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Type I Interferon-Inducible Gene Expression in Blood Is
Present and Reflects Disease Activity in
Dermatomyositis and Polymyositis

Ronan J. Walsh,' Sek Won Kong,? Yihong Yao,? Bahija Jallal,’ Peter A. Kiener,’
Jack L. Pinkus," Alan H. Beggs,* Anthony A. Amato,' and Steven A. Greenberg’

Objective. To apply gene expression profiling to
the study of peripheral blood mononuclear cells from
patients with inflammatory myopathies, in order to
provide insight into disease pathogenesis and identify
potential biomarkers associated with disease activity.

Methods. We used Affymetrix whole-genome mi-
croarrays to measure the expression of ~38,500 genes in
65 blood and 15 muscle samples from 44 patients with
dermatomyositis (DM), polymyositis (PM), inclusion
body myositis (IBM), myasthenia gravis, or genetically
determined myopathies and from 12 healthy volunteers.
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In 9 patients, 2 samples were obtained at different time
points, when disease was either active or improving, and
these paired blood samples were also compared. Bioin-
formatics techniques were used to identify genes with
significant differential expression among diagnostic cat-
egories and in relation to disease activity. We corrobo-
rated the microarray data with quantitative real-time
reverse transcriptase—polymerase chain reaction.

Results. Most patients with active DM or PM, but
not patients with IBM, had significant and high up-
regulation of the type I interferon-a/f3 (IFNa/f3)-
inducible genes in blood. Furthermore, the up-
regulation of these genes correlated with disease activity
in DM and PM, with down-regulation occurring when
disease was controlled with treatment.

Conclusion. DM and PM are diseases character-
ized by the systemic overexpression of IFN«/f-inducible
genes. The magnitude of the overexpression of these
genes is higher in DM and correlates with disease
activity in both disorders. Although PM and IBM have
been modeled as having similar immunologic processes
occurring within muscle, there are substantial differ-
ences in the expression of IFNa/B-inducible genes in
blood in these diseases.

Dermatomyositis (DM) is an autoimmune in-
flammatory myopathy characterized clinically by sub-
acute or chronic progressive proximal muscle weakness
and characteristic skin changes. Although DM has been
modeled as a disease attributable to an antibody-
directed attack against endothelial antigens and result-
ing ischemia of muscle (1), no well-characterized patho-
genic antibodies or endothelial antigens have been
identified (2).

Gene expression profiling of muscle in patients
with adult DM compared with that in patients with other
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inflammatory myopathies and normal healthy control
subjects has revealed a gene transcriptional signature
that is dominated by the up-regulation of interferon-«/
(IFNq/B)—inducible genes (3). Plasmacytoid dendritic
cells (PDCs), which are natural IFNo/B-producing
cells, are present in DM muscle. The IFN«/B-induced
protein myxovirus resistance A (MxA) is expressed in
perifascicular myofibers and capillaries. These observa-
tions suggest that tissue damage in DM derives from a
self-destructive overactivation of the innate immune
system (3).

In the current study, we performed large-scale
gene expression studies using microarrays on blood
samples from patients with inflammatory myopathies to
determine whether distinct gene expression patterns that
we previously observed in muscle (4) were present in
peripheral blood mononuclear cells (PBMCs). We addi-
tionally looked at how disease activity affected the blood
gene expression profile and how this changed during
treatment-induced improvement in patients with inflam-
matory myopathies.

PATIENTS AND METHODS

Study subjects. We performed 65 microarray experi-
ments on blood samples from a total of 56 prospectively
enrolled patients, 36 of whom had inflammatory myopathies
(12 with DM, 11 with polymyositis [PM], and 13 with inclusion
body myositis [IBM]). For additional control groups, we stud-
ied 5 patients with myasthenia gravis (MG; a noninflammatory
autoimmune myopathy), 3 patients with genetically deter-
mined myopathies (2 with myotonic dystrophy type 2 and 1
with mitochondrial myopathy), and 12 healthy volunteer sub-
jects. Six patients with DM and 2 with PM provided blood
samples for microarray experiments at 2 different time points,
one when disease was active, the other when disease was
improving; 1 patient with refractory DM provided 2 samples at
different time points, both when disease was active. All pa-
tients met research criteria for definite or probable DM or PM
(5) and definite or possible IBM (6). Patients with systemic
lupus erythematosus (SLE) were excluded.

