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Abstract

Objective—Interferon alpha (IFN-a) has been implicated in the pathogenesis of juvenile
dermatomyositis (JDM). We examined serum IFN-a. activity in a cohort of children with JDM to
determine relationships between IFN-a and indicators of disease activity and severity.

Methods—39 children with definite/probable JDM were included in the study. Samples were
studied from 18 newly diagnosed untreated children, and 11 of these children had a second sample
taken at 24 months while they were receiving treatment. 7 of these children also had a third sample
available at 36 months, and 21 additional children were studied 36 months after their initial
diagnosis. Serum IFN-o was measured using a functional reporter cell assay.

Results—JDM patients had higher serum IFN-o activity than both pediatric and adult healthy
controls. In untreated patients, serum IFN-a activity was positively correlated with serum muscle
enzymes (p<0.05 for CPK, AST, and aldolase) and inversely correlated with duration of untreated
disease (p=0.017). The TNF-a-308A allele was associated with higher serum IFN-a only in
untreated patients (p=0.038). At 36 months, serum IFN-a was inversely correlated with muscle
enzymes in those patients still requiring therapy, and inversely correlated with skin DAS in those
who had completed therapy (p=0.002).

Conclusions—Serum IFN-a activity was associated with higher serum levels of muscle derived
enzymes and shorter duration of untreated disease in newly diagnosed patients, and inversely
correlated with measures of chronic disease activity at 36 months post-diagnosis. These data
suggest that IFN-a, could play a role in disease initiation in JDM.

Introduction

Juvenile dermatomyositis (JDM) is a severe multisystem autoimmune disease of childhood
which characteristically involves muscle, skin, and vasculature, and frequently results in
significant morbidity and pathologic calcification in 15-40% of cases (1). While the
pathogenesis of JDM is unknown, genetic factors have been associated with disease
susceptibility (2,3) as well as severity and specific disease manifestations (4). History of an
infection, including upper respiratory and/or gastrointestinal complaints, frequently precedes
detection of the first definite symptom of JDM, both in Canada (5), and in the US where
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antibiotics were given to over 64% of cases (6). It is likely that genetic risk factors combine
with environmental factors, such as UV light exposure (7) and infectious triggers (6), to
result in disease. Current treatment regimens for JDM involve immunosuppressive therapies
which confer a significant risk of side effects (1), and improved understanding of the
immunopathogenesis of this disease will hopefully drive the development of new therapeutic
strategies.

Interferon alpha (IFN-o) is a pleiotropic type | interferon which exerts a number of pro-
inflammatory effects upon the immune system, and is classically involved in viral defense
(8). Dysregulation of the IFN-o system in autoimmune disease has been observed in a
number of autoimmune diseases, including systemic lupus erythematosus (SLE) (9,10),
Sjogren’s syndrome (11), and adult dermatomyositis (12). In SLE and adult
dermatomyositis, increased IFN-a signaling has been associated with more severe disease
and increased disease activity (12,13). Additionally, recent work has shown that high serum
IFN-a is a heritable risk factor for SLE (14), and a number of SLE genetic risk factors have
been shown to influence the high serum IFN-a trait in SLE patients (15,16). IFN-a.
dysregulation is implicated in JDM pathogenesis, as microarray studies have shown frequent
upregulation of IFN-a-induced mRNA transcripts in muscle biopsies (17) and peripheral
blood mononuclear cells (PBMC) from JDM patients (18,19). Additionally, PBMC from
JDM patients show evidence of clonal proliferation, suggesting a response to an antigenic
stimulant (20).

In this study, we measure serum IFN-a activity in a cohort of JDM patients at various stages
in their disease to determine correlations between clinical parameters and serum IFN-a. in
the JDM population. Given the associations previously demonstrated between serum IFN-a
and autoimmune disease genetic risk factors, we also analyzed serum IFN-o data in the
context of the established genetic risk factors for JDM, including the HLA locus (2,3) and
TNF-0-308 promoter polymorphism (4).

