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Juvenile-onset systemic lupus erythematosus (jSLE) – Pathophysiological concepts and treatment options
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Abstract
The systemic autoimmune/inflammatory condition systemic lupus erythematosus (SLE) manifests before the age of 16 years in 10–20% of all cases. Clinical courses are more severe, and organ complications are more
common in patients with juvenile SLE. Varying gender distribution in different age groups and increasing severity with younger age and the presence of monogenic disease in early childhood indicate distinct differences in
the pathophysiology of juvenile versus adult-onset SLE. Regardless of these differences, classification criteria and treatment options are identical. In this article, we discuss age-specific pathomechanisms of juvenile-onset
SLE, which are currently available and as future treatment options, and propose reclassification of different forms of SLE along the inflammatory spectrum from autoinflammation to autoimmunity.
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Introduction
Systemic lupus erythematosus (SLE) is a systemic autoimmune/inflammatory disorder that can affect any organ system. The disease presentation, clinical course and outcome vary significantly between individuals, ethnicities
and age groups. Variable presentations are reflected by the 11 American College of Rheumatology (ACR) classification criteria for SLE, four of which need to be fulfilled for a patient to be classified as having SLE [1,2].
The pathophysiology of SLE is not fully understood. Familial clusters, the relatively high prevalence of disease concordant monozygotic twins and poor prognosis of individuals of African or Asian descent independent of their
current location indicate a key contribution of heritable genetic predisposition to disease expression [2–6]. The observation that gender distribution varies between age groups with almost equal risk for boys and girls under 5 years of
age, a 4- to 5-fold higher prevalence in girls under the age of 16 years and a female-to-male ratio of 10:1 in the adult age group are a strong demographic indicator that hormonal factors are a central contributor to disease expression
in SLE [2,7]. Finally, environmental factors including infections, medication and UV irradiation play a role in the pathophysiology of SLE in genetically predisposed individuals, where they appear to contribute to the breach of selftolerance, enhancement of pre-existing but sub-clinical inflammation and the development of tissue damage [2,3] (Fig. 1).

Fig. 1 Model of SLE pathogenesis and disease progression. The clinical picture of SLE is the net result of diverse, inter-individually variable molecular mechanisms. Genetic predisposition is a key factor in SLE pathology. However, in most individuals,
individual genetic factors are not strong enough to confer disease. An exception to this may be eoSLE. Most likely, the majority of patients with eoSLE carry disease-causing mutations in single genes that mediate early-onset tissue damage and disease
expression. Patients with juvenile-onset SLE carry an increased number of risk alleles compared to those with aSLE. This increased genetic risk may centrally contribute to disease onset in childhood or adolescence. Most patients with SLE (>80%) develop
disease in adulthood. In most of these patients with ‘classical’ aSLE, genetic predisposition results in a ‘susceptible’ state and additional factors trigger loss of tolerance, chronic immune activation, and initially ‘subclinical’ systemic inflammation. For this,
environmental (e.g. toxins, UV light, etc.) and additional endogenous (e.g. hormones) factors may need to accumulate to trigger loss of self-tolerance. Furthermore, additional currently unknown factors may be necessary to amplify inflammation and
autoimmune processes that finally result in tissue damage and in the diagnosis of SLE.

An estimated 10–20% of all patients with SLE develop clinical disease before the age of 16 years and are therefore classified as childhood-onset or juvenile-onset SLE (jSLE) [7,8]. Peak disease onset in the jSLE cohort is
between 12 and 14 years. Patients with disease onset before 5 years of age are very uncommon and may be referred to as early-onset SLE (eoSLE) [9,10]. Of note, jSLE, particularly eoSLE cases, is characterised by more severe clinical
phenotypes, a high prevalence of pre-existing organ damage at diagnoses, more complications and less favourable outcomes compared to adult-onset SLE (aSLE) [7–13] (Table 1). The observations that gender distribution varies
between age groups and that more severe phenotypes occur in patients with jSLE, particularly those with eoSLE, suggest that genetic causes or risk alleles may play a more pronounced role in jSLE. In patients with aSLE, although
molecular alterations, e.g. due to environmental factors, may accumulate over time and finally cause disease expression, disease-causing mutations or a combination of risk alleles may be sufficient to cause disease in the paediatric age
group (Fig. 1).

Table 1 Monogenic forms of SLE or ‘SLE-like’ disease (alphabetical listing, may be incomplete).
Gene

Protein product

Affected pathway

Disease phenotype

Inheritance

Ref.

