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Abstract

Cross-sectional studies of patients with systemic lupus erythematosus (SLE) have demonstrated an
association between activation of type | interferon (IFN) pathway and disease activity. This study
examined longitudinal changes in IFN-regulated gene expression in peripheral blood using
microarrays. A cross-section of 66 patients from the Autoimmune Biomarkers Collaborative
Network SLE archive was evaluated. We also examined paired samples from a 15 patient subset
collected during a period of low disease activity (Baseline) and at a subsequent flare event, and
baseline scores of 29 patients who maintained low disease activity. IFN response (IFNr) scores
were calculated from three IFN-regulated genes. Overall, higher IFNr scores were associated with
increased disease activity. However, IFNr scores were not significantly different between the
paired Baseline and Flare samples. An extended longitudinal analysis in 11 patients indicated little
change in IFNr scores over time, even during dynamic disease activity. In patients with low
disease activity, IFNr scores were not different between patients who experienced a subsequent
flare and those who maintained low disease activity. In summary, although higher IFNr scores
were associated with greater disease activity, IFNr scores of individual patients did not correlate
with changes in disease severity or flare risk.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic, systemic autoimmune disease
characterised by heterogeneous clinical manifestations and disease course in different
individuals. Clinically significant complications can arise in multiple organ systems
including the skin, joints, blood vessels, blood cells, heart, kidneys and central nervous
system. The SLE disease course can be highly variable, with some individuals maintaining
low disease activity that is controlled with relatively little medication, whereas others
experience periods of remission and flare that require high doses of immunosuppressive
drugs. Elevated titers of 1gG autoanti-bodies to various ‘self’-antigens are a common feature
of SLE, and antigenic targets include constituents of the cell nucleus, such as double
stranded DNA (dsDNA), small nuclear ribonucleoproteins (SnRNPs), phospholipids and cell
surface molecules. These auto-antibodies are thought to contribute to the immunopathology
of the disease by various mechanisms! and are thought to result from compromises in the
pathways that maintain B cell tolerance.?3 The wide variability in disease activity, organ
system manifestations and response to therapy poses significant challenges to the diagnosis
and management of SLE.

It has recently become apparent that SLE is commonly associated with activation of the type
| interferon (IFN) pathway. Elevated levels of IFN-a had been detected in the serum of
some lupus patients as early as 1979.4 More recently, we and other researchers have shown
that peripheral blood cells from SLE patients had increased expression of genes that are
inducible by IFN,5-8 and a correlation between serum IFN-a activity and increased gene
expression has also been demonstrated.® Elevated levels of serum proteins that are induced
by IFN have also been documented in SLE patients.10 IFN ‘scores’, calculated by
combining the expression level of several IFN-induced genes, were elevated in about half of
adult SLE patients when compared with healthy blood donors,>7:8 and high scores in some
studies were associated with some measures of disease activity. Activation of the IFN
pathway provides a reasonable mechanistic connection to the SLE disease processes.
Immune complexes containing dsSDNA or snRNPs have been shown to induce release of
type | IFNs from plasmacytoid dendritic cells (pDCs),1112 promoting DC maturation, T cell
activation and B cell stimulation and providing a positive feedback mechanism to maintain
autoantibody production.1314 Recently, a genetic association between SLE and an important
regulator of IFN signalling, the transcription factor IFN regulatory factor 5 (IRF5), has been
identified.1516 When combined with the reported appearance of lupus-like symptoms in
some cancer patients treated with IFN-a,17 these observations suggest that dysregulation of
type | IFN expression plays a significant role in lupus disease activity.

Although activation of the IFN pathway is associated with SLE, it is unclear whether it plays
a dynamic role in disease activity or contributes primarily to predisposition to disease.
Longitudinal analysis of peripheral blood cell gene expression from one patient suggested
that the IFN score may correlate with changes in disease activity over time,” although such
patterns have not been consistently observed.® In a preliminary study of 15 patients, there
were increases in the IFN score that paralleled disease flare in approximately half of the
patients, and other patients showed elevated IFN scores prior to flare.1® However, analysis
of an independent group of 27 patients demonstrated no association between the IFN
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signature and longitudinal changes in SLE disease activity.1® Furthermore, examination of
SLE patients and related family members has indicated a significant heritable contribution to
elevated serum IFN-a activity.20 Thus, significant controversy remains over the longitudinal
relationship between the IFN signature and the SLE disease activity. In this study, we used a
cohort of patients from the Autoimmune Biomarkers Collaborative Network (ABCoN)?! to
study the relationship between longitudinal changes in disease activity and the activation
state of the IFN pathway as measured by expression of IFN response (IFNr) genes. A second
goal was to determine if the IFN “signature’ could identify SLE patients at risk for increased
disease activity. We found that the IFN score does not change with disease activity
measured by two validated indices in a given patient, but it rather seems to classify SLE
patients into different subgroups based on the expression level of the IFN-induced genes.