Patients and Clinical Data

Serum samples from 39 unique patients with JDM were studied. 18 patients had samples
available at initial diagnosis prior to any treatment, and 11 of these subjects had a follow up
sample available at 24 months while they were still receiving treatment. 28 samples were
studied from patients who were 36 months from their initial diagnosis, 14 still required
treatment and 14 had resolved and were off all treatment. Those patients who were off
medications at 36 months stopped their medications at varying times (mean time off therapy
= 9.8 months, SD of 7.4 months). Seven of the patients in the 36 month group were also part
of the initial untreated group, and thus had samples available from three time points (initial
untreated, 24 months, and 36 months). Twenty-nine patients were female and 11 were male.
Six patients were of Hispanic ancestry, 1 was of Asian ancestry, and 32 were of European
ancestry. Laboratory data were available from the time of serum sampling, including serum
creatine kinase (CPK), aspartate aminotransferase (AST), lactate dehydrogenase (LDH),
aldolase, and absolute number of circulating natural killer (NK) cells. Muscle enzymes were
measured in the clinical laboratory at Children’s Memorial Hospital, and NK cells were
sorted and counted in peripheral blood using flow cytometry on a Flow Cytometer
FACSCalibur (BD Bioscience, Mountain View, CA) with fluorescent antibodies to CD16/
CD56 and CD3 purchased from BD Biosciences. Clinical data were also available, including
prospectively obtained disease activity scores (DAS) for muscle, skin, as well as overall
DAS (21), and the duration of symptoms (onset of rash and/or weakness) prior to the start of
therapy was also recorded for each patient. Subjects were genotyped at the TNF-a-308
promoter polymorphism (rs1800629), and HLA typing for HLA-DQA*0501 and
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DQA™*0301 alleles was performed at Children’s Memorial Hospital using standard
techniques. The study was approved by the institutional review boards at both institutions
(University of Chicago IRB #15701B, Children’s Memorial Hospital IRB#10778), and age
appropriate informed consent was obtained from all subjects.

Measurement of serum IFN-a activity

We use a sensitive and reproducible bioassay to detect serum IFN-a activity as initially
described in (22), which was further validated and tested in a large human population in
(14). ELISA methods for detection of IFN-a. in human serum have been complicated by both
low sensitivity and low specificity (23). In this bioassay, reporter cells (WISH cells, ATCC
#CCL125) are used to measure the ability of sera to cause IFN-induced gene transcription.
The reporter cells are cultured with patient sera for 6 hours and then lysed, and three
canonical IFN-a-induced transcripts (IFIT-1, MX-1, and PKR) are measured using rtPCR.
Relative expression data from the three transcripts is then normalized using the mean and
SD of healthy donor sera (n=141) run in the same assay, and data are presented as an IFN-a
activity score. The IFN-induced transcriptional activity in the reporter cells can be blocked
with anti-1IFN-o monoclonal antibodies, and no significant functional inhibitors have been
detected to date (14). For further details regarding the assay, please see references (14,22).

Statistical Analysis

Results

Serum IFN-q, activity data is not normally distributed, so non-parametric Mann-Whitney t-
test is used for comparison of serum IFN-a activity between subject groups. R and p values
in correlation analyses are generated using a Spearman’s rank order correlation. X-Y plots
demonstrating the raw data for each correlation are shown as semi-log plots with the
logarithmic IFN-o data on the X-axis and the clinical variable on the linear Y-axis, with a
best-fit semi-log correlation line shown. P values shown are uncorrected for multiple
comparisons.

Serum IFN-a activity is elevated in many patients with JDM as compared to controls

JDM patients had higher IFN-o activity in our functional assay than both pediatric (n=19)
and adult healthy controls (n=129), as shown in Figure 1A. We sought to confirm that this
activity observed in the reporter cell assay was in fact due to IFN-a in the sera by
performing blocking experiments in a subset of samples (Figure 1B). In this experiment, the
IFN-induced gene expression activity measured in the reporter cells was largely but not
completely blocked by anti-IFN-a monoclonal antibody (Figure 1B), confirming that IFN-o.
was the major type | IFN driving the IFN-induced gene expression observed in the reporter
cell assay. We also assayed for potential inhibitors of IFN-a in our samples. When
recombinant IFN-o was added to a subset of samples which initially did not show any IFN-o.
activity in the reporter assay, the expected amount of IFN-a-induced gene expression was
observed in the reporter cells. This experiment rules out significant common inhibitors to the
assay in these samples, such as anti-IFN-a antibodies which have been reported in
autoimmune disease patients (24) (Figure 1B). There were no significant differences in
serum IFN-a activity by ancestral background or gender of the subjects, and there was no
correlation between serum IFN-o, and age of disease onset or age at the time the serum
sample was obtained.

