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Abstract

Objective—To measure interferon (IFN) inducible chemokines in plasma of patients with
systemic sclerosis (SSc) and investigate their correlation with disease severity.

Methods—We examined the correlation of IFN-inducible chemokines, IFN+y-inducible
protein-10 (IP-10/CXCL10), IFN-inducible T cell alpha chemoattractant (I-TAC/CXCL11), and
monocyte chemoattractant protein-1 (MCP-1/CCL2) with the IFN gene expression signature. We
generated an IFN-inducible chemokine score with the correlated chemokines, IP-10 and I-TAC
and compared it in 266 SSc patients enrolled in the GENISOS cohort to that of 97 matched
controls. Subsequently, the correlation between the baseline IFN-inducible chemokine score and
markers of disease severity was assessed. Finally, the course of IFN-inducible chemokine score
over time was examined.

Results—The plasma IFN-inducible chemokine score correlated with the IFN gene expression
signature and this score was higher in SSc patients. It also was associated with the absence of
anti-RNA polymerase 111 antibodies, presence of anti—-U1 ribonucleoprotein antibodies (RNP), but
not with disease duration, type, or other autoantibodies. The chemokine scores correlated with
concomitantly obtained muscle, skin and lung components of the Medsger Severity Index, as well
as, FVC, DLco, creatine kinase. Its association with disease severity was independent of anti-RNP
or other potential confounders (age, gender, ethnicity, disease duration, and treatment with
immunosuppressive agents). Finally, there was not a significant change in the IFN-inducible
chemokine score over time.

Conclusions—The IFN-inducible chemokine score is a stable serological marker of more severe
subtype of SSc and may be useful for risk stratification regardless of disease type or duration.

INTRODUCTION

Immune dysregulation has been proposed as an important contributor to the pathogenesis of
systemic sclerosis (SSc or Scleroderma). Several groups reported that peripheral blood cells
(PBCs) from patients with SSc demonstrate dysregulation of interferon (IFN)—inducible
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gene (1-5). In a previous large global gene expression study, we have demonstrated that the
IFN signature in patients with SSc is similar to that seen in patients with systemic lupus
erythmatosus (SLE) (6) studies reported that in SLE, a serum chemokine composite score
correlated tightly with the IFN gene expression signature (7;8). In a small study of 30
patients with SLE, this serum chemokine composite score also showed a higher correlation
with disease activity measures than the IFN gene expression score (7). Similar observations
also have been made in patients with dermatomyositis (9). Of note, although these
chemokines can be induced by IFN, it is likely that the IFN inducible chemokines are not
exclusively regulated by type I or type Il IFN. The course of SSc is highly variable ranging
from stable, mild involvement to progressive disease leading to wide-spread fibrosis of skin
and internal organs. Currently available demographic and clinical parameters are not
sufficient to classify SSc patients with varying degrees of disease severity.

In this study, we hypothesized that plasma IFN-inducible chemokines correlate with the IFN
gene signature in SSc and are associated with disease severity. We first examined the
correlation of IFN-y-inducible protein-10 (IP-10/CXCL10), IFN-inducible T cell alpha
chemoattractant (I-TAC/CXCL11), and monocyte chemoattractant protein-1 (MCP-1/CCL2)
with the IFN gene signature because these chemokines have been shown to correlate with
the IFN gene signature and disease severity in SLE (7;8) and dermatomyositis (9). We then
investigated the association of our IFN inducible chemokine score with clinical features of
SSc at the cross-sectional level. Finally, the longitudinal changes in IFN-inducible
chemokine levels and their correlation with clinical disease parameters were examined.

PATIENTS AND METHODS
Study participants

All patients with SSc met the 1980 American College of Rheumatology (ACR; formerly, the
American Rheumatism Association) preliminary criteria for the classification of SSc (10) or
had three out of five CREST (Calcinosis, Raynaud’s phenomenon, Esophageal dysmotility,
Sclerodactyly, and Telangiectasia with presence of sclerodactyly being mandatory).

