3 IFN-inducible transcripts were averaged. As shown in Figure 3C, the SLE patients had
significantly greater expression of averaged IFN-inducible gene scores than controls (P <
0.001) and SSc patients (P = 0.003). The averaged IFN-inducible gene score was also
significantly higher in SSc patients than in controls (P = 0.009).

We performed unsupervised hierarchical clustering of the samples using the 43 IFN-regulated
transcripts in individual samples across the 3 groups (Figure 4). This analysis revealed that the
relative expression level of IFN-regulated transcripts was increased in 16 of 18 SLE patients
(89%) in contrast to only 3 of 21 controls (14%). However, 35 of 74 SSc patients (47.3%) had
increased expression of IFN-inducible genes, and these patients tended to segregate with SLE
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patients. These data confirm that the IFN signature is strongest and most prevalent in SLE, but
the picture is more heterogeneous in SSc. We therefore undertook a subgroup analysis of the
SSc patients to ascertain possible clinical, serologic, and genetic variables that underlie this
observed heterogeneity.

The IFN signature defines a particular serologic subset of SSc patients

Comparisons between patients with early antitopoisomerase-positive SSc and those with late
antitopoisomerase-positive SSc, as well as comparisons between patients with late
antitopoisomerase-positive SSc and the remaining SSc patients, using all genes that passed our
filtering criteria, did not show any differentially expressed genes. Similarly, comparison of
SSc patients with limited skin involvement and those with diffuse skin involvement (23) did
not reveal any differentially regulated genes.

The IFN score showed an inverse correlation with the lymphocyte count (P < 0.001), while it
was not associated with the WBC (P = 0.438), neutrophil (P = 0.624), monocyte (P = 0.806),
eosinophil (P = 0.318), or basophil (P = 0.672) counts. The IFN score did not correlate with
disease duration, the MRSS (24), predicted forced vital capacity, or diffusing capacity for
carbon monoxide. Furthermore, IFN score positivity was not associated with disease type
(limited versus diffuse) (P = 0.25), pulmonary fibrosis (P = 0.594), or pulmonary hypertension
(P =0.16). The IFN score correlated with the number of SLE criteria present (P = 0.003)
(21) among the SSc patients. After ANA positivity, the most common SLE criteria were
lymphopenia at 2 time points (41.8%), arthritis (9.1%), oral ulcers (1.8%), and pleural effusion
(1.8%). The association of the IFN score with SLE criteria was driven mainly by lymphopenia
(P =0.004).

We also found that SSc patients with anti-U1 RNP antibodies were more likely to be IFN
signature positive (P = 0.001). Similarly, SSc patients with antitopoisomerase antibodies had
a higher likelihood of a positive IFN score than other SSc patients, when anti-U1 RNP—positive
patients were excluded (P = 0.005). Two SSc patients had anti-Ro antibodies, and both
belonged to the IFN signature—positive group (P = 0.044). The presence of ACAs or anti—
RNAP 111 antibodies was not associated with IFN positivity (P = 0.108 and P = 0.247,
respectively). Figure 3B shows the IFN score levels in the serologic subtypes of SSc. The
results of quantitative PCR mirror the microarray results (Figure 3D). The IFN-inducible genes
in SSc patients with anti-U1 RNP antibodies showed higher average expression values than
those in the remainder of SSc patients (P = 0.007). The antitopoisomerase-positive patients
had higher IFN-inducible gene expression than SSc patients with ACAs (P =0.026) and showed
higher expression levels of IFN-inducible genes than did the remainder of SSc patients (P =
0.015). The anti-Ro positivity in the patients with SSc was also associated with increased IFN-
inducible gene expression levels (P = 0.035).

Class comparisons of all genes passing our filtration criteria between antitopoisomerase- and
ACA-positive subsets revealed that 407 transcripts were differentially expressed. Modeling of
these differentially expressed genes in the Ingenuity Pathway Analysis Canonical Pathway
Knowledge Base showed significant up-regulation of transcripts involved in CD28 and ephrin
signaling in antitopoisomerase-positive patients. Comparisons between the other serologic
subtypes of SSc, including antitopoisomerase-positive SSc versus anti-RNAP I11-positive SSc
and ACA-positive SSc versus anti-RNAP I1l-positive SSc, did not reveal any significantly
differentially expressed transcripts.

