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ABSTRACT
Objective To assess the pharmacodynamic effects
of sifalimumab, an investigational anti-IFN-α monoclonal
antibody, in the blood and muscle of adult
dermatomyositis and polymyositis patients by measuring
neutralisation of a type I IFN gene signature (IFNGS)
following drug exposure.
Methods A phase 1b randomised, double-blinded,
placebo controlled, dose-escalation, multicentre clinical
trial was conducted to evaluate sifalimumab in
dermatomyositis or polymyositis patients. Blood and
muscle biopsies were procured before and after
sifalimumab administration. Selected proteins were
measured in patient serum with a multiplex assay, in the
muscle using immunohistochemistry, and transcripts were
profiled with microarray and quantitative reverse
transcriptase PCR assays. A 13-gene IFNGS was used to
measure the pharmacological effect of sifalimumab.
Results The IFNGS was suppressed by a median of
53–66% across three time points (days 28, 56 and 98)
in blood (p=0.019) and 47% at day 98 in muscle
specimens post-sifalimumab administration. Both
IFN-inducible transcripts and proteins were prevalently
suppressed following sifalimumab administration.
Patients with 15% or greater improvement from baseline
manual muscle testing scores showed greater
neutralisation of the IFNGS than patients with less than
15% improvement in both blood and muscle. Pathway/
functional analysis of transcripts suppressed by
sifalimumab showed that leucocyte infiltration, antigen
presentation and immunoglobulin categories were most
suppressed by sifalimumab and highly correlated with
IFNGS neutralisation in muscle.
Conclusions Sifalimumab suppressed the IFNGS in
blood and muscle tissue in myositis patients, consistent
with this molecule’s mechanism of action with a positive
correlative trend between target neutralisation and clinical
improvement. These observations will require confirmation
in a larger trial powered to evaluate efficacy.

INTRODUCTION
The inflammatory myopathies dermatomyositis and
polymyositis are rare autoimmune disorders
affecting skeletal muscle function.1–3 Conventional
treatment options for these diseases include

immunosuppressant drugs associated with a wide
range of side effects. There is a strong unmet
medical need for better therapeutic alternatives.4–6

The role of type I IFN in the pathogenesis of myo-
sitis has been well documented. Immunohistochemical
studies demonstrate that IFN is elevated in muscle
tissue,7 and plasmacytoid dendritic cells (DC) are
present in the muscle and skin of dermatomyositis
patients.8 9 Measuring free IFN-α in the serum is less
sensitive compared to measuring type I IFN-inducible
transcripts, as has been reported in many studies.10–13

These type I IFN-inducible transcripts measured in the
blood of myositis patients correlate with disease activ-
ity in dermatomyositis.14–18 Reports have recently
indicated that the type I IFN signature in the blood of
dermatomyositis patients correlates with IFN-β, not
IFN-α protein expression.19

In a phase 1b clinical trial (MI-CP151) in adult
patients with dermatomyositis or polymyositis
evaluating the safety and tolerability of multiple
intravenous doses of sifalimumab, an investigational
anti-IFN-α monoclonal antibody (MI-CP151), we
report here the clinical utility of the type I IFN
gene signature (IFNGS) as a pharmacodynamic
marker in both blood and muscle of patients
treated with sifalimumab, similar to the approach
used in systemic lupus erythematosus (SLE).10 20–23

Blood and/or muscle tissues from a total of 26
dermatomyositis and 25 polymyositis patients were
transcript profiled at baseline (pre-dose) and up to
98 days post initial dose with either placebo or one
of four dose levels for sifalimumab. We also exam-
ined the effects of sifalimumab on pathways down-
stream of type I IFN. Finally, correlative trends
were examined between neutralisation of the
IFNGS and changes in disease activity following
administration of sifalimumab.

METHODS
Myositis patients and controls
MI-CP151 was a phase 1b randomised, double-blind,
placebo controlled, dose-escalation, multicentre
study to evaluate multiple intravenous doses of sifali-
mumab, in adult patients with dermatomyositis or
polymyositis (NCT00533091). Primary trial objec-
tives were to evaluate the safety and tolerability of
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sifalimumab in dermatomyositis or polymyositis patients, while
one of the exploratory objectives included the assessment of the
effects of sifalimumab on pharmacodynamic markers in blood and
disease tissue. A description of the latter objective is the scientific
focus of this paper. Fifty-one patients were enrolled with seven,
eight, 16 and eight patients dosed with sifalimumab at 0.3, 1, 3
and 10 mg/kg, respectively, and 12 received placebo. Patients
received treatment for 6 months with 14 doses (every other week
dosing), while patients receiving placebo were dosed for 3 months,
then switched to sifalimumab for 3 months with seven doses
beginning at day 98.

Sixty-one different immunosuppressant agents or corticoster-
oids were used among 37 patients, with prednisone (n=30) and
methotrexate (n=15) being the two most common. No correl-
ation was observed between baseline prednisone or methotrex-
ate dose and baseline IFNGS.

MI-CP151 was conducted in accordance with the Declaration
of Helsinki, and the study protocol was approved by the institu-
tional review board at each site. All patients provided written
informed consent before study-related procedures were per-
formed. IFNGS scores in blood were prescreened to stratify
patients. The baseline clinical characteristics and IFNGS status
summaries are provided in table 1.

For the detailed study inclusion and exclusion criteria, IFNGS
calculation, RNA extraction, transcript and protein assays, and
immunohistochemistry see supplementary material (available
online only).

RESULTS
Safety profile of sifalimumab
Before day 98, a total of 49 treatment-emergent adverse event
(TEAE) occurred in 10/12 subjects (83.3%) in the placebo
group and 172 TEAE occurred in 34/39 subjects (87.2%) in the
any sifalimumab group. The most frequent adverse event in
either group was headache. During open-label sifalimimumab
administration on or after day 98, 306 TEAE occurred in 47/51
(92.2%) subjects in all cohorts. Anti-drug antibodies to sifalimu-
mab were detected in less than one-fifth of the subjects across
the sifalimumab dose groups. Anti-drug antibody titres did not
have an obvious impact on sifalimumab pharmacokinetics. The
combination of the safety database size and trial design limits
the interpretation of the safety profile of this molecule;
however, a larger study (N=161) that characterises the safety
profile of sifalimumab in SLE has recently been accepted.24

No deaths occurred in this study (see supplementary material,
available online only, for a detailed safety summary).

Target modulation of an IFNGS by sifalimumab in the blood
and muscle of myositis patients
Dermatomyositis (n=26) or polymyositis (n=25) patients enrolled
in this study were screened using their baseline 13 IFNGS
described previously15 (detailed in supplementary material, avail-
able online only), then randomly assigned to either placebo or sifa-
limumab groups. Of the 51 patients enrolled, 75% (38/51) had a
positive baseline IFNGS (table 1 and see supplementary figure S1,
available online only). A previous study showed that approxi-
mately 60% of dermatomyositis or polymyositis patients demon-
strate an elevated IFNGS in the blood.15 The baseline IFNGS in
dermatomyositis or polymyositis patients calculated using microar-
rays were confirmed by taqMan quantitative reverse transcriptase
PCR (r=0.95; p<0.001; see supplementary figure S2, available
online only).

The same 13 type I IFN-inducible genes were also used to evalu-
ate the pharmacodynamics of sifalimumab on target neutralisation
in IFNGS-positive patients. The total numbers of dermatomyositis
or polymyositis patients who had specimens available for correla-
tive studies at baseline were 26 and 21 for blood, and 23 and 25
for muscle, respectively (see supplementary material, available
online only, for patient counts at each time point).

In blood, target neutralisation was observed in sifalimumab-
dosed patients in three dose groups relative to placebo-dosed
patients after the first dose and sustained to day 98 (figure 1A,B).
After day 98, placebo-dosed patients crossed over and received
sifalimumab. Graphs displaying target neutralisation up to day
196 post initial dosing are provided in supplementary figure S3
(available online only). The IFNGS in the blood is maximally
neutralised in the 0.3 mg/kg cohort (91% at day 98; p=0.002
at all time points). At day 98, the IFNGS is neutralised from
54% to 91% in 0.3, 1.0 and 3.0 mg/kg cohorts (p=0.002, 0.05
and 0.014, respectively). The 10 mg/kg cohort did not show a
significant difference from placebo at day 98 (p=0.28),
although this cohort had the smallest sample size (n10mg/kg=4 vs
nplacebo=4). As expected, the placebo-dosed patients showed no
target neutralisation across all times points. The median of all
four dose cohorts combined show that the IFNGS is neutralised
from 53% to 66% across the three time points, compared to the
placebo (figure 1B; Hotelling’s T2 p=0.019). Dose-dependent
target neutralisation was not observed in the blood.

