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Relationship between disease activity and type 1 interferon-
and other cytokine-inducible gene expression in blood
in dermatomyositis and polymyositis
SA Greenberg1,2, BW Higgs3, C Morehouse3, RJ Walsh1, S Won Kong2, P Brohawn3, W Zhu3, A Amato1, M Salajegheh1,2, B White3,4,
PA Kiener3,4, B Jallal3 and Y Yao3

The objective of this study was to evaluate the relationship between blood mRNA, disease activity and treatment effects in a
longitudinal study of patients with dermatomyositis (DM) or polymyositis (PM). In all, 24 patients with DM or PM were followed
for up to 6 years (mean of 1.9 years) at 2--7 follow-up visits while receiving standard clinical care. Clinical data and blood
samples collected at 80 patient visits were used for the analysis of cytokine-induced gene expression for the signaling
pathways of type 1 interferon (IFN), tumor necrosis factor-a, IL-1b, granulocyte-monocyte colony-stimulating factor, IL-10 and
IL-13. A type 1 IFN signature score, but not other cytokine signature scores in the blood of patients with DM or PM, correlated
highly with disease activity, decreased significantly with immunomodulatory therapies and showed concordant changes with
major changes in disease activity. Type 1 IFN signature score in the blood correlates with disease activity in longitudinal follow-
up of individual patients with DM or PM. The type 1 IFN-inducible gene transcripts in the blood have potential utility for
monitoring disease activity in patients with DM or PM.
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INTRODUCTION
The inflammatory myopathies (IMs) are rare acquired autoimmune
diseases of skeletal muscle.1,2 Clinical and pathological features
distinguish subtypes including dermatomyositis (DM), polymyosi-
tis (PM), inclusion body myositis (IBM), non-specific myositis and
necrotizing myopathy.3 The incidence of DM/PM has been
estimated at 5.5 cases per million people. Pharmacological
therapy for DM and PM consists of corticosteroids and other
immunomodulatory medications, while IBM responds poorly to
treatment.1,2,4,5 Some patients with DM or PM respond poorly to
treatment and many experience morbidity from side effects. There
is a need for safer and more effective treatment in these diseases.
One potential therapeutic approach is to target individual

cytokine pathway that might contribute to the pathogenesis of
the disease. Recognition that cytokines are present in IM muscle
biopsy samples began with immunohistochemical studies for
cytokine proteins.6 This approach is confounded by a number of
technical and biological limitations,7 including non-specific
immunoreactivity, transient expression and low concentration.
For these reasons, some investigators turned to examining
cytokine mRNA transcripts in IM muscle homogenates.8 Initial
PCR-based studies of 12 cytokine transcripts including tumor
necrosis factor (TNF)-a, IL-1b (IL-1b), granulocyte-monocyte
colony-stimulating factor (GM-CSF), interferon (IFN)-a and IFN-g
generally found no IM subtype-specific differences from non-IM
muscle, except for GM-CSF, which was detected in 12 of 15 IM
muscle samples but none in 10 controls.8 Many subsequent
studies of cytokine transcripts and proteins (reviewed in Figarella-

Branger et al.9 and Salomonsson and Lundberg10) have reported
variable and sometimes conflicting results.
Because of the potential for transient expression and low

concentration of cytokines, their downstream persisting effects
have been considered as an alternative and potentially more
precise way to evaluate cytokine pathway activation. More than 25
years ago, tubuloreticular inclusions (also known as lupus
inclusions), a unique pathological lesion in DM muscle endothelial
cells,11,12 were recognized as a downstream marker of type 1 IFN
signaling. Tubuloreticular inclusions develop in patients treated
with IFN-a13,14 and in cultured endothelial and other cells directly
in response to IFN-a and IFN-b,15--17 but not IFN-g.14 More recently,
cytokine-inducible gene transcripts detected by microarrays18--21

have been utilized as downstream markers of cytokine stimula-
tion. These studies have shown marked overexpression of type 1
IFN-inducible genes in DM but not PM or IBM muscle.22

Marked overexpression of type 1 IFN-inducible genes has also
been observed in the blood of patients with DM or PM,23 and in
patients with systemic lupus erythematosus (SLE).24,25 A previous
cross-sectional and paired-visit study of 28 patients with DM, PM
and IBM showed that type 1 IFN-inducible genes were the highest
differentially expressed genes in DM and PM blood samples
compared with normal controls.23 In this study, we report on
studies that extended this cross-sectional study of type 1 IFN-
inducible gene expression to a longitudinal study that also
assessed other cytokine-inducible signaling pathways to evaluate
whether activation of individual cytokine pathway correlates with
the disease activities in patients with DM or PM. Such approach
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could provide further scientific rationale on individual cytokine as
therapeutic target for patients with DM or PM along with other
preclinical data.