The selection criteria for study subjects used for calculation of IFN gene expression
signature were described in our previous publication (6). The study subjects used for plasma
chemokine level measurement and chemokine/clinical data correlation were recruited from
the prospective outcome Genetics versus Environment in Scleroderma Outcome Study
(GENISOS) (n=266). The unaffected control subjects had no history of autoimmune
diseases and were matched by age, sex, and ethnicity to patients with SSc (n=97). In
addition to baseline samples, a follow-up plasma sample was available in 63 patients. All
study subjects provided written informed consent, and the study was approved by the
institutional review boards of all participating centers.

Plasma chemokine measurements and IFN-indncible chemokine score calculation

We measured chemokine levels in plasma of patients enrolled in the GENISOS and the
unaffected controls. Plasma was collected using ethylenediamine tetraacetic acid blood
collection tube and stored at —80°C until analysis. Plasma samples had not undergone more
than two thaw-freeze cycles before chemokine level determination. Chemokine levels were
determined by ELISA using electrochemiluminescent multiplex assays (Meso Scale
Discovery, Gaithersburg, MD, USA) (11). Each sample was run in duplicates. The plasma
levels of IP-10 and I-TAC were determined in all 266 patients and follow-up samples, while
levels of MCP-1 were only measured in a subgroup of patients with concomitant microarray/
gPCR data. The relative levels of IP-10 and I-TAC were used for calculation of IFN-
inducible chemokine score following a normalization method by Bauer et al. (7).
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Specifically, concentration values were normalized according to the 95t percentile level
across all samples and the normalized values were summed up to obtain the IFN-inducible
chemokine score.

IFN gene expression signature calculation

We calculated the Microarray IFN score based on the levels of the 43 IFN-inducible
transcripts that were differentially expressed in patients with SSc compared to unaffected
controls in our previous global gene expression study (6). The cumulative Microarray IFN
score was calculated as previously described (6;12).

We also calculated the IFN quantitative PCR (QPCR) score by calculating a composite score
of relative transcript levels of three IFN inducible genes (STATL, IFI6, and IFIT3) measured
by gPCR analysis as previously described (6).

Of note, some of the genes included in the IFN-inducible transcript and gPCR scores such as
STAT1 can be induced by type | as well as type Il IENs.

Clinical Outcome Measures

The disease duration was calculated using two different starting points: 1-The onset of
disease from the first non-Raynaud’s phenomenon; 2- The onset of disease from the first
symptom attributable to SSc (Raynaud’s or non-Raynaud’s phenomenon). Autoantibodies,
including anti—- RNA polymerase 11 antibodies (ARA), anti—UI ribonucleoprotein
antibodies (RNP), anticentromere antibodies (ACA), antitopoisomerase antibodies (ATA),
were detected in all SSc serum samples at the laboratories of the UTHSC-H Division of
Rheumatology. Briefly, antinuclear antibodies and ACAs were detected by indirect
immunofluorescence using HEp-2 cell substrates (Antibodies, Davis, CA). ATA, anti-Ro,
and RNP antibodies were determined by passive immunodiffusion against calf thymus
extract (Inova Diagnostics, San Diego, CA). ARA testing was performed by enzyme-linked
immunosorbent assay (MBL, Nagoya, Japan). For the association analysis with SSc-related
antibodies, we excluded patients with more than one SSc related-antibody (n=7) and patients
with anti-Ro positivity (n=10). The anti-Ro positive patients were excluded because these
antibodies are not SSc specific and have been linked to IFN inducible gene expression
signature (6).

Medsger Severity Index (MSI), including skin, muscle, gastrointestinal tract, lung, heart and
kidney components was captured prospectively and was utilized for the assessment of
clinical severity (13;14). Furthermore, the concomitantly collected percent predicted forced
vital capacity (FVC), diffusing capacity (DLCO), modified Rodnan Skin Score (mRSS)
(15), and creatine kinase (CK) were used as additional surrogates for severity of interstitial
lung disease (ILD) (16), skin, and muscle involvement, respectively. Medication
information was also collected prospectively. Patients on immunosuppressive agents at the
time of blood draw (exception: prednisone equivalent dose < 5 mg per day or
hydroxychloroquine) were categorized as treated with immunosuppressive agents.
Concomitantly obtained complete blood count was also available in all baseline samples.