All four sifalimumab cohorts show dose-dependent target
neutralisation in muscle that differs from the placebo cohort
(figure 1C) with a median for combined sifalimumab cohorts of
47% target neutralisation (figure 1D), although the difference
was not statistically significant. The medians do, however, show
a trend towards a difference from placebo, noting that the
sample sizes for the muscle specimens were generally lower than
those available from the blood.

The neutralisation of the IFNGS was represented in a heat
map for each patient at days 28, 56 and 98 post-administration
in blood and day 98 in muscle specimens with either sifalimu-
mab or placebo (figure 2). The majority of sifalimumab-dosed
patients exhibit strong, sustained and durable target neutralisa-
tion in blood and muscle, while the majority of the placebo-
dosed patients do not. Of sifalimumab-dosed patients showing
greater than 20% target neutralisation at day 98 in muscle,
75%, 55% and 72% of patients at days 28, 56, and 98, respect-
ively are concordant in the blood.

The IFN-α protein was not measurable in all but a few
patients in the blood with luciferase reporter assay.

Transcripts and proteins most neutralised in the blood
and serum by sifalimumab
The specificity of the transcripts most neutralised by sifalimu-
mab administration was evaluated on a patient-by-patient level,
using at least 50% neutralisation in the blood for each patient
visit. Transcripts neutralised in over 25% of sifalimumab-dosed
patients were ranked across all post-dose time points up to day
98. The top 200 transcripts most neutralised by this criterion
are provided in supplementary table S1 (available online only).
Among them, 48% are type I IFN inducible, including all 13
genes in the pharmacodynamic biomarker for this
trial.14 20 21 25 A similar observation was reported in a sifalimu-
mab trial in SLE.10 23 Among measured serum proteins, five of
11 that were significantly suppressed by sifalimumab (false dis-
covery rate (FDR) p<0.05) are IFN inducible (sIL2R, MCP1,
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MCP2, BAFF and Ferritin). Immunohistochemistry analysis was
also performed on a small subset of paired patient muscle tissue
to assess general signs of inflammation using BDCA2, a marker
for plasmacytoid DC; CD83, a marker for myeloid DC; and
IP-10, an IFN-inducible protein. A representative polymyositis
patient showing decreases in BDCA2, CD83 and IP-10 98 days
post-dosing with sifalimumab is shown in supplementary figure
S4 (available online only), although with the heterogeneity of
the specimens and small patient subset, no significant conclusion
can be drawn.

Target neutralisation correlates with MMT8 improvement
in IFNGS-positive myositis patients
To evaluate any trend between neutralisation of the IFNGS by
sifalimumab and improvement in disease activity, we evaluated
the proportion of signature-positive patients dosed with sifali-
mumab with neutralisation at day 98 (the last dose before
placebo crossing over) relative to pretreatment in 5% incre-
ments. Patients were classified into two groups: showing 15% or
greater improvement in Manual Muscle Testing (MMT8) (US
Food and Drug Administration accepted clinical endpoint for

Figure 1 Median target neutralisation (with median absolute deviation error bars) of the IFN gene signature (IFNGS) as calculated based on the
expression of 13 genes (see supplementary material, available online only) pre-dose and post-dose up to day 98 for dose cohorts of 0.3 mg/kg
(green), 1 mg/kg (blue), 3 mg/kg (orange), 10 mg/kg (purple) and placebo (red) in (A) blood and (C) muscle specimens, as well as median combined
dose cohorts (blue) versus placebo treatment cohorts (red) in (B) blood and (D) muscle specimens from dermatomyositis or polymyositis patients.
The y-axis represents the percentage of IFNGS remaining following treatment; each line is the median of the respective dose cohort. p Values at
each time point for each dose cohort are provided in supplementary material (available online only), while those with p<0.05 are marked with an
asterisk.

Table 1 MI-CP151 patient summary information

Sifalimumab (all
doses, N=39)

Sifalimumab
(0.3 mpk, N=7)

Sifalimumab
(1.0 mpk, N=8)

Sifalimumab
(3.0 mpk, N=16)

Sifalimumab
(10 mpk, N=8)

Placebo
(N=12)

Age, years 51.3 (20–77) 47.3 (29–59) 52.4 (20–77) 51.8 (21–76) 52.8 (37–67) 51 (33–67)
% Female 74 (29/39) 88 (4/7) 88 (7/8) 69 (11/16) 88 (7/8) 58 (7/12)
% Caucasian 79 (31/39) 100 (7/7) 63 (5/8) 82 (13/16) 75 (6/8) 67 (8/12)
% Hispanic 15 (6/39) 14 (1/7) 13 (1/8) 25 (4/16) 0 (0/8) 17 (2/12)
% Dermatomyositis 54 (21/39) 29 (2/7) 38 (3/8) 81 (13/16) 38 (3/8) 42 (5/12)
Viral reactivation history 6 (15.4%) 1 (14.3%) 2 (25.0%) 2 (12.5%) 1 (12.5%) 2 (16.7%)
Mean baseline MMT8
(max=150)

117.7 123.6 113.8 112.9* 125.9 119.8

% Corticosteroid use at
baseline

84.6 85.7 87.5 100 50 66.7

Disease duration, months,
median (range)

40.3 (3–361.5) 31.5 (3–153.9) 23.6 (15.3–361.5) 53.1* (13.8–217.2) 35.4 (4.3–109.9) 36.9 (10.8–76.9)

% Signature positive 72 (28/39) 86 (6/7) 100 (8/8) 63 (10/16) 50 (4/8) 83 (10/12)

*Indicates average from cohorts 3 mpk IFN gene signature (IFNGS) positive (N=7) and 3 mpk IFNGS negative (N=9).
See supplementary material (available online only) for IFNGS-positive blood and muscle patient counts at each time point. IFNGS-positive patient counts above are provided for those
with available microarray data at day 0 in either blood or muscle specimens, or both. Only these IFNGS-positive patients are used in the analyses presented.
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efficacy in dermatomyositis and polymyositis) at day 98 com-
pared to predose or showing less than 15%. Figure 3 shows the
results in both blood and muscle specimens from 14 dermato-
myositis and 10 polymyositis patients. In the blood sifalimumab
dose group (figure 3A), there is a clear separation between the

15% or greater MMT8 improvers and the less than 15%
MMT8 improvers at each IFNGS neutralisation threshold value
after 20%—the largest gap existing between 45% and 100%.
This indicates that for the 15% and greater MMT8 improvers
at day 98, a larger proportion (y-axis) showed greater

Figure 2 Target neutralisation of the
IFN gene signature (IFNGS) calculated
at days 28 (n=36), 56 (n=31) and 98
(n=32) post-treatment in blood
specimens (first three columns) and
day 98 (n=30) post-treatment in
muscle specimens (last column) with
either sifalimumab (blue vertical bar)
or placebo (green vertical bar) on a
patient level (designated on the right
y-axis). Each row indicates a patient
with values approaching red,
representing maximum neutralisation
of the IFNGS and values approaching
blue, representing minimum
neutralisation. Both blood and muscle
comparisons are made to day 0
(pre-treatment) and all columns are
sorted based on the day 28 column
values. Neutralisation values in black
indicate missing data points.