The clinical features of the patients with DM (mean
age 47 years) and those with PM (mean age 56 years) are
outlined in Table 1. Six patients, 2 with DM and 4 with PM,
had interstitial lung disease. Of these, the 2 DM patients and
1 of the PM patients additionally had anti-histidyl-transfer
RNA (anti-Jo-1) antibodies. None of the patients with IBM (6
men and 7 women, average age 69 years) was receiving
immunomodulatory medication. At the time of recruitment,
healthy volunteers had not had any serious illness in the last
6 months, had not started any new medications in the last
6 months, and had had no serious cold, flu, or other infection
in the previous 2 months. The volunteers consisted of 5 men
and 7 women and had an average age of 46 years (range 30-62
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years). An internal review board approved the study. Written
informed consent was obtained from all participating patients
and healthy volunteers.

Assessment of disease activity. We classified the DM
and PM patients as those with active disease and those with
improving disease. Those patients who met 3 of the following
4 criteria were classified as having active disease: 1) they had
increasing symptoms, 2) they had increasing objective weak-
ness on manual muscle testing, 3) they had an elevated and (if
more than 1 measurement was available) an increasing serum
level of creatine kinase (CK), and 4) the treating physician
increased the patient’s immunotherapy. Similar features have
been previously used to define active disease in myositis (7).
DM and PM patients were classified as having active or
improving disease prospectively, prior to analysis of gene
expression data. Manual muscle testing based on the Medical
Research Council scale (8) was used to assess strength; a
composite score for 30 different muscle groups was calculated,
giving a maximum score of 150. We used the Myositis Inten-
tion to Treat Activity Index (MITAX) (9), as proposed by the
International Myositis Assessment and Clinical Studies group,
as an additional measure of disease activity. The MITAX is a
multisystem assessment tool used to look at the muscle,
mucocutaneous, gastrointestinal, respiratory, and musculo-
skeletal systems. Good interrater reliability has been reported
for this measure of disease activity. In the 9 patients with
paired samples, we saw an average reduction in the MITAX
score of 8.5 between samples obtained during active disease
and those obtained during improving disease. Scores for
samples obtained during active disease ranged from 12 to 13,
and samples obtained during improving disease had a score
of 2.

PBMC collection, muscle tissue collection, and RNA
extraction. We collected 10 ml of blood from patients and
volunteers into EDTA-containing tubes (57 samples), or in
some cases (8 samples) directly into PAXgene RNA tubes
(Qiagen, Valencia, CA). For the EDTA-containing tubes, after
centrifugation, we aspirated the plasma (upper layer) down to
1 mm from the red blood cells, and we then carefully aspirated
500 ul of buffy coat into cryostat storage tubes already filled
with 1.2 ml of solution of RNAlater (Ambion, Austin, TX). We
froze the combined buffy coat and RNAlater at —20°C. Using
RiboPure (Ambion), RNA was extracted from the buffy coat
and from PAXgene RNA tubes. The RNA concentration was
measured using a spectrophotometer, and RNA quality was
evaluated by running 1 ug of RNA on 1% agarose gels.

RNA was extracted as previously described (4) from
muscle biopsy samples weighing 70-120 mg. Muscle biopsy
tissue was obtained at the time of active disease from 15
patients (5 with DM, 5 with PM, and 5 with IBM), all of whom
also had blood microarray studies performed at time points of
active or improving disease, and from 5 patients without
neuromuscular disease who were undergoing diagnostic biop-
sies. Muscle RNA extraction was done with RiboPure in a
manner similar to PBMC RNA extraction. Of these 15 mi-
croarray studies of muscle with inflammatory myopathy, 9 (3 of
DM muscle, 2 of PM muscle, and 4 of IBM muscle) were
previously performed with portions of the data used in publi-
cation, and reanalyzed in this study, and 6 were newly per-
formed specifically for these studies.