Statistical analysis

We first examined the correlation of the IFN-inducible chemokine score with the IFN
microarray and gPCR scores by Spearman’s rank order test. The non-parametric analytic
approach was chosen to the small sample size (n=24). Subsequently, we compared the log
transformed chemokine levels between 266 SSc patients enrolled in the GENISOS cohort
and 97 unaffected controls using Student’s t test. We did not observe significant deviations
from normal distribution for log transformed plasma chemokine levels based on D’ Agostino
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tests for normality. The associations of log transformed plasma chemokine levels with the
clinical manifestations of SSc were investigated by the univariable linear regression and
Pearson’s correlation. Multivariable linear regression models were also constructed to adjust
for potential confounders. First, the association of disease subtypes (independent variable)
with chemokine levels (outcome variable) was examined after adjustment for potential
confounding demographic variables and treatment with immunosuppressive agents.
Subsequently, the correlation of chemokine levels (independent variable) with disease
severity (outcome variable) was examined after adjustment for potential demographic
confounders, disease duration, and treatment with immunosuppressive agents. The first-
order interaction term between the treatment status with immunosuppressive agents and the
investigated independent variables did not yield significant results. Therefore, the patients
were not subgrouped according to treatment status and this variable was included as
potential confounder in the multivariable models.

We also performed Bonferroni’s correction for multiple comparison based on three
independent comparisons (MCP-1, ITAC, IP-10) in the gene expression/chemokine analysis
and two independent comparisons (ITAC and IP-10) for the SSc subtype and severity
comparisons. Next, the association of the baseline IFN inducible chemokine levels with
percent change in mRSS and FVC between the baseline and follow-up visit at year 1

([level paseline= Level year 1]/Level paseline) Was examined by linear regression to investigate
the predictive significance of the chemokine composite score for short-term change in skin
involvement and ILD.

The longitudinal comparison of log-transformed IFN-inducible chemokine levels was
performed by paired t-test. Furthermore, the percent change in chemokines ([levelpaseline=
Levelfoliow-upl/LeVelpaseline) was correlated with percent change in FVC and mRSS by linear
regression and Pearson’s correlation. Two-sided p values less than 0.05 were considered
significant. The analyses were performed using the STATA/SE 11.2 statistical program
(StataCorp, College Station, TX).

Correlation of plasma IFN-inducible chemokine levels with IFN transcript signature

We examined 24 patients with SSc by global gene expression profiling, gqPCR, and
multiplex chemokine assays using concomitantly obtained whole blood RNA and plasma
samples. The demographic and clinical characteristics of these patients are shown in Table
S1. None of these 24 patients were treated with immunosuppressive agents at the time of
blood draw. These 24 patients were a subgroup of our large whole blood gene expression
study (6) from whom a concomitantly collected plasma sample was available. The
correlations of the investigated chemokines with the microarray and gPCR IFN scores are
shown in Table 1. Plasma IP-10 and I-TAC correlated significantly with both the microarray
IFN score (p=0.007, Rho = 0.536, and p=0.0l, Ho = 0.518, respectively) and the gPCR IFN
score (p=0.003, Rho = 0.581, p=0.009, Rho = 0.521, respectively). However, no significant
correlation was detected between MCP-1 and the microarray IFN score (p = 0.27, Rho =
0.234) or the IFN gPCR score (p = 0.126, Rho = 0.321). The composite chemokine score of
IP-10 and I-TAC correlated stronger with the microarray IFN score (Rho = 0.612) and the
IFN gPCR score (Rho = 0.620) than the individual IP-10 and I-TAC chemokine levels.
Addition of MCP-1 to the above composite chemokine score weakened the correlation.
Therefore, only IP-10 and I-TAC were utilized for the IFN-inducible chemokine score.
Exclusion of the 4 patients with late SSc (disease duration longer than 5 years from the first
non-Raynaud’s symptom - there samples were obtained on follow-up visits in the
GENISOS cohort) did not change the above correlations (Supplement Table S2).
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Comparison of IFN inducible chemokine levels in SSc patients and unaffected controls

The IFN-inducible chemokine scores were determined in all baseline plasma samples of
patients enrolled in the GENISOS cohort (n=266) and 97 matched controls. The
demographic and clinical characteristics of the patients and control subjects at the time of
blood draw are shown in Table 2. Patients with SSc had higher circulating levels of 1P-10 (p
<0.0001), I-TAC (p < 0.0001) than their age, gender and ethnicity-matched unaffected
controls (n=97) (Figure 1). The IFN-inducible chemokine score was also higher in patients
with SSc (p < 0.0001). In this analysis, 39.2% of patients had a positive IFN-inducible
chemokine score when this composite score was dichotomized based on its 95 percentile
level in unaffected controls.