C1Q

C1q

Complement activation (classical
pathway), immune clearance

SLE-like disease with skin
inflammation, glomerulonephritis,
CNS disease, sometimes recurrent
infections

AR

[38]

C1R

C1r

Complement activation (classical
pathway), immune clearance

AR

[39]

C1S

C1s

Complement activation (classical
pathway), immune clearance

SLE-like disease with skin
inflammation, glomerulonephritis,
sometimes recurrent infections

AR

[40]

C2

C2

Complement activation (classical
pathway), immune clearance

SLE-like disease with arthritis, skin
inflammation, pulmonary disease,
sometimes recurrent infections

AR

[41,42]

C4

C4

Complement activation (classical
pathway), immune clearance

SLE-like disease with variable
phenotypes, skin inflammation,
glomerulonephritis, sometimes
recurrent infections

AR

[43]

DNASE1
DNASE1L3

DNAse1
DNAse1L3 (homologous to DNAse1)

Reduced clearance of chromatin

SLE with high-titre anti-DNA
antibodies

AD
AR

[23,26]

FASLG (Fas ligand)

FasL (Fas ligand)

Apoptosis

Autoimmune lymphoproliferative
syndrome (ALPS)

AD

[19,21]

PRKCD (Protein
kinase C delta)

PKCδ

Lymphoproliferation, spontaneous
cell death

SLE with ALPS-like phenotype

AR

[35–37]

Reduced metabolisation of dNTPs
may result in increased
retrotranscription of endogenous
retroelements and subsequent
accumulation of cytoplasmic DNA
and type I interferon production

SLE, Aicardi-Goutieres syndrome

AR

[44,45]

SAMHD1 (SAM
domain and HD
domain-containing
protein 1)

TNFRSF6 (Tumour
necrosis factor
receptor super
family member 6)

Fas (CD95)

Apoptosis

Autoimmune lymphoproliferative
syndrome (ALPS), autoimmune
cytopenia

AD

[20]

TREX1

Trex1

Reduced clearance of chromatin
(ssDNA), activation of type I
interferon expression

Familial chilblain lupus in
approximately 20% progression to
SLE

AR or AD

[28–31,34,46]

AR: autosomal recessive; AD: autosomal dominant.
In the following, we discuss the current understanding of jSLE pathology and currently available and future therapeutic options and we propose classification of ‘SLE sub-groups’ based on genetic risk. We focus on key
concepts and recent publications rather than providing an all-inclusive collection of published reports.

Monogenic SLE and ‘SLE-like’ disease
Very few patients suffer from SLE caused by mutations in single genes. These forms are referred to as monogenic or Mendelian forms [2,3,14,15]. While rare mutations in single genes do not contribute significantly to the
overall population heritability, effects can be devastating in affected individuals. Monogenic SLE has also provided valuable insights into disease pathophysiology of ‘classical’ SLE (Table 1). Interestingly, most patients presenting with
monogenic forms of SLE will (at least initially) not present with high titres of autoantibodies and may not exhibit autoreactive lymphocyte populations. Thus, at least some forms of monogenic SLE meet the definition of
autoinflammatory disorders that are caused by dysregulation of innate immune responses [16,17] (Fig. 2).

Fig. 2 Stratification of SLE along the inflammatory spectrum. Forms of SLE can be stratified along the inflammatory spectrum proposed by McGonagle and McDermott [17]. Rare monogenic forms of SLE may occur at either end. Mendelian disease likely
manifests early in life (eoSLE), while multi-factorial disease that relies on genetic predisposition and the accumulation of other factors usually manifests later in life (jSLE or aSLE).

Autosomal recessive loss-of-function mutations in upstream components of the classical complement pathway, namely, C1q, C1r, C1s, C2, C4A and C4B, result in lupus-like phenotypes in a large subset of affected individuals
[2,3,14,18]. Deficiencies of complement components may promote autoimmune reactions and inflammation through several, incompletely understood mechanisms. Defective clearance and resulting tissue deposition of immune
complexes (C1 deficiency) and altered negative selection of self-reactive B lymphocytes (C4 deficiency) are two possible explanations for systemic inflammation in affected individuals. Aberrant clearance of cellular debris (as a result of
apoptosis or necrosis), which is also dependent on complement activation, has emerged as a central mechanism not only in primary complement deficiencies but also in classical SLE [2,3,14,18].
Disturbed apoptosis has been proposed to be involved in SLE and other autoimmune/inflammatory conditions. Indeed, mutations in the FAS or FASL genes, which are key regulators of activation-induced cell death, result in
autoimmune lymphoproliferative syndrome (ALPS) [2,19,20]. Furthermore, animals deficient of Fas (MRL.lpr mice) develop lupus-like disease with generalised lymphoproliferation. In both humans and mice, ineffective elimination of
autoreactive T lymphocytes results in lupus-like systemic inflammation, tissue and organ damage [21,22].
Aberrant clearance of cytosolic and/or extracellular nucleic acid can result in a lupus-like pattern. Mutations in several genes involved in sensing or degradation of nucleic acids have been reported to cause monogenic forms
of SLE or related disease [3,14]. Impaired degradation and removal of chromatin components (including DNA) contribute to autoantibody production and tissue damage. Humans and mice deficient in DNAse1 exhibit accumulation of
extracellular chromatin, autoantibody production and subsequently lupus-like disease [14,23–26]. Recently, rare familial cases of SLE were associated with autosomal recessive mutations in DNASE1L3 (a homologue of DNAse1),
resulting in entirely abrogated nuclease activity, extracellular accumulation of DNA, autoantibody production, complement consumption and early-onset SLE [23,27].
Autosomal dominant mutations in TREX1, encoding for the 3′-5'exonuclease Trex1, cause familial chilblain lupus (FChL). Clinical characteristics of FChL include Raynaud's phenomenon, painful and sometimes ulcerating
chilblain lesions. First symptoms may manifest early in childhood, and up to 20% of patients with FChL progress to full-blown SLE [28–30]. In FChL, loss of function of Trex1 causes cytoplasmic accumulation of nucleic acids (singlestranded DNA), which are sensed by the nucleic acid sensing machinery, resulting in type I interferon production [31–33]. Thus, FChL is a key representative of defects in cytosolic nucleic acid sensing and processing, which are
currently referred to as primary type I interferonopathies [34], some of which share clinical characteristics with SLE.
Breach of self-tolerance is a key mechanism in SLE. Though most central for immune homeostasis, to date, few disease-causing mutations have been described, which specifically alter self-tolerance. Homozygous missense
mutations in the PRKCD gene, encoding the protein kinase C delta (PKCδ), result in abrogated phosphorylation and activation of the enzyme. Peripheral B cells from patients and animals deficient of PKCδ exhibited increased cell death
and lymphoproliferation in response to B cell stimulation through the B cell receptor complex, CD40 and Toll-like receptor (TLR) 9 [35–37], culminating in a loss of self-tolerance, lymphoproliferation and systemic inflammation.
Taken together, a relatively small number of currently known gene defects cause monogenic SLE or SLE-like disease. Mendelian forms of SLE are usually characterised by a positive family history, early disease-onset in
childhood, relatively equal gender distribution, severe and sometimes not ‘classical’ symptoms and poor response to ‘standard’ treatment.