3786 WALSH ET AL
Table 1. Clinical features of the 12 patients with DM and 11 patients with PM*
CK
Disease Treatment level, MMT MITAX
Disease, patient/ Perifascicular duration, duration, units/ score, MMT score,
age/sext atrophy months  Treatment months  liter Symptoms 0-150 score A Meds A 0-72% Other diagnoses
Active DM
BGE10/38/F§ No 108 Pred., IVIG 4 948 1 142 ! 1 12 -
BGE19/61/F§ Yes 12 Pred., MMF 24 165 ) 139 l 1 13 Breast cancer
BGE46/25/F§ Yes 8 Pred. 0.1 393 1 128 ! 1 12 -
BGE79/46/F§ No 72 None 0 740 1 133 l 1 12 Calcinosis
BGE92/27/F§ Yes 17 Pred. 11 1,140 ) 146 l 1 13 ILD, anti-Jo-1
BGE95/53/M§ Yes 25 MTX 23 6,416 T 131 ! 1 13 Diabetes
BGE99/21/M§ Yes 3 None 0 352 1 148 ! 1 12 -
BGE110/54/F Yes 6 Pred. 2 1,140 T 146 ! 1 13 ILD, anti-Jo-1
Improving DM
BGE15/62/F Yes 36 Pred., MMF 12 80 ) 150  Fullf | 2 -
BGE17/70/F No 24 Pred., IVIG, 6 19 ! 123 1 | 2 -
MMF
BGE36/59/F No 12 Pred., MMF 1 1,652 ! 140 ! | 2 -
BGES80/44/F No 1 Pred. 1 71 ) 140 l | 2 -
Active PM
BGE3/55/F No 26 Pred., MMF 20 2,100 1 140 l 1 - -
BGE32/72/F No 3 Pred., IVIG 2 1,219 1 100 ! 1 - -
BGE47/72/F No 11 Pred., MMF 9 3,027 1 118 l 1 - -
BGE98/38/F No 16 Pred. 16 129 ) 139.66 l 1 - MCTD
BGE106/59/F§ No 2 None 0 4,720 1 128.65 l 1 - -
BGE119/47/F§ No 5 None 0 1,256 ) 135 l 1 - ILD, MCTD
BGE121/67/M No 12 None 0 1,102 1 137 ! 1 - ILD
Improving PM
BGE11/65/F No 81 AZA, IVIG 48 472 ) 149 1 | - ILD, anti-Jo-1
BGE26/71/F No 29 Pred., AZA, 29 29 ! 149 1 l - ILD
IVIG
BGES50/40/F No 2 Pred., IVIG 2 663 ! 138 1 | - -
BGES8/30/M No 25 Pred., MTX, 25 1,743 l 119 1 | - -
IVIG

* DM = dermatomyositis; PM = polymyositis; CK = creatine kinase; MMT = manual muscle testing; MITAX = Myositis Intention to Treat
Activity Index; Meds = medications; Pred. = prednisone; IVIG = intravenous immunoglobulin; 1 = increase; | = decrease; MMF =
mycophenolate mofetil; ILD = interstitial lung disease; MTX = methotrexate; MCTD = mixed connective tissue disease; AZA = azathioprine.

T Patient numbers correspond to those shown in Figure 1.
+ DM patients only.

§ Paired blood specimens from these patients were studied, yielding a total of 32 blood samples from patients with DM or PM.
9 The patient’s MMT score was 150 and was therefore at full (normal) strength.

Target preparation, hybridization, and signal detec-
tion. Microarray studies were performed for muscle as previ-
ously described, using Affymetrix HG-U133A microarrays
(Affymetrix, Santa Clara, CA) (4). PBMC samples were pro-
cessed using Affymetrix HG-U133A plus 2.0 microarrays and
GeneChip Operating System version 1.3.