RESULTS
Positive correlation of type 1 IFN-inducible but not other cytokine-
inducible blood gene expression with disease activity in individual
patients during longitudinal follow-up
The blood gene expression profile of 136 type 1 IFN-inducible
genes overexpressed in 42 patients with DM or PM at single visits
(either the first visit from the longitudinal study or at the
prescreening visit for patients enrolled in a clinical trial evaluating
anti-IFNa therapy in DM or PM) is shown in Figure 1a. Of the 42
patients with DM or PM, 21 were DM and the other 21 were PM.
The type 1 IFN signature was significantly overexpressed in the
blood of both DM and PM patients, but not between DM and PM
(Figure 1b). The fact that DM and PM have similar type 1 IFN
signature level, along with the observation that the other cytokine
signatures evaluated in the study (GM-CSF, IL-10, IL-13, IL-1b or
TNF-a) also show no statistically significant difference between
DM and PM (data not shown), provides scientific rationale to
combine DM and PM patients to evaluate activation of cytokine
pathways at molecular level in these patients. This is likely an
effective way to improve statistical power of the study due to limit
of sample size. Previous cross-sectional and paired-visit studies of
blood gene expression profiling for 15 patients with DM or PM at
32 visits showed that type 1 IFN-inducible genes were as a group
the highest differentially expressed genes compared with normal
in DM and PM. In the current longitudinal study of 24 patients
with DM or PM over 80 visits, 21 patients showed elevation of the
type 1 IFN-inducible gene composite score (compared with
healthy normal controls), as defined by a value of at least four
at some time during the course of the study. These patients were
carried forward in subsequent analyses. Three patients with PM
(two receiving prednisone plus methotrexate, one receiving
prednisone plus mycophenolate throughout the study) had low
type 1 IFN-inducible gene composite scores (defined by a value
o4) that never differed from scores of normal controls through-
out their courses. Among these three patients, two had blood
collection in three visits and the other patient had two blood
collections during the whole study.
The 21 patients with an elevated type 1 IFN-inducible gene

composite score were stratified into a two-group comparison with
low (modified Myositis Intention to Treat scale (MITAX) score
p6; nine patients) and high disease activity (modified MITAX score
46; 12 patients) categories. Only the type 1 IFN signature was
significantly different between all three comparisons of: normal
healthy donors and patients with low or moderate disease activity,
normal healthy donors and patients with high disease activity, and
patients with low or moderate disease activity and patients with high
disease activity (Figure 2a). For the rest of the cytokine signatures
studied (GM-CSF, IL-10, IL-13, IL-1b or TNF-a), there was no significant
difference in the cytokine signature scores between patients with
low or moderate disease activity, and patients with high disease
activity (Figure 2a; See Supplementary Table S4 for P-value).
The type 1 IFN-inducible 13-gene signature score furthermore

showed high correlation with clinical disease activity within
individual patients during longitudinal follow-up. Patients
(N¼ 18) with any variation in disease activity among their visits
showed strong correlation between modified MITAX score
changes and changes in the 13-gene type 1 IFN-inducible gene
composite score (P¼ 0.0002; Figure 4b). The 13-gene score
increased in every pair of lowest-to-highest disease activity visits
in each of the 18 patients. Other cytokine-inducible gene
composite scores showed no such correlation with disease activity
(Figure 2b). Patients (N¼ 3) with no variation in disease activity (as
defined in the Materials and methods) showed no changes in

expression levels of any cytokine-inducible composite scores
(Figures 2c and 4c).
Major clinical disease activity changes were associated with