Figure 3 Stratified target
neutralisation curves representing the
proportion of dermatomyositis (n=14)
or polymyositis (n=10) patients dosed
with sifalimumab who demonstrate
neutralisation of their IFN gene
signature (IFNGS) at day 98 at the
provided threshold value on the x-axis
in (A) blood and (B) muscle specimens.
Plots include all IFNGS-positive
patients. Patients who exhibited a
15% or greater improvement in MMT8
score at day 98 (compared to day 0)
are represented by the blue lines
(blood n=8; muscle n=7), while those
patients who did not are represented
by the purple lines (blood n=16;
muscle n=17).
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neutralisation of the IFNGS, compared to the less than 15%
MMT8 improvers. A few patients dosed with placebo also
showed MMT8 improvement of 15% or greater at day 98,
although no appreciable modulation of the IFNGS was observed
in these patients and they did not demonstrate a substantial
target modulation difference between 15% or greater MMT8
improvers and less than 15% MMT8 improvers.

For the muscle biopsy specimens (figure 3B), a similar trend
exists, although not as pronounced as in blood, with a slightly
higher intersection between the curves at the IFNGS neutralisation
threshold less than 40%. The placebo-dosed muscle specimens
have a more defined difference in IFNGS neutralisation between
15% and greater MMT8 improvers and less than 15% MMT8
improvers, although it is restricted to between 20% and 40%
target modulation thresholds. Overall, sample sizes for the
placebo-dosed specimens are much smaller than sifalimumab-
dosed specimens, so trends should be interpreted with caution
until confirmed in a larger trial. Similar analysis for dermatomyo-
sitis or polymyositis patients alone are not shown, as the results are
unlikely to be meaningful due to the small sample size. One repre-
sentative patient with an improvement of the MMT8 score of
15% or greater at day 98 after sifalimumab administration is
shown in supplementary figure S5 (available online only).

Sifalimumab suppressed pathways downstream of type I IFN
in muscle from myositis patients
Pathways besides type I IFN that were significantly affected follow-
ing administration of sifalimumab in muscle specimens from derm-
atomyositis or polymyositis patients were evaluated. Transcripts
suppressed by at least 37.5% in at least five sifalimumab-dosed
patients and displaying an odds ratio (calculated as patients with
target neutralisation >37.5% or <37.5% for each transcript)
greater than 2 relative to placebo-dosed patients were retained for
pathway enrichment analysis. In all, 86 pathways were suppressed
by sifalimumab. Among the top enriched pathways were antigen
presentation (11 transcripts; B–H p=0.003), leucocyte extravasa-
tion signalling (33 transcripts; B–H p=0.0009) and B-cell develop-
ment (10 transcripts; B–H p=0.004) (figure 4A–C; see
supplementary figure S6A–C, available online only).

To confirm these results, we compared these pathways sup-
pressed by sifalimumab to four primary gene signatures that were
elevated in muscle biopsies in a previous study evaluating 31 derm-
atomyositis or polymyositis patients26 (see supplementary

material, available online only). Briefly, a leucocyte index, a MHC
class I signature, an immunoglobulin signature and an IFNGS
were able to characterise and quantify the inflammatory cell infil-
tration in the muscle of myositis patients at the molecular level.
The leucocyte signature was correlated with the three other signa-
tures and was concordant with H&E staining results from the
same patient biopsies in that study. We evaluated the effects of
sifalimumab on these signatures in muscle. The neutralisation of
the leucocyte index was significantly correlated with the neutralisa-
tion of the IFNGS in muscle (Spearman test r=−0.93, p<0.001;
figure 5A), as was the signatures of MHC class I and immuno-
globulin (Spearman test r=−0.84, p<0.001 and r=−0.64,
p=0.001, respectively; figure 5B,C).

DISCUSSION
In this phase 1b trial evaluating sifalimumab in myositis, we
showed that a 13-gene IFNGS can monitor the level of type I
IFN activity in both the peripheral blood and muscle of dermato-
myositis or polymyositis patients, similar to that observed in a
sifalimumab trial in SLE10 (see supplementary figure S1, available
online only). Sifalimumab shows strong neutralisation of the
IFNGS in blood up to day 98 at three dose levels and is distinct
from the placebo-dosed cohort, although the 10 mpk cohort in
blood does not reflect this difference (figures 1 and 2). The acti-
vation of the type I IFN pathway is concordant in blood and
muscle, supporting a pharmacodynamic marker to evaluate the
mechanism of action of sifalimumab. Although the safety data-
base is small, the adverse events were of low severity and serious
adverse events were uncommon.

Type I IFN-inducible transcripts make up 48% of those most
neutralised in blood (see supplementary table S1, available
online only), and five of 11 proteins significantly suppressed are
IFN inducible in serum, demonstrating the specificity of sifali-
mumab to suppress the type I IFN pathway in myositis.

There is no clear dose-dependent target neutralisation in
blood, as opposed to the trend observed in the muscle (albeit
not statistically significant). The small sample size accompanied
by patient-to-patient variability could contribute to this observa-
tion. Furthermore, neutralisation by sifalimumab may be partly
bypassed via IFN-β or other type I IFN family members besides
IFN-α. Sifalimumab binds to the majority of the IFN-α subtypes
with high affinities, but not to other type I IFN. The prevalence
of IFN-β compared to IFN-α, and its contribution to the disease

Figure 4 Three of the pathways most suppressed by sifalimumab at day 98 in muscle specimens from dermatomyositis or polymyositis patients
and unique to type I IFN signalling. Each point indicates a gene in either the (A) leucocyte extravasation pathway, (B) antigen presentation pathway,
or (C) B-cell development pathway treated with either sifalimumab (blue squares) or placebo (red triangles). The y-axis represents the percentage of
patients with at least 37.5% neutralisation of pathway-enricheds transcripts at day 98 in muscle tissue specimens.
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pathogenesis in myositis, is less clear. The IFN-β level in the
blood has been shown to be both unique to and correlate with
an elevated IFNGS in dermatomyositis.19 Cappelletti et al27

showed that IFN-β and not IFN-α transcripts were overex-
pressed in polymyositis as well as dermatomyositis and juvenile
dermatomyositis muscle, suggesting a local source of IFN-β that
might contribute to the lack of stronger target neutralisation by
sifalimumab in muscle compared to blood beyond the variation
in pharmacokinetic profile in individual patients. Furthermore,
type III IFN signalling can similarly bypass effects of sifalimu-
mab and induce activation of IRF-9 and transcription of
IFN-inducible genes,28 although IFN-λ induces a much smaller
effect on IFNGS in blood (data not shown). Stimulation of puri-
fied human plasmacytoid DC with virus or Toll-like receptor 9
agonist, CpG A showed that one subset of cells produced IFN-α
only, while another subset produced IFN-α and IFN-λ.29 A
larger study, particularly one comparing sifalimumab to an anti-
type I IFN receptor (IFNAR) monoclonal antibody, will help to
explain if blockage of the type I IFN pathway would clinically
benefit myositis patients, and what type I IFN contributes to the
pathogenesis and drives the disease progression.

In a previous independent study of dermatomyositis or poly-
myositis patients, a leucocyte index, an MHC class I signature and
an immunoglobulin signature were overexpressed in muscle biop-
sies and positively correlated with the IFNGS.26 Independent
pathway analysis conducted across the transcriptome in this study
identified three similar pathways—leucocyte extravasation, antigen
presentation and B-cell development (figure 5A–C, respectively),
which were preferentially suppressed in muscle biopsies following
exposure to sifalimumab. The leucocyte index and immunoglobu-
lin signature represented the level of leucocyte infiltration and
abundance of plasma cells in the myositis muscle, respectively.
Type I IFN plays a critical role in the self-sustaining inflammatory
response, contributing to leucocyte infiltration as well as the upre-
gulation of MHC class I expression on the cell surface of muscle
fibres.30 For both dermatomyositis and polymyositis, the inflam-
matory cell infiltrates are primarily composed of CD4 cells, DC
and macrophages, whereas polymyositis has an additional CD8
T-cell component.31 32 In addition, DC infiltrates may act as both
antigen presenting cells and as a major source of type I IFN in the
diseased tissue,33 and contribute directly to disease pathogenesis
and sustained inflammation at the disease site. In this study, all
three inflammation-related signatures were suppressed concor-
dantly with the modulation of the IFNGS in muscle following
administration of sifalimumab (figure 5), consistent with the bio-
logical function of IFN-α.