Data processing. The Affymetrix HG-U133A plus 2.0
GeneChip has 54,675 probe sets, including 63 control probe
sets. Probe set annotations (HG-U133_Plus_2 Annotations
file, 3/9/2007) were obtained from the NetAffx Analysis Center
(https://www.affymetrix.com/analysis/netaffx/index.affx). The
expression levels were calculated using GC-Content Robust
Multichip Analysis (GCRMA), which was implemented in the
Bioconductor GCRMA package (available at http://
www.bioconductor.org/download/oldrelease/biocl.6/popular/
germa.html). This algorithm produces an improved expression
measurement by accounting for GC-content-based bias and
optical noise behavior from all the arrays in an experiment

(10). Quality control was performed by visual inspection of
scanned and reconstructed images to identify gross artifacts
and by careful assessment of the quality assessment para-
meters including control probe sets. All blood and muscle
microarray data were analyzed together with GCRMA in this
study.

Data analysis and visualization. The average and 90%
confidence intervals (90% Cls) of fold changes were calculated
for each disease group compared with the control group, and
the P values for 2-group comparisons were determined by
Welch t-test (Table 2). We applied stringent criteria to select
genes as significantly up-regulated, requiring a P value <
0.0001 and the lower limit of 90% CIs = 3.0. Genes were
identified as IFN«&/B induced through searches of literature
(11-13) and molecular databases.

Group fold changes and 90% CIs were calculated
comparing blood and muscle specimens from 8 patients with
active DM, 11 patients with improving DM, 7 patients with
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Table 2. Evidence that IFN«/B-inducible genes are the most highly overexpressed genes in patients with active DM and patients with PM, but not
in other control groups*

Fold expression,
improving vs.

P, active Fold expression vs. normal subjects active disease
DM vs.
Gene normal Active DM Active
symbol Gene title subjects (90% CI) PM IBM MG MYO DM PM
IF127 Interferon alpha-inducible protein 27 7.94 X 107¢ 130 (28-277)  21.65  2.79 1.01 0.94 —2.34 1.31
IFI44L Interferon-induced protein 44-like 2.84 X 1077 104 (39-194) 6423  7.01 0.68  4.09 —9.65 -5.16
RSAD2 Radical S-adenosyl domain/CIG5 220 X 1077 66 (26-154)  42.04 463 109 298 -9.76  —6.00
IF144 Interferon-induced protein 44 1.61 X 10°° 57 (17-104) 2728 294 052 146 2126 —7.11
LOC129607  Hypothetical protein LOC129607 4.74 X 107° 47 (20-114) 2934 348 120 251 —-1642  —5.68
0AS1 2', 5'-oligoadenylate synthetase 1 3.80 x 107° 36 (13-84) 1513 205 035 104 —1822 -390
EPSTI1 Epithelial stromal interaction 1 427 x 1077 33 (15-57) 1624 309 073  3.50 —17.93 -2.21
BIRC4BP X1AP-associated factor 1 7.99 X 10~°¢ 24 (12-39) 1738 418 078 176  —1325  —3.45
IFIT5 Interferon-induced tetratricopeptide 5 6.81 X 107¢ 20 (10-32) 14.65 263  0.89 1.98 —13.24 —3.65
OASL 2'-5'-oligoadenylate synthetase-like 323 x 1078 19 (9-50) 949 242 038 084 —11.07 392
OAS3 2'-5'-oligoadenylate synthetase 3 7.74 X 107¢ 19 (8-34) 12.68 1.94  0.60 1.38 —13.18 =5.02
IFIT1 Interferon-induced tetratricopeptide 1 2.87 X 10°¢ 18 (8-47) 1550 192 037 145 —8.93 —7.83
PLSCR1 Phospholipid scramblase 1 5.49 x 1077 16 (9-25) 1497 357 568  2.69 -4.19 —2.35
HERCS5 Hect domain and RLD 5 1.21 X 107° 15 (5-30) 11.62 191 049 113 —1358 —4.14
EIF2AK2 Interferon-inducible protein kinase 2.78 X 107¢ 13 (7-24) 12.18 459 152 3.16 —6.23 —1.76
TNFSF10 TNF superfamily, member 10 6.42 X 1073 13 (7-21) 10.79 358 269  3.26 —5.21 —2.56
GBP1 Guanylate binding protein 1 3.26 X 107° 13 (6-21) 6.73 383 054 332 =9.79 —1.75
TNFAIP6 TNF alpha-induced-protein 6 483 X 107° 11 (6-17) 8.05 1.76  3.06  1.65 —4.44  -2.00
IFIT3 Interferon-induced tetratricopeptide 3 5.46 X 1078 9 (6-14) 7.41 1.84 059 1.82 —545 —2.95
SAMDOIL Sterile alpha motif domain 9-like 1.59 x 107° 9(5-17) 1396 758 039 210 —13.71 1.31
CHMPS Chromatin-modifying protein 5 421 x 107° 9 (5-13) 6.42  1.60  1.90 1.88 —4.21 —2.44
ISG15 ISG15 ubiquitin-like modifier 524 X107 9 (4-15) 48 1.04 019 055 =505 —4.62
0OAS2 2'-5'-oligoadenylate synthetase 2 5.94 x 107 8 (4-14) 415 094 038 1.23 —9.74 —6.46
IFIH1 Interferon-induced helicase C domain 1 1.50 x 107° 7 (4-10) 740 186 050 1.74 -8.09 -297
MX1 Myxovirus resistance 1 521 X 107°¢ 6 (3-13) 6.04 1.69 021 0.83 —4.54 —4.65