Association of disease subtypes with plasma IFN inducible chemokines

Table 3 shows the univariable and multivariable associations of disease subtypes with IFN-
inducible chemokines in 266 SSc patients enrolled in the GENISOS cohort. After
adjustment for potential confounders (age at enrollment, gender, ethnicity, and treatment
with immunosuppressive agents) in the multivariable model, we found that neither disease
type (limited/diffuse) nor duration correlated with IP-10, I-TAC or the IFN-inducible
chemokine score. RNP antibodies correlated with higher levels of IP-10, I-TAC and the
IFN-inducible chemokine score (p < 0.001, p = 0.018, p < 0.001, respectively). ARA
antibodies correlated with lower plasma levels of I-TAC and the IFN-inducible chemokine
score (p = 0.004 and p = 0.003, respectively). The other SSc-related antibodies did not
correlate with the investigated chemokines. ARA antibodies were negatively associated with
IFN-inducible chemokine score even after patients with RNP antibodies were excluded from
the analysis (p=0.05). The inclusion of patients with two SSc-related autoantibodies (n=7) or
anti-Ro antibodies (n=10) did not change the above observed significant associations with
RNP and ARA (data not shown).

Correlation of IFN inducible chemokines with disease severity

Table 4 shows the univariable and multivariable associations of IFN-inducible chemokines
with disease severity in 266 SSc patients. IP-10 correlated with higher mRSS (p=0.014),
while I-TAC levels were associated with lower FVC (p=0.003), DLco (p=0.002), and
higher creatine kinase (p<0.001).

The IFN-inducible chemokine score correlated with lower FVC (p=0.013) and DLco (p=
0.002) and higher creatine kinase (p=0.004).

As shown in Table 4, the association with components of Medsger Severity Index paralleled
the above findings. Specifically, the IFN inducible chemokine score was associated with
muscle (p=0.006) and lung (p=0.021) components of Severity Index. Furthermore, the
composite score showed a trend for association with the skin component of Severity Index
(p=0.073).

Adjustment for age at enrollment, gender, ethnicity, disease duration, and treatment with
immunosuppressive agents, as well as correction for multiple comparison did not change the
above observed associations (Table 4).

After exclusion of patients with RNP antibodies, all above correlations remained significant
(data not shown) and the correlation between the IFN-inducible chemokine score and higher
mRSS also became significant (r=0.16, p=0.018). Furthermore, a subgroup analysis based
on the disease type (limited or diffuse) did not show a more significant association in any of
the subgroups than the overall cohort for the association with the mRSS.
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We further investigated whether the IFN inducible chemokine score is associated with
interstitial lung disease (ILD). The association of the composite score with a combined
outcome of increased reticular markings on chest X-ray, rales on physical exam, or
FVC<70% was examined which has been shown to predict presence of ILD related changes
on high resolution chest CT (17). Higher IFN composite score was associated with this
combined outcome (p=0.048). Furthermore, higher IFN composite score was associated with
severe restrictive lung disease defined as FVC<50% (p=0.045).

The baseline IFN inducible chemokine levels were associated with lower lymphocyte count
(r=-0.19, p=0.004) but not with total white cell count (p=0.59), hematocrit (p=0.586), or
platelet count (p=0.313). The negative association with lymphocyte count was independent
of age at enrollment, gender, ethnicity, disease duration, and treatment with
immunosuppressive agents in the multivariable model (p=0.008).

Neither baseline IFN inducible chemokine levels nor IP10, ITAC individually correlated
significantly with the short-term change in FVC or mRSS.

Progression of IFN-inducible chemokine score over time and its clinical correlations

Follow-up plasma sample was available in 63 patients with a mean (£SD) time-in-study of
3.1 (1.2) years. Neither IP-10 nor I-TAC changed significantly over time (p=0.977 and
p=0.512, respectively). The change in IP-10 and I-TAC did not correlate significantly with
change in mRSS, creatine kinase or FVC (data not shown). Similarly, the IFN-inducible
chemokine score did not change significantly over time (p=0.621). As expected, the baseline
IFN-inducible chemokine score correlated significantly with its levels on the follow-up
visits (r=0.39, p=0.002).