Risk alleles
‘Classical’ SLE is characterised by the presence of high-titre autoantibodies, usually against nuclear antigens, and autoreactive lymphocyte populations [2,3]. Most patients with jSLE (except those with eoSLE) meet this
definition but may also show ‘mixed patterns’ with activation of both innate and adaptive immune responses [16,17] (Fig. 2).
A genetic component to SLE pathophysiology is emphasised by an increased risk for the development of disease with an affected first-degree relative (approximately 30-fold) and high rates of disease concordance in dizygotic
(5%) and particularly monozygotic twins (40–60%) [2,4,6,7,15]. More than 40 genes have been associated with SLE through genome-wide association studies (GWAS) and targeted approaches [47]. These associations are established
when genetic variants (usually single nucleotide polymorphisms or copy number variants) are more common in patients with SLE compared to matched healthy controls [3]. While very few patients develop the aforementioned
monogenic forms of SLE, most individuals carry single nucleotide alterations in coding or non-coding regions or copy number differences of genes that are associated with an increased risk for SLE. These so-called risk alleles are by
themselves not ‘strong’ enough to result in the disease without additional factors (Table 2). Of note, some of the disease-associated risk alleles are located in or around genes that can also cause monogenic SLE when carrying loss-offunction mutations (e.g. complement genes, TREX1, etc.).

Table 2 Selection of susceptibility genes and risk alleles in SLE (may be incomplete).
Pathway affected
B and T cell activation

Genomic variants associated with SLE

PTPN22, TNFSF4, IL10, SPRED2, STAT4, PXK, AFF1, IL12A, BANK1,

Ref.
[3,15,54,60–64]

TCF7, SKP1, MHC genes, IKZF1 and IKZF3, BLK, ARID5B, CD44,
LYN, ETS1, FLI1, SH2B3, CSK, ELF1, CIITA, ITGAM, TYK2, ITGAM,
IKZF2, PPP2CA, SIAE, CREM
Neutrophil and monocyte signalling

ITGAM, ICAM, FCGR2B, FCGR3A, FCGR3B, IL10, IRF8

TLRs and interferon signalling

IFIH1, PRDM1, UHRF1BP1, TNFAIP3, IRF5-TNPO3, IRF7 and IRF8,
SOCS1, PRKCB, UBE2L3, IRAK1, TLR7

[3,15,65]

Inflammation

TNIP1

[15]

Immune complex processing and clearance

FCGR2A, FCGR2B, FCGR3A, FCGR3B, ATG5, CLEC16A, C4, NCF2,
LYST

[3,15,65–67]

Other/unknown

ABHD6, RAD51B, MECP2, RASGRP3, TMEM39A, PITG1, TNXB,
JAZF1, XKR6, FAM167A–AS1, WDFY4, SMG7, DHCR7, NADSYN1,
SLC15A4, PLD2, CXorf21, rs1167796, rs463128, rs7186852,
rs7197475

[3,15]