Materials and methods

Study population, samples and clinical data

SLE patients were enrolled from the Hopkins Lupus Cohort?! under the auspices of the
National Institutes of Health/National Institute of Arthritis and Musculoskeletal and Skin
Diseases-Sponsored ABCoN, following informed consent. The study protocol was approved
by the Human Subjects Institutional Review Boards at North Shore Long Island Jewish
Hospital, Johns Hopkins University School of Medicine and the University of Minnesota
Medical School. Blood was collected by peripheral venipuncture using PAXgene tubes
(PreAnalytix GmbH, Hombrechtikon, Switzerland).

Routine clinical visits were scheduled quarterly with interval visits scheduled when
necessary due to disease activity or complications. All patients were evaluated at each visit
by the same examining physician (M.P.). Detailed clinical data were available for each visit
and included laboratory test results, medication profiles and other parameters necessary for
measuring disease activity by both the Safety of Estrogen in Lupus: National Assessment
(SELENA) revision of the SLE Disease Activity Index (SLEDAI)22 and the British Isles
Lupus Assessment Group (BILAG).23

Study conduct

From the available ABCoN biorepository, samples from 66 patients were selected for RNA
purification and microarray analysis of gene expression. All patients were included in the
cross-sectional analysis of gene expression. The demographics of these patients in
comparison with all patients included in the ABCoN archive are shown in Table 1. In a
subset of these patients, ‘Baseline’ samples were selected from a period of low disease
activity (SLEDAI < 4) where no flare had occurred for a period of at least 60 days prior to
the blood draw. This patient subset included a ‘Flare’ group (n = 15), comprised of patients
who experienced a flare in the next 175 days, and a ‘No flare’ group (n = 29), comprised of
patients who did not flare over the same time period. Baseline samples for both groups were
matched for SLEDAI, physician’s global assessment and treatment (Table 1). A flare was
defined as a SLEDALI increase of 24 points over the baseline level. This value of 4 has been
found to be a suitable measure of clinical flare in longitudinal research.2425 To more
thoroughly assess the changes in IFNr gene expression with disease activity over time,
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additional longitudinal samples were evaluated from nine patients from “Flare’ group as
described above and two patients from the initial 66 ABCoN cohort.

The normal healthy volunteer (NHV) cohort comprised 27 adult donors (12 male, 15 female,
age 22-60 years) who provided blood samples after giving informed consent.

Gene expression analysis

Human Genome CGH 44A microarrays (Agilent Technologies, Palo Alto, California, USA)
were used to determine IFNr gene expression. These cyanine 3-CTP/5-CTP (Cy3/Cy5) chips
contain 41,675 probes (60 mers) that represent most of the genes found in the REFSEQ
database (National Center for Biotechnology Information); additional genes on the chip
represented various housekeeping and alignment controls. The chips were run as
recommended by the manufacturer and scanned using an Agilent DNA microarray scanner.
Briefly, 200 ng of total RNA isolated from the PAXgene blood sample was labelled with
Cy5. The reference RNA, a pool of PAXgene derived RNA samples from 10 healthy donors,
was labelled with Cy3. Complementary RNA was created using Agilent Low RNA Input
Fluorescent Linear Amplification Kit protocol version 2.0 and purified using Qiagen
(Valencia, CA, USA) RNeasy purification kit. Following standard Agilent microarray
protocol, 750 ng of Cy5 and Cy3 samples were combined, fragmented and hybridised onto
microarrays overnight. The slides were washed, scanned at 10 um resolution and feature
extracted using Agilent software version A 7.5.1.

Single channel microarray data derived from Agilent Feature Extraction ver 7.5 (BgSubSig)
for samples from NHV (n = 27) and the 66 lupus patients (n = 111) were combined and
quantile normalised.28 Log transformed data from multiple probes for the same gene were
averaged for the calculation of IFNr score.