Modulation of the type I IFN signature in both blood and
muscle of dermatomyositis or polymyositis patients dosed with
sifalimumab positively correlates with MMT8 improvement at
day 98. It should be noted that a few patients receiving placebo
also showed clinical improvement at day 98 based on MMT8
with no target neutralisation in either blood or muscle. One
likely explanation is that some patients respond favourably to
standard of care (ie, immunosuppressive medications). As
MI-CP151 was not designed to evaluate the clinical efficacy of
sifalimumab, the true clinical benefit of sifalimumab (on top of
standard of care) in myositis needs to be evaluated in a carefully
designed trial with sufficient statistical power.

This study shows the utility of an IFNGS as a pharmacody-
namic biomarker for sifalimumab in adult dermatomyositis or
polymyositis patients. Although this clinical trial is modest sized,
we observed substantial target neutralisation of this biomarker
following administration of sifalimumab in blood with a trend
in muscle tissue, as well as suppressed signalling activity in
several important inflammatory pathways. Preliminary results
indicate a positive trend between target neutralisation of the
IFNGS and reduction in disease activity in dermatomyositis or
polymyositis patients, an observation that needs additional con-
firmation. This potential association between the mechanism of
action of sifalimumab and clinical benefit, coupled with the lack
of complete target neutralisation by sifalimumab, raises the pos-
sibility that blockage of the IFNAR might show superior clinical
benefit in myositis patients. This hypothesis, along with a better
understanding of the potential contribution of other IFN types,
needs to be rigorously evaluated in future clinical trials.

Acknowledgements The authors would like to acknowledge Yanping Wu and
Jichao Sun for providing and managing clinical data. They wish to thank Zheng Liu,
Fernanda Pilataxi and Chris Kane for carrying out correlative studies and helping in
the review of this manuscript. They would also like to thank Dominique Ethgen for
leading the MI-CP151 trial.

Contributors Conception and design, acquisition of data or analysis and
interpretation of data: BWH, WZ, CM, YY, XG, MR, WG. Drafting the article or
revising it critically for important intellectual content: BWH, WZ, CM. Final approval
of the version published: WW, PB, CL, AA, DF, SAG, YY, JD, LR, BJ, WG. The first
two authors contributed equally.

Funding Funding for this study was received from MedImmune.

Competing interests All authors with the MedImmune LLC affiliation are full time
employees and have stock in AstraZeneca. AA, SAG, and DF were paid consultants
on the sifalimumab program and MI-CP151 clinical trial.

Ethics approval The study protocol was approved by the institutional review board
at each site.

Patient consent Obtained.
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Supplemental Material 

Patient inclusion/exclusion criteria 

Adult patients (≥ 18 years old at the time of randomization) with DM or PM, as defined 

by the Bohan and Peter criteria (22, 23) were randomized to sifalimumab or placebo treatment 

groups. For patients with PM, documentation of a muscle biopsy result that is consistent with the 

diagnosis of PM was required. Whole blood samples were collected in PAXgene RNA tubes 

(PreAnalytiX, Hilden, Germany) on study day 0 (before dosing) and on days 28, 56, and 98 

postdosing. Muscle specimens were collected at day 0 and day 98. Control whole blood and 

muscle samples were obtained from 24 and 29 healthy donors, respectively. All healthy donors 

provided written informed consent. 

All patients were required to meet at least two of the following criteria: 

a. Strength in Manual Muscle Test (MMT) ≥ 80/150 but ≤ 125/150 using the MMT-8 

muscle group testing 

b. Patient Global Activity Assessment by visual analog scale (VAS) ≥ 2.0 cm on a 10-

cm scale, which is included as part of CLINHAQ 

c. Physician Global Activity Assessment by VAS ≥ 2.0 cm on a 10 cm scale, which is 

included as part of MDAAT 

d. CLINHAQ disability index ≥ 0.25 

e. Global extramuscular activity assessment ≥ 1.0 cm on a 10-cm VAS scale (this 

measure is the physician's composite evaluation and is based on assessments of 

activity scores on the constitutional, cutaneous, skeletal, gastrointestinal, pulmonary 

and cardiovascular scales of the MDAAT 

Primary exclusion criteria included: prednisone treatment >35 mg/day, or equivalent dose 

of other corticosteroids within 14 days before study, hydroxychloroquine > 600 mg/day, 

mycophenolate mofetil > 3 g/day, methotrexate > 25 mg/week, azathioprine > 3 mg/kg/day, or 

any dose of cyclophosphamide, cyclosporine, or thalidomide within 28 days before study; on 

fluctuating doses of antimalarials, mycophenolate mofetil, methotrexate, leflunomide, or 
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azathioprine within 28 days before study or fluctuating doses of corticosteroids within 14 days 

before study; received leflunomide > 20 mg/day in the 6 months prior to study; treatment with 

any investigational drug therapy within 28 days before study or biologic therapies (eg, rituximab) 

within 30 days or 5 half-lives of the biologic agent, whichever is longer, before study; active or 

chronic infection within 28 days before study (includes TB); a history or severe viral infection; 

herpes zoster ≤3 months prior to study; infection with Hepatitis A, B or C virus and/or HIV-1 or 

HIV-2; vaccination with live attenuated viruses 28 days before study; pregnancy; alcohol or drug 

history <1 year before study; history of cancer, except for basal cell carcinoma or carcinoma in 

situ of the cervix treated with apparent success with curative therapy more than 1 year prior to 

study; a history of coagulation disorders; at screening blood tests indicating serum creatinine >4 

mg/dL, neutrophils <1,500/mm
3
, platelet count <50,000/mm

3
; history of any disease other than 

DM or PM.  

 

Baseline medications 

The six most common immunosuppressants or corticosteroids that patients were on at baseline 

include the following: 

PREDNISONE: 30 

METHOTREXATE: 15 

IMMUNOGLOBULIN: 7 

AZATHIOPRINE: 6 

DEXAMETHASONE: 2 

MYCOPHENOLIC ACID: 1     

 

Using the two most prevalent baseline medications and their doses, there was no correlation 

observed between baseline doses of either prednisone or methotrexate and the type I IFN 

signature (IFNGS;Figure 1). 



 3 

 

Figure 1: Correlation plots comparing baseline prednisone dose (left) or methotrexate dose 

(right) with the IFNGS. 

 

Safety assessment 

Safety assessments included adverse events (AEs), serious adverse events (SAEs), clinical 

laboratory evaluations (hematology, serum chemistry, and urinalysis), vital signs, viral cultures 

and titers, electrocardiograms (ECGs), physical examination, and concomitant medications 

measured from screening through Day 350. 

 

Before Day 98,  

• a total of 49 Treatment-Emergent Adverse Event (TEAEs) occurred in 10/12 subjects 

(83.3%) in the placebo group and a total of 172 TEAEs occurred in 34/39 subjects 

(87.2%) in the any sifalimumab group. The frequencies of TEAEs by SOC were 

generally similar between the 2 treatment groups, with the exception of Blood and 

Lymphatic System Disorders and Respiratory, Thoracic and Mediastinal Disorders, 

which occurred at a ≥ 10% higher frequency in the any sifalimumab group compared to 

the placebo group. Events of the SOCs Investigations and Nervous System Disorders 
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were the most common in all cohorts. The frequencies of TEAEs by preferred term were 

generally higher in the any sifalimumab group compared to the placebo group. The most 

frequently occurring TEAEs (incidence > 10%) in the any sifalimumab group were 

headache, increased alanine aminotransferase (ALT), increased aspartate 

aminotransferase (AST), and decreased lymphocyte count. The most frequently occurring 

TEAEs (incidence > 10%) in the placebo group were headache, urinary tract infection, 

hyponatremia, and myalgia.  The majority of TEAEs occurring before Day 98 in either 

treatment group were Grade 1 or Grade 2 in severity 

• A total of 2 TESAEs (atrioventricular block and hyponatremia) occurred in 1/12 subjects 

(8.3%) in the placebo group and a total of 4 TESAEs (coagulopathy, increased 

international normalized ratio, and two events of musculoskeletal chest pain) occurred in 

2/39 subjects (5.1%) in the any sifalimumab group. Before Day 98, the incidences of 

TESAEs and related TESAEs were similar between the placebo and any sifalimumab 

groups, with no apparent dose effect across the individual sifalimumab groups. 