Currently known risk alleles affect multiple pathways and cell subsets involved in the pathophysiology of SLE. In agreement with the aforementioned reports on monogenic forms of SLE, a large proportion of SLE-associated
risk alleles affect lymphocyte activation, TLR and type I interferon pathways, and immune complex processing (Table 2). An all-inclusive discussion of genomic variants in SLE is beyond the scope of this manuscript, but two
susceptibility mechanisms should be mentioned.
Partial deficiency of the upstream components of the classical complement cascade (C1, C2 and C4) contributes to SLE pathology, most likely through insufficient clearance of immune complexes and apoptotic material
[3,48–51]. Furthermore, reduced levels of C4 may result in increased numbers of autoreactive B cells in the periphery secondary to altered negative selection [52]. Copy number variants (FCGR3B) and missense mutations (FCGR2A;
p.H131R, and FCGR3A; F176V) in low-affinity complement receptors are associated with SLE and disease-related tissue damage likely through reduced immune complex clearance and subsequently increased inflammatory responses
[53–55].
The aforementioned disease-causing mutations in the DNA repair exonuclease Trex1 result in the clinical picture of FChL. Interestingly, 0.5–3% of patients with SLE in Europe and the USA carry variants in TREX1 [29,56,57]
and are at an increased risk for neurological manifestations, particularly seizures [57]. Most variants associated with SLE are located in regions that are not responsible for exonuclease activity and may affect the ability of Trex1 to
associate in the so-called SET complex. The SET complex plays a key role in granzyme A-mediated, caspase-independent cell death, a process that morphologically resembles apoptosis. This granzyme A-mediated cleavage of NDUFS3
results in the release of mitochondrial superoxide. In response to this, the redox-sensitive SET complex translocates to the nucleus. Granzyme A then cleaves the SET complex components SET, HMGB2 and APE2, thereby liberating the
endonucleases NM23-H1 and Trex1, resulting in DNA damage and cell death. Through altered association of variant Trex1, autoreactive lymphocytes may survive longer through increased resistance to granzyme-mediated cell death
[3,58].
Taken together, defined polymorphisms increase the risk for developing SLE but are usually not strong enough to confer disease. Most affected individuals will develop clinical disease later in life, potentially after the
accumulation of additional disease-causing factors (e.g. infections, medication, epigenetic patterns, etc.) [4,6]. Additional contributors to disease expression in SLE are beyond the scope of this manuscript and are discussed elsewhere
[2,4–6,15]. One could hypothesise that the combination of multiple risk alleles may result in cumulative effects and early disease onset, namely, jSLE. Indeed, Sawalha et al. (2011) reported a higher prevalence of genetic factors in
patients with early disease onset and more severe clinical phenotypes. Thus, the accumulation of individual genetic risk factors may prime individuals to develop disease early in life (jSLE) and develop more severe clinical patterns and
complications compared to older patients (aSLE) [59].

Cellular contributors to inflammation and tissue damage in SLE
SLE is characterised by deeply disturbed function and activity of innate and adaptive immune cells. Most of the available data are from adult cohorts. Comparative analyses using cells from patients with eoSLE, other forms of
jSLE and aSLE are lacking and urgently needed. However, molecular phenotypes in adolescents and young adults may be comparable and will be summarised in this article.
Neutrophilic granulocytes from patients with SLE exhibit several anomalies and are involved in inflammation and tissue damage. Reduced phagocytic capacities have been reported in patients with SLE, which may
contribute to an increased risk for infection and immune complex deposition [15,68]. Furthermore, neutrophils from patients with SLE fail to produce reactive oxygen species (ROS) when compared to cells from healthy controls [69].