major changes in the type 1 IFN-inducible gene signature score.
Among the 80 DM and PM patient visits, there were 50 pairs of
consecutive visits, with 16 major changes in disease activity
(defined as a change in modified MITAX score of 43; 11
improvements and five worsening events). All 16 changes were
associated with major changes in the type 1 IFN-inducible gene
composite score in the concordant direction (Table 1). Further-
more, for the 12 patients with at least three follow-up visits (total
of 53 visits), the gene composite score was significantly correlated
with disease clinical activity (P¼ 0.0007) in a repeated measures
analysis after controlling for treatment status. Other cytokine-
inducible gene scores did not significantly predict disease activity
(P40.05 for all). For the seven patients with four or more visits,
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Figure 1. Overexpression of type 1 IFN-inducible genes in the blood
of patients with DM or PM. (a) Heatmap representing expression of
136 type 1 IFN-inducible genes significantly overexpressed (q-value
o0.05 and fold change 42) in DM (N¼ 21) and PM subjects (N¼ 21)
compared with normal healthy donors (N¼ 24) The horizontal bar at
the bottom of the figure identifies the following: normal healthy do-
nors (black), weak type 1 IFN-inducible gene signature score (fold
changeo4; blue), moderate type 1 IFN-inducible gene signature score
(4pfold change o10; green), and high type 1 IFN-inducible gene
signature score (fold changeX10; red). (b) Type 1 IFN gene signature
scores for the same set of subjects as in (a), grouped by normal
healthy donors (black), DM (green) and PM (blue) subjects. Horizontal
bars represent the median value for each group. Significance is de-
fined as follows: **Po0.01; NS, not significant.
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Figure 2. Correlation of type 1 IFN-inducible gene signature score in the blood (but not other cytokine-inducible gene signatures) with disease
activity of individual patients with DM or PM during longitudinal follow-up. (a) Grouped analysis of various cytokine-inducible composite gene
signature scores for 21 type 1 IFN signature-positive patients at visit 1 and for 36 normal healthy donors. Patients are grouped by relatively low or
moderate clinically measured disease activity (modified MITAXp6) and high disease activity (modified MITAX46). Horizontal bars represent the
median value for each group. Only the type 1 IFN signature is significantly different between all three comparisons of: normal healthy donors and
patients with low or moderate disease activity, normal healthy donors and patients with high disease activity and patients with low or moderate
disease activity and patients with high disease activity. (b) Patient-specific analysis of the cytokine-inducible gene signatures for 18 patients with
any variation in disease activity and (c) three patients that demonstrated no change in disease activity throughout the study. For panels b, c each
patient is represented by a line. Significance is defined as follows: *Po0.05; **Po0.01; ***Po0.0001; NS, not significant.

Table 1. Major changes in disease activity are associated with major changes in the expression of type 1 IFN-inducible genes in the blood of patients
with DM or PM

Sample (identifier/visit) Category MITAX change Interval (days) 13-gene score

10v2 Improvement 12-6 103 �89%
46v2 Improvement 12-6 124 �63%
47v4 Improvement 9-3 432 �69%
79v2 Improvement 12-6 35 �91%
99v2 Improvement 12-3 66 �92%
106v2 Improvement 9-1 214 �72%
119v2 Improvement 9-3 45 �92%
126v2 Improvement 12-1 64 �76%
140v2 Improvement 12-6 80 �46%
143v2 Improvement 12-1 61 �94%
155v2 Improvement 12-3 140 �12%
15v4 Relapse 0-6 854 +715%
19v3 Relapse 2-6 182 +636%
95v2 Relapse 2-13 380 +3022%
128v2 Relapse 1-9 133 +119%
147v4 Relapse 4-9 6 +112%

Abbreviations: DM, dermatomyositis; PM, polymyositis.
Among 50 pairwise consecutive visits, there were 16 in which a major change in a clinical measure of disease activity (modified MITAX score change of more
than 3 points) occurred. Gene expression changes are shown as the percentage change in fold ratio from before current visit for the 13-gene composite score.
Improvement was associated with marked reduction in the 13-gene composite score and relapse was associated with marked increases.
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correlation between changes in disease activity and type 1 IFN-
inducible composite scores persisted (Figure 3a), particularly for
those patients with enough visits (at least five) to quantify the
Pearson’s correlation (range 0.73--0.90). For one PM refractory
patient (BGE92), a limitation of the modified MITAX score (it
reaches a maximum and cannot increase with further increases in
disease activity) limited its use, but the serum creatine kinase
(increasing from 3369--32 877 IU l�1) reflected the changes in
disease activity and correlated strongly with the changes in the
type 1 IFN signature score (Figure 3b).

