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Abstract

Objectives: In systemic lupus erythematosus (SLE), heterogeneous clinical expression and
activity may reflect diverse pathogenic and/or effector mechanisms. We investigated SLE
heterogeneity by assessing the expression of three gene sets representative of type | interferon
(IFN-1), polymorphonuclear neutrophil (PMN) and plasmablast (PB) signatures in a well-
characterized, multidisciplinary cohort of SLE patients. We further assessed whether

individual gene products could be representative of these three signatures.

Methods: Whole blood, serum and clinical data were obtained from 140 SLE individuals.
Gene expression was assessed by NanoString© technology, using a panel of 37 probes to

compute six IFN-I, one PMN and one PB scores. Protein levels were measured by ELISA.

Results: Depending on the score, 45% to 50% SLE individuals showed high IFN-I gene
expression. All six IFN-1 scores were significantly associated with active skin involvement,
and two of six were associated with arthritis. IFN-induced Mx1 protein (MX1) level was
correlated with IFN-I score (p<0.0001) and associated with a similar clinical phenotype. In
all, 25% of SLE individuals showed high PMN gene expression, associated with SLE fever,
serositis, leukopenia and glucocorticoid use. PB gene expression was highly affected by
immunosuppressant agents, with no association with SLE features. Combined IFN-1 and
PMN gene scores were significantly associated with high disease activity and outperformed

anti-dsDNA and anti-C1q autoantibody and complement levels for predicting SLE activity.

Conclusion: IFN-1 and PMN gene scores segregate with distinct SLE clinical features, and
their combination may identify high disease activity. MX1 protein level performed similar to

IFN-I gene expression.

Key words: Systemic lupus erythematosus, type-I interferon, polymorphonuclear cells, gene

expression, score
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Key messages:

e In SLE, high IFN-I gene scores are strongly associated with active skin lesions
e MX1 protein levels perform similarly to IFN-I gene scores
e Combined IFN-I and PMN gene scores outperform serological markers for

predicting SLE activity
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Introduction

Systemic lupus erythematosus (SLE) is characterized by a wide spectrum of clinical,
laboratory and immunological abnormalities with marked individual variability (1).
Dissecting the heterogeneity of SLE in terms of clinical expression and pathophysiology
remains an important unmet need (2). Furthermore, classical laboratory tests, including anti-
double-stranded DNA (anti-dsDNA) antibody titers and complement component levels have

limited accuracy in assessing disease activity or predicting flares (3,4).

Unbiased gene expression studies allowed for the identification of subgroups of patients with
distinct blood transcriptional signatures associated with SLE activity and clinical features (5-
9). In particular, increased expression of type-I interferon (IFN-1)-regulated genes was
associated with SLE disease activity as well as immunological and clinical phenotypes
(8,10,11). Several lines of evidence support the role of IFN-I as central mediator in the
pathogenesis of SLE, and IFN-I targeting is emerging as a novel therapeutic strategy (12).
Polymorphonuclear neutrophils (PMNs) also play a central role in the pathogenesis of SLE
(12). Genes expressed in PMNs were found in 45% to 65% of SLE patients, and their
presence was strongly associated with lupus nephritis (5,14,15). Moreover, plasmablasts
(PBs) and autoantibody production are hallmark of SLE (15). Genes expressed in PBs were
preferentially expressed in about 20% of pediatric SLE patients (5) and associated with renal

involvement in adult SLE (7).

Beside high-resolution, unbiased techniques (5-7), simplified approaches involving sets of
genes to generate scores have been proposed to assess IFN-1 (17-21), PMNs (15) and PBs
signatures (22) in peripheral blood. For instance, high IFN-1 gene scores were found

correlated with Systemic Lupus Erythematosus Disease Activity Index (SLEDALI) and



autoantibody production (8,9,23,24) and have been used to stratify patients with or without a

high IFN-I signature in clinical trials (25,26).

We investigated simultaneously IFN-1, PMN and PB gene signatures in a multidisciplinary,
well-characterized cohort of Swiss SLE patients (SSCS) (27) and 1) we measured their
respective prevalence 2) we assessed potential associations of these signatures with clinical
and immunological SLE phenotypes, 3) we tested whether the combination of these three
gene signatures rather than a single signature correlated with disease activity compared with
classical serologic markers and 4) whether individual gene products could be representative of

these three signatures
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Material and methods

Biological samples were collected from 140 consecutive SLE patients included in the Swiss
SLE Cohort Study (SSCS) (27) and 35 age- and sex-matched healthy controls (HCs) between
November 2017 and December 2018. Inclusion criteria were age > 18 years, diagnosis of SLE
according to the updated American College of Rheumatology classification criteria (28) or
the SLICC 2012 (29). The cohort study was approved by the SwissEthics review board
(PB_2017-01434) and all patients gave written informed consent. Detailed information on
disease activity, experimental methodology and statistical methods is available in
supplementary data S1. Briefly, patients were classified in 2 groups according to their
SELENA-SLEDAL: inactive SLE (SLEDAI < 4) and active SLE (SLEDAI > 4). In order, to
compare gene scores to classical serologic markers, we used clinical SLEDAI (cut-off > 2 for
active disease), which does not take into consideration the two biological items: low serum
complement and high dsDNA autoantibodies. Gene expression was assessed by mRNA
expression profiling by using a NanoString nCounter gene expression system (NanoString
Technologies, Seattle, WA) using a custom panel of 37 genes allowing the computation of six
IFN-1 scores (17-21,25), one PMN (15) and one PB score (22). Then IFN-I, PMN, and PB
scores were calculated as the median of the relative expression of all genes contributing to the
score. The mean plus 2 SD of HC values was used as a threshold to define high scores. Chi-
square test and Fisher’s exact test were used to compare categorical variables; Mann-Whitney
test was used to compare non-paired variables, and Spearman correlation analysis (rs) was
used for correlations. When more than 2 groups were compared, statistical correction for
multiple comparisons was performed using Dunn’s test for all pair by joint ranking.
Unsupervised hierarchical clustering analysis was used to identify clusters enriched in active
SLE. In order to compare the potential role of gene scores versus classical serologic markers

(complement levels, ds-DNA autoantibodies) to predict SLE activity, we used a bootstrap
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forest model with 10 000 decision trees to identify potential predictors and their respective
contributions (33). To validate the results of the bootstrap forest model multivariable logistic

analyses were performed.
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Results

Characteristics of SLE patients

The clinical characteristics of the 140 SLE patients included are in Table 1. Median age was
45.6 (range 19-78.8); 118 (84%) were women and 101 (72%) were Caucasians. At the time of
sampling, median SLEDAI was 3 (range 0-46), and 69 patients (50%) had active disease

(SLEDAI > 4).

IFN-I-, PMN- and PB-gene scores in SLE individuals and HCs

To identify IFN-1-, PMN-, and PB-related genes expressed in the peripheral blood of SLE
individuals and HCs, we used scores previously published grouping the expression of several
genes representative of each signature (Supplementary Table S1). For IFN-I, we tested six
distinct scores (17-21,25). All IFN-I scores were significantly higher for SLE individuals
than HCs (Figure 1A). The performance of individual IFN-1 scores was similar but not
identical. High IFN-I scores ranged from 45% as defined by Khamastha et al. (25) to 50% by
Rice etal. (21) in SLE but were consistently about 1% in HCs. For simplicity, in the
following paragraphs we describe the IFN-1 score (25) as defined by Khamastha et al., unless
otherwise stated. The PMN score was higher but not significantly in SLE individuals than
HCs (median 1.48 [IQR 0.69-3.95] vs 1.0 [IQR 0.54-1.89], p=0.053), and a high PMN score
was found significantly more frequently in SLE individuals than HCs (25% vs 6%, p=0.017).
In contrast, PB scores did not differ when comparing SLE and HC scores both as absolute
values and as frequency of positivity. Among individual PB genes, only CD38 was
differentially expressed in SLE individuals and HCs (median normalized values 796 [IQR 25-
75; 590-1114] vs 569 [420-772], p<0.001 (supplementary Figure S1). A total of 85 SLE
(61%) patients had at least one positive score, the IFN-1 gene scores being most commonly

positive (Figure 1B). In total, 35 (25%) and 21 (15%) SLE individuals had high PMN and PB



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

10

scores, respectively (Figure 1B). Among the 63 SLE individuals with high IFN-I scores, 33
(52%) were positive for only IFN-1 and 30 (48%) were positive for IFN-I and PMN and/or PB

scores (Figure 1B).

We found a high positive correlation within the expression of IFN-I-induced genes, those
contributing to the PMN score, and those contributing to the PB score, with the exception of
CAMKI1G, which was poorly detected in both SLE individuals and HCs (Figure 1C). We
found lower levels of correlation or inverse correlation between IFN-I1 and PMN or PB-
expressed genes (Figure 1C). Overall, these data confirm that IFN-I genes are frequently
overexpressed in SLE but that PMN and PB genes are also present with or without the

concomitant overexpression of IFN-1 genes.

IFN-1-, PMN- and PB-gene scores related to SLE clinical characteristics

We then asked whether the expressed genes could segregate with SLE clinical and classical
laboratory features. Overall, nine IFN-I-related genes and five PMN-related genes but no PB-
related genes showed a weak but statistically significant positive correlation with the SLEDAI
(Supplementary Table S2). Moreover, the IFN-I score (25) and PMN score but not PB
score were significantly higher with active than inactive disease (SLEDAI >4 vs < 4) (Figure
2A). Similar results were observed using as additional definitions of active SLE: clinical
SLEDAI >2, or SLEDAI >6, or a composite definition using SLEDAI>4 in association with
physician’s global assessment (PGA)>1 (supplementary Figure S2) as well for the other
IFN-1 scores (p-values from 0.057 to 0.10, data not shown). The presence and number of
SLE-related autoantibodies, including U1RNP, SSA, ds-DNA and C1q, significantly impacted
the IFN-I score (Figure 2B). Moreover, the IFN-1 score was significantly higher with
positivity than negativity for anti-U:RNP (p=0.004) and anti-SSA (p=0.0069) autoantibodies

(Figure 2C). It was higher but not significantly with anti-dsDNA autoantibodies (p=0.08) and

10



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

11

did not differ with anti-C1q autoantibodies (p=0.51) We found no association between the

presence and number of autoantibodies for PMN and PB scores (Figure 2B).

Concerning active clinical features given by SELENA-SLEDAI at the time of sampling,
univariable analysis revealed that as compared with a low score, a high IFN-I score was
associated with SLE fever: 8% vs 0% (p=0.02); active arthritis: 31% vs 9% (p=0.0014), active
skin involvement: 35% vs 10% (p=0.004), leukopenia: 10% vs 0% (p=0.006), and GC use:
52% vs 33% (p=0.03) (Figure 2D and supplementary Table S3). On multivariable analysis,
a high IFN-I score was significantly associated with active skin involvement (OR: 4.60 [95%
Cl11.87-11.38] p=0.01) and active arthritis (OR: 4.29 [95% CI 1.66-11.06], p=0.01). On both
univariable and multivariable analyses, the frequency of high IFN-I score was lower without
than with treatment (3% vs 16%, p=0.02); (OR: 0.17 [95% CI 0.04-0.80], p=0.04). Notably,
when the six IFN-I scores were compared, some differences were observed, with only active
skin involvement remaining significantly associated with high IFN-I score on multivariable

analysis for all scores (Figure 2D).

Of note, a high PMN score segregated with different clinical features compared to high IFN-I
score. High versus low PMN score was associated with SLE fever: 11% vs 1% (p=0.015),
active serositis: 11% vs 2% (p=0.037), leukopenia: 11% vs 2% (p=0.039) and use of GC: 65%
vs 33% (p=0.0007). On multivariable analysis, a high PMN score remained significantly
associated with active serositis (OR: 6.45 [95% CI 1.13-36.9], p=0.04) and use of GC (OR:
3.83[95% Cl 1.7-8.62], p=0.02) (Figure 2D). A high PB score was associated with AM
therapy only (48% vs 20%, p=0.01) and negatively with IS therapy (24% vs 54%, p=0.008)
but not with the use of GC independent of activity (Figure 2D, E). At the individual gene
levels, CD38 mRNA levels were significantly higher in SLE with leukopenia (p=0.049) and
with positive anti-dsDNA autoantibodies (p=0.04) and were associated but not significantly

with arthritis (p=0.06) and SLEDAI >4 (p=0.09) (Supplementary Table S4). Further, CD38

11
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expression was not significantly decreased by IS therapy (p= 0.16). Overall, these data
indicate that the IFN-I and PMN scores are associated with specific SLE clinical features, but

the PB score is highly affected by the use of IS agents.

Because GC may induce lymphopenia and promote intravascular redistribution of circulating
PMN, we assessed the scores in terms of PMN and lymphocyte counts. Indeed, in our cohort,
we observed a low positive correlation between GC dose and PMN count (rs=0.21, p = 0.02)
and low negative correlation with lymphocyte count (rs=-0.20, p = 0.02). High PMN count
was associated with high PMN and low IFN-1 scores (supplementary Figure S2A), whereas
low lymphocyte count was associated with high IFN-1 and high PMN scores (supplementary
Figure S2B). Thus, the relation between the dose of GC and IFN-I and PMN scores have a
counterpart in PMN and lymphocyte counts, which may reflect both disease activity and

treatment.

Combined high IFN-I and high PMN scores identify very active SLE

We performed unsupervised hierarchical clustering analysis to assess how individual gene
expression segregated across individuals with active and inactive SLE, and HCs (Figure 3A).
Three main clusters were readily evident. In cluster 1, which grouped only active SLE
patients, all had high PMN score and 88% had high IFN-I score. Furthermore, the SLEDAI
was significantly higher in cluster 1 than 2 and 3 (median: 10.5 [IQR 6.5-27] vs 2 [IQR 0-6],
p=0.001, and 2 [IQR 0-7.5], p=0.0009) (Figure 3B). Moreover, 29% of SLE individuals in
cluster 1 had proteinuria > 0.5 g/24 h versus 3% in clusters 2 and 3 (p=0.03). Cluster 2 was
characterized by a high frequency (74%) of high IFN-I score. While cluster 3, mostly of
individuals with inactive SLE and HCs, was characterized by increased frequency (76%) of

no high scores (Figure 3A).

12
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Patients with the joint presence of high IFN-1 and high PMN scores, highly enriched in cluster
1, had higher SLEDAI than those with low IFN-1 score (median 6 [IQR 3-10.5] vs 2 [0-6],
p=0.0058) and scores tended to be higher than those with high IFN-1 score only (6 [IQR 3-
10.5] vs 3 [0-8], p=0.06). Thus, gene expression clustering distinguished individuals with
active SLE, inactive SLE and HCs. Furthermore, individuals with both high IFN-I and PMN

scores had high disease activity.

Performance of gene scores compared to classical biological markers to predict SLE

disease activity

Next, we assessed how upregulated genes could contribute to and perform as compared with
classical biological markers to predict disease activity. In addition to the IFN-1, PMN, and PB
scores, we computed a composite score adding all PMN genes to the four IFN-I genes by
Khamastha et al. (25). Use of bootstrap forest models revealed that the composite IFN-1 plus
PMN and IFN-I scores best predicted SLE clinical activity (clinical SLEDAI > 2) and
performed better than classical immunological markers (Table 2). To substantiate these
findings, we used multivariable logistic regression models. After adjustment for age, sex,
ethnicity, and current use of GC or IS, the composite IFN-1 plus PMN and the IFN-I scores
were significantly associated with SLE activity; no association was found with anti-dsDNA
and anti-C1q autoantibodies or complement levels (Table 2). Thus, by machine-learning
techniques and multivariable analysis, the composite IFN-1 plus the PMN and IFN-I scores

were found highly associated with disease activity.

MX1 protein levels as surrogate for the IFN-I gene scores.

Because the techniques needed to assess gene expression are not readily available in routine
laboratories, we aimed to identify whether gene products could be used as surrogates

reflecting IFN-I-, PMN- and PB-gene scores. We selected one protein for each gene group

13
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chosen on the basis of high correlation between that specific gene and the whole score. The
MRNA level of IFN-induced GTP-binding MX1 showed high positive correlation with the
IFN-1 score (rs=0.97, p<0.0001) (Figure 4A). MX1 protein level showed moderate positive
correlation with the IFN-1 score (rs = 0.40, p<0.0001). Moreover, MX1 protein level was
higher in SLE individuals than HCs (p=0.0002) and was higher with active (SLEDAI > 4)
than inactive SLE (p=0.03). Similar results were observed using other definitions for active
SLE (supplementary Figure S4). A receiver operating characteristic curve identified a
threshold of 133.7 pg/ml defining high MX1 level associated with SLEDAI > 4
(supplementary Figure S3). High MX1 level was associated with clinical features similar to
those observed with the IFN-I score except for lack of association with leucopenia (Figure 4B

and supplementary Table S5).

Myeloperoxidase (MPO) serum levels discriminated SLE individuals and HCs but not active
and inactive SLE (Figure 4C). Similar to the PB score, TNFRS17 protein level did not
discriminate SLE individuals and HCs nor active and inactive SLE (Figure 4D). Thus, MX1
protein level appears to perform similar to IFN-I-induced genes and could be used as a
biomarker to identify patients with overexpressed IFN-I genes; MPO protein level did not

approach the performance of the PMN gene score.

14
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Discussion

To delve into SLE heterogeneity, we simultaneously assessed gene expression signatures
related to IFN-1, PMN and PB responses. Our aim was to investigate, by using a minimal
number of probes, whether we could identify distinct subgroups of patients with specific
clinical characteristics. Confirming and extending previous reports, we identified distinct
clinical and immunological phenotypes associated with IFN-1 and PMN signatures and, most
novel, with their combination. Strikingly, this combination outperformed all classical
immunological parameters associated with disease activity. Furthermore, we established that
MX1 protein level could be a surrogate for the gene signature to identify SLE patients with

high IFN-I expression.

To detect the presence of IFN-1, several scores have been developed based on the expression
of 3to 34 genes (8,9,20,23,24,35-38). By studying the expression of 22 IFN-I-related genes,
we were able to compute six distinct IFN-1 scores (17-21,25) (Supplementary Table S1). In
our cohort, 45% to 50% individuals had a high IFN-I score depending on the score used. Of
note, the highest frequency of positive samples was observed with a score consisting of only
six genes (21). Furthermore, the score most strongly associated with disease activity from the
statistical point of view consisted of only four genes (25). Both observations suggest that the
sensitivity and clinical relevance may not increase when increasing the number of genes

composing a score.

In previous reports, the frequency of high IFN-I score ranged from 50% to 84% (5,8,35).
Thus, the frequency of positive samples in our cohort is among the lower range of the
reported positivity, likely due to the large number of patients with inactive disease in our
cohort but also their ethnicity and age (39). From a clinical point of view, all IFN-I scores

were significantly associated with active skin disease on multivariable analysis. This finding

15
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agrees with studies showing an increased IFN-1 signature in peripheral blood of individuals
with active cutaneous lupus and the extent of lesions (10,37) with or without associated
systemic features (40), which supports a specific role for IFN-I in the development of skin
disease. Unfortunately, in our study, cutaneous lesions were recorded according to SELENA-
SLEDAI definitions and no systematic information on cutaneous lupus erythematosus (CLE)
subtypes was available. Of note, we found an association between the number of positive
autoantibody specificities and IFN-I score, which was not found with PMN and PB scores.
Furthermore, high IFN-I score was strongly associated with the presence of anti-SSA and
anti-U1RNP but not anti-C1q autoantibodies. This may suggest that RNA-associated
nucleoproteins, when complexed with autoantibodies, are particularly strong IFN-1 inducers

(39,41).

We found high PMN score in about 25% of SLE individuals. High PMN score was associated
with disease activity, and individuals with high PMN score showed a specific phenotype
associated with fever, serositis and leukopenia (Figure 2D). Previous studies assessed the role
of PMN gene expression in SLE (5,6,14,15,42); three explicitly found an association between
PMN signature and lupus nephritis. Although in our study only six patients had active
proteinuria, remarkably they were enriched in cluster 1, characterized by very high expression

of PMN genes.

In agreement with previous data (14,15), we found an association between GC use and high
PMN score, which remained significant on multivariable analysis (Figure 2D). The impact of
GC on PMN gene expression may be an important confounding factor. Indeed, after adjusting
for GC use, the PMN score was no longer associated with clinical SLEDAI (Table 2).
However, 15% of patients with high PMN score were not receiving GC, and conversely about
60% of patients receiving GC did not have high PMN score, similar to previous observations

(14). Moreover, we found that patients receiving GC had higher PMN count and that PMN

16
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score and PMN count were correlated, which confirms previous data (15). Altogether, the use
of GC appears to affect the PMN score, at least in part by increasing PMN count, but high
PMN score seems also to be associated with a distinct phenotype of SLE likely to be treated

with GC.

Previous reports of adult (7,22) and pediatric SLE (5) provided evidence for a correlation
between PB gene expression, disease activity, and kidney involvement. We found a high PB
score, defined by five genes (22), in 15% of SLE patients. However, we did not find
differences in PB score (22) between SLE individuals and HCs nor between active and
inactive SLE. This may be explained by a treatment effect. Indeed, we found the PB score
significantly decreased in patients receiving IS agents and the highest PB scores for patients
without treatment or AM therapy only. In agreement with our findings, a study of adult SLE
did not find genes associated with PB signatures differentially expressed between active and
inactive SLE (43). Moreover, longitudinal PB gene expression did not segregate with disease
activity when re-analyzing longitudinal adult and pediatric SLE data (6). However, in our
cohort, CD38 gene expression significantly differed among SLE individuals and HCs and was
associated although not significantly with active disease and some SLE features including
leukopenia and anti-dsDNA autoantibody positivity. However, no statistical correction for
multiple comparisons was performed. Thus, further work is needed to ascertain whether PB

gene expression could provide substantial information for SLE subgrouping.

The direct detection of IFN-1 in biological fluids represents a technical challenge. Although
the new technology based on single-molecule array (SIMOA) may fulfill the required
sensitivity across different IFN-a isotypes (44), simple tools to detect IFN-I activity are
needed. We found the serum level of MX1 correlated with IFN-1 score and associated with

disease activity. Furthermore, patients with high MX1 levels had a clinical phenotype similar
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to that associated with high IFN-I score. These data confirm and extend a recent report (45)

supporting the use of MX1 protein level as a tool to assess IFN-I biological activity.

As limitation, the cross-sectional design of our study did not allow for assessing the potential
role of gene expression as well as MX1 protein level to predict SLE flare or response to
treatment. However, two longitudinal studies of 66 and 94 SLE individuals found that IFN-I
score did not distinguish patients at risk for impending disease flare (18,46), but a post-hoc
analysis of two phase 11 studies of 1700 patients receiving tabalumab showed high IFN-I
gene score as an independent predictor of flare over 52 weeks (35). Similarly, high base-line
IFN-1 levels detected by SIMOA in not active SLE patients predicted relapses (47).
Furthermore, a high IFN-1 gene score predicted response to anti-IFN-1 therapies (25,48).
Another limitation is that whole-blood gene-expression analysis does not allow for identifying
the cells contributing to the different signatures (49). However, IFN-I score was found to be
higher in monocytes than in T and B cells in peripheral blood mononuclear cells (37). In
addition, it is easier to collect whole blood rather than purified cell subset, which enhances
clinical applicability. While type I IFNs are inducer of the genes selected for generating the
IFN-I scores we used, type Il IFN and other cytokines could also have a role in their induction
(10,37). Whether this is relevant in clinical settings would require the analysis of samples
before and after the use of IFN-I neutralizing agents. Finally, our choice of the IFN-I-induced
genes may imprecisely define the severity of clinical manifestations; others have provided
evidence that the modules of IFN-I-induced genes may be differentially regulated in severe
versus non-severe SLE flare (10). However, when we used continuous values of the scores,

we captured differences in active versus inactive SLE.

In our study, SLE patients with both high IFN-1 and PMN scores had the most active and
severe disease. Composite IFN-I plus PMN and IFN-I scores but no classical serologic

markers significantly predicted SLE clinical activity and remained significantly associated
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with clinical SLEDAI after adjusting for several confounding factors, particularly the use of
GC and IS agents. Thus, the simultaneous assessment of IFN-I and PMN gene expression
may substantially add to current biomarkers of activity and could be used in clinical practice

and in clinical studies to stratify patients at risk.
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Figures Legends:

Figure 1. Prevalence and distribution of IFN-1, PMN and PB gene scores in systemic
SLE. A. IFN-1, PMN and PB gene scores in SLE and healthy controls (HC). The dots
represent for single individuals the median of the normalized values of each gene contributing
to the score. The IFN-I, PMN, and PB scores were calculated as the median of the relative
expression of all genes defining the signature. Statistical analysis performed using Mann-
Whitney test. B. Venn diagram showing the prevalence of high IFN-1 score according to (25),
PMN and PB scores and their association. The mean plus 2 SD of HC values was used as
threshold to define high scores. C. Matrix correlation diagram of individual IFN-1, PMN and
PB gene expression. Correlation was based on Spearman correlation analysis (rs) and values

were condensed in a color scale.

Figure 2. Association between high IFN-I, PMN and PB scores with SLE activity, active
features and treatment. A. SLE activity was based on the SELENA-SLEDAI (30). B, C.
Testing for anti-dsDNA, anti-U:RNP, anti-SSA and anti-C1q autoantibodies was performed
in a central laboratory as described in Material and methods, supplementary material. A, B, C,
E. Comparisons were performed using Mann-Whitney test. When more than 2 groups were
compared * indicates that the p-values remains statistically significant after Dunn’s tests for
multiple comparisons. D. Regression analysis of factors associated with gene scores. Chi-
square test and Fisher’s exact test were used to compare categorical variables as appropriate.
Variables with p <0.2 on univariable regression were entered in multivariable logistic models.
P-values are expressed using a color scale, and features that remained statistically significant

on multivariable analysis are highlighted with a black dot.

Figure 3. The combined presence of high IFN-I- and high PMN-scores identify very

active SLE. A. Unsupervised hierarchical clustering using Ward’s agglomerative method,
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passing the Euclidean distances between samples. Three clusters of at least five patients were
identified, and the presence of active SLE (SLEDAI >4), inactive SLE (SLEDAI<4) and
healthy controls (HCs) is highlighted in red, blue, and green bars, respectively. Cluster
characteristics are summarized in the table. B. Association between SLEDAI score and
patient clusters and gene scores. Comparison were performed using Mann-Whitney test.
When more than 2 groups were compared * indicates that the p-values remains statistically

significant after Dunn’s tests for multiple comparisons.

Figure 4. MX1, MPO, and TNFRSF17 protein levels as surrogates for IFN-1, PMN and
PB gene scores. A. Correlation between IFN-1 score and MX1 gene expression or MX1
protein expression. B. Matrix correlation diagram showing the association of SLE features
and current treatment with IFN-I scores and MX1 protein levels. Chi-square test and Fisher’s
exact test were used to compare categorical variables as appropriate. Variables with p <0.2 on
univariable regression were entered in multivariable logistic models. P-values are expressed
using a color scale and features that remained statistically significant on multivariable
analysis are highlighted with a black dot. C, Correlation between PMN score and MPO gene
expression or MPO protein expression. D. Correlation between PB score and TNFRS17 gene
expression or TNFRS17 protein expression. Spearman correlation analysis (rs) was used for

correlation analysis and comparisons were performed using Mann-Whitney test.
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1  Table 1. Baseline characteristics and active features at the time of sampling in SLE

2 patients (n=140)

Features

Female
Age, median (range), years
Ethnicity
Caucasian
African
Asian
Others
Active manifestations at the time of study
Fever
Anrthritis
Cutaneous
Serositis
Neurological disorder
Leukopenia
Thrombocytopenia
Proteinuria > 0.5 g/24h
Immunological features (presence)
ANA*
Anti-dsDNA
Anti-SSA
Anti-Sm*
Anti-U;RNP
Anti-Clq
aPL*
Low complement
C3 (g/l) median, range*
C4 (g/l) median, range*
Activity
SLEDAI, median (range)
SLEDAI >4

118 (84)
45.6 (19-78.8)

101 (72)
17 (12)
14 (10)
8 (6)

5(4)
26 (19)
30 (22)
6 (4)
9(7)
6 (4)
9(7)
6 (4)

132 (95)
61 (45)
55 (41)
38 (28)
37 (28)
35 (26)
55 (40)
31 (23)
0.89 (0.39-1.8)
0.16 (0.01-0.45)

3 (0-46)
69 (50)

26



10

27

Current treatment 1
No treatment 14 (10)
Antimalarials 102 (73) 2
Systemic glucocorticoids 57 (41)
Immunosuppressant agents 70 (50) 3
B cell targeted agents 10 (7)

»

* historical data: Antinuclear autoantibodies (ANA), Sm and aPL (antiphospholipid), C3 and
C4. Double stranded DNA (ds-DNA), U: ribonucleoprotein (U1RNP), anti-C1q were
determined by Q'Flash or ELISA as described in the methods section in supplementary
material. SLEDAI, Safety of Estrogens in Lupus Erythematosus National Assessment—

Systemic Lupus Erythematosus Disease Activity Index (SELENA-SLEDAI) (30).
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Table 2. Comparisons between classical biomarkers and IFN-I1, PMN, and composite

scores to predict clinical SLEDAI >2

Forest model*

Logistic regression model®

Contribution Unadjusted Adjusted*
OR (95% CI) p-value OR (95% CI) p-value

Composite score” 20.09% 1.11 (1.02-1.21) 0.01 1.10 (1.01-1.21) 0.03
IFN-I score 19.14% 1.03 (1.007-1.048) 0.0069 1.03 (1.006-1.052) 0.01
PMN score 14.06% 1.08 (1.001-1.17) 0.04 1.07 (0.99-1.16) 0.08
MX1 levels 9.79% 1.003 (1.000-1.007) 0.018 1.003 (1.000-1.007) 0.04
C4 8.64% 1.16 (0.01-88.0) 0.95 0.80 (0.008-75.4) 0.92
GC dose 6.90% 1.09 (1.02-1.18) 0.02 ND

Anti-dsDNA 6.68% 1.001 (0.998-1.004) 0.35 1.001 (0.998-1.004) 0.42
C3 5.78% 0.53 (0.13-2.23) 0.39 0.47 (0.10-2.13) 0.32
PB score 5.16% 0.91 (0.77-1.07) 0.29 0.89 (0.73-1.09) 0.26
Anti-C1q 3.75% 1.01 (0.99-1.03) 0.15 1.01 (0.99-1.03) 0.13

GC, glucocorticoids; OR, odds ratio; 95% CI, 95% confidence interval; ND, not done

* Bootstrap forest model with 10 000 decision trees was used to identify potential contributors and their
respective weight expressed as percentage of predicting clinical SLEDAI >2.

° Logistic regression models to assess the odds of clinical SLEDAI>2 per unit change in regressor

* Model adjusted for age, sex, ethnicity (Caucasian vs non-Caucasian), current GC use and
immunosuppressant agent use.

#Composite score: score generated by adding IFN-1 genes from (25) to PMN genes

Bold denotes statistically significant values
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