This may alter apoptosis and immune complex clearance in SLE. As neutrophils are short lived and exist in rather large numbers, minor changes to their apoptotic behaviour may have large effects on waste clearance and immune
complex deposition [70].
An abnormal subset of neutrophils has been identified in patients with SLE. The so-called low-density granulocytes are characterised by increased NETosis, a mechanism of cell death that occurs in response to various stimuli
including contact with infectious agents and oxidative stress. It involves the extrusion of chromatin and other nuclear, cytoplasmic and granular material to the extracellular compartment. Neutrophil NETs contain inflammatory
cytokines, antimicrobial peptides, enzymes and nucleosomes, which represent key autoantigens in SLE [71–74]. Furthermore, neutrophil NETs contribute to the expression of type I interferons by plasmacytoid dendritic cells (pDCs)
through the activation of TLR9. In turn, type I interferons prime neutrophils for NETosis, which suggests a positive feedback loop that increases inflammation and tissue damage in SLE [15,75,76].
Moreover, monocytes from patients with SLE exhibit altered function. They express increased amounts of proinflammatory CC chemokine ligand 2 (CCL2), which is regulated by LPS or interferons [77]. Furthermore,
monocytes from patients with SLE exhibit epigenetic patterns allowing for increased expression of tumour necrosis factor (TNF)-α [78], which may contribute to monocyte maturation and downstream pro-inflammatory cytokine and
chemokine expression [4]. Indeed, infiltration of monocytes to the kidneys mirrors inflammation and tissue damage and even allows prognostic assessment [77,79,80]. Thus, monocytes and tissue macrophages may play a critical role in
the development of tissue damage in SLE.
Dysregulated antigen presentation by dendritic cells (DCs) may contribute to the loss of self-tolerance of B and T cells in SLE. Various DC anomalies have been reported in patients with SLE, including a shift away from
classical DC phenotypes toward increased numbers of plasmacytoid DCs (pDCs), the main cellular source of type I interferons [81]. Plasmacytoid DCs take up immune complexes through low-affinity FcγR2a receptors. Presentation to
endosomal TLRs 7 and 9 induces interferon expression [82]. Therefore, this pathway may centrally contribute to the so-called type I interferon signature in ‘classical’ SLE and complement deficiencies [16]. Furthermore, conventional
DCs in patients with SLE appear to promote autoreactivity rather than self-tolerance. In turn, activated T lymphocytes also promote type I interferon expression by pDCs [15,83,84].
Significant dysregulation of T lymphocyte function is a hallmark of SLE, and several of the aforementioned risk alleles influence T cell function (Table 2). T cells in patients with SLE are characterised by altered cytokine
expression, reduced numbers of regulatory phenotypes, and increased numbers of effector T cells [2–6,85–88]. In T cells from patients with SLE, the ‘normal’ CD3ζ chain is replaced by the FcRγ chain. This results in interactions and
activation of SYK tyrosine kinases instead of the physiological activation of ZAP-70, resulting in overactivated T cell receptor signalling pathways [2,89,90]. Regardless of their increased activation status, T cells from patients with SLE
fail to express IL-2, which is caused by several molecular disturbances orchestrated by the transcription factor cAMP response element modulator (CREM)-α [2,86,87,91]. Reduced IL-2 expression may contribute to impaired activationinduced cell death, reduced cytotoxicity of CD8+ T cells and increased numbers of effector T cells in SLE. Indeed, T cells from patients with SLE exhibit effector phenotypes in the CD4+ and CD3+CD4−CD8− ‘double negative’ (DN) T
cell compartment that are characterised by the increased expression of IL-17A [3,86,92–95]. The numbers of DN T cells are increased in the peripheral blood of juvenile and adult patients with SLE, and the cells infiltrate the kidneys
where they produce pro-inflammatory IL-17A, a central contributor to tissue damage [3,92–94,96]. Regulatory T cell (Tregs) phenotypes are reduced, and their function is impaired in patients with SLE. Under physiological conditions,
both B and T lymphocytes are subject to regulation by Tregs. Of note, Treg differentiation is dependent on IL-2, which fails to be expressed in SLE. Treatment of patients with SLE and lupus-prone mice with recombinant IL-2 resulted in
an increase in Tregs numbers, restored their function, and limited pro-inflammatory cytokine expression from effector DN T cells [97–99].
Although SLE is a highly heterogeneous disease, most patients with SLE exhibit B cell activation and high titres of autoantibodies directed against nuclear antigens. Autoantibody production may be genetically
predetermined and/or triggered by the overabundance of extracellular chromatin components (detailed above) [4,15,16,59,100]. Furthermore, B cell tolerance can also be breached by the exposure to cytokines (including the B cell
promoting factors BAFF/BLyS) [101,102]. Indeed, studies in humans have demonstrated both acquired environmental and heritable genetic contributions to autoreactivity of B cells with gradually increasing autoreactive capacities of B
cells in autoimmune/inflammatory disease [15,103–107]. Autoantibody production is a key event in SLE. It induces inflammatory responses through the formation of immune complexes, which activate complement, low-affinity Fc
receptors, and a wide range of immune cells [2,15].

Complications of jSLE in light of ‘age-specific’ pathomechanisms
Inflammatory organ involvement and tissue damage is more common in jSLE compared to aSLE. Furthermore, organ complications frequently exist already at the time of diagnosis in patients with jSLE [7,9,10]. Given the
aforementioned contribution of genetic factors to early disease presentation and their statistical association with more severe disease courses [59], it is tempting to hypothesise that genetic factors may contribute to specific organ
manifestations and complications, potentially allowing for patient stratification. In this case, genomic associations may aid in assessing individual risk and offering targeted treatment options. Indeed, individual genetic variants have
been associated with organ involvement and/or disease outcomes. SLE-associated variants in TREX1 indicate increased risk for neurological manifestations [57], and certain Fcγ receptor variants are more common in patients with
severe lupus nephritis (FCGR3A) [67]. Although we are only at the very beginning of understanding the exact contribution of genomic variants to disease expression, phenotypes and outcomes, available reports promise potential for
patient stratification based on impaired molecular mechanisms allowing for individualised management [3].

Treatment options in jSLE
Treatment of jSLE is complex and less standardised compared to aSLE. Regardless of differences in the pathophysiology of eoSLE vs. jSLE vs. aSLE, classification criteria and commonly used treatment options are identical,
and age-specific differences fail to be appreciated. Another layer of complexity is added in jSLE with the occurrence of potentially toxic events and treatment-related side effects alongside the ongoing physical, mental and psychosocial
developmental processes of childhood. Patients with JSLE require higher doses of corticosteroids and immune suppressive drugs, which is likely due to alternative pathomechanisms and higher incidence of tissue and organ damage at
diagnosis and during the disease course [3,7,9,10] than in aSLE.
To provide guidance and to optimise and harmonise diagnostic approaches and treatment of patients with jSLE, the SHARE (Single Hub and Access point for paediatric Rheumatology in Europe) initiative has provided
evidence-based consensus recommendations for jSLE, lupus nephritis and disease-associated anti-phospholipid syndrome [108–110].