We found no correlation between change in the IFN-inducible chemokine score and FVC or
creatine kinase over time (r=-0.08, p=0.598; r=—0.06, 0.719, respectively), although there
was a trend for correlation between change in the IFN-inducible chemokine score and
change in mRSS (r=0.23, p=0.084).

We next excluded all patients who were on immunosuppressive agents either at the baseline
and/or follow-up visit in order to remove the confounding effect of treatment. In the
remaining 35 patients, the IFN-inducible chemokine score did not change significantly over
time (p=0.662) and its follow-up levels correlated significantly with its baseline values
(r=0.48, p=0.003). Moreover, change in the IFN-inducible chemokine score did not correlate
with change in FVC (r=—0.16 p=0.348), creatine kinase (r=-0.31, p=0.119) or mRSS
(r=0.16, p=0.406).

DISCUSSION

We developed composite plasma IFN-inducible chemokine score that correlated with the
IFN gene expression signature and the disease severity in SSc. To our knowledge, this is the
first report of plasma IFN-inducible chemokines correlating with the IFN gene expression
signature in SSc. Furthermore, availability of plasma samples in the GENISOS cohort
enabled us to examine the correlation of the IFN-inducible chemokine score with subtypes
and severity of SSc in a large and well-characterized patient population with early disease.
We were able to demonstrate for the first time, an association between the IFN-inducible
chemokine score and the severity of lung and muscle involvement, and confirmed previous
observations that linked IFN activity to severity of skin involvement in SSc (3; 18).

We observed a negative association with ARA antibodies independent of other potential
confounding factors. In our previous gene expression study (6), we did not observe an
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association between ARA and IFN signature because we were underpowered as only 15
patients with these antibodies were investigated in that study. The other gene expression
studies have not investigated an association of the IFN signature with ARA (1;4;5;19). A
negative association of ARA with IFN chemokine score indicates the dysregulation of IFN
pathways are less likely to play a pathogenic role in this autoantibody subgroup of SSc. Of
interest, ARA is highly associated with extensive skin involvement but severe ILD is
infrequent in this subgroup. In agreement with published data(20), 82% of patients with
ARA had diffuse cutaneous involvement, but only 2% of them had severe restrictive lung
disease in the GENISOS cohort. Further studies are needed to examine whether lack of IFN
activation contributes to the observed dissociation between fibrosis in skin and pulmonary
tissue in this subgroup of SSc. ARA antibodies are also associated with scleroderma renal
crisis. Of note, we did not observe an association of IFN-inducible chemokine scores with
severity of renal involvement in our cohort. In addition, we confirmed previous observations
that RNP antibodies are associated with increased IFN activity in patients with SSc (6;19).
Confirming findings of previous studies, we did not find an association of IFN-inducible
chemokine score with disease type (limited versus diffuse) (1;4-6) or duration (1;4;6).

The easier accessibility of plasma samples compared to peripheral blood RNA samples
enabled us to correlate the IFN-inducible chemokines with clinical features in a large, well
characterized cohort patients with early SSc. The IFN-inducible chemokine score correlated
with concomitant severity of skin, lung, and muscle involvement. This correlation was
independent of potential demographic confounders, treatment with immunosuppressive
agents, and disease duration Notably, the observed association with markers of clinical
severity remained significant even after exclusion of patients with RNP antibodies. This
indicates that the association of IFN-inducible chemokines with more severe forms of SSc is
not mainly driven by patients have features of mixed connective tissue disease. Our findings
also confirmed previous studies indicating that transcripts of IFN inducible genes correlate
with severity of skin disease in patients with SSc (3;18). However, this is the first study to
show an association between IFN-inducible chemokine score and the severity of lung and
muscle disease. This association with severity of lung involvement is especially important as
this disease manifestation is the primary cause of SSc-related mortality (21;22). However,
the baseline chemokine composite score did not predict short term change in FVC in the
present study although future longitudinal studies with combined analysis of longitudinal
measurements (serially obtained FVVCs) and survival data are needed to investigate the
predictive significance of the composite score for long-term progression of SSc-ILD. Our
findings provide further support for deleterious effects of IFN in SSc. The development of
SSc has been reported in patients undergoing IFNa treatment (23;24). Furthermore, a
randomized, placebo-controlled trial of subcutaneous IFNa in patients with early SSc
showed that treatment with IFNa resulted in worsening lung function and a trend toward
skin deterioration (25). The potential role of IFN in the pathogenesis of SSc has led to an
ongoing phase | study of an anti-IFNa monoclonal antibody,sifalimumab, for treatment of
this disease. The IFN-inducible chemokine score developed in this study might be helpful in
identifying SSc patients who would benefit from this treatment modality.