Several single type 1 IFN-inducible gene transcripts have potential
clinical utility to monitor disease activity
In both the previous cross-sectional study23 and the current
longitudinal study, among approximately 20 000 unique genes
studied, two of the highest differentially expressed type 1 IFN-
inducible transcripts in DM and PM blood were IFI44L (mean of 117-
fold of normal) and RSAD2 (58-fold). Quantitative real-time PCR
transcript measurements correlated highly with the microarray
results in whole-blood samples from 15 patients (nine DM and six
PM) for IFI44L (r¼ 0.98) and RSAD2 (r¼ 0.98).
These single gene transcript biomarkers correlated with disease

activity comparably to the 13-gene composite score (Figure 4),
suggesting that they have potential clinical utility as individual

blood biomarkers to monitor disease activity in patients with
DM or PM.

DISCUSSION
Cytokines have a significant role in regulating immune responses in
inflammatory and autoimmune diseases. Targeting cytokines
has clinical efficacy in patients with psoriasis and rheumatoid
arthritis.26--29 Cytokine gene signatures have been utilized to address
various issues from disease pathogenesis to drug effect in multiple
diseases from various studies reported in the literature. The type 1
IFN-inducible blood gene signature is neutralized in SLE patients by
an anti-IFN-a monoclonal antibody, and such neutralization is
related to improvement in disease activity (that is, clearance of skin
rash).30 An IL-17-inducible gene signature has been used to evaluate
the effect of cyclosporin A in psoriasis.31 An IL-13-inducible gene
signature is used to evaluate the activation of IL-13 pathway in the
airway epithelial cells of asthma patients and also treatment effect of
corticosteroids in these same patients.32 Gene expression profiling
using whole-genome arrays in longitudinal studies allows tracking of
multiple cytokine activities and their signaling pathways at the
molecular level, and study of their correlation with disease activities
during treatment. These studies may lead to the identification of
new therapeutic targets in patients with systemic autoimmune

Figure 3. DM and PM patients demonstrate a correlation between modified MITAX score and type 1 IFN gene composite score in the blood. (a)
Comparisons between modified MITAX score and the type 1 IFN-inducible gene composite score over time for seven patients (BGE15, BGE92,
BGE99, BGE10, BGE106, BGE119 and BGE147) with at least four total visits. (b) An additional correlation is seen for a PM patient, BGE92
between the type 1 IFN-inducible gene composite score and creatine kinase levels across time. Even though the disease activity of the patient
increased substantially, the muscle disease MITAX subscore was already at a maximal value (9 points).
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diseases, as demonstrated by the discovery of type 1 IFN as a
potential therapeutic target for SLE.24,25

In this study, we developed a 13-gene composite score to
capture the activation of the type 1 IFN signaling pathway in the
blood of patients with DM or PM, and found it strongly correlated
with disease activity as measured by modified MITAX score in
a longitudinal study. First, only the type 1 IFN signature is
statistically different in all comparisons of: normal healthy donors
and patients with low and moderate disease activity; normal
healthy donors and patients with high disease activity; patients
with low/moderate and high disease activity. Secondly, for the 18
type 1 IFN-signature-positive patients, a strong correlation was
observed between changes in disease activity and changes in the
type 1 IFN signature score. Finally, of all 16 major changes in
disease activity in individual patients as defined by a change in
modified MITAX score of 43 observed in the 80 visits, there are
concordant changes in disease activity and type 1 IFN signature
score for all events. We also evaluated TNF-a, IL-1b, IL-10, IL-13 and
GM-CSF signaling pathways in these patients during the long-
itudinal study. Although some of these pathways (GM-CSF, TNF-a
and IL1-b) are activated in the blood of patients with DM or PM, (1)
their cytokine-inducible gene signature scores did not show any
major correlation with disease activity; and (2) the changes of their
cytokine signature scores and changes in the disease activity of
these patients also showed no correlation. These findings provide
strong support to the hypotheses that type 1 IFN has a
mechanistic role in the pathogenesis of DM and PM.22,33,34