Conventional immune modulation or suppression
Glucocorticoids are the backbone of jSLE treatment in the acute phase. Strong and rapid immunosuppressive effects through inhibition of prostaglandin and cytokine production, inhibition of cell proliferation and induction of

apoptosis of B and T lymphocytes as well as macrophages are the main events. Multiple studies demonstrated improved survival with corticosteroid use. However, steroid use must be limited because of significant toxicity and side
effects including but not limited to reduced bone density, metabolic syndromes, hypertension, dysphoria, glaucoma, cataract and increased risk for infection [111–116].
Unless contraindicated in individual patients, anti-malarial medications should be introduced in all patients with jSLE [108,110]. In jSLE, usually hydroxychloroquine and in some countries chloroquine are used. Our
understanding of their mode of action is very limited. Both medications appear to affect phagocytosis and leukocyte migration and to reduce the activation of TLRs [117,118]. Antimalarial medications reduce the frequency of disease
flares, delay the onset of further symptoms in early disease and prevent thromboembolic events [116,119,120]. During pregnancy (in all women with Ro/SSA or La/SSB antibodies, not only patients with SLE), hydroxychloroquine may
reduce the risk of congenital hearth block associated with neonatal lupus syndrome [121]. Toxicity and side effect are usually limited. Retinal toxicity, although a big concern for most providers particularly in young patients, is a rare
event [122].
The alkylating agent cyclophosphamide (CPM) has strong anti-proliferative and cytotoxic effects on immune cells. It is used for severe jSLE manifestations, particularly CNS disease and proliferative lupus nephritis.
Particularly in childhood, intravenous pulse therapy is preferred because of likely reduced side effects compared to oral treatment schemes [123,124]. Severe side effects and toxicity may limit the use of CPM and include opportunistic
infections, secondary malignancies, renal and bladder toxicity, ovarian failure and azoospermia [116,125–127].
Mycophenolate mofetil (MMF) inhibits DNA synthesis, resulting in reduced proliferation of B and T lymphocytes. Because of its lower side-effect profile compared to CMP, MMF is used for induction and maintenance treatment

in jSLE, particularly with renal involvement [128–132]. Indeed, MMF may even be superior to CMP induction therapy in African Americans and Hispanics with SLE [133]. MMF displays relatively limited side effects (gastrointestinal
complaints, sometimes leukopenia and/or infections); therefore, MMF is commonly used in the treatment of jSLE and may even replace CPM in lupus nephritis induction treatment [110].
Azathioprine (AZA) is a pro-drug that on activation becomes 6-mercaptopurine, a purine analogue. This inhibits DNA synthesis and lymphocyte proliferation [134]. For induction treatment, AZA is inferior to CMP and MMF, but

it can be useful as maintenance treatment in lupus nephritis [129,135,136]. AZA is metabolised by the enzyme thiopurin methyltransferase (TPMT) whose activity is subject to inter-individual variability secondary to polymorphisms in
the TMPT gene. Although toxicity and side effects (particularly myelosuppression, hepatotoxicity, infections and pancreatitis) are generally more common in AZA compared to MMF, an individual's risk can be assessed by screening for
TPMT polymorphisms of the TPMT enzyme activity before treatment initiation [116,134].

The folic acid analogue methotrexate (MTX) inhibits purine synthesis and adenosine deaminase activity. It has anti-proliferative effects on lymphocytes and modulates pro-inflammatory cytokine expression. Effects of MTX in
jSLE are usually modest, and its use is limited to arthritis, skin inflammation and sometimes diseases associated with the CNS. Treatment-associated side effects include nausea, hepatotoxicity, pulmonary damage and rarely
myelosuppression [137–139].

Available target-directed approaches
The presence of autoantibodies, altered clearance of immune complexes and the fact that B and T cells interact and co-stimulate one another have resulted in the introduction of B cell-directed treatment strategies in SLE.
Rituximab (RTX), a chimeric antibody directed against CD20, depletes circulating B cells but does not affect plasma cells [116,140,141]. While approved for the treatment of other autoimmune/inflammatory conditions, approval for SLE

treatment is lacking, in part because of difficulties arising from the design of the initial study and subsequent failure for it to reach its primary end points [142,143]. However, in a number of post hoc analyses and large case collection

studies, including the paediatric age group, RTX has been demonstrated to have steroid-sparing effects, to reduce the number of flares and to be effective in otherwise treatment-resistant cases of lupus nephritis [116,143–147].
Although usually quite well-tolerated, adverse events and toxicity can occur. Allergic reactions, infections and transitory and persistent hypo- or agammaglobulinaemia have been reported [148–150].
Activation and function of B lymphocytes can be targeted by inhibition of the cytokine B lymphocyte stimulator (BLyS) or B cell activating factor (BAFF) with belimumab, a humanised monoclonal antibody against BLyS/BAFF.
Recently, regardless of relatively mild effects in most patients, belimumab was approved for the use in aSLE excluding patients with CNS involvement or active lupus nephritis. Treatment with belimumab results in a reduction of
autoantibody titres and partial B cell depletion. Thus, it may be hypothesised that belimumab may be a promising option in patients who received RTX to sustain anti-B cell effects. Clinical experience suggests that belimumab may be
particularly effective in patients with high titres of autoantibodies and fatigue [102,151–154].