On or after Day 98,  

• a total of 306 TEAEs occurred in 47/51 (92.2%) subjects in all cohorts (78 TEAEs 

occurred in 11/12 [91.7%] subjects who received placebo before Day 98 and 228 TEAEs 

occurred in 36/39 [92.3%] subjects in the any sifalimumab group). Events of the SOCs of 

Infections and Infestations were the most common, followed by Musculoskeletal and 

Connective Tissue Disorders and Investigations in all cohorts. The most frequently 

occurring TEAEs (incidence > 10%) in all cohorts were upper respiratory tract infection, 

decreased lymphocyte count, headache, nasopharyngitis, and arthralgia 

• 1 TESAE (non-cardiac chest pain) occurred in 1/12 subjects (8.3%) in the placebo before 

Day 98 group and 18 TESAEs occurred in 8/39 subjects (20.5%) in the any sifalimumab 

group. One subject (3.0 mg/kg [3A cohort], sifalimumab group) had a related TESAE 

(Grade 3 pneumonia) that lasted 7 days. The subject completed the study. 

 

IFNGS and target neutralization 
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The IFNGS score was calculated using 13 type I IFN-inducible genes (IFI27, RSAD2, 

IFI44L, IFI44, OAS1, IFIT1, ISG15, OAS3, HERC5, MX1, ESPTI1, IFIT3, and IFI6) and 

reported as a median fold change relative to a pool of normal control samples, as described 

previously (15). Patients were identified as signature positive if their baseline IFNGS score in 

blood specimens was ≥ 2 or their gene signature in muscle specimens was ≥ 5. Of the 38 IFNGS 

positive patients enrolled in the trial, 33 showed the signature above the cutoff in both blood and 

muscle. Two patients had muscle specimen but blood was not collected at baseline. Four patients 

were IFNGS positive in muscle while negative in blood.  

For both blood and muscle, target modulation for each signature positive patient is 

defined as the median suppression of the 13 type I IFN-inducible transcripts. The suppression 

Si,t,d of a transcript t in a subject i at day d is calculated as follows: 

tti

dtiti

dti
NP

PP
S

−

−
=

0,,

,,0,,

,, , d =0, 28, 56 or 98, where Nt is the mean intensity value of the transcript t in 

the normal samples (nblood=24 and nmuscle=29) and Pi,t,d is the intensity value of the transcript t of 

the sample from the subject i at day d. Therefore, Si,t,0 is always equal to 0, that is, no 

neutralization at the baseline (day 0). There are some adjustments of Si,t,d: the baseline signal 

intensity Pi,t,0 should be higher than Nt + 1 standard deviation of the signal intensities of the 

normal controls; Si,t,d is coded to null values otherwise, and Si,t,d = 1 if Si,t,d > 1 and Si,t,d = -1 if 

Si,t,d < -1.  

 

Total RNA extraction and microarray processing 

The Human Genome U133 Plus 2.0 array platform (Affymetrix, Santa Clara, CA, USA) 

was used to evaluate the effects of sifalimumab in whole blood and muscle specimens from 

matched myositis patients. The general procedures for sample processing and data analysis for 

microarray studies have been described previously.(1-3) 

 

TaqMan assay methods 
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The TaqMan Low Density Array (TLDA; Applied Biosystems, Foster City, Calif, USA) 

was used to determine the Delta Cts (∆Ct) for a panel of 13 genes in WB samples. GAPDH was 

used as the endogenous reference gene for calculation of delta Cts. Standard procedures for 

loading the array were followed and the array was run on a 7900HT Real-Time PCR System 

(Applied Biosystems). Calculation of the resulting Ct values was conducted with SDSv2.2.2 

software (Applied Biosystems). 

 

Serum protein profiling 

Patient sera were procured both pre and 98 days post administration of placebo or sifalimumab, 

along with 25 healthy control serum samples. Those samples were frozen at -80
o
C before 

shipment to Rules Based Medicine (RBM) (Austin, Texas, USA) for a multiplexed immunoassay 

based on Luminex xMAP technology. A total of 128 proteins were selected from both the 

literature as well as a RBM Human MAP panel of markers including chemokines, cytokines, 

hormones, growth factors, and antigens. Samples were processed and analyzed at RBM 

according to standard operating procedure. All proteins had an established lowest limit of 

quantitation (LLOQ), which was used to exclude proteins with serum levels below the LLOQ in 

more than 70% of all samples. 

 

Protein data analysis 

Only those markers for which 30% or more of samples were above the LLOQ were included in 

subsequent data analysis. Protein concentration was log2-transformed for statistical comparison.  

Post-treatment changes were assessed using a paired t-test followed by B-H adjustment.  

 

Immunohistochemistry 

 

Each frozen skin sample was embedded in optimum cutting temperature compound and 

sectioned at 5 µm. The cryo-sections were mounted on charged slides (Mercedes Medical, FL), 

and fixed in cold acetone. Before staining, sections were fixed in 10% Neutral Buffered Formalin 
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for 10 seconds, followed by 3 rinses in 1X TBS (Tris-Buffed Saline, pH 7.2). A blocking 

solution consisting of 3% Normal Goat Serum in 1X TBS was added to each slide for 10 

minutes. This was followed by incubation with the designated primary antibodies, which was 

performed as follows: BDCA-2 (Miltenyl Biotec, Auburn, CA) at a 1:5 dilution for 5 hours; 

CD83 (Immunotech, Fullerton, CA) at a 1:200 dilution for 1.5 hours; and IP10 (Abcam, 

Cambridge, MA) at 1:5 dilution for 4 hours; The slides were washed with 1X TBS and incubated 

with either a peroxidase-labelled polymer conjugated to goat anti-mouse immunoglobulin 

antibody (Envision+; DakoCytomation, Carpenteria, CA) or a peroxidase-labelled goat anti-

rabbit immunoglobulin antibody (Envision+; DakoCytomation, Carpenteria, CA) for 30 minutes, 

then washed with 1X TBS. Detection was performed using 3,3’-diaminobenzidine 

tetrahydrochloride (DAB; Sigma-Aldrich, St. Louis, MO) as the chromagen. Slides were washed 

in dH2O, counterstained with Mayer’s Hematoxylin, dehydrated and mounted with DPX 

Histology Mounting Medium (Fluka/Sigma-Aldrich, St. Louis, MO). 

 

Identification of pathways downstream of type I IFN suppressed by sifalimumab treatment 

in muscle specimens from myositis patients 

The number of patients displaying a target modulation of >37.5% for each transcript was 

captured for both sifalimumab and placebo cohorts. This threshold was determined empirically, 

where values >50% reduced the transcript list to a number too small for an accurate enrichment 

for pathway analysis. In patient muscle specimens, transcripts with target modulation values 

greater than 37.5% in at least 5 sifalimumab treated patients and displaying an odds ratio >2 

relative to placebo treated patients were retained. Odds ratios were calculated as a function of the 

number of patients displaying a target modulation >37.5% or <37.5% for each transcript. 

Transcripts were then filtered to obtain transcripts unique to previously identified IFN-inducible 

genes. These genes were used for pathway enrichment analysis (Ingenuity Systems, Inc. 