Serum IFN-a activity is higher in subjects who are not receiving therapy

Samples were available from subjects when they were newly diagnosed and untreated, on
treatment at 24 months post-diagnosis, or at 36 months post-diagnosis having either
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completed a course of therapy or still requiring therapy for chronic disease manifestations.
As shown in Figure 2A, subjects who were actively receiving treatment had lower serum
IFN-a than those who were untreated (p=0.028). When subjects were analyzed by both
treatment status and disease duration, newly diagnosed untreated subjects had the highest
median serum IFN-a activity, and there was a non-significant trend toward lower serum
IFN-a in subjects at 24 months who were on therapy (Figure 2B). At 36 months, there was a
non-significant trend toward higher serum IFN-a in those who were off treatment as
compared to those who were still receiving treatment (Figure 2B). Interestingly, there were
strong but non-significant trends toward higher serum IFN-a in subjects with a family
history of SLE and those subjects with a history of antecedent infection preceding the first
symptom of JDM (rash or weakness) by 3 months or less (p=0.09 and p=0.12 respectively,
data not shown).

Serum IFN-a activity is correlated with serum muscle enzyme levels in untreated patients

We next analyzed serum IFN-a in relation to a number of quantitative clinical variables
using correlation analysis (Table 1). In the untreated patients, serum IFN-a, was positively
correlated with serum muscle enzymes (p<0.05 for CPK, AST, and aldolase), and was
inversely correlated with duration of untreated disease (p=0.017). Patients who were on
treatment at 24 months showed no correlations between serum IFN-o. and other parameters.
Those subjects who required continuing therapy beyond 36 months showed an inverse
correlation between serum aldolase and serum LDH and serum IFN-o. activity, for those
subjects with higher muscle enzymes had lower serum IFN-o. In patients who had
completed therapy by 36 months, there was a strong inverse correlation between disease
activity score in the skin (skin DAS) and serum IFN-a (p=0.002), and those subjects with
persistent skin involvement had lower IFN-a. The inverse correlation between serum IFN-a
and total DAS score in these subjects was due to the skin DAS score reflecting persistent
skin involvement, as muscle DAS score did not show any correlation with serum IFN-a in
this patient group and the total DAS is the sum of the skin and muscle DAS scores. X-Y
plots showing the relationships in the raw data for those variables that were significantly
correlated with serum IFN-a are shown in Figure 3.

Serum IFN-a activity is higher in untreated subjects with the TNF-a-308 A allele

When subjects were stratified by treatment status and TNF-a-308 genotype, untreated
subjects carrying the minor A allele had higher serum IFN-q activity than those with GG
genotypes as shown in Figure 4A (p=0.038). There was a similar trend in the subjects who
were off treatment at 36 months, which was not statistically significant. These subjects had
been off therapy for varying periods of time, and this heterogeneity could explain why we
do not see a significant effect of the TNF-a-308 genotype in this group. We also examined
genotype at the HLA locus DQA*0501, however there was no difference in serum IFN-a by
HLA DQA*0501 genotype, as shown in Figure 4B. Similarly, HLA DQA*0301 genotype
did not show any significant relationship to serum IFN-a activity, and HLA DRB*0301 was
typed in 20 of the 39 subjects and only 2 of the 20 were risk allele carriers (data not shown).
Thus, while the TNF gene is contained within the HLA locus and potential for long-range
linkage exists, it appears that the association of the TNF-a-308 A allele with higher IFN-a in
untreated patients is largely separable from DQA*0501 and DQA*0301 in this cohort.

Longitudinal data in subjects with 0, 24, and 36 month samples available

Seven subjects had samples available in the initial untreated stage, 24 months post diagnosis
while on treatment, and at 36 months (5 still on therapy, 2 off therapy). Longitudinal data for
each individual is shown in Figure 5. Serum IFN-a activity decreased as time from diagnosis
increased in these 7 subjects (p=0.020), although many of these seven patients still had

detectable IFN-a activity in our assay at 36 months. Total DAS and muscle enzymes showed
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a strong inverse correlation with time from diagnosis, likely reflecting effective treatment
during this period. Although the number of subjects in this analysis was limited, the
longitudinal trends in these 7 individuals with data from multiple time points support our
cross-sectional analysis indicating that serum IFN-a and muscle enzymes are correlated and
elevated early in the disease course in JDM.

Discussion

We show that serum IFN-a activity is significantly elevated in many children with JDM as
compared to healthy adult and pediatric donors. These high circulating levels of IFN-a are
similar to those observed in other autoimmune diseases such as SLE and Sjogren’s
syndrome (14,25). Previous studies have documented up-regulation IFN-a-induced
transcripts in muscle biopsies (17) and PBMC (18,19) from JDM patients, and the
“interferon signature” observed in about 30% of JDM PBMC is similar to that seen in
children with SLE (26). Our observation of high serum IFN-a activity in JDM could reflect
IFN-a production in target tissues in which there is an active inflammatory response. In
other autoimmune diseases characterized by high serum IFN-a, there is similar evidence for
IFN-a production in affected tissues, including increased IFN-a-induced gene transcription
in salivary glands of Sjogren’s syndrome patients (11), and high levels of IFN-a-induced
gene expression in SLE skin biopsies (27).