Although the sample size is modest (24 patients are enrolled in
the longitudinal study, and 21 from the 24 patients had elevation
of type 1 IFN signature during the course of the study) in the
study, due to the low incidence of patients with DM or PM, it still
represents a longitudinal study of such nature with most patients
enrolled where data are available publicly. That said, the
conclusions will be strengthened in another independent study
or ideally in a clinical trial that evaluates anti-type 1 IFN therapy in
patients with DM or PM.
These findings also support the use of gene transcript

measurements to provide value in monitoring disease activity in
patients with DM or PM. These measurements are analogous to
serum creatine kinase, in that although they may not reflect
absolute levels of disease activity across patients, they appear to
reflect changes in disease activity within individual patients. They
may be of particular value in helping to distinguish IBM from PM,
for which it is frequently initially misdiagnosed.
There are several implications of these data for drug develop-

ment. The significant overexpression of type 1 IFN-inducible genes
in the blood of patients with DM or PM is likely to provide an
effective pharmacodynamic marker for assessing anti-type 1 IFN
monoclonal antibody therapy in these patients, as in the case of
SLE.27 High correlation of significant expression changes in type 1
IFN-inducible genes in peripheral blood with major changes in
disease activity additionally suggests that their measurement has
potential utility to monitor disease activity of patients with DM or
PM during treatment courses.
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Figure 4. Comparison of type 1 IFN-inducible gene score and single gene transcript measurements with disease activity. (a) Grouped analysis
of transcripts IFI44L and RSAD2 measurements for 21 type 1 IFN signature-positive patients at visit 1 and for 36 normal healthy donors.
Patients are grouped by relatively low or moderate clinically measured disease activity (modified MITAXp6) and high disease activity
(modified MITAX46). Horizontal bars represent the median value for each group. (b) Patient-specific analysis of the type 1 IFN-inducible gene
score, IFI44L and RSAD2 for 18 patients with any variation in disease activity during the longitudinal follow-up. (c) Three patients that showed
no change in disease activity throughout the study. For panels b, c, each patient is represented by a line. Significance is defined as follows:
*Po0.05; **Po0.01; ***Po0.0001; NS, not significant.
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An important limitation of this study is its performance in the
context of routine clinical care. Patients were seen for routine
clinical visits, and disease activity was measured retrospectively
from clinical notes, blinded to gene expression data. Blood
collection proceeded as clinically allowed, not at equal interval
time-points according to a predetermined protocol. Future studies
using prospective collection of blood samples and disease activity
measures would be preferred.

MATERIALS AND METHODS
Patients
In all, 24 patients with inflammatory myopathies (15 with DM and 9 with
PM) were enrolled from a single hospital center into a longitudinal
exploratory study of the association between gene expression in blood
samples and clinical features including disease activity. Clinical and gene
expression data from 80 patient-visits were collected over a period of up to
6 years (mean period of participation was 1.9 years). In detail, 2, 2, 3, 7 and
10 patients had blood samples collected for seven, six, four, three and two
visits, respectively. Clinical features are summarized in Supplementary
Table 1. Early cross-sectional studies of some of these patients after one or
two visits were previously reported;23 the current study increased the
number of enrolled patients and performed a longitudinal analysis of up to
seven visits per patient (mean of 3.3 visits). All patients satisfied widely
used descriptive criteria for DM or PM26 as well as more stringent research
criteria.3 Normal blood samples were studied from 36 healthy donors.

Disease activity assessment
At each visit, whole-blood samples were collected for gene expression
studies and clinical data were collected that allowed for subsequent
assessment of disease activity using three individual system subsections
(constitutional, cutaneous and muscle disease activities) of the MITAX.
Using the MITAX subsection scores as described,23 0 points were given for
inactive, 1 point for stable mild disease, 3 points for moderately active
disease and 9 points for active disease requiring disease-modifying
treatment, for each of the three subsections, and the values were summed
for a total score. Disease activity variation was defined as a change in this
modified MITAX score, or in cases where the modified MITAX score was
already maximally saturated, a change in serum creatine kinase (for
example, an increase in muscle disease activity is not captured by MITAX
for a patient with 9 points for muscle disease activity whose muscle
disease worsens further).

Total RNA extraction, microarray assays and TaqMan quantitative
real-time PCR assays
RNA was isolated from whole blood using PAXgene (PreAnalytix GmbH,
Hombrechtikon, Switzerland) tubes or buffy coat samples. Affymetrix U133
Plus 2.0 microarray assays (Affymetrix, Santa Clara, CA, USA) were carried out
as previously described.23 Fluidigm’s Biomark system dynamic array platform
(Fluidigm Corp., South San Francisco, CA, USA) was used to measure
expression levels of a panel of selected immune response genes in the blood
of 15 patients with DM or PM.