*The 25 genes with the highest differential expression in patients with active dermatomyositis (DM) are listed in descending order of their fold
expression (with 90% confidence intervals [90% ClIs]) in patients with active DM compared with normal subjects. The symbols of well-established
interferon-a/p (IFNa/B)-inducible genes are in boldface. The marked up-regulation in patients with active DM (n = 8) compared with expression
in normal subjects (n = 12) is also seen in patients with active polymyositis (PM) (n = 7), but not in patients with active inclusion body myositis
(IBM) (n = 13), myasthenia gravis (MG) (n = 5), or genetically determined myopathies (MYO) (n = 3). We applied stringent criteria to select genes
as significantly up-regulated, requiring a P value of < 0.0001 and the lower limit of 90% CIs = 3.0. The comparison of groups with improving and
active disease shows the down-regulation of gene expression that occurs with treatment-related improvement. XIAP = X-linked inhibitor of
apoptosis; TNF = tumor necrosis factor.

active PM, 6 patients with improving PM, 13 patients with
IBM, 5 patients with MG, 3 patients with genetically deter-
mined myopathies, and 12 normal subjects. Additionally, 9
patients (7 with DM, 2 with PM) with paired samples (18
samples) were analyzed pairwise for treatment-associated
changes in gene signatures. Blood and muscle expression data
were compared for 13,398 genes common to both HG-U133A
and HG-U133A plus 2.0 microarray chips mapped according
to Affymetrix probe set identifications.

Quantitative real-time reverse transcriptase—
polymerase chain reaction (RT-PCR) . We performed quanti-
tative real-time RT-PCR for 2 IFN-inducible genes, IFIT1 and
Mx1 (MxA), on 18 samples (from 4 patients with active DM, 5
patients with improving DM, 4 patients with IBM, and 5
healthy volunteers) using primers designed with Primer3 soft-
ware (Whitehead Institute, Cambridge, MA) and purchased
commercially (Operon Biotechnologies, Huntsville, AL).
Primers used were as follows: for MxA, 5'-CGGCTAAC-
GGATAAGCAGAG-3' (forward) and 5'-ACCTACAGCTG-

GCTCCTGAA-3' (reverse); for IFIT1, 5'-AAAAGCCCAC-
ATTTGAGGTG-3' (forward) and 5'-GAAATTCCTGAAA-
CCGACCA-3' (reverse).