Future direction in the treatment of jSLE
Individualised and target-directed treatment is a central goal in modern medicine. Currently, several biologic treatment options are already available for the use in the paediatric age group. However, none of them have been
sufficiently tested or approved in aSLE or jSLE. Blockade of IL-6 signalling with tocilizumab showed significant improvement in a small series of patients with SLE [155,156]. Inhibition of TNF-α is a well-established concept in
paediatric rheumatology, and patients with jSLE and arthritis in particular may benefit from TNF inhibition. However, development of dsDNA antibodies and drug-induced lupus are known side effects of at least some TNF inhibitors
[157–159], leading to caution in the use of TNF inhibitors in SLE. Interleukin-17 plays a central role in the development of tissue inflammation and organ damage through the chemo-attraction of additional immune cells. Effector T cells

are the main source of IL-17, and IL-23 plays a role in their priming. Thus, blockade of IL-17 or IL-23 may be beneficial in SLE. However, although IL-17- and IL-23-directed treatments have been approved for the treatment of arthritis
and/or psoriasis, they have not been tested in SLE yet [3,160,161].
As mentioned above, altered expression and activation of protein kinases (CaMK4, SYK, etc.) and transcription factors (CREMα, Stat family transcription factors) promise potential as therapeutic targets in SLE. Indeed,
inhibitors of Janus kinases (JAK), Stat phosphorylation and SYK kinases are already available and are awaiting further pre-clinical and/or clinical testing [162–164]. In some rare monogenic forms of SLE or ‘SLE-like’ disease, small case
series and/or individual case reports already indicate beneficial effects of JAK inhibition [165–167].
Finally, tissue protection is a significant concern in inflammatory disease. While established in other inflammatory conditions (e.g. myocardial remodelling after infarctions) [168], this concept has not been appreciated in
systemic autoimmune/inflammatory disorders to the same extent. However, more recently, kidney protection through ACE inhibitor treatment [169,170] and the use of antioxidants (e.g. acetylcysteine) have been discussed [171,172].
Further studies targeting tissue factors that may contribute to organ damage are urgently needed to allow sufficient and individualised prevention of irreversible damage and organ failure.

Concluding remarks
Juvenile-onset SLE is characterised by severe presentations and aggressive clinical courses with high disease activity resulting in tissue damage. In analogy to other inflammatory conditions, jSLE can (although yet
incompletely) be stratified along the ‘inflammatory spectrum’ from autoinflammation to autoimmunity with monogenic autoinflammatory disorders at one end and ‘classical’ disease courses at the other end (Fig. 2). Although affecting
a small subset of patients, the identification of rare monogenic forms (e.g. complement deficiencies) has improved our understanding of the more common forms of SLE. In most instances, monogenic disease manifests early in life and
is characterised by an almost equal gender distribution, while adolescent patients with jSLE will most likely develop ‘classical’ multi-factorial disease. The identification of risk alleles and their increased abundance in patients with
jSLE promise potential for future patient stratification and the introduction of individualised, target-directed treatment options. To achieve this, international collaborations are required to promote meaningful research in a rare but
debilitating disease.

Practice Points
• In SLE, age frequently inversely correlates with disease severity, with patients with jSLE more commonly developing complications compared to those with aSLE
• Patients with early-onset SLE frequently exhibit monogenic disease and do not have detectable autoantibodies
• Patients with jSLE require higher doses of corticosteroids and immune suppressants than those with aSLE
• Harmonisation of jSLE treatment is required, and the SHARE initiative has recently developed helpful international consensus recommendations

Research priorities

• Further evaluation of genetic and environmental contributors to jSLE to allow for preventative measures and/or early interventions that may delay or even prevent disease onset
• Patient stratification based on molecular mechanisms is required for biomarker identification and evaluation, individualised risk assessment, outcome prediction and the introduction of target-directed individualised treatment
• Therapeutic targeting of molecular pathways involved in jSLE will improve patient outcomes and reduce treatment-associated side effects
• Documentation of responses to available treatment options in registries, as well as randomised controlled clinical trials, is required to assess and improve treatment in jSLE.

Conflicts of interest
No personal conflict of interest.

Funding
Professor Beresford is HEFCE funded by the University of Liverpool and in part by the National Institute for Health Research Clinical Research Network (CRN) in his role as NIHR CRN Specialty Cluster Lead. Professor
Hedrich is HEFCE funded by the University of Liverpool.

Acknowledgements
The authors report no financial conflict of interest relevant to the presented work. Laboratory studies of C.M.H. were supported by the Fritz Thyssen Foundation, the intramural MeDDrive program of TU Dresden
(CRMO), the Foundation for Therapeutic Research (CRMO) and Novartis Pharmaceuticals (psoriasis). The work of MWB is undertaken within the UK's ‘Experimental Arthritis Treatment Centre for Children’, supported by
Arthritis Research UK, the University of Liverpool, Alder Hey Children's NHS Foundation Trust and Alder Hey Children's Charity, along with the National Institute for Health Research Alder Hey Clinical Research Facility for
Experimental Medicine and the UK JSLE Study Group, supported by LUPUS UK.