Construction of cytokine-inducible gene expression sets and gene
scores
We constructed gene sets reflective of cytokine-inducible transcripts for
type 1 IFN and the five other cytokines GM-CSF, IL-10, IL-13, IL-1b or TNF-a.
Type 1 IFN-inducible genes are well characterized, and we defined this
gene signature empirically from patient used in the study following
procedures similarly to previously described for SLE.30,35 In short, transcript
profiling data were generated from the first visit of the 24 DM or PM
patients enrolled in the longitudinal study in combination with a second
cohort of 18 DM or PM patients screened for enrollment in a clinical trial of
anti-IFN-a therapy for myositis.36 All 42 patients satisfied widely used
descriptive criteria for DM or PM.37 In all, 13 overexpressed type 1 IFN-
inducible genes (from the 100 most overexpressed genes; Supplementary

Table 2) were selected to construct a type 1 IFN signature as follows: the six
most overexpressed type 1 IFN-inducible genes in the blood of DM and PM
patients (IFI27, RSAD2, IFI44L, IFI44, OAS1 and IFIT1), plus ISG15, one of the
most overexpressed type 1 IFN-inducible genes in DM muscle speci-
mens,22,23 and six well-characterized type 1 IFN-inducible genes (OAS3,
HERC5, MX1, ESPTI1, IFIT3 and IFI6). Gene signature scores with this 13-
gene panel (a subset of the 21-gene panel for SLE) correlated well with
scores used to characterize type 1 IFN signaling pathway activation in SLE,
using both the 21-gene panel (r¼ 0.98) and a dynamic top 25 most
overexpressed type 1 IFN-inducible gene approach in individual patients
(r¼ 0.82).30,35

Because there are no generally accepted gene expression signatures for
the other cytokines used in this study, we generated empirically defined
13-gene set signatures for them as follows: whole blood collected from
four healthy donors was exposed to either GM-CSF, IL-10, IL-13, IL-1b or
TNF-a (R&D Systems, Minneapolis, MN, USA) at concentrations of 3� EC50,
vehicle (1� phosphate-buffered saline) control, cytokineþ control anti-
body (R347, 10mgml�1) or cytokineþ cytokine-specific neutralizing
monoclonal antibody (R&D Systems, 10mgml�1), as described.38 Micro-
array experiments performed on extracted RNA were used to identify for
each cytokine the 13 most highly overexpressed (average fold change42)
and cytokine-specific antibody-neutralized uniquely annotated genes
(Supplementary Table 3). An average signal intensity neutralization
requirement of greater than 75% was implemented for all cytoki-
neþ cytokine-specific antibody conditions compared with cytokine
stimulation alone, with the exception of IL-13, for inclusion in the final
13-gene signature panels. Due to the relatively weaker neutralization by
the anti-IL-13 antibody, the gene selection methodology was modified to
allow for inclusion of genes displaying neutralization less than 50% for
compiling an IL-13 gene signature.

For each of the 24 patients and for each cytokine, we computed a gene
expression score as the median fold change compared with the reference
pool of 36 healthy donors for the 13-gene cytokine-specific-inducible
gene set.

Microarray data analysis
Microarray data analysis was performed as previously described,30,35 using
GC-Content Robust Multichip Analysis (GCRMA), which was implemented in
the Bioconductor (http://www.bioconductor.org/) GCRMA package. All two-
group comparisons involving the gene signature scores were calculated
using a two-sample Wilcoxon--Mann--Whitney test, while paired compar-
isons were calculated using a Wilcoxon signed-rank test. All P-values
reported are unadjusted for multiple testing. For identification of patients
with a positive type 1 IFN-inducible gene signature score, we calculated
significance analysis of microarrays with false discovery rate adjustment in R
(R Development Core Team, University of Auckland, New Zealand).
Pearson’s correlation coefficients are provided for all tests of association
between continuous variables with adequate sample sizes. The Spearman’s
rank rho statistic was also calculated to provide any advantage in a non-
parametric summary, and similar results of association were observed. The
small sample sizes in these correlation tests prohibit accurate interpretation
of P-values, so they were not calculated in these cases.

A linear mixed model for a longitudinal analysis
A repeated measures analysis was conducted for only those patients with
at least three follow-up visits (total N¼ 53 follow-up visits for 12 patients).
Six different regression models were fit where a binary coding of modified
MITAX score (low and high disease activity as defined previously) was
regressed on each of the six cytokine-inducible gene signature scores, all
modeled as random effects. Treatment status at the initial visit was used as
a binary covariate (that is, any treatment/no treatment) and modeled as a
fixed effect in each model in order to control for the influence of
medication on gene expression changes.
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