RNA (1 pg) was reverse-transcribed to complemen-
tary DNA (cDNA) with oligo(dT),, and Ready-to-Go reverse
transcription kit from Amersham Biosciences (Piscataway,
NJ). SYBR Green I-based real-time RT-PCR was carried out
on an Opticon Monitor (MJ Research, Waltham, MA) with
cDNA templates (1/100 of the RT reaction) using Taq poly-
merase (Promega, Madison, WI) and buffer (2 mM MgCl,, 400
mM dNTP [Roche, Basel, Switzerland], 0.5X SYBR Green I,
and 0.8 mM of each PCR primer [Operon Biotechnologies]) in
a 25-ml final reaction volume. The samples were loaded into
wells of Low Profile 96-well microplates (Abgene, Epsom,
UK). After an initial denaturation step at 95°C for 5 minutes,
conditions for cycling were 40 cycles of denaturation (at 95°C
for 30 seconds), annealing (at 57°C for 30 seconds), and
extension (at 72°C for 1 minute). The fluorescence signal was
measured immediately after incubation at 79°C for 5 seconds
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Figure 1. Blood interferon-«/B8 (IFNa/B)-inducible gene expression signature in inflammatory myopathies. A, Hierarchical clustering and visual
representation of the magnitude of expression of the 25 most highly expressed genes in active dermatomyositis (DMA) compared with that in normal
subjects (NORM) (see Table 2). At least 84% of these are known IFNea/B-inducible genes. Expression levels are higher in active dermatomyositis
and active polymyositis (PMA) than in improving dermatomyositis (DMI), improving polymyositis (PMI), and active inclusion body myositis (IBM)
compared with those in normal subjects. Values for individual patients are in columns. Values for genes are in rows. Red represents the highest
expression levels. Blue represents the lowest expression levels. B, Comparison of the magnitude of the type I IFN signature for the 10 most
up-regulated genes in active dermatomyositis with that in active polymyositis and active IBM. Values are the mean = SEM for each gene.

following each extension step, eliminating possible primer
dimer detection. At the end of PCRs, a melting curve was
generated to confirm the specificity of the PCR product. For
each run, serial dilutions of human GAPDH plasmids were
used as standards for quantitative measurement of the amount
of amplified cDNA. All PCRs were run in triplicate.

The comparative threshold method was used to quan-
tify the amplified transcripts. Mean fold ratios of amplified
transcripts were calculated comparing samples from patients

with improving DM with samples from patients with active
DM, samples from patients with active DM with samples from
normal subjects, samples from patients with improving DM
with samples from normal subjects, and samples from patients
with IBM with samples from normal subjects.
Immunohistochemistry. Frozen muscle sections from
15 patients (5 with DM, 5 with PM, and 5 with IBM) whose
muscle underwent microarray studies were stained with anti-
MxA antibodies (courtesy of Dr. Otto Haller, Department of
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Figure 2. Down-regulation of 6 IFNa/B-inducible genes in 8 patients correlates with improvement in clinical disease from time point 1 (active) to
time point 2 (improving). A, Gene expression studies and analysis of paired blood samples from 2 visits between which clinical improvement
occurred, in 8 patients, showed marked down-regulation of multiple IFNea/B-inducible gene transcripts. Six of these genes are shown. B, In patient
BGEY2, with refractory active DM, expression of most of these 6 genes increased or remained unchanged in serial samples. See Figure 1 for

definitions.

Virology, University of Freiburg, Freiburg, Germany) as pre-
viously described (3) and examined for correlation with the
results of transcript studies.

RESULTS

Blood IFN¢/B-inducible gene transcripts are the
most up-regulated of all genes in PBMCs from patients
with active DM and to a lesser extent from patients with
active PM. A comparison of transcript expression levels
for patients with active DM and active PM with those for
healthy controls revealed that genes induced by IFN«a/B
had the largest fold changes and the highest statistical
significance among the ~38,500 measured transcripts (P
values less than 0.0001) (Table 2).

Figure 1 shows the blood IFNa/B-inducible
gene expression signature in inflammatory myopa-

thies. Of the 25 most highly up-regulated genes, at
least 21 (84%) are known to be IFNa/B inducible.
None of these genes were significantly up-regulated in
patients with IBM, MG, or genetically determined
myopathies. The magnitude of up-regulation was gen-
erally higher in DM than in PM. Quantitative RT-
PCR showed that the IFN-inducible genes Mx1 and
IFIT1 were highly up-regulated in blood from patients
with active DM, supporting our observations from the
microarray data. The average coefficient of variance
of triplicate samples was 0.15, with a high correlation
between triplicate runs of 0.99. Correlation of the
RT-PCR data with microarray data was excellent (for
Mx1, R? = 0.9889; for IFIT1, R* = 0.9978). Overall, 8
of 8 patients with active DM and 5 of 7 patients with
active PM had levels of overexpression of IFNea/B-
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inducible genes that exceeded those of all other 50
blood specimens studied.