IFN score correlates with genetic variants of the IFN pathway

Among the patients with SSc, the presence of the GG or GT genotype of IFNAR2 rs7279064
was significantly associated with a higher IFN score (P = 0.008), which remained significant
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after correction for ethnicity (P = 0.032). The IFN score did not vary significantly by the
investigated SNP in the control group. The other investigated SNPs in the IFNAR1, IFNAR2,
IRF5, IRF7, STAT1, and STAT4 genes did not correlate with the IFN score (detailed results are
available online at http://www.uth.tmc.edu/scleroderma).

DISCUSSION

This study represents the first direct comparison of SSc and SLE on the same platform. The
results confirmed previously published data indicating possible similarities in increased
expression of IFN-inducible genes in PB cells from SSc patients and SLE patients (4-6,8,9).
Importantly, we demonstrated that there appears to be a gradient effect, with the magnitude of
IFN-inducible gene activation strongest and most prevalent among SLE patients, followed by
SSc patients. Qualitatively, the overall pattern of IFN-inducible gene activation was strikingly
similar between SSc and SLE.

Our data showed increased expression of IFN-inducible genes activated by type | and type Il
IFNs in PB cells. Based on the IFN score, it is not clear which type of IFN signaling
predominates (8). Further studies at the protein level would be required to validate this
observation. Nonetheless, it is interesting to note that a randomized, placebo-controlled trial
of subcutaneous IFNa in early SSc showed that IFNa treatment resulted in significant
worsening of lung function and a trend toward skin deterioration (30). Type I IFNSs, in
particular, have been implicated in the pathogenesis of SLE (31,32). The plasmacytoid
dendritic cells (PDCs) are thought to be one of the main sources of type I IFN (33). IFNs lead
to production of autoantibodies by their effects on B cells, and in the setting of antigen excess
this leads to formation of immune complexes containing DNA or RNA. In vitro studies have
shown that the nucleic acid—containing immune complexes can lead to self-perpetuating,
excessive IFN production (26-28,34-37). Though it has yet to be demonstrated in vivo, this
process is thought to contribute to development of SLE in a susceptible host. Anecdotal reports
of development of SLE and SSc in patients who were undergoing IFN treatment for other
conditions lend some support to this notion (38-40).

In our study, 89% of SLE patients demonstrated up-regulation of IFN-inducible genes
compared with 77-93% in other studies (8,9). Likely explanations for this high percentage are
that the SLE patients were not receiving immunosuppressive agents and had high disease
activity (average SLAM-R score 11.19) at enrollment. This is in agreement with observations
that the presence of the IFN signature in SLE correlates with disease activity, renal
involvement, and anti-dsDNA and complement levels (9,11).

We did not observe differences in the PB cell transcript profiles or IFN score in relation to SSc
disease duration. These observations are consistent with a previous report that the IFNa-
inducing activity of SSc sera does not correlate with disease duration (41). We also could not
demonstrate any correlation of transcript profiles with various clinical manifestations of SSc
or its disease activity. The latter is hampered by the lack of a standardized disease activity
measure in SSc. The assessed clinical manifestations represent more accurately the irreversible
disease damage rather than disease activity. This implies that a transient change in gene
expression pattern correlating with the development of various clinical manifestations could
have been missed in our cross-sectional design. Longitudinal studies are needed to investigate
the predictive role of the IFN signature for development of various clinical complications of
SSc.

Our data demonstrated that the presence of antitopoisomerase and anti-U1 RNP antibodies are

associated with a higher IFN score. Furthermore, we were able to subgroup the SSc patients
at the transcript level based on the presence of an IFN-inducible gene pattern. These data
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suggest that there is a gradient in the IFN signature among the serologic subtypes of SSc that
could have implications for future studies of pathogenesis and therapeutic targets. Indeed, Kim
et al demonstrated that >90% of antitopoisomerase-positive SSc sera had IFNa-inducing
activity (41). This activity was contained in the 1gG fraction. Furthermore, the anti—
topoisomerase | levels correlated with IFNa induction in that study. Moreover, another study
showed that the serologically heterogeneous group of ACA-negative SSc patients had higher
levels of IFN-inducible gene expression (7).