Our IFN-inducible chemokine score was comprised of IP-10 and I-TAC, ligands for the
receptor CXC receptor-3 (CXCR3). An elevation in I-TAC levels in the plasma of patients
with SSc is a novel observation. In agreement with our findings, higher levels of IP-10 have
been shown previously in patients with SSc compared to unaffected controls (19;26;27).
Higher IP-10 levels were associated with presence of interstitial lung disease, defined as
presence of ground glass and/or interstitial fibrosis detected by high resolution chest CT.
However, the correlation of IP-10 with the severity of ILD (FVC) has not been investigated
previously. Type | and Il IFNs can stimulate overlapping series of genes including IP-10 and
I-TAC (28). Therefore, we cannot discern whether the observed association of IFN inducible

Arthritis Rheum. Author manuscript; available in PMC 2014 January 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Liuetal.

Page 8

chemokines with the disease severity is driven type I or type Il IFNs. Furthermore, it is
likely that these chemokines are not exclusively induced by IFN because the redundancies in
biological pathways enable induction of key chemokines by several upstream molecules. For
example, Weckerle et al. have recently shown moderate cross-sectional correlation between
Tumor Necrosis Factor- a levels and IFN-a serum activity in patients with SLE (29).

In agreement with our findings, IP-10 and I-TAC levels correlated with the IFN gene
signature in patients with SLE (7) and dermatomyositis (9). However, MCP-1 did not
correlate with the IFN gene signature in our study contrary to observations in SLE (7) and
dermatomyositis (9). It is possible MCP-1 levels in patients with SSc are mainly regulated
by molecules involved in other pathways. In fact, MCP-1 was recently identified as a key
IL-13 regulated cytokine in a fibrotic murine model as well as skin biopsy samples of
patients with SSc (30).

The longitudinal examination of IFN-inducible chemokines indicated that they do not
significantly change over time and that the chemokine levels in baseline and follow-up
samples correlate with each other. Furthermore, the changes in chemokine levels did not
correlate with progression of FVC (severity of ILD). This suggests that the IFN-inducible
chemokine score is a marker for more severe subtype of SSc but not a dynamic measure of
disease activity for SSc-related ILD. This notion was also supported by the fact that the
chemokine score at the cross-sectional level did not correlate with disease duration.
However, we observed a trend for correlation between change in the IFN-inducible
chemokine score and mRSS. This weak correlation was not confirmed in the subgroup of
patients not treated with immunosuppressive agents. Based on the current study, we cannot
exclude a weak correlation between change in the IFN-inducible chemokine score and skin
involvement. Larger longitudinal studies are needed to investigate this possibility. Of note,
fibrotic processes in SSc are often irreversible, thus it is more difficult to identify dynamic
markers of disease activity in this disease than other autoimmune diseases such as SLE or
dermatomyositis. The investigated disease severity markers such as FVC and mRSS reflect
disease damage (irreversible) as well as disease activity (reversible). Nevertheless, we
believe stable markers of disease severity are important for identifying patients that may
benefit from more aggressive monitoring and treatment.

Our study was conducted in a multiethnic cohort that increased the generalizability of our
findings across investigated ethnic groups. Furthermore, the enrollment of only patients with
early disease decreased the likelihood that our results are influenced by survival bias. The
careful prospective collection of demographic and medical data including medication
regimen also enabled us to adjust for several potential confounding variables.