IFNr score calculation

The IFNr score was calculated using three genes: |FI27, OAS3 and |FI44, to capture a broad
measure of IFN-induced gene expression that would be less susceptible to technical
fluctuations than would be a single gene assay. These genes were chosen because they are
known to be regulated by type | IFN, and their expression levels were highly correlated with
each other in this sample set. IF127 was observed to have the largest range of variation in
this patient population. OAS3 and |F144 have been described in the literature to be
upregulated in SLE patients.2? The method used closely follows a previously described
scoring system that can be applied to either microarray data or quantitative polymerase chain
reaction (QPCR) data as it is independent of numerical scale.2%:30 The mean and SD were
calculated from array data for each of the three genes using RNA from 27 NHVs. For each
patient, a z-score was calculated for each gene by subtracting the NHV mean from the
patient expression value for that gene and then dividing the difference by the NHV SD. The
z-scores for the three genes were then averaged to produce a final composite score for each
patient.
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Statistical analysis

Results

IFNr scores were compared between paired baseline samples and Flare samples using the
two-tailed paired t-test to assess changes in the IFNr score from the low disease activity to
increased disease activity stage. We also tested the hypothesis that the IFNr score in samples
from a period of low disease activity would distinguish patients who have a future episode
of flare from patients that remain stable (No flare) using the two-tailed two-sample t-test as
well as the non-parametric Wilcoxon (Mann-Whitney U) test. ANOVA with repeated
measures was used to compare changes in SLEDAI and IFNr scores for the first three visits
of the 11 patients who contributed more than two longitudinal samples. The clinical
parameters of the high and low IFNr score groups (36 high, 30 low) were compared by ratio
and P value as determined by Fisher’s exact test for the presence or absence of a SLEDAI
value in a given group. The significance of the difference in averages of parametric values,
such as white blood cell (WBC) count, was determined by Student’s t-test.

Expression of IFN pathway genes is associated with disease activity in SLE patients

To investigate the correlation between IFN pathway activation and SLE disease activity,
whole blood RNA samples were selected from 66 patients from the ABCoN archive?! and
gene expression was evaluated using Agilent Human Genome CGH 44A microarrays.
Expression levels of genes known to be regulated by type I IFN®:6:31.32 ang differentially
regulated in SLE>6:825 showed a high degree of correlation with each other. IF127 is a type
I IFN inducible gene33 that showed the highest degree of variation in this sample set, and the
expression levels of 139 genes were correlated with IFI27 with an absolute r 2 0.5. To
evaluate the expression of IFN-regulated genes in various samples, an IFNr score was
calculated from the expression level of three IFN-regulated genes, IF127, IF144 and OAS3
(see Materials and methods section), to minimise the variability associated with measuring
just a single gene. Using expression data from this study, the score generated by this
algorithm was compared with the scores generated by algorithms that have been used in
other studies using different sets of IFN-regulated genes.> -39 A high degree of correlation
was observed between these different IFNr scores (Table 2) suggesting that each provides a
similar measure of IFN-a pathway activation.

The distribution of our three genes IFNr score for all subjects in this study compared with a
cohort of NHVs is shown in Figure 1. The distribution of IFNr scores suggests the presence
of IFNr low and high groups. Since our IFNr score calculation is based on a z-score
analysis, a score of 2 (dashed line in Figure 1) would represent a combined expression level
2 SDs above the mean NHV score and would be expected to have a frequency of about 5%
in a normal population. As expected, two (7%) of the 27 NHV subjects have a score slightly
above this cut-off. In contrast, 38 (58%) of the 66 SLE patients have IFNr scores greater
than 2. Using a value =2 to define high IFNr scores, we observed significantly greater
disease activity as measured by SLEDALI in patients who are in the high IFNr group as
compared with patients with low IFNr scores (P = 2.3 x 1074, Table 3). Specific components
of disease activity that were significantly increased in the high IFNr group included low
complement, increased DNA binding, high erythrocyte sedimentation rate, low WBC count
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and increased renal disease (P < 0.05). IFNr scores and anti-dsDNA titers had a Pearson
correlation of 0.45. The high IFNr group tended to be enriched for patients who have a
history of anti-Sm, anti-Ro/SSA and anti-RNP autoantibodies, but this trend reached
significance only for anti-Sm and anti-RNP.