Serum IFN-a activity was correlated with a number of important biological and clinical
measures of disease activity in our JDM population, suggesting that IFN-a is intimately
involved in JDM pathogenesis. The correlation between serum IFN-o and muscle
inflammation is supported by the very high level of IFN-a gene expression in JDM muscle
biopsies (17,28). Additionally, gene expression studies in JDM PBMC demonstrate up-
regulation of the IFN-a-induced transcript MXA, which was correlated with muscle
involvement but not skin involvement at both diagnosis and after therapy (18). In untreated
patients, serum IFN-a activity was highest in those patients with a short duration of
untreated disease, suggesting that IFN-a may be important in the early phase of disease. This
is highly interesting given the data implicating microbial infections in the onset of JDM
(5,6). There is no consistent evidence to support ongoing viral or bacterial infection in JDM
(29,30) despite serological data, including case control studies, which implicate viral
antigens (31-33). It is possible that a microbial infection could trigger high IFN-a
production, which is then not down-regulated as would normally be expected following
clearance of the infection by the host. We did see a trend toward higher serum IFN-a. in the
43% of subjects who had a history of infection preceding the onset of JDM symptoms by 3
months or less in our cohort (p=0.12, data not shown). Infection with group A beta
hemolytic strep can reactivate myositis in a child with quiescent symptoms (34).
Additionally, molecular dissection has identified an HLA-DNA binding region of the
Streptococcal M5 protein (amino acids 367-375), homologous with smooth muscle heavy
chain myosin (amino acids 114-122), which elicited both cytotoxic responses and
proliferation in peripheral blood from children with active symptoms of JDM, but not other
rheumatic diseases (35).

At 24 months, there was a non-significant trend toward lower serum IFN-a, activity, which is
likely at least partially due to treatment. Subjects at 36 months who were still on treatment
had similar IFN-a activity to those at 24 months on treatment, while there was some
evidence for a “rebound” in serum IFN-o. activity at 36 months in those who have
discontinued treatment, suggesting either continued immune system stimulation or a higher
level of constitutive IFN-a expression in those children. Treatment normalized many other
parameters as well, and no correlation was seen between IFN-o, and any other variable in
subjects who were on treatment 24 months post-diagnosis. Interestingly, there was a strong
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trend toward higher serum IFN-a, in untreated subjects with a family history of lupus
(p=0.09, data not shown), and we have previously provided evidence supporting both
heritability (14) and genetic influence (15,16) on serum IFN-a activity in lupus patients,
supporting the concept of intrinsic or constitutive differences in serum IFN-a between
individuals.

At 36 months, we saw a number of inverse correlations between serum IFN-a activity and
clinical variables. In subjects who were still on treatment at 36 months, serum IFN-a and
muscle enzymes were inversely correlated, which is opposite to the relationship observed in
untreated patients. While muscle enzymes were lower in general at 36 months than in
untreated patients, this result may indicate that those with chronic low grade muscle
inflammation have lower serum IFN-a. In patients who had discontinued treatment at 36
months, there was a strong inverse correlation between serum IFN-a and skin DAS. Those
subjects with evidence of disease activity in the skin at 36 months off therapy had lower
serum IFN-o activity. These inverse correlations between serum IFN-a at 36 months may
represent disease progression or evolution. A previous study has identified significant
variation in gene expression profiles in muscle biopsies from JDM patients in subjects with
greater 2 months of symptoms compared to those with less than 2 months of symptoms (28),
supporting the idea of an evolving immune response over time. IFN-o. may be more
important in the initiation of disease, while other factors which are inversely correlated with
IFN-a may play a more important role in the later phase of disease. TNF-o has been
implicated in some of the chronic manifestations of JDM, such as pathologic calcifications
and duration of disease activity (4). There is evidence for in vivo cross-regulation of IFN-a,
and TNF-a in Sjogren’s syndrome (36), SLE (16), and adult dermatomyositis (37), and in
vitro experiments support the idea that high levels of TNF-a can inhibit IFN-a production
(38). If TNF-a is more important to chronic disease manifestations, then it is possible that
cross-regulation of IFN-o and TNF-o may result in the inverse correlations we observe at 36
months.