The current study has some limitations. The GENISOS cohort is based on three tertiary care
centers in Texas which partially explains the high proportion of patients with diffuse
cutaneous diseases in this study. While the IFN-inducible chemokines have been linked to
disease severity in SSc in our study, their actual contribution to various disease
manifestations of SSc needs to be explored in future mechanistic studies. Furthermore, the
longitudinal study could be conducted only in a subgroup of patients with available repeat
plasma samples. In addition, the lack of a validated disease activity scale in SSc has
hampered identification of biomarkers that track dynamic changes in disease activity. For
example, FVC and mRSS both reflect disease activity as well as disease damage, because
fibrotic changes in the lung and skin are partially irreversible.

In summary, the composite score of IP-10 and I-TAC correlates with the IFN gene
expression signature in SSc. This IFN-inducible chemokine score correlates with severity of
lung, skin, and muscle involvement even after adjustment for potential demographic and
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clinical confounders. Furthermore, the IFN-inducible chemokine score does not change
significantly over time, suggesting that this composite score can serve as a stable maker for
more severe subtype of SSc. This finding may lead to more effective and focused
monitoring and treatment of patients with SSc.
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Comparison of IFN inducible chemokine levels in SSc patients and unaffected controls. (A)
IP-10 (B) I-TAC (C) IFN-inducible chemokine score in patients with SSc and unaffected
controls. Each box represents the 25 to 75t percentiles. The line inside the box represents

the median.
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Study subject characteristics

Table 2

Characteristic

GENISOS Cohort

Control Subjects

Gender, female
Age at the time of first study visit, mean (SD)
Ethnicity

Caucasian

African American

Latinos

Diffuse cutaneous involvement
“Disease duration 1, mean (SD)

**Disease duration 2, mean (SD)
ACA
ATA
ARA
RNP

Treatment with immunosuppressive agents

221 (83%)
48.6(13.5)

125 (47%)
54 (20%)
77 (29%)
156(59%)
2.5(1.6)
45(5.4)
32 (12%)
49(18%)
61 (23%)
30(11%)
82 (32%)

78 (80%)
48 (12.7)

48 (49%)
17(18%)
27 (29%)

Page 13

Abbreviations: SD: Standard deviation; ACA: Anti-centromere antibodies; ATA: Anti-topoisomerase antibodies; ARA: Anti-RNA polymerase 111
antibodies (ARA); RNP: Anti-Ul ribonucleoprotein antibodies.

*
Disease duration 1 was calculated from the onset of the first non-Raynaud’s phenomenon.

Aok

Disease duration 2 was calculated from the onset of the first symptom attributable to SSc including Raynaud’s phenomenon.

Arthritis Rheum. Author manuscript; available in PMC 2014 January 01.



Page 14

Liuetal.

"U01393.4109 uosLiedwod a|di|NW YIM |apow s|qelieAlnw

wouy anfend : bWd ‘sjuabe aaissaiddnsounuutun Yim juawieal) pue ‘Auoiuyle ‘1apuab Juaw)joius e abe 1oy Juswisnipe Ja)e [apow a|qelIeANNW Woiy anfeAd . Wd ‘|apow ajqelieAlun woly anjead : 1d
‘salpognue uisloidoajonuogul |N-NUY :dNY ‘(VHV) seipognue ||| asesswAjod YNY-IIUY (HY :SaIpognue asesswos1odol-nuy V1V ‘SaIpogiiue a1awoliusd-iuy IV adA} asessiq : 1 ‘uouswouayd
s.pneukey ayl Buipnjoul woldwAs 9SS 1s414 Y} JO 19SUO aU) WOJY Pale|ndfes uolenp aseasiq :zdd ‘uouswouayd s, pneukey-uou 1si1) 8y J0 18SUO Y} WOJJ paje|nafed uolrelnp aseasiq :TAq :SUoneinalqay

(T¥°0 's€°0-) €00 000T G680 G220 (250°'.€0-)800 8€L0 66.0 (LS0'8€0-)TT0  SE90 9120 uaid
(€0°'T'0£°0) 99°0 T000> T000> T0OO (960 '60°0)25°0 8100 Tv00  (LZ'T'8€0)€8°0  TOO0> TOO0> dNY