Redwood City, CA, USA) to prioritize those signaling pathways most suppressed by treatment 

with sifalimumab. To reduce transcripts that are ubiquitous to many pathways in the results, an 

additional step was taken, where the top enriched pathways using a Benjamini and Hochberg (B-

H) false discovery rate p-value adjustment of p<0.01 were re-prioritized based on uniqueness of 

the transcripts to that pathway. It should be noted that for pathway analysis of transcripts in 

muscle specimens, only day 98 (the only time point available) was utilized.  
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IFNGS positive DM or PM patients available for transcript profiling at each time point and 

within each dose cohort in blood and muscle specimens 

Blood 

 0.3 mpk 1.0 mpk 3.0 mpk 10.0 mpk Placebo 

Day-0 (DM) 2 3 7 2 4 

Day-28 (DM) 2 3 7 2 4 

Day-56 (DM) 2 3 6 1 4 

Day-98 (DM) 2 3 6 2 4 

      

Day-0 (PM) 4 5 2 2 5 

Day-28 (PM) 4 5 2 2 5 

Day-56 (PM) 3 4 2 2 4 

Day-98 (PM) 3 5 1 2 4 

Muscle 

 0.3 mpk 1.0 mpk 3.0 mpk 10.0 mpk Placebo 

Day-0 (DM) 2 3 9 2 4 

Day-98 (DM) 1 3 9 1 3 

      

Day-0 (PM) 4 4 1 2 6 

Day-98 (PM) 3 4 1 2 5 

 

Wilcoxon-Mann-Whitney p-values associated with target suppression at each time point in 

gene signature positive patients in each dose cohort (data plotted in Figure 1) 

Dose cohort Blood day 28 Blood day 56 Blood day 98 Muscle day 98 
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0.3 mpk 0.002 0.002 0.002 0.570 

1.0 mpk 0.06 0.05 0.05 0.613 

3.0 mpk 0.003 0.007 0.01 0.633 

10.0 mpk 0.83 0.78 0.28 0.776 
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Identification of gene signatures indicating leukocyte infiltration and the presence of 

immunoglobulin and MHC class I molecules (Zhu et al, 2012) 

This leukocyte signature, specifically, was developed starting from a simple linear model. 

In this model, the overall expression level of the gene i in the subject j at a state s is considered 

as the sum of linear combination of the abundance of each cell type and its cell-type specific 

expression (represented by
s

kjc ,  and 
s

kjix ,, , respectively). Thus, the overall expression level of the 

gene i at a state s:  

s

kji

k

s

kj

s

ji xcy ,,,, ⋅=∑
 (1) 

where

1, =∑
k

s

kjc

for each subject j under the state s over all the cell types, k.  

Assuming that there is a gene set I, which are only expressed in a subset of cell types T, i.e., 

0,, ≈
n

kjix
 for Tk ∉ under any state s. Thus,  

s

tji

s

tj

s

kji

Tk

s

kj

s

ji xcxcy ,,,,,,, ⋅=⋅=∑
∈ , where 

∑
∈

=

Tk

s

kj

s

tj cc ,,
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∑

⋅∑

∈

∈

=

Tk

s
kj

s
kji

Tk

s
kj

c

xc
s

tjix
,

,,,

,,

 (2) 

We may consider the mixture of the subset of cell types T as one special cell type t,  

and its fraction 
s

tjc ,  is the sum of all the cell types T and the expression level 
s

tjix ,,  of the gene i in 

the virtual cell type t is thereby the weighted arithmetic mean of the gene expression within the 

subset cell types T. 

The equation (2) suggests that the expression change as we capture in the transcriptional 

analysis can be attributed to the two factors: the alteration in the cell proportion and the 

expression change within the specific cell type.  

Myositis muscle biopsies can be considered as normal skeletal muscles infiltrated by 

lymphocytes, conceptually, in terms of transcriptional analysis under a simplified way. Few 

leukocyte cells locate in normal muscle. In most of myositis muscles, the leukocyte cells increase 

dramatically, therefore leukocyte-specific transcripts are “over-expressed” compared to the 
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normal muscle, which is largely attributed to the change of the cell fraction. With some simple 

mathematical manipulation, it can further be postulated that all those leukocyte- specific 

transcripts appear “coherently” overexpressed no matter whether they are under the same 

transcriptional modulation unit or not. Therefore, the gene signatures developed from the gene 

clusters (tightly co-expressed genes) should indicate the abundance of the subtypes of infiltrated 

leukocytes  

In a separate independent transcriptional analysis on muscle biopsies from myositis 

patients (n=31) and healthy controls (n=5), we identified a number of genes over-expressed in 

myositis subjects compared to healthy controls.(4) Those over-expressed transcripts formed four 

robust gene clusters using consensus clustering.(5) We further defined the gene signatures 

according to the functional annotations of the genes within the cluster, indicating: a type I IFN 

signature, an immunoglobulin signature, a leukocyte index and an MHC class I signature. 

Interestingly, the leukocyte index was in strong agreement with the pathological assessment of 

immune cell infiltration as assessed via hematoxylin and eosin (H&E) staining and accounted for 

the majority of variation observed in our transcriptional profiling study.  

We identified a similar overexpression pattern in these four signatures in myositis muscle 

specimens from patients in this current clinical study and thereby utilized these gene signatures 

to better understand the downstream signaling pathways that are suppressed after treatment with 

an anti-IFNα mAb. This evaluation has demonstrated the robustness of the gene signatures in 

two independent cohorts of dermatomyositis and polymyositis patients, thus allowing us to better 

characterize inflammatory myopathies and enhance our understanding of the mechanism of 

sifalimumab in this disease. 
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Probeset ID Gene.Title Gene Title Gene Symbol

Patients 

with >50% 

suppression

Type I IFN-

inducible 

(Y/N)

1552309_a_at Hs.632387 nexilin (F actin binding protein) NEXN 3 Y

1552719_at Hs.512867 cancer susceptibility candidate 4 CASC4 3 N

1554543_at Hs.463439 sperm associated antigen 9 SPAG9 3 N

1554730_at Hs.591248 multiple C2 domains, transmembrane 1 MCTP1 3 N

1554948_at --- --- --- 3 N

1555088_x_at Hs.632256 signal transducer and activator of transcription 5BSTAT5B 3 N

1555464_at Hs.163173 interferon induced with helicase C domain 1 IFIH1 3 Y

1555945_s_at Hs.372003 family with sequence similarity 120A FAM120A 3 N

1556203_a_at Hs.497575 SLIT-ROBO Rho GTPase activating protein 2 SRGAP2 3 Y

1556643_at Hs.515243 Family with sequence similarity 125, member AFAM125A 3 Y

1557236_at Hs.257352 apolipoprotein L, 6 APOL6 3 Y

1557419_a_at Hs.268785 Acyl-CoA synthetase long-chain family member 4ACSL4 3 N

1557852_at Hs.524271 Polyhomeotic homolog 2 (Drosophila) PHC2 3 N

1559585_at Hs.535011 hypothetical protein FLJ31033 FLJ31033 3 N

1560102_at Hs.293593 Rho GTPase activating protein 26 ARHGAP26 3 N

1561654_at Hs.474596 LIM domain kinase 2 LIMK2 3 N

1564568_at Hs.515260 Elongation factor RNA polymerase II ELL 3 N

1565705_x_at Hs.565966 Hypothetical LOC645874 LOC645874 3 N

1565852_at Hs.551713 Myelin basic protein MBP 3 N

1565976_at Hs.165762 FCH domain only 2 FCHO2 3 N

1570135_at Hs.193583 zinc finger protein 230 ZNF230 3 N

200986_at Hs.384598 serpin peptidase inhibitor, clade G (C1 inhibitor), member 1, (angioedema, hereditary)SERPING1 3 Y

202086_at Hs.517307 myxovirus (influenza virus) resistance 1, interferon-inducible protein p78 (mouse) /// myxovirus (influenza virus) resistance 1, interferon-inducible protein p78 (mouse)MX1 3 Y

202145_at Hs.521903 lymphocyte antigen 6 complex, locus E LY6E 3 Y

202158_s_at Hs.309288 CUG triplet repeat, RNA binding protein 2 CUGBP2 3 N

202411_at Hs.532634 interferon, alpha-inducible protein 27 IFI27 3 Y

202422_s_at Hs.268785 acyl-CoA synthetase long-chain family member 4ACSL4 3 N

202864_s_at Hs.369056 SP100 nuclear antigen SP100 3 Y

202869_at Hs.524760 2',5'-oligoadenylate synthetase 1, 40/46kDa OAS1 3 Y

203153_at Hs.20315 interferon-induced protein with tetratricopeptide repeats 1 /// interferon-induced protein with tetratricopeptide repeats 1IFIT1 3 Y

203567_s_at Hs.584851 tripartite motif-containing 38 TRIM38 3 Y

203595_s_at Hs.252839 interferon-induced protein with tetratricopeptide repeats 5IFIT5 3 N

203596_s_at Hs.252839 interferon-induced protein with tetratricopeptide repeats 5IFIT5 3 N

203692_s_at Hs.269408 E2F transcription factor 3 E2F3 3 N

204024_at Hs.436445 oxidative stress induced growth inhibitor family member 2OSGIN2 3 N

204211_x_at Hs.131431 eukaryotic translation initiation factor 2-alpha kinase 2EIF2AK2 3 Y

204415_at Hs.523847 interferon, alpha-inducible protein 6 IFI6 3 Y

204439_at Hs.389724 interferon-induced protein 44-like IFI44L 3 Y

204449_at Hs.271749 phosducin-like PDCL 3 N

204747_at Hs.47338 interferon-induced protein with tetratricopeptide repeats 3IFIT3 3 Y

204972_at Hs.414332 2'-5'-oligoadenylate synthetase 2, 69/71kDa OAS2 3 Y

204994_at Hs.926 myxovirus (influenza virus) resistance 2 (mouse)MX2 3 Y

205099_s_at Hs.301921 chemokine (C-C motif) receptor 1 CCR1 3 Y



205483_s_at Hs.458485 ISG15 ubiquitin-like modifier ISG15 3 Y

205552_s_at Hs.524760 2',5'-oligoadenylate synthetase 1, 40/46kDa OAS1 3 Y

205569_at Hs.518448 lysosomal-associated membrane protein 3 LAMP3 3 Y

205660_at Hs.118633 2'-5'-oligoadenylate synthetase-like OASL 3 Y

206370_at Hs.32942 phosphoinositide-3-kinase, catalytic, gamma polypeptidePIK3CG 3 N

206553_at Hs.414332 2'-5'-oligoadenylate synthetase 2, 69/71kDa OAS2 3 Y

206877_at Hs.468908 MAX dimerization protein 1 MXD1 3 N

208012_x_at Hs.145150 SP110 nuclear body protein SP110 3 Y

208087_s_at Hs.302123 Z-DNA binding protein 1 /// Z-DNA binding protein 1ZBP1 3 Y

208180_s_at Hs.591790 histone cluster 1, H4h HIST1H4H 3 N

208436_s_at Hs.166120 interferon regulatory factor 7 IRF7 3 Y

209417_s_at Hs.632258 interferon-induced protein 35 IFI35 3 Y

209498_at Hs.512682 carcinoembryonic antigen-related cell adhesion molecule 1 (biliary glycoprotein)CEACAM1 3 Y

209593_s_at Hs.252682 torsin family 1, member B (torsin B) TOR1B 3 Y

209969_s_at Hs.651258 signal transducer and activator of transcription 1, 91kDaSTAT1 3 Y

210598_at Hs.79276 KIAA0232 gene product KIAA0232 3 N

210666_at Hs.460960 iduronate 2-sulfatase (Hunter syndrome) IDS 3 N

210705_s_at Hs.370515 tripartite motif-containing 5 TRIM5 3 Y

210985_s_at Hs.369056 SP100 nuclear antigen SP100 3 Y

211013_x_at Hs.526464 promyelocytic leukemia PML 3 Y

211367_s_at Hs.2490 caspase 1, apoptosis-related cysteine peptidase (interleukin 1, beta, convertase)CASP1 3 N

212629_s_at Hs.440833 protein kinase N2 PKN2 3 N

212794_s_at Hs.12144 KIAA1033 KIAA1033 3 N

213797_at Hs.17518 radical S-adenosyl methionine domain containing 2RSAD2 3 Y

214001_x_at Hs.406620 Ribosomal protein S10 RPS10 3 N

214059_at Hs.82316 Interferon-induced protein 44 IFI44 3 Y

214149_s_at Hs.484188 ATPase, H+ transporting, lysosomal 9kDa, V0 subunit e1ATP6V0E1 3 N

214329_x_at Hs.478275 tumor necrosis factor (ligand) superfamily, member 10 /// tumor necrosis factor (ligand) superfamily, member 10TNFSF10 3 Y

214453_s_at Hs.82316 interferon-induced protein 44 IFI44 3 N

214472_at --- histone cluster 1, H3d HIST1H3D 3 N

214808_at Hs.593351 MRNA; cDNA DKFZp762N156 (from clone DKFZp762N156)--- 3 Y

215375_x_at Hs.471779 Leucine rich repeat (in FLII) interacting protein 1LRRFIP1 3 N

216563_at Hs.464585 Ankyrin repeat domain 12 ANKRD12 3 N

216621_at Hs.306307 Rho-associated, coiled-coil containing protein kinase 1ROCK1 3 N

217497_at Hs.592212 endothelial cell growth factor 1 (platelet-derived)ECGF1 3 N

217502_at Hs.437609 interferon-induced protein with tetratricopeptide repeats 2IFIT2 3 Y

218400_at Hs.528634 2'-5'-oligoadenylate synthetase 3, 100kDa OAS3 3 Y

218408_at Hs.235750 translocase of inner mitochondrial membrane 10 homolog (yeast)TIMM10 3 N

218543_s_at Hs.12646 poly (ADP-ribose) polymerase family, member 12PARP12 3 Y

218812_s_at Hs.363308 transmembrane protein 142B TMEM142B 3 N

218943_s_at Hs.190622 DEAD (Asp-Glu-Ala-Asp) box polypeptide 58 DDX58 3 Y

218986_s_at Hs.591710 hypothetical protein FLJ20035 FLJ20035 3 Y

219062_s_at Hs.114191 zinc finger, CCHC domain containing 2 ZCCHC2 3 Y

219209_at Hs.163173 interferon induced with helicase C domain 1 IFIH1 3 Y

219352_at Hs.529317 hect domain and RLD 6 HERC6 3 Y

219364_at Hs.55918 likely ortholog of mouse D11lgp2 LGP2 3 Y

219437_s_at Hs.335003 ankyrin repeat domain 11 ANKRD11 3 N



219519_s_at Hs.31869 sialic acid binding Ig-like lectin 1, sialoadhesin /// sialic acid binding Ig-like lectin 1, sialoadhesinSIGLEC1 3 Y

219684_at Hs.43388 receptor (chemosensory) transporter protein 4RTP4 3 Y

219691_at Hs.65641 sterile alpha motif domain containing 9 SAMD9 3 Y

219863_at Hs.26663 hect domain and RLD 5 HERC5 3 Y

220160_s_at Hs.25441 kaptin (actin binding protein) KPTN 3 N

221306_at Hs.591653 G protein-coupled receptor 27 GPR27 3 N

222154_s_at Hs.120323 DNA polymerase-transactivated protein 6 DNAPTP6 3 Y

222744_s_at Hs.133321 trimethyllysine hydroxylase, epsilon TMLHE 3 N

222816_s_at Hs.114191 zinc finger, CCHC domain containing 2 ZCCHC2 3 N

222986_s_at Hs.414579 scotin SCOTIN 3 N

223217_s_at Hs.319171 nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, zetaNFKBIZ 3 N

223220_s_at Hs.518200 poly (ADP-ribose) polymerase family, member 9PARP9 3 Y

223599_at --- tripartite motif-containing 6 TRIM6 3 N

224225_s_at Hs.272398 ets variant gene 7 (TEL2 oncogene) ETV7 3 Y

225291_at Hs.388733 polyribonucleotide nucleotidyltransferase 1 PNPT1 3 Y

225335_at Hs.168677 zinc finger protein 496 ZNF496 3 N

226186_at Hs.513734 Tropomodulin 2 (neuronal) TMOD2 3 N

226702_at Hs.7155 hypothetical protein LOC129607 LOC129607 3 Y

226757_at Hs.437609 interferon-induced protein with tetratricopeptide repeats 2IFIT2 3 Y

226999_at --- RNA-binding region (RNP1, RRM) containing 3 RNPC3 3 N

227609_at Hs.546467 epithelial stromal interaction 1 (breast) EPSTI1 3 Y

228251_at --- --- --- 3 N

228304_at Hs.594156 Transcribed locus --- 3 Y

228439_at Hs.124840 basic leucine zipper transcription factor, ATF-like 2BATF2 3 Y

228607_at Hs.414332 2'-5'-oligoadenylate synthetase 2, 69/71kDa OAS2 3 Y

228617_at Hs.441975 XIAP associated factor-1 BIRC4BP 3 Y

229350_x_at Hs.348609 poly (ADP-ribose) polymerase family, member 10PARP10 3 Y

229450_at --- --- --- 3 Y

229548_at Hs.517622 Unc-84 homolog B (C. elegans) UNC84B 3 Y

229804_x_at Hs.531330 COBW domain containing 1 /// COBW domain containing 2 /// COBW domain containing 3 /// similar to COBW domain containing 3CBWD1 /// CBWD2 /// CBWD3 /// LOC7287423 Y

230036_at Hs.489118 sterile alpha motif domain containing 9-like SAMD9L 3 Y

230256_at Hs.335918 Farnesyl diphosphate synthase (farnesyl pyrophosphate synthetase, dimethylallyltranstransferase, geranyltranstransferase)FDPS 3 N

230314_at Hs.500775 Ras homolog gene family, member T1 RHOT1 3 Y

230795_at Hs.597557 Transcribed locus --- 3 N

231302_at --- --- --- 3 N

231426_at Hs.567760 Chromosome 9 open reading frame 71 C9orf71 3 N

231763_at Hs.436896 polymerase (RNA) III (DNA directed) polypeptide A, 155kDaPOLR3A 3 N

231956_at Hs.514554 KIAA1618 KIAA1618 3 Y

232095_at Hs.523529 similar to SLIT-ROBO Rho GTPase-activating protein 2 (srGAP2) (Formin-binding protein 2)LOC653464 3 Y

232213_at Hs.7886 Pellino homolog 1 (Drosophila) PELI1 3 N

232222_at --- chromosome 18 open reading frame 49 C18orf49 3 N

232666_at Hs.528634 2'-5'-oligoadenylate synthetase 3, 100kDa OAS3 3 Y

232704_s_at Hs.475319 leucine rich repeat (in FLII) interacting protein 2LRRFIP2 3 N

233425_at Hs.114191 zinc finger, CCHC domain containing 2 ZCCHC2 3 Y

233880_at Hs.195642 chromosome 17 open reading frame 27 C17orf27 3 Y

234157_at Hs.368359 WD repeat and FYVE domain containing 1 WDFY1 3 N

234295_at Hs.477700 debranching enzyme homolog 1 (S. cerevisiae)DBR1 3 N



235112_at Hs.533491 KIAA1958 KIAA1958 3 N

235157_at Hs.518203 Poly (ADP-ribose) polymerase family, member 14PARP14 3 Y

235276_at --- --- --- 3 Y

235643_at Hs.489118 sterile alpha motif domain containing 9-like SAMD9L 3 Y

235646_at Hs.546316 Phosphatidylinositol-4-phosphate 5-kinase, type I, alphaPIP5K1A 3 N

236156_at Hs.643030 lipase A, lysosomal acid, cholesterol esterase (Wolman disease)LIPA 3 Y

236423_at Hs.539431 Transcribed locus --- 3 N

236908_at Hs.255491 Acid phosphatase-like 2 ACPL2 3 N

237459_at Hs.506415 PCTAIRE protein kinase 2 PCTK2 3 N

237568_at Hs.122514 Solute carrier family 25, member 37 SLC25A37 3 N

237618_at Hs.122514 Solute carrier family 25, member 37 SLC25A37 3 N

238439_at Hs.217484 ankyrin repeat domain 22 ANKRD22 3 Y

238743_at Hs.546523 Full-length cDNA clone CS0DK002YF13 of HeLa cells Cot 25-normalized of Homo sapiens (human)--- 3 Y

239040_at Hs.480073 Heterogeneous nuclear ribonucleoprotein D (AU-rich element RNA binding protein 1, 37kDa)HNRPD 3 N

239196_at Hs.217484 ankyrin repeat domain 22 ANKRD22 3 Y

239379_at Hs.471779 Leucine rich repeat (in FLII) interacting protein 1LRRFIP1 3 N

239669_at Hs.532144 Histone cluster 1, H2ad HIST1H2AD 3 N

239723_at Hs.643005 Solute carrier family 40 (iron-regulated transporter), member 1SLC40A1 3 N

239845_at Hs.562633 Transcribed locus --- 3 N

239979_at Hs.546467 Epithelial stromal interaction 1 (breast) EPSTI1 3 Y

239988_at Hs.529317 Hect domain and RLD 6 HERC6 3 N

240652_at --- --- --- 3 N

241154_x_at Hs.336994 Metastasis suppressor 1 MTSS1 3 N

241388_at Hs.605782 CDNA FLJ40566 fis, clone THYMU2004733 --- 3 N

241916_at Hs.130759 Phospholipid scramblase 1 PLSCR1 3 Y

242020_s_at Hs.302123 Z-DNA binding protein 1 ZBP1 3 Y

242060_x_at Hs.369039 PHD finger protein 11 PHF11 3 Y

242066_at Hs.432760 Capping protein (actin filament) muscle Z-line, betaCAPZB 3 N

242167_at Hs.124246 Chromosome 10 open reading frame 119 C10orf119 3 N

242234_at Hs.441975 XIAP associated factor-1 BIRC4BP 3 Y

242427_at Hs.435610 WW domain containing adaptor with coiled-coilWAC 3 N

242569_at Hs.17200 Signal transducing adaptor molecule (SH3 domain and ITAM motif) 2STAM2 3 N

242625_at Hs.17518 radical S-adenosyl methionine domain containing 2RSAD2 3 Y

242778_at Hs.125474 leupaxin LPXN 3 N

242898_at --- --- --- 3 Y

243051_at Hs.445890 Cornichon homolog 4 (Drosophila) CNIH4 3 N

243213_at Hs.463059 signal transducer and activator of transcription 3 (acute-phase response factor)STAT3 3 N

243271_at Hs.489118 Sterile alpha motif domain containing 9-like SAMD9L 3 Y

244219_at Hs.446091 Wilms tumor 1 associated protein WTAP 3 N

244473_at Hs.12286 Activating transcription factor 7 ATF7 3 N

44673_at Hs.31869 sialic acid binding Ig-like lectin 1, sialoadhesin SIGLEC1 3 Y

1552302_at Hs.567647 transmembrane protein 106A /// similar to transmembrane protein 106ATMEM106A /// LOC7287722 Y

1552329_at Hs.188553 retinoblastoma binding protein 6 RBBP6 2 N

1552734_at Hs.407926 rapamycin-insensitive companion of mTOR RICTOR 2 N

1552773_at Hs.351811 C-type lectin domain family 4, member D CLEC4D 2 N

1553252_a_at Hs.170667 bromodomain and WD repeat domain containing 3BRWD3 2 N

1553271_at Hs.505516 DIP2 disco-interacting protein 2 homolog B (Drosophila)DIP2B 2 N



1553605_a_at Hs.226568 ATP-binding cassette, sub-family A (ABC1), member 13ABCA13 2 N

1554501_at Hs.469798 TSC22 domain family, member 4 TSC22D4 2 N

1554571_at Hs.310421 amyloid beta (A4) precursor protein-binding, family B, member 1 interacting proteinAPBB1IP 2 N

1554638_at Hs.482660 zinc finger, FYVE domain containing 16 ZFYVE16 2 N

1554676_at Hs.1908 proteoglycan 1, secretory granule PRG1 2 N

1555303_at --- --- --- 2 N

1555785_a_at Hs.435103 5'-3' exoribonuclease 1 XRN1 2 Y

1556006_s_at Hs.529862 Casein kinase 1, alpha 1 CSNK1A1 2 N

1556202_at Hs.497575 SLIT-ROBO Rho GTPase activating protein 2 SRGAP2 2 Y

1556352_at Hs.579960 CDNA FLJ30440 fis, clone BRACE2009185 --- 2 Y

1556750_at Hs.438905 hypothetical protein LOC153577 LOC153577 2 N

1556923_at Hs.464137 Acyl-Coenzyme A oxidase 1, palmitoyl ACOX1 2 N

1557071_s_at Hs.647082 Negative regulator of ubiquitin-like proteins 1 NUB1 2 Y

1557270_at Hs.565280 Zinc finger protein 69 ZNF69 2 N

1557418_at Hs.268785 Acyl-CoA synthetase long-chain family member 4ACSL4 2 N

1557505_a_at Hs.167535 Signal recognition particle 54kDa SRP54 2 N
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