IFNr scores do not change with increasing disease activity

To investigate the correlation between IFN pathway activation and changes in SLE disease
activity, 15 paired samples were selected from the ABCoN sample archive comprised of a
baseline sample from a period of low disease activity (SLEDAI < 4) and a sample associated
with a SLE flare event (SLEDAI increase >4) within the next 175 days. Although disease
activity of the Flare samples (mean SLEDAI = 8.9 + 3.2) was higher than baseline samples
(mean SLEDAI = 2.2 + 3.2), the mean IFNr score for the baseline samples (1.7 + 1.9) was
not significantly different from that of the flare visit samples (1.6 £ 2.0; paired t-test P =
0.78). IFNr scores of most individual patients (Figure 2B) were similar at the two time
points.

To further examine the dynamic nature of the IFNr score and its correlation with disease
activity, we analysed longitudinal samples from 11 patients who had three or more samples
available (Figure 3A-K). Although all patients experienced significant changes in disease
activity at some point during the observational period, as measured by either the SELENA-
SLEDAI or BILAG, IFNTr scores tended to remain constant. Disease activity increased in
patients with IFNr scores in both the low (Figure 3B) and high range (Figure 3C) without an
appreciable change in IFN pathway activity. Changes in IFNr score were noted in two
patients, but the pattern was not consistent with respect to the disease activity. The IFNr
score for one of these two patients (Figure 3E) decreased with decreasing disease activity
and increased with a subsequent increase in disease activity. In contrast, the IFNr score for
the second patient (Figure 3H) increased, whereas disease activity remained low and was
decreased at the subsequent visit where increased disease activity was noted. Repeated
measures ANOVA was done on the first three visits for these 11 patients. The results
showed that although changes in the SELENA-SLEDAI measure with time are highly
significant (P = 0.0066), the changes in the IFNr score are not significantly different with
time (P = 0.78). This indicates that the IFNr score is a relatively stable characteristic of the
individual patient and does not change with the disease activity.

IFNr scores do not distinguish patients at risk for impending disease flare

The association between IFN pathway activation and risk of SLE flare was evaluated by
comparing baseline samples of the Flare group with samples from a second group of 29
patients who also had low disease activity, but who maintained low disease activity and did
not experience a flare over this same time period (No flare group). No significant differences
were observed between the baseline samples of the Flare and No flare patients with respect
to age, gender, immunosuppression medication regimens and mean daily steroid use (Table
1). The mean IFNr score for the baseline sample of 29 patients in the No flare group (1.5 +
1.7) was not significantly different from that of the baseline of the 15 patients in the Flare
group (1.7 £ 1.9) (t-test, P = 0.83). This result suggests that the IFN gene expression
signature may not be predictive of impending flare over a 175-day window.
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Discussion

Although elevated levels of IFN-a in the sera of SLE patients were first noted in 1979,
interest in the role of type | IFN in the pathogenesis of SLE has considerably increased
recently. An association between IFN-a pathway activation and SLE has been demonstrated
by a variety of techniques, including (1) increased expression of IFN-regulated genes in
peripheral blood cells,>6:8.25.29 (2) increased serum IFN-a activity® and (3) elevated serum
levels of IFN-regulated chemokines.1! These different measures of IFN-a pathway
activation provide a similar cross-sectional description of adult SLE patients, where about
half of the population exhibits evidence of IFN pathway activation, and the ‘IFN high’
phenotype is associated with greater disease activity. Our analyses, which used an algorithm
based on expression levels of three IFN-regulated genes to monitor IFN pathway activation,
confirm these previous observations, showing that a cross-section of SLE patients had a
range of IFNr scores, and higher scores are associated with low complement, high anti-
dsDNA, higher sedimentation rates and more renal complications.