Down-regulation of IFN«/B-inducible genes with
clinical improvement in DM and PM. We compared
transcript profiles of 8 samples from patients with active
DM with those of 11 samples from patients with improv-
ing DM, and we separately compared transcript profiles
of 7 samples from patients with active PM with those of
6 samples from patients with improving PM. The genes
most highly down-regulated with improvement in dis-
ease were predominantly IFN«/f inducible (Table 2, last
2 columns at right). Quantitative RT-PCR similarly
confirmed improvement in DM patients. In paired sam-
ples from the same patients with DM (n = 6) or PM
(n = 2) who had active and improving disease at 2
different time points, the type I IFN-inducible genes
were again the most down-regulated of all genes (Figure
2). For the 1 patient with refractory DM, little overall
change for many type I IFN-inducible genes was ob-
served in the paired specimens.

Up-regulation of IFNa/fB-inducible genes is
greater in muscle than in blood in DM, but not in PM or
IBM. For 15 patients (5 each with DM, PM, or IBM), we
compared the blood gene expression profiles with mus-
cle gene expression using the 13,398 genes that are
shared among both the U133A (used for muscle profil-
ing) and U133A plus 2.0 (used for blood profiling)
microarrays. In muscle of DM patients, there was
marked up-regulation of the expression of the same
IFN-inducible genes that we found to be highly up-
regulated in blood (Figure 3). In contrast, in muscle of
PM and IBM patients, only a modest increase of the
IFNo/B-inducible gene transcription was present. This
may have been due to infiltrating immune system cells
that themselves express IFNa/B-inducible genes, such as
MxA (Figure 4). Of particular interest in DM, there is a
marked overexpression of certain IFN-inducible genes
in muscle compared with that in blood (Figure 3). For
example, expression of ISG15 in muscle of DM patients
was ~570 times that in normal muscle and ~100-fold
higher than that in blood of DM patients.

Correlation of tissue pathology with up-
regulation of IFN«/B-inducible MxA protein. As previ-
ously reported, 1 IFN«/B-inducible gene protein, MxA,
is overexpressed in muscle in DM patients (3). In the
current study, the MxA transcript level, although simi-
larly elevated in blood from patients with active DM and
in blood from patients with active PM (6.2-fold and
6.0-fold, respectively, compared with that in blood from
normal subjects), was markedly higher by microarray
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Figure 3. Comparison of microarray results in muscle and blood from
patients with active DM. Shown are microarray data from 5 muscle
samples and 8 blood samples. Values are the mean = SEM for each
gene. Although type I IFN-inducible genes are up-regulated in both
blood and muscle from patients with DM, the degree of up-regulation
is generally much greater in muscle than in blood and specifically
greater for certain genes that accordingly may be more associated with
direct mechanisms of tissue injury. Shown are fold increases for each
gene transcript in muscle or blood from patients with active DM,
compared with expression in muscle or blood, respectively, from
normal subjects. See Figure 1 for definitions.

studies in muscle from DM patients than in muscle from
PM patients (281-fold and 2.5-fold, respectively, com-
pared with that in muscle from normal subjects) (Figure
4). The marked enrichment of MxA transcript in muscle
from DM patients was similarly accompanied by marked
enrichment of MxA protein by immunohistochemistry in
comparing muscle sections from DM and PM patients.
In 4 of 5 DM patients, MxA staining was present
intensely in many myofibers, particularly perifascicular
myofibers, while in all 5 patients with PM and in all 5
patients with IBM, MxA staining was limited to infiltrat-
ing immune system cells (Figure 4). MxA staining is not
present in normal muscle biopsy samples (3).