The finding of higher serum IFN-a activity in untreated carriers of the TNF-a-308 A allele is
curious, however, as 50% of the carriers of this allele would be expected to have increased
TNF-a production (4). This may relate to differences in cytokine regulation in early vs. late
disease, as this association between the TNF-a genotype and higher serum IFN-a is only
seen in initial untreated subjects. Indeed, most studies in JDM strongly support an evolution
of the immunopathogenesis of the disease over time (28,39), and it is likely that our findings
in this study reflect some of these longitudinal changes. The relationships we demonstrate
strongly support a role for IFN-a in JDM disease pathogenesis, and suggest that
measurement of serum IFN-o may provide useful diagnostic and prognostic information.
Serum IFN-a, activity was most strongly associated with early events in the disease,
potentially implicating IFN-a in disease initiation.
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Figure 1.

Serum IFN-a, activity in JDM patients as compared to controls, and blocking and rule out
inhibitor experiments. A. shows serum IFN-a activity in untreated JDM patients (n=18) vs.
pediatric healthy controls (n=19) and adult healthy controls (n=129). Each dot represents the
IFN-a activity value for one subject (median values: JDM = 3.32, Controls<18 = 0.29,
Controls>18 = 0.43). B. shows blocking experiments in the first two columns, in which
samples which had high IFN-a were pre-incubated with anti-IFN-o. monoclonal antibody
(Lug/mL) and then run in the WISH assay (median values: High IFN-a samples = 4.53, High
IFN-a samples + anti-IFN-a = 0.45). Rule out inhibitor experiments are shown in columns 3,
4, and 5 in panel B. Samples which did not show significant IFN-o, activity were pre-
incubated with recombinant human IFN-o (50U/mL), and then run in the WISH assay.
Addition of recombinant IFN-a to the sample resulted in the same IFN-a-induced gene
activity in the reporter cells as cells cultured with media and the same amount of IFN-o.
(median values: Low IFN-a samples = 0.11, Low IFN-o samples + IFN-a = 44.83, Media +
IFN-a = 40.25). Lines represent the median and interquartile range, p-values by Mann-
Whitney t-test.
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Figure 2.

Serum IFN-a activity in JDM patients with different disease duration and treatment status.
A. compares serum IFN-q activity in samples from patients who are receiving therapy
(either 24 or 36 mos after diagnosis) vs. those who are not receiving therapy (either initial
untreated sample or those at 36 months who were off therapy). B. shows serum IFN-a in
each separate disease/treatment category. Lines represent the median and interquartile range,
all comparisons are non-significant, with p-values >0.25 by Mann-Whitney t-test.
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Figure 3.

Correlation plots showing significant relationships between serum IFN-q activity and
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clinical variables. A. shows correlation plots for untreated patients between serum IFN-o
activity and CPK, AST, aldolase, and duration of untreated disease respectively. B. shows
correlation plots for patients still receiving treatment at 36 months between serum IFN-a
activity, aldolase and LDH. C. shows correlation plot for patients who were off treatment at
36 months between serum IFN-a activity and skin DAS. Plots are in semi-log format, Y-axis
is linear and X-axis is log, best fit semi-log line is shown on each plot.
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Figure 4.
Serum IFN-a activity in JDM patients stratified by disease duration/treatment status and

TNF-a and HLA*DQA 0501 genotypes. A. shows serum IFN-a activity in JDM patients
stratified by disease duration/treatment status and TNF-a-308 promoter polymorphism
genotype. A- = AA or GA genotype, A is the risk allele. B. shows serum IFN-a activity in
JDM patients stratified by disease duration/treatment status and HLA DQA*0501 genotype.
Positive indicates a subject carrying the risk allele of HLA DQA*0501, and negative
indicates a non-risk allele genotype. 24 month on treatment and 36 month on treatment
groups are combined into one group for both of these analyses, and the off treatment group
consists of subjects who are 36 months from initial diagnosis and able to successfully
discontinue therapy. Lines represent the median and interquartile range, p-values by Mann-
Whitney t-test.
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Figure 5.

Longitudinal data for serum IFN-a, total DAS, and aldolase in children with JDM who had
sera available at all time points. Serum IFN-a, total DAS, and aldolase (A, B, and C
respectively) are plotted against time in months from diagnosis in seven patients with
samples available at these time points. Regression lines and analyses are performed with
semi-log (A, log distributed IFN-a data on Y-axis, linear time on X-axis) or linear (B. and
C.) models, with p-values calculated from Spearman’s rho.
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