We also observed a similar IFN signature in skin biopsy samples from SSc patients, but we
did not find increased IFNa or IFNB messenger RNA (mRNA) levels in PB cells from SSc or
SLE patients, suggesting that cells may be responding to local IFNa at the target tissue level.
In another study, increased levels of IFNo mMRNA and PDCs were reported in the skin tissue
of patients with diffuse SSc. An IFN-inducible gene pattern in the monocytes and T cells of a
separate group of patients was also seen, but the corresponding sera did not have detectable
IFNa that correlated with the IFN signature (6). A study by Milano et al (42) examining skin
biopsy transcript profiles of SSc patients showed that a subgroup consisting of patients with
limited and diffuse disease type showed an “inflammatory profile.” Although a correlation
with different serologic subtypes of SSc was not conducted, it is notable that the samples
classified as inflammatory had overexpression of multiple IFN-inducible genes as well.

We also found that the IFNAR2 rs7279064 SNP was significantly associated with a higher IFN
score in the SSc patients, indicating that this polymorphism plays a role in the variance of IFN
activity seen in this disease. Our genotype correlation study was hampered by our relatively
small sample sizes and the difficulties in correcting for the effect of ethnicity on gene
expression. Further studies are needed to investigate the effect of various SNPs on the
expression of IFN-inducible genes.

In summary, our data show that SSc and SLE may belong in the same spectrum of IFN-mediated
diseases. A subset of SSc patients has a “lupus-like” high IFN-inducible gene expression
pattern that correlates with the presence of antitopoisomerase and anti-U1 RNP antibodies.
The classification of SSc based on the presence of the IFN signature can provide opportunities
for better understanding of its pathogenesis and for development of targeted therapeutic
interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Differentially expressed pathways in systemic lupus erythematosus (SLE) patients and
systemic sclerosis (SSc) patients compared with controls (further information is available
online at http://www.uth.tmc.edu/scleroderma). IRF = interferon regulatory factor; PKR =
RNA-dependent protein kinase.
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Figure 2.

Mapping modular blood transcriptional activity. The heatmap represents levels of activity for
a set of predetermined transcriptional modules. Average gene expression levels were obtained
for each module. For each patient, 28 vectors were thus obtained, and the data set was subjected
to an unsupervised analysis: modules for which at least 1 sample showed a deviation from the
median of >1.5-fold were selected and arranged based on their activity pattern across patients.
Conversely, patients were arranged using the same hierarchical clustering algorithm based on
their activity patterns across modules. Red indicates a relative increase in transcriptional
activity; blue indicates a relative decrease. The distribution of the different study groups is
indicated by a color code. Functional interpretations available for some of these modules are
also provided. See Figure 1 for definitions.
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Figure 3.

A and B, Interferon (IFN) score based on 43 IFN-inducible genes in the 3 study groups (A)
and in the serologic subtypes of SSc (B). The IFN score was also dichotomized according to
a threshold value corresponding to the 95th percentile in controls (horizontal line). C and D,
Average score of 3 IFN-inducible genes based on quantitative polymerase chain reaction in
the 3 study groups (C) and in the serologic subtypes of SSc (D). Data are shown as box plots.
Each box represents the 25th to 75th percentiles. The depth of the box is the interquartile range
(IQR). The line inside the box represents the median. The upper adjacent value is the largest
observation that is less than or equal to the 75th percentile plus 1.5 times the IQR. The lower
adjacent value is the smallest observation that is greater than or equal to the 25th percentile
minus 1.5 times the IQR. ACA = anticentromere antibody; ARNA = anti-RNA polymerase
I1I; ATA = antitopoisomerase; RNP = anti-U1 RNP (see Figure 1 for other definitions).
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Figure 4.

Unsupervised hierarchical clustering of 43 interferon-inducible transcripts. Samples are
labeled according to study groups (SSc patients = green; SLE patients = red; controls = blue).
See Figure 1 for definitions.
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