DISCUSSION

Our findings suggest that in most patients with
DM or PM, but not in patients with IBM, there is a
distinct blood gene expression profile characterized by
marked overexpression of IFN«/B-inducible genes. Clin-
ical improvement during immunosuppressive treatment
is generally associated with a reduction in the overex-
pression of these genes toward normal levels. These
findings, in relation to gene expression in muscle, have
implications for hypotheses about pathogenicity and
blood biomarkers of potential diagnostic use.
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Figure 4. Distinct muscle expression of IFN«/B-inducible genes and protein in DM compared with that in PM and IBM. A, Muscle microarray data
for 20 individuals (5 DM patients, 5 PM patients, 5 IBM patients, and 5 normal subjects). Values are the mean = SEM for each group. The most
highly differentially regulated genes in DM muscle are expressed at orders of magnitude greater than in PM and IBM. B, Immunohistochemistry
for the IFNa/B-inducible protein myxovirus resistance A (MxA or Mx1) in DM, PM, and IBM. In DM, the protein is shown to be expressed by muscle
fibers themselves, in contrast to PM and IBM, in which expression of MxA is limited to that by invading inflammatory cells. (Original

magnification X 40.) See Figure 1 for other definitions.

For DM, the IFN«/B gene signature in blood is
highly correlated with the findings of microarray studies
in muscle and supports the hypothesis that this disease
may be driven by systemic and intramuscular overpro-
duction of IFN«/B (3). Similar blood gene transcription
signatures have been reported in SLE (11,14,15). Over-
expression at the protein level for at least 1 of these
genes (MxA) is present in DM muscle capillaries and
perifascicular myofibers (3) and in DM skin (16,17).
Additionally, PDCs, which are natural IFNa-producing
cells, are abundant in DM muscle (3) and skin (17).
Up-regulation of MxA transcript levels in blood have
been observed in juvenile DM and may correlate with
disease activity (18).

Although blood profiles exhibited similar levels
of overexpression of IFNea/B-inducible genes in both
DM and PM, in muscle some of these genes are more
highly expressed by orders of magnitude only in DM
(Figure 3). One explanation for this could be that

although systemic activation of the innate immune sys-
tem is present in both diseases, DM muscle is exposed to
a greater amount of type I IFNs than PM muscle. This
hypothesis is supported by previous findings of IFN«/B-
secreting PDCs infiltrating DM muscle (3) in much
greater numbers than seen in IBM and PM (19). Addi-
tionally, while in PM the expression of the IFNa/B-
inducible protein MxA is confined to invading inflam-
matory cells, in DM MxA protein is present within
myofibers (Figure 4).

The enrichment of such specific IFNa/B-
inducible genes in muscle is likely an important clue to
the nature of tissue injury in DM. Thus, the marked
enrichment of ISG15 transcript in DM muscle suggests
that of the various IFNea/B-inducible proteins up-
regulated in DM blood and muscle, this particular
molecule, a ubiquitin-like modifier, could be of greater
relevance to the direct mechanisms of tissue injury in
DM.
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The distinct lack of highly up-regulated IFNa/B
genes in IBM blood, compared with PM blood, contrasts
with the otherwise similar nature of immunologic abnor-
malities that have previously been observed in muscle in
these 2 diseases. These findings suggest a different
magnitude of activation of the innate immune system in
PM from that in IBM. Further study of this hypothesis
would best be addressed in larger numbers of patients.
Additionally, for many patients the diagnosis of IBM is
delayed, recognized only after a previous diagnosis of
glucocorticoid-resistant PM (20). Further characteriza-
tion of the IFNa/B-inducible gene blood biomarkers in
IBM and PM suggests the potential for future earlier
diagnosis of IBM and avoidance of glucocorticoid treat-
ment for such patients.

Our findings also suggest the utility of blood
biomarkers of disease activity to supplement manage-
ment of patients with DM or PM. In this study, we
identified multiple blood biomarkers of active,
medication-responsive myositis. Currently, there is a
need for more specific tests to evaluate disease activity
in DM or PM. The serum level of CK is generally
reflective of disease activity in PM but may be normal in
patients with active DM. The MITAX has been pro-
posed as a clinical measure of disease activity. We
calculated a MITAX score for our DM patients, which
correlated well with our own assessment of disease
activity. However, while the MITAX has been shown to
be a good tool for disease activity assessment, intraclass
correlation between assessors for muscle involvement
was low, underlining the need for a more objective
measure (9). An objective and inexpensive PCR-based
blood test that correlates the expression of certain
IFNea/B-inducible genes with disease activity could sup-
plement the clinical management of DM and PM.
Eventually, such tests might provide surrogate markers
for treatment response in clinical trials.
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