References
[1] M.C. Hochberg, Updating the American College of Rheumatology revised criteria for the classification of systemic lupus erythematosus, Arthritis Rheum 40 (9), 1997, 1725.
[2] G.C. Tsokos, Systemic lupus erythematosus, N Engl J Med 365 (22), 2011, 2110–2121.
[3] J.C. Crispin, C.M. Hedrich and G.C. Tsokos, Gene-function studies in systemic lupus erythematosus, Nat Rev Rheumatol 9 (8), 2013, 476–484.
[4] C.M. Hedrich, Epigenetics in SLE, Curr Rheumatol Rep 19 (9), 2017, 58.
[5] C.M. Hedrich, J.C. Crispin and G.C. Tsokos, Epigenetic regulation of cytokine expression in systemic lupus erythematosus with special focus on T cells, Autoimmunity 47 (4), 2014, 234–241.
[6] C.M. Hedrich, K. Mabert, T. Rauen and G.C. Tsokos, DNA methylation in systemic lupus erythematosus, Epigenomics 9 (4), 2017, 505–525.
[7] H.I. Brunner, J. Huggins and M.S. Klein-Gitelman, Pediatric SLE–towards a comprehensive management plan, Nat Rev Rheumatol 7 (4), 2011, 225–233.
[8] S.P. Ardoin and L.E. Schanberg, Paediatric rheumatic disease: lessons from SLE: children are not little adults, Nat Rev Rheumatol 8 (8), 2012, 444–445.
[9] C.M. Hedrich, H. Zappel, S. Straub, M.W. Laass, K. Wieczorek, G. Hahn, et al., Early onset systemic lupus erythematosus: differential diagnoses, clinical presentation, and treatment options, Clin Rheumatol 30 (2), 2011,
275–283.

[10] F. Zulian, F. Pluchinotta, G. Martini, L. Da Dalt and G. Zacchello, Severe clinical course of systemic lupus erythematosus in the first year of life, Lupus 17 (9), 2008, 780–786.
[11] A.O. Hersh, L. Trupin, J. Yazdany, P. Panopalis, L. Julian, P. Katz, et al., Childhood-onset disease as a predictor of mortality in an adult cohort of patients with systemic lupus erythematosus, Arthritis Care Res 62 (8),
2010, 1152–1159.

[12] B. Livingston, A. Bonner and J. Pope, Differences in clinical manifestations between childhood-onset lupus and adult-onset lupus: a meta-analysis, Lupus 20 (13), 2011, 1345–1355.
[13] B. Livingston, A. Bonner and J. Pope, Differences in autoantibody profiles and disease activity and damage scores between childhood- and adult-onset systemic lupus erythematosus: a meta-analysis, Semin Arthritis

Rheum 42 (3), 2012, 271–280.

[14] M.S. Lo, Monogenic lupus, Curr Rheumatol Rep 18 (12), 2016, 71.
[15] G.C. Tsokos, M.S. Lo, P. Costa Reis and K.E. Sullivan, New insights into the immunopathogenesis of systemic lupus erythematosus, Nat Rev Rheumatol 12 (12), 2016, 716–730.
[16] C.M. Hedrich, Shaping the spectrum - from autoinflammation to autoimmunity, Clin Immunol 165, 2016, 21–28.
[17] D. McGonagle and M.F. McDermott, A proposed classification of the immunological diseases, PLoS Med 3 (8), 2006, e297.
[18] A.R. Bryan and E.Y. Wu, Complement deficiencies in systemic lupus erythematosus, Curr Allergy Asthma Rep 14 (7), 2014, 448.
[19] M. Del-Rey, J. Ruiz-Contreras, A. Bosque, S. Calleja, J. Gomez-Rial, E. Roldan, et al., A homozygous fas ligand gene mutation in a patient causes a new type of autoimmune lymphoproliferative syndrome, Blood 108 (4),
2006, 1306–1312.

[20] F. Rieux-Laucat, F. Le Deist, C. Hivroz, I.A. Roberts, K.M. Debatin, A. Fischer, et al., Mutations in Fas associated with human lymphoproliferative syndrome and autoimmunity, Science 268 (5215), 1995, 1347–1349.
[21] J. Wu, J. Wilson, J. He, L. Xiang, P.H. Schur and J.D. Mountz, Fas ligand mutation in a patient with systemic lupus erythematosus and lymphoproliferative disease, J Clin Invest 98 (5), 1996, 1107–1113.
[22] N. Xiang, X.M. Li, G.S. Wang, J.H. Tao and X.P. Li, Association of Fas gene polymorphisms with systemic lupus erythematosus: a meta-analysis, Mol Biol Rep 40 (1), 2013, 407–415.
[23] S.M. Al-Mayouf, A. Sunker, R. Abdwani, S.A. Abrawi, F. Almurshedi, N. Alhashmi, et al., Loss-of-function variant in DNASE1L3 causes a familial form of systemic lupus erythematosus, Nat Genet 43 (12), 2011, 1186–1188
[24] S. Chitrabamrung, R.L. Rubin and E.M. Tan, Serum deoxyribonuclease I and clinical activity in systemic lupus erythematosus, Rheumatol Int 1 (2), 1981, 55–60.
[25] M. Napirei, H. Karsunky, B. Zevnik, H. Stephan, H.G. Mannherz and T. