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Abstract
Objective  To characterise patients with active SLE based 
on pretreatment gene expression-defined peripheral 
immune cell patterns and identify clusters enriched for 
potential responders to abatacept treatment.
Methods  This post hoc analysis used baseline peripheral 
whole blood transcriptomic data from patients in a phase 
IIb trial of intravenous abatacept (~10 mg/kg/month). Cell-
specific genes were used with a published deconvolution 
algorithm to identify immune cell proportions in patient 
samples, and unsupervised consensus clustering was 
generated. Efficacy data were re-analysed.
Results  Patient data (n=144: abatacept: n=98; placebo: 
n=46) were grouped into four main clusters (C) by 
predominant characteristic cells: C1—neutrophils; C2—
cytotoxic T cells, B-cell receptor-ligated B cells, monocytes, 
IgG memory B cells, activated T helper cells; C3—plasma 
cells, activated dendritic cells, activated natural killer cells, 
neutrophils; C4—activated dendritic cells, cytotoxic T 
cells. C3 had the highest baseline total British Isles Lupus 
Assessment Group (BILAG) scores, highest antidouble-
stranded DNA autoantibody levels and shortest time to flare 
(TTF), plus trends in favour of response to abatacept over 
placebo: adjusted mean difference in BILAG score over 
1 year, −4.78 (95% CI −12.49 to 2.92); median TTF, 56 vs 
6 days; greater normalisation of complement component 
3 and 4 levels. Differential improvements with abatacept 
were not seen in other clusters, except for median TTF in 
C1 (201 vs 109 days).
Conclusions  Immune cell clustering segmented disease 
severity and responsiveness to abatacept. Definition 
of immune response cell types may inform design and 
interpretation of SLE trials and treatment decisions.
Trial registration number  NCT00119678; results.

Introduction
SLE is a chronic relapsing autoimmune 
disease affecting multiple organs, with vari-
able manifestations and severity.1 2 Multiple 
components of the immune system have 
been implicated in the pathogenesis of 

SLE, including B cells, T cells, cytokines 
and innate immunity including the comple-
ment system.3–8 Conventional treatments for 
SLE can be effective in some patients, yet 
rarely induce prolonged remissions and are 
too often associated with adverse events.9 10 
Targeted biological agents represent a prom-
ising therapeutic approach, but many SLE 
trials have failed to meet their primary 
endpoint.11 12 This failure may reflect 
intrinsic immunological heterogeneity 
between patients with SLE and challenges 
with study outcomes, which make it diffi-
cult to design, generate and interpret data 
in otherwise unselected populations.11 13 
Consequently, there is considerable need for 
alternative clinical trial designs, including 
novel patient identification methods to 
improve the discriminating capabilities of 
interventional clinical trials of novel treat-
ments for SLE. These insights could also 
translate into useful predictors of response 
in clinical practice.

Abatacept is a fully human fusion protein 
that selectively modulates the CD80/
CD86:CD28 costimulatory signal required 
for full T-cell activation.14–16 Abatacept is 
indicated for use in adult patients with 
moderate-to-severe rheumatoid arthritis and 
in patients with polyarticular juvenile idio-
pathic arthritis aged 6 years and older. Since 
T-cell activation plays an important role in the 
pathogenesis of SLE,3 6 7 abatacept may have 
potential as a treatment of this disease.

A preliminary investigation of the effi-
cacy and safety of abatacept on standard 
SLE medication and background oral 
glucocorticosteroids in patients with active 
SLE, whose primary manifestations were 
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active polyarthritis, discoid skin lesions or serositis, was 
conducted in a 12-month, multicentre, exploratory, 
randomised, double-blind, placebo-controlled phase IIb 
trial (NCT00119678).17 The primary endpoint of the 
trial was not met, with no significant difference between 
abatacept and placebo in the rate of new British Isles 
Lupus Assessment Group (BILAG) A or B SLE flares after 
the initiation of steroid taper over 1 year. Post hoc anal-
yses suggested that methodological problems in patient 
and outcome selection, specifically clinical heteroge-
neity, insufficient endpoint robustness and confounding 
concomitant therapies, may have contributed to the 
failure to identify significant differences between treat-
ment groups. The proportions of abatacept-treated and 
placebo-treated patients (95% CI) with a BILAG A flare 
over 1 year after initiation of steroid taper were 40.7% 
(31.8 to 49.5) versus 54.4% (41.5 to 67.3). The propor-
tions of patients (95% CI) with blinded physician-assessed 
flare over 1 year were 63.6% (54.9 to 72.2) with abata-
cept versus 82.5% (72.6 to 92.3) with placebo. Treatment 
differences (95% CI) between abatacept and placebo 
groups in BILAG A and physician-assessed flares were 
greatest in patients with a primary SLE disease manifes-
tation of polyarthritis: −26.1 (−47.4 to −4.8) and –28.3 
(–46.1 to –10.5), respectively. Additionally, a favourable 
treatment benefit for abatacept over placebo was seen 
in prespecified exploratory patient-reported outcomes, 
such as the Short Form-36 health survey, sleep problems 
and fatigue. Although non-conclusive, these exploratory 
post hoc analyses aid the understanding of disease hetero-
geneity in SLE.

Here we report the outcomes of additional post hoc 
analyses of this phase IIb study to gain insights into the 
results in response to abatacept treatment, by grouping 
patients using a molecular-based approach rather than 
dominant SLE clinical manifestations, to overcome the 
issue of clinical heterogeneity in this patient popula-
tion. It was thought that such an approach could provide 
evidence-based insights into disease pathogenesis and 
response to targeted therapy. The aim of this analysis was 
to segment patients based on gene expression-defined 
immune cell patterns18 using a deconvolution algo-
rithm19 on whole blood transcriptomic data. It was hoped 
this could enable the identification of patient subsets with 
unique clinical characteristics and, therefore, subgroups 
of potential responders to abatacept treatment.

Methods
Study design and patient population
The design of this phase IIb study has been described 
previously.17 Briefly, patients with non-life-threatening 
SLE and a primary manifestation of active polyarthritis, 
discoid skin lesions or serositis (pleuritis and/or pericar-
ditis) were randomly assigned (2:1) to receive intravenous 
abatacept (~10 mg/kg/month) or placebo. Prednisone 
(30 mg/day or equivalent) was given for 1 month, after 
which the dosage was tapered. Permitted background 

treatments were non-steroidal anti-inflammatory drugs, 
azathioprine, mycophenolate mofetil, chloroquine, 
hydroxychloroquine or methotrexate, as well as protein-
uria therapies and statins, provided that a stable dose had 
been maintained for at least 1 month prior to screening. 
The current analysis included all randomised and treated 
patients for whom whole blood transcriptomic data were 
available.

Clinical and computational analyses
Peripheral whole blood transcriptomic profiles were 
obtained by gene chip analysis of PAXgene mRNA (Qiagen, 
Hilden, Germany) from patient samples at baseline prior 
to the first dose of randomly assigned treatment. Briefly, 
whole blood was collected in PAXgene RNA tubes and 
total RNA was extracted using 96 Blood RNA kit (Qiagen, 
Valencia, California, USA); 200 ng of total RNA was then 
amplified and labelled with HT 3' IVT Express Kit (Affy-
metrix, Santa Clara, California, USA). Labelled cRNA was 
hybridised on Affymetrix HT_HG-U133_PLUS_PM (Affy-
metrix). All target labelling processes, array hybridisation, 
washing and scanning were performed according to the 
manufacturer’s recommendations. Scanned images were 
inspected visually, and a chip quality report was generated 
by Expression console (Affymetrix). The image data were 
processed using the robust multiarray average method to 
determine the specific hybridising signal for each gene. 
All chip data were loaded into the Bristol-Myers Squibb 
gene expression database for further analysis.

Published cell-specific gene expressions, identified 
for key immune cell types by fluorescence-activated cell 
sorting,18 were used in conjunction with a deconvolution 
algorithm19 20 to estimate the proportions of different 
immune cells and produce an immune cell pattern for 
each patient. Deconvoluted patient-level cell abun-
dance data were used in an unsupervised analysis to 
generate consensus clustering for the identification of 
patient subtypes. Assessment of stability of clusters was 
performed,21 and the most representative immune cell 
types for each cluster were identified based on significant 
over-representation of relative proportions of immune 
cell types for a given cluster compared with all other 
clusters, using one-way analysis of variance. Finally, clin-
ical data from the phase IIb trial were evaluated by SLE 
deconvolution clusters. Clinical data included demo-
graphic data and clinical outcome measures, such as 
BILAG disease activity score (using a numerical scoring 
system where A=9, B=3, C=1, D or E=0)22, time to new 
adjudicated SLE flare A (severe) or B (moderate) in any 
organ system after the start of steroid taper, and levels of 
antidouble-stranded DNA (anti-dsDNA) autoantibodies 
and complement components 3 and 4.

Statistical analyses
Treatment difference in BILAG score was evaluated 
using an analysis of covariance model with treatment 
and randomisation strata as factors, and baseline value 
as a covariate. To ensure consistency with the primary 
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manuscript, which had a 66.3% (116/175) 1-year comple-
tion rate,17 the last observation carried forward method 
was used for imputing missing data when analysing the 
BILAG score over time. Time to first occurrence of new 
SLE flare was analysed using Kaplan-Meier plots. All anal-
yses were exploratory in nature; no formal calculations of 
statistical significance were performed.

Results
Patient population
Primary results from the phase IIb trial have been 
published previously.17 This post hoc analysis was focused 
on 144 patients who had transcriptomic data available 
and received abatacept (n=98) or placebo (n=46). Data 
from five randomised and treated patients were excluded 
due to site non-compliance. Baseline demographic data 
and clinical characteristics for the remaining 139 patients 
(abatacept (n=95) and placebo (n=44), table  1) were 
largely similar to the overall phase IIb study population 
of 175 patients (abatacept (n=118], placebo (n=57)). The 
majority of the patients were white (table 1). Other than 
corticosteroids, the most common concomitant medi-
cations were antimalarials, which were being taken by 
more than two-thirds of patients (data not shown). Esti-
mated immune cell proportions generated from baseline 
whole blood gene expression data using the deconvolu-
tion approach are presented in online supplementary 
appendix figure S1 .

SLE deconvolution cluster analyses
Consensus clustering grouped patients in this analysis 
into four major clusters based on immune cell abun-
dance at baseline. The four clusters were characterised by 
a dominance of the following cell types: cluster 1 (C1)—
neutrophils only; cluster 2 (C2)—cytotoxic T cells, B-cell 
receptor-ligated B cells, monocytes, immunoglobulin G 
memory B cells and activated T helper cells; cluster 3 
(C3)—plasma cells, activated dendritic cells, activated 
natural killer cells and neutrophils; cluster 4 (C4)—acti-
vated dendritic cells and cytotoxic T cells (figure 1A). The 
distribution of patients by treatment group within these 
four clusters is shown in figure 1B and C. A fifth cluster 
was identified; however, as this included only two patients 
(one of whom was excluded due to site non-compliance), 
it was excluded from subsequent analyses.

Patients in C1 were slightly older than patients in the 
other main clusters (table 1). The proportion of patients 
in C3 with a cutaneous, discoid lesion primary flare 
manifestation at screening was over twice as high in abata-
cept-treated versus placebo-treated patients (table  1). 
Of the four main clusters, patients in C3 (plasma cells, 
activated dendritic cells, activated natural killer cells and 
neutrophils) had the highest total BILAG disease activity 
scores (figure 2A) and highest levels of anti-dsDNA auto-
antibodies (figure 2B) at baseline. These patients also had 
the lowest baseline levels of complement components 3 
(figure 2C) and 4 (figure 2D), though levels within this 

cluster were higher for abatacept-treated versus place-
bo-treated patients. Indeed, abatacept-treated patients in 
C3 had higher baseline levels of complement component 
4 than abatacept-treated patients in C4.

Baseline SLE deconvolution clusters over time
Mean change in BILAG disease activity score from base-
line over time, adjusted for baseline BILAG score, by SLE 
deconvolution cluster and treatment group is shown in 
figure 3. Abatacept-treated patients in C3 had a numer-
ically greater mean decrease in disease activity over time 
versus those who received placebo. In C3, the adjusted 
mean (SE) change in BILAG score at year 1 was −5.64 
(1.83) for the abatacept group versus −0.85 (3.25) for the 
placebo group; the treatment difference (95% CI) was 
–4.78 (–12.49 to 2.92). Abatacept-treated patients in C2 
demonstrated a smaller decrease in disease activity versus 
placebo-treated patients. In C1 and C4, the improvement 
in disease activity was similar in both treatment groups 
(figure 3).

Patients in C3 had the shortest median time to first 
occurrence of new SLE flare as seen in Kaplan–Meier 
plots (figure 4). The median (95% CI) time to flare was 
prolonged for patients treated with abatacept versus 
placebo in C1 (201 (112 to –) vs 109 (56 to 173) days) 
and in C3 (56 (24 to 69) vs 6 (1 to 56) days; figure 4). In 
contrast, the median (95% CI) time to flare was shorter 
with abatacept versus placebo in C2 (75 (28 to 225) vs 
150 (57 to –) days) and in C4 (89 (51 to 175) vs 115 (56 
to 184) days).

When analysing the levels of complement components 
3 or 4, the greatest elevations towards normal levels 
over time were seen in abatacept-treated patients in C3 
(figure 5A and C). Furthermore, there was a differential 
treatment effect in favour of abatacept compared with 
placebo in the improvement in both complement compo-
nents for this cluster (figure 5A–D).

Discussion
In a phase IIb trial of abatacept in patients with active 
SLE, this post hoc analysis of peripheral whole blood 
mRNA expression using a deconvolution algorithm iden-
tified four distinct immunophenotypic clusters of patients 
at baseline. Patients in the C3 cluster, whose immune cell 
pattern was characterised by high levels of plasma cells, 
activated dendritic cells, activated natural killer cells and 
neutrophils, had the highest total BILAG scores and 
highest levels of anti-dsDNA autoantibodies at baseline, 
lowest baseline levels of complement component 3 and 
4, and the shortest time to flare. In the C3 cluster, bene-
fits with abatacept treatment over placebo were observed 
in terms of greater improvement in BILAG score, longer 
time to flare and improvement in levels of complement 
components 3 and 4 over time. A trend in favour of abata-
cept over placebo in time to flare was also observed in 
the C1 cluster, which was characterised by high levels of 
neutrophils only.
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Figure 1  SLE deconvolution patient clusters and representative immune cell types (A), and distribution of patients by SLE 
deconvolution cluster and treatment group—all randomised and treated patients* (B, C). *Data from five randomised and treated 
patients excluded due to site non-compliance. Ig, immunoglobulin.

Biomarker studies

This type of analysis can generate novel hypotheses 
to guide treatment strategies for patients with SLE. The 
enhanced response to abatacept seen in patients in 
cluster C3 is consistent with the mode of action of abata-
cept, which blocks CD28 costimulation via CD80/86 
binding.14 16 Cluster C3 exhibited the highest level of 
B-cell activity, as shown by enrichment for plasma cells 

and elevated autoantibody titres. B-cell activation and 
differentiation is assisted by activated T cells, which in 
turn depend on CD28-mediated costimulation. In rheu-
matoid arthritis, patients with high autoantibody titres 
had the greatest clinical improvement on treatment 
with abatacept, a finding which appears to parallel what 
we found in the abatacept C3 cohort.23 Additionally, 
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Figure 2  Total BILAG score (A), anti-dsDNA autoantibodies* (B), complement component 3 (C) and complement component 4 
(D) at baseline. *Positive if >5.4 U/mL. Anti-dsDNA, anti-double-stranded DNA; BILAG, British Isles Lupus Assessment Group.

beneficial treatment effects with abatacept were seen only 
in clusters C3 and C1, both of which were characterised 
by neutrophils. A higher proportion of patients received 
concomitant steroid medication in C1 and C3 versus C2 
and C4. In C3, the proportion of patients with concom-
itant steroid use was similar in both treatment groups; 
therefore, background steroid use may have contributed 
to the positive abatacept treatment effect observed in 
this cluster. In C1, the proportion of patients receiving 

concomitant steroids was greater in abatacept-treated 
versus placebo-treated patients. Consequently, in C1, 
steroid use may have enhanced the observed abatacept 
treatment effect, or merely indicated a patient popula-
tion with more active disease.

It is not fully understood why, in cluster C2 (which 
contains activated B cells and T helper cells), abatacept 
treatment appears less beneficial than placebo in terms of 
change in BILAG score and time to new flare. However, it 
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Biomarker studies

should be noted that the contrasting between-treatment 
effects seen in C2 and C3 appear more due to variation 
in placebo effect in the two patient clusters than in abata-
cept effect. Another possible reason for the observed lack 
of positive treatment effect in the C2 and C4 clusters is 
the high level of CD8-positive cytotoxic T cells, which 
generally express less CD28 than CD4-positive T helper 
cells.24 Indeed, it has been reported that, after 6 months 
of abatacept treatment, patients with rheumatoid arthritis 
(RA) who had low baseline levels of CD28-negative CD8 
T cells (<87 cells/µL) had a more than fourfold higher 
probability of achieving remission (Disease Activity Score 
28 (C reactive protein)<2.6 for at least two consecutive 
visits) versus patients with higher levels of these cells.25 
Therefore, the higher levels of CD8-positive cytotoxic 
T cells in clusters C2 and C4 may indicate lower overall 
CD28 T-cell expression and thus lower responsiveness to 
abatacept treatment.

SLE is a clinically complex disease, with a myriad of 
clinical manifestations and associated immunological 
markers.11 For example, all patients with SLE produce 
autoantibodies yet the type produced differs across the 
majority of patients. This holds true in the case of autoan-
tibodies that are highly specific to SLE, such as anti-Smith/
ribonucleoprotein antibodies.26 27 Additionally, the level 
of complement components 3 and 4 may or may not 
decrease in association with disease flares; furthermore, 
some patients display genetically determined low levels of 

complement components 3 and 4.28–30 All of this suggests 
that the underlying pathogenic process, and therefore 
response to targeted therapies, could vary for different 
subsets of patients. It could also suggest, as recently 
observed,31 that baseline characteristics identified as 
potential biomarkers may drive differential response to 
therapy. Our findings, which contribute to the evolving 
understanding of SLE pathogenic processes, may lead to 
more limited expectations of improvement from novel 
therapies. The deconvolution strategy reported here 
explored whether analysis of peripheral whole blood 
transcriptomic data is able to produce a cohesive and 
informative description of the disease state of individual 
patients with active SLE. This type of analysis may provide 
important clinical implications, despite the limitations 
imposed by a heterogeneous disease.

The approach described here is of considerable interest 
to many who are investigating potential biomarkers 
to identify subtypes of patients with SLE and thereby 
predict which patients may gain the greatest benefit 
from treatment with investigational agents.32 33 We aimed 
to establish a predictive biomarker of response, rather 
than a diagnostic biomarker of disease activity.32 33 Our 
findings suggest that this aim may have been achieved 
and could have clinical application in the prediction of 
response/non-response to abatacept or other treatment. 
A recent prospective clinical and transcriptional immuno-
phenotyping study in SLE identified seven patient groups 
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Figure 4  Kaplan–Meier plot of time to first occurrence of new SLE flare in the double-blind period by SLE deconvolution 
cluster—all randomised and treated patients.* *Data from five randomised and treated patients excluded due to site non-
compliance. 

using a similar approach to the one described here.34 
In that study, each patient group displayed a specific 
combination of five immune signatures correlating with 
the SLE disease activity index: erythropoiesis, interferon 
response, myeloid lineage/neutrophils, plasmablasts and 
lymphoid lineage. However, the study analysed data from 
paediatric patients, whereas our analyses evaluated data 
from adult patients with SLE, which could account for 
the differences seen between identified patient subsets. 

Genome-wide association studies are providing insights 
into more fixed SLE subtypes that may also have impli-
cations for the development of treatment strategies.35 36

Further analyses on larger, prospective patient cohorts 
using prespecified outcomes should be conducted to 
assess and validate the robustness of these findings, 
which are descriptive and hypothesis-generating in 
nature. For reference, these data could provide an SD 
of BILAG score change from baseline of approximately 
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Biomarker studies

8.5. To detect a 4.78 reduction in total BILAG score at 
day 365 with 80% power, the study would need a total 
of approximately 100 patients with C3 transcriptomic 
profile data with a 1:1 treatment assignment ratio. 
Limitations of this analysis must also be considered. The 
size of the clusters prevents any meaningful evaluation 
of between-cluster effect of background medication or 
subgroup analyses. Furthermore, due to the complex 
nature of immune system interactions, and potential 
cross-talk between background immune-modulating 
agents used in the trial, this analysis cannot distinguish 
between direct and indirect effects of therapy. Finally, 
this methodology may not be translatable nor prac-
tical in a clinical setting, so its utility may be limited to 
discovery with a more practical biomarker derived for 
routine use.

In summary, this whole blood deconvolution analysis 
of data from a phase IIb abatacept trial in patients with 
SLE suggested four distinct immunophenotypic clus-
ters at baseline, which appeared to demarcate distinct 
clinical characteristics and potential response to abata-
cept therapy. Whole blood deconvolution may provide 
insights into specific immune cell-driven disease mech-
anisms, thereby informing treatment selection for 
patients and the interpretation of SLE trial data for 
abatacept and other treatments.

Author affiliations
1Translational Bioinformatics, Bristol-Myers Squibb, Princeton, New Jersey, USA
2US Medical, Bristol-Myers Squibb, Princeton, New Jersey, USA
3Global Biometric Sciences, Bristol-Myers Squibb, Princeton, New Jersey, USA
4Immunoscience R&D, Bristol-Myers Squibb, Princeton, New Jersey, USA

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://lupus.bm

j.com
/

Lupus S
ci M

ed: first published as 10.1136/lupus-2017-000206 on 28 July 2017. D
ow

nloaded from
 

http://lupus.bmj.com/


Bandyopadhyay S, et al. Lupus Science & Medicine 2017;4. doi:10.1136/lupus-2017-00020610

Lupus Science & Medicine

5Department of Development and Regeneration KU Leuven, Skeletal Biology and 
Engineering Research Center; Rheumatology, University Hospitals Leuven, Leuven, 
Belgium
6Department of Medicine, University of Queensland, Brisbane, Queensland, Australia
7Arthritis and Immunology Program, Oklahoma Medical Research Foundation, 
Oklahoma City, Oklahoma, USA
8Clinical Biomarkers, Bristol-Myers Squibb, Princeton, New Jersey, USA

Contributors  All authors meet the authorship requirements and have seen and 
approved the final version of the manuscript for submission.

Funding  This study was sponsored by Bristol-Myers Squibb. Professional medical 
writing and editorial assistance was provided by Carolyn Tubby, PhD, at Caudex and 
was funded by Bristol-Myers Squibb.

Competing interests   SB, SEC, OJ, SK, MAM and RMT are employees and 
shareholders of Bristol-Myers Squibb. JY is an employee of Bristol-Myers Squibb. 
RW has received grant/research support from Roche and UCB, is a consultant for 
Bristol-Myers Squibb, Galapagos and Janssen, and has participated in a speakers’ 
bureau for Bristol-Myers Squibb. PN has no conflicts of interest. JTM has received 
consulting fees from Abbott, Amgen, Astellas, Bristol-Myers Squibb, Cephalon, Eisai, 
EMD Serono, Genentech/Roche, Human Genome Sciences/GlaxoSmithKline, Lilly, 
MedImmune/AstraZeneca, Ono, Pfizer, Questcor, UCB, and research grants from 
Genentech/Roche, Pfizer and UCB. 
Provenance and peer review  Not commissioned; externally peer reviewed.

Open Access  This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http://​creativecommons.​org/​
licenses/​by-​nc/​4.​0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

References
	 1.	 Guidelines for referral and management of systemic lupus 

erythematosus in adults. American College of Rheumatology Ad Hoc 
Committee on Systemic Lupus Erythematosus Guidelines. Arthritis 
Rheum 1999;42:1785–96.

	 2.	 Merrill JT, Buyon JP, Utset T. A 2014 update on the management of 
patients with systemic lupus erythematosus. Semin Arthritis Rheum 
2014;44:e1–e2.

	 3.	 Spronk PE, Horst G, Van Der Gun BT, et al. Anti-dsDNA production 
coincides with concurrent B and T cell activation during development 
of active disease in systemic lupus erythematosus (SLE). Clin Exp 
Immunol 1996;104:446–53.

	 4.	 Dai C, Deng Y, Quinlan A, et al. Genetics of systemic lupus 
erythematosus: immune responses and end organ resistance to 
damage. Curr Opin Immunol 2014;31:87–96.

	 5.	 Marion TN, Postlethwaite AE. Chance, genetics, and the 
heterogeneity of disease and pathogenesis in systemic lupus 
erythematosus. Semin Immunopathol 2014;36:495–517.

	 6.	 Crispín JC, Tsokos GC. Novel molecular targets in the treatment of 
systemic lupus erythematosus. Autoimmun Rev 2008;7:256–61.

	 7.	 Rahman A, Isenberg DA. Systemic lupus erythematosus. N Engl J 
Med 2008;358:929–39.

	 8.	 Henault J, Riggs JM, Karnell JL, et al. Self-reactive IgE exacerbates 
interferon responses associated with autoimmunity. Nat Immunol 
2016;17:196–203.

	 9.	 Wofsy D. Recent progress in conventional and biologic therapy 
for systemic lupus erythematosus. Ann Rheum Dis 2013;72(Suppl 
2):ii66–ii68.

	10.	 Yildirim-Toruner C, Diamond B. Current and novel therapeutics in the 
treatment of systemic lupus erythematosus. J Allergy Clin Immunol 
2011;127:303–12.

	11.	 Postal M, Sinicato NA, Appenzeller S, et al. Drugs in early clinical 
development for Systemic Lupus Erythematosus. Expert Opin 
Investig Drugs 2016;25:573–83.

	12.	 Borba HH, Wiens A, de Souza TT, et al. Efficacy and safety of 
biologic therapies for systemic lupus erythematosus treatment: 
systematic review and meta-analysis. BioDrugs 2014;28:211–28.

	13.	 Thanou A, Merrill JT. Treatment of systemic lupus erythematosus: 
new therapeutic avenues and blind alleys. Nat Rev Rheumatol 
2014;10:23–34.

	14.	 Moreland LW, Alten R, Van den Bosch F, et al. Costimulatory 
blockade in patients with rheumatoid arthritis: a pilot, dose-finding, 
double-blind, placebo-controlled clinical trial evaluating CTLA-4Ig 
and LEA29Y eighty-five days after the first infusion. Arthritis Rheum 
2002;46:1470–9.

	15.	 Patakas A, Ji RR, Weir W, et al. Abatacept inhibition of T cell priming 
in mice by induction of a unique transcriptional profile that reduces 
their ability to activate antigen-presenting cells. Arthritis Rheumatol 
2016;68:627–38.

	16.	 Schiff M. Abatacept treatment for rheumatoid arthritis. Rheumatology 
2011;50:437–49.

	17.	 Merrill JT, Burgos-Vargas R, Westhovens R, et al. The efficacy 
and safety of abatacept in patients with non-life-threatening 
manifestations of systemic lupus erythematosus: results of a 
twelve-month, multicenter, exploratory, phase IIb, randomized, 
double-blind, placebo-controlled trial. Arthritis Rheum 
2010;62:3077–87.

	18.	 Abbas AR, Baldwin D, Ma Y, et al. Immune response in silico (IRIS): 
immune-specific genes identified from a compendium of microarray 
expression data. Genes Immun 2005;6:319–31.

	19.	 Abbas AR, Wolslegel K, Seshasayee D, et al. Deconvolution of blood 
microarray data identifies cellular activation patterns in systemic 
lupus erythematosus. PLoS One 2009;4:e6098.

	20.	 Gaujoux R, Seoighe C. CellMix: a comprehensive toolbox for gene 
expression deconvolution. Bioinformatics 2013;29:2211–2.

	21.	 Wilkerson MD, Hayes DN. ConsensusClusterPlus: a class discovery 
tool with confidence assessments and item tracking. Bioinformatics 
2010;26:1572–3.

	22.	 Yee CS, Cresswell L, Farewell V, et al. Numerical scoring for the 
BILAG-2004 index. Rheumatology 2010;49:1665–9.

	23.	 Sokolove J, Schiff M, Fleischmann R, et al. Impact of baseline anti-
cyclic citrullinated peptide-2 antibody concentration on efficacy 
outcomes following treatment with subcutaneous abatacept or 
adalimumab: 2-year results from the AMPLE trial. Ann Rheum Dis 
2016;75:709–14.

	24.	 Vallejo AN, Brandes JC, Weyand CM, et al. Modulation of CD28 
expression: distinct regulatory pathways during activation and 
replicative senescence. J Immunol 1999;162:6572–9.

	25.	 Scarsi M, Ziglioli T, Airo P. Baseline numbers of circulating CD28-
negative T cells may predict clinical response to abatacept in 
patients with rheumatoid arthritis. J Rheumatol 2011;38:2105–11.

	26.	 Yaniv G, Twig G, Shor DB, et al. A volcanic explosion of 
autoantibodies in systemic lupus erythematosus: a diversity of 
180 different antibodies found in SLE patients. Autoimmun Rev 
2015;14:75–9.

	27.	 Arbuckle MR, McClain MT, Rubertone MV, et al. Development 
of autoantibodies before the clinical onset of systemic lupus 
erythematosus. N Engl J Med 2003;349:1526–33.

	28.	 Leffler J, Bengtsson AA, Blom AM. The complement system 
in systemic lupus erythematosus: an update. Ann Rheum Dis 
2014;73:1601–6.

	29.	 Manderson AP, Botto M, Walport MJ. The role of complement in the 
development of systemic lupus erythematosus. Annu Rev Immunol 
2004;22:431–56.

	30.	 Walport MJ. Complement and systemic lupus erythematosus. 
Arthritis Res 2002;4(Suppl 3):S279–S293.

	31.	 Furie R, Khamashta M, Merrill JT, et al. CD1013 Study Investigators. 
Anifrolumab, an anti-interferon-α receptor monoclonal antibody, 
in moderate-to-severe systemic lupus erythematosus. Arthritis 
Rheumatol 2017;69:376–86.

	32.	 Liu CC, Kao AH, Manzi S, et al. Biomarkers in systemic lupus 
erythematosus: challenges and prospects for the future. Ther Adv 
Musculoskelet Dis 2013;5:210–33.

	33.	 Herbst R, Liu Z, Jallal B, et al. Biomarkers for systemic lupus 
erythematosus. Int J Rheum Dis 2012;15:433–44.

	34.	 Banchereau R, Hong S, Cantarel B, et al. Personalized 
immunomonitoring uncovers molecular networks that stratify lupus 
patients. Cell 2016;165:551–65.

	35.	 Bentham J, Morris DL, Cunninghame Graham DS, et al. Genetic 
association analyses implicate aberrant regulation of innate and 
adaptive immunity genes in the pathogenesis of systemic lupus 
erythematosus. Nat Genet 2015;47:1457–64.

	36.	 Teruel M, Alarcón-Riquelme ME. Genetics of systemic lupus 
erythematosus and Sjögren's syndrome: an update. Curr Opin 
Rheumatol 2016;28:506–14.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://lupus.bm

j.com
/

Lupus S
ci M

ed: first published as 10.1136/lupus-2017-000206 on 28 July 2017. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1002/1529-0131(199909)42:9<1785::AID-ANR1>3.0.CO;2-#
http://dx.doi.org/10.1002/1529-0131(199909)42:9<1785::AID-ANR1>3.0.CO;2-#
http://dx.doi.org/10.1016/j.semarthrit.2014.09.013
http://dx.doi.org/10.1046/j.1365-2249.1996.44754.x
http://dx.doi.org/10.1046/j.1365-2249.1996.44754.x
http://dx.doi.org/10.1016/j.coi.2014.10.004
http://dx.doi.org/10.1007/s00281-014-0440-x
http://dx.doi.org/10.1016/j.autrev.2007.11.020
http://dx.doi.org/10.1056/NEJMra071297
http://dx.doi.org/10.1056/NEJMra071297
http://dx.doi.org/10.1038/ni.3326
http://dx.doi.org/10.1136/annrheumdis-2012-202204
http://dx.doi.org/10.1016/j.jaci.2010.12.1087
http://dx.doi.org/10.1517/13543784.2016.1162291
http://dx.doi.org/10.1517/13543784.2016.1162291
http://dx.doi.org/10.1007/s40259-013-0074-x
http://dx.doi.org/10.1038/nrrheum.2013.145
http://dx.doi.org/10.1002/art.10294
http://dx.doi.org/10.1002/art.39470
http://dx.doi.org/10.1093/rheumatology/keq287
http://dx.doi.org/10.1002/art.27601
http://dx.doi.org/10.1038/sj.gene.6364173
http://dx.doi.org/10.1371/journal.pone.0006098
http://dx.doi.org/10.1093/bioinformatics/btt351
http://dx.doi.org/10.1093/bioinformatics/btq170
http://dx.doi.org/10.1093/rheumatology/keq026
http://dx.doi.org/10.1136/annrheumdis-2015-207942
http://dx.doi.org/10.3899/jrheum.110386
http://dx.doi.org/10.1016/j.autrev.2014.10.003
http://dx.doi.org/10.1056/NEJMoa021933
http://dx.doi.org/10.1136/annrheumdis-2014-205287
http://dx.doi.org/10.1146/annurev.immunol.22.012703.104549
http://dx.doi.org/10.1186/ar586
http://dx.doi.org/10.1002/art.39962
http://dx.doi.org/10.1002/art.39962
http://dx.doi.org/10.1177/1759720X13485503
http://dx.doi.org/10.1177/1759720X13485503
http://dx.doi.org/10.1111/j.1756-185X.2012.01764.x
http://dx.doi.org/10.1016/j.cell.2016.03.008
http://dx.doi.org/10.1038/ng.3434
http://dx.doi.org/10.1097/BOR.0000000000000310
http://dx.doi.org/10.1097/BOR.0000000000000310
http://lupus.bmj.com/