(€T'0-'v9'0-) 6€°0- 9000 €000 TTO0 (ST'0-'€L0-)¥¥'0- 000 0100 (S0°0'850-).LC0- 9600 6120 Vv
(cz0'se0-)800- 000T TZ890 Lzg0  (OVO'TE0-)S00  96.0 +090 (ST0'.50-)Tg0- 85C0  8YSO V1V
(6€'0'62°0-)S00  000T  ¥9.0 6860  (IS0'620-)TT'0 €850 0£L0 (020'290-)TC0- 8IE0 6120 VOV
(9T°0'62°0-) 900~  000T  S/60 6e€0  (620'¥20-)200  .G80 9280 (¥0'0'0S0-)€T0- 0600 0900 1a
(€00 '20°0-) G000  000T SS90 0650  (€00°200-)TO0  L8G0 TeS0 (c00°'€00-) TO0- Z8Y0  OLYO zaa
(To0'eT’0-)900-  9.T0 8800 S¥0'0 (200 '¥T'0-)90°0- 0STO 0800 (€00 '¥T°0-)G00- ¥0Z0  92T°0 1ad
(1D 56) HIp Uea N g d "d (1D 56) H1p Uea N 4 "d (10G6) Hipued N 4 "d
91095 dUIOWBYI|GINPUI-NS | oVl oT-d|

saujowayd ajqronpul N4| ewsejd yim sadAigns asessip JO UOIIRIJOSSY

€9lgel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arthritis Rheum. Author manuscript; available in PMC 2014 January 01.



Page 15

Liuetal.

"U01398.1109 uosLiedwod ajdn|NW Y)M [3pow 3|qeLIRARNW WOy
anjend Wy ‘syusbe anissaiddnsounwitil YHm JUSLWIRaI) pUe ‘UoleINp asessip ‘ANoIuyle ‘1apush ‘Juaw)jous e abe 1oy Juswisnipe Jaye [9poW S|geLBAINNW WOl aNjeAd : +EQ ‘|apow ajgerteAlun woly

anfeAd 71d Jus10144909 UOHE|RII0D 110D "8SBUIY BUIESID MO ‘21005 US UBUPOY paljipow :SSyw ‘Anoededs Buisnyip paloipaid Jusassd :0971Q ‘Aoeded e)A paoioy paloipald Usdlad :DAH SUOHBIABIGGY

s)uabe anIssasddnsounwul Yim Juswiess) pue ‘uoiieinp aseasip ‘Aloluyie ‘Japuab ‘Jusiujjolus 1e abe Joy Juswnsnipe Joige [apow m%:g:_:_\,_,N

"Xapu| A11anss Jabspal Jo siusuodwod
¥

09T0 0800 90T0 OT0 ¥S90 [ZE0 OPE0 900 0900 O0S00 TG00 €10  'Uor
000T 9/80 8/80 T00 I 80/0 090 €00 8820 YYTO LSTO L00- AOUPI
¥SL0  LIE0 S950  ¥0°0 T 0090 TI80 200 9.0 7180 2550 v00  LM*H
8100 6000 TZ00 ST'0 9T00 8000 8T00 ST0  ZIZ0 90T0 L0270 800  PuMl
0¥S0 0/Z0 80 900 2880 T6T0 620 200 T 990 6L.0 200 «19
ZZ00 TI0OO0 9000 8T0 Y900 2E00 200  STO 8000 ¥000 €000 6T0 OIS

9800 €¥00 €00 ¢TI0 ¥e80 <CIv0 ¢rs0 ¥0'0 9¢00 €100 ¥TI00 9T0 £UPIS

¢ee’0  T9T0 GCT0 TO T 2850 2050 ¥00 ¥S00 [L¢00 ¥T00 970 Ssyw
8000 %000 ¢000 TC¢O0 ¢000 TOOO TOOO> €0 8.0 68T0 LL00 <CTO prle]
¢00'0 TOOO 8000 8T0- TOO> TO0O0O> ¢000 TCO- 900 8EODO 09T0 OT0- 0oo1a
8700 ¥¢00 €100 LT0- O0I00 S000 €000 TC0- ¥S80 LZv0 ¢L20 800- ONd
ug +ug nd 0y  bug +ug d 0y bug +ug nd 10D

ovl-1 ®0Tdl JVvL-l 0T-dl

A1119A8S 3SRASIP YIIM SaUI}OWaYd a|q1onpul N4 ewseld Jo uonejaiiod

v alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arthritis Rheum. Author manuscript; available in PMC 2014 January 01.