Studies attempting to address the longitudinal relationship between the IFN signature and
changes in SLE disease activity have yielded conflicting results.”-9-18.19 |EN pathway
activation in these previous studies was measured by quantitative reverse transcriptase-PCR
using RNA from either peripheral blood mononuclear cell”2:18 or whole blood,® and
different methods have been used to calculate an IFN score. Our study used RNA from
whole blood and measured gene expression by microarray analysis. Although gene
expression analysis using microarrays is thought to be less precise than quantitative real-
time PCR (QRT-PCR), there is a high degree of correlation between the two techniques3®
and both have similar patterns in cross-sectional studies. Limited sample size is more likely
to contribute to different results in a heterogeneous disease like SLE. The results of our
longitudinal study replicate those of Landolt-Marticorena, et al.19 and indicate that
longitudinal IFNr scores in samples from the same patient show no correlation with changes
in disease activity. In the large majority of the patients in our study, the IFNr score was quite
constant and did not change with increasing disease activity. In the few patients in whom the
IFNT score did exhibit change over time, there was no consistent correlation with the
directional change in SELENA-SLEDAI values. These observations suggest that expression
of IFN responsive genes is not a dynamic component of the SLE disease process, but rather
is a relatively stable characteristic of the individual and may reflect an inherent activation
state of the IFN pathway. Although the IFNr score in individual patients apparently can
change, and previous studies have shown that high doses of corticosteroids seem to reduce
IFN pathway activation,7 it is not clear what other factors can influence the IFNr score or
what level of change represents a significant change in the state of IFN pathway activation.

Several strengths of our study make it an important replication of the previous report that
changes in SLE disease activity are not accompanied by concurrent changes in the IFN gene
expression signature.19 The same examining physician evaluated each patient in our study at
every visit, eliminating inter-observer differences in scoring of disease activity. Our study
used a set of three IFN-regulated genes that were distinct from those used in the previous
report, suggesting that their result was not dependent on the specific set of genes used to
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define the IFNr score. Furthermore, our method for IFNr score calculation ensures equal
weighting of each gene, preventing any single gene from dominating the score calculation.

These observations are also consistent with recent results which indicated a significant
heritable contribution to level of serum IFN-a activity.2 In that study, SLE patients with
high serum IFN-a activity were much more likely to have close healthy relatives with high
activity compared with unrelated healthy individuals. The healthy relatives rarely had
measurable levels of SLE-associated autoantibodies even if they had high serum IFN-a
activity, suggesting that the IFN pathway activation in those individuals was not caused by
immune complex stimulation. Similarly, genetic variants of the IRF5 and PTPN22 genes
that are associated with the risk of developing SLE have also been shown to be associated
with higher levels of serum IFN activity in SLE patients.36:37 The expression of IFN
responsive genes has been noted to be quite variable in a cross-sectional survey of gene
expression in blood samples from healthy donors,38 again demonstrating that inherent
activation of the IFN system does not necessarily have clinical cause or consequences. The
baseline activation state of the IFN pathway may reflect heritable variation in host defence
systems, which perhaps can provide some protective advantage to infection. Differences in
IFN pathway activation have been shown to be associated with the species-specific
susceptibility to the pathological effects of Simian immunodeficiency virus or HIV
infection.3% However, such adaptations may lead to an increased risk of autoimmune
disease.

This study is somewhat limited by a relatively small sample size from a single study centre.
However, samples were selected for the pattern of disease activity without prior knowledge
of the gene expression results. The distribution of the IFNr scores and the association of
high scores with increased disease activity observed in this study are very consistent with
observations that have been made previously, suggesting that our study cohort is not
particularly unusual. The changes in disease activity evaluated in this study, increases in the
SELENA-SLEDAI score between 4 and 12, would be considered mild to moderate flares??
and did not address severe disease. However, this also minimised the confounding influence
that could be associated with overt tissue damage.*? Additionally, even though our
longitudinal study failed to show a correlation between IFN gene scores and disease activity
with samples collected an average of every 3 months, further studies with more frequent
sample collection will be necessary to determine whether there are more consistent
fluctuations of the IFN gene score when observed over a shorter window of time.

A number of studies have now well established an association between SLE and enhanced
activity of the IFN-a system. Some of the biological effects of IFN-a, such as induction of
dendritic cell and B cell maturation®142 and T cell activation,*3 provide a number of ways
by which immune tolerance might be overcome, and the ability of autoantibody immune
complexes to induce IFN-a production by pDCs established a means for perpetuating the
autoimmune cycle.1112 Additional studies will be required to determine how best to monitor
IFN pathway activity and how these tools can be used to help manage SLE disease.
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Figure 1.
The distribution of interferon response (IFNr) scores in 66 SLE patients and 27 normal
healthy volunteers (NHV). IFNr scores were calculated from microarray data as described in
Materials and methods section. When multiple samples were available for a subject, data
from the first available sample were used to calculate the IFNr score. The mean score for

each group is indicated by the solid horizontal bar and a IFNr score of 2 is indicated by a
dashed line.
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Interferon response (IFNr) scores do not consistently change with increasing disease
activity. (A) SELENA SLE Disease Activity Index (SLEDAI) for 15 paired samples is
plotted for a period of low disease activity (Baseline) and a flare event (Flare) following
within 175 days (range 56-175). Fewer than 15 data points are visible at each timepoint
because of coincident scores. (B) IFNr scores calculated from microarray data generated
from blood samples collected at the same time as the clinical data used in (A).
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Longitudinal interferon response (IFNr) scores do not correlate with the disease activity in
individual patients. IFNr scores were monitored in blood samples collected along with
clinical data from 11 patients over a period of several months. Disease activity is indicated
by both the SELENA SLE Disease Activity Index (SLEDAI) and a numerical conversion of
the British Isles Lupus Assessment Group (BILAG) index.34
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Table 2

Correlation of different IFN response (IFNr) score algorithms

IFNr score algorithm  Correlation with this study

Feng, et al.30 0.97
Kirou, et al.” 0.96
Baechler, et al. 0.82
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Table 3

Relationship of interferon response (IFNr) score to clinical parameters

IENr score
Clinical variable Low High Ratio High/Low P value
SLEDAI components
Total score (mean) = SD 21+20 38+21 1.8 2.33E-04
Haematuria 20.0% 22.0% 11 1.000
Proteinuria 3.0% 8.3% 2.8 0.620
Pyuria 10.0% 19.0% 1.9 0.490
SLEDAI renal components/all renal components 14/892 43/1164 24 1.53E-03
Low complement 6.6% 19.0% 29 0.290
Increase DNA binding 8.0% 25.0% 31 0.041
Malar rash 20.0% 33.3% 1.7 0.430
Physician global estimate (0-3) 0.86+0.46 0.92+0.48 1.07 0.602
Clinical values during study
HCT (%) 39.4+34 374+4.1 0.95 0.036
WBC (x1000/uL) 6.8+2.3 46+14 0.7 1.07E-05
LYMPH (x1000/uL) 1.6+0.7 0.95+0.4 0.6 1.07E-04
ESR (mm/h) 220+20.0 357213 1.6 0.038
Urinary protein (g/24 h) 0.43+0.7 0.61+0.8 15 0.360
C3 (mg/dL) 118+289 83.9+%209 0.7 5.88E-07
C4 (mg/dL) 15357 21.7+9.4 0.7 3.52E-04
DNA binding (units/ml) 8.4+282 119.5+165 14.2 7.04E-04
Tx any immunosuppressive drug 46.6% 63.9% 14 0.420
Tx with cellcept 10.0% 33.0% 3.3 0.086
Patient history of
Increased DNA binding 47.0% 81.0% 1.7 0.231
Leukopenia 43.0% 61.0% 1.4 0.047
Anti-Sm antibodies 3.0% 25.0% 8.3 0.041
Anti-Ro/SSA antibodies 17.0% 47.9% 2.8 0.079
Anti-La/SSB antibodies 7.0% 19.0% 2.7 0.285
Anti-RNP 10.0% 39.0% 3.9 0.051
Renal biopsy ever (%) 20.0% 28.0% 14 0.140
Hospitalisations (SLE ever) 57.0% 72.0% 13 0.559
Demographics
% Female 90.0% 94.4% 1.05 0.657
% White 63.3% 52.8% 0.83 0.687
% Black 33.3% 33.3% 1.00 1.000
% Asian 0.0% 8.3% NA 0.251
% Hispanic 0.0% 2.8% NA 1.000
Age (years) 425+86 403+113 0.95 0.410
Weight (pounds) 186 + 41 145 + 32 0.78 2.07E-05
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Abbreviations: ESR: erythrocyte sedimentation rate; HCT: hematocrit; WBC: white blood count; SLEDAI: SLE Disease Activity Index.

Values are based on 66 patients (30 IFNr low and 36 IFNr high) studied by microarray. Renal SLEDAI components were scored per visit. If at any
study visit the component was positive, the patient was considered positive for that component. The percentages represent the number of either low
or high IFNr patients that scored positive for that component. The P values were calculated based on Fisher’s exact test. Parametric values are
averages from all study visits of each patient and were evaluated using Student’s t-test. There were 512 study visits by the 66 patients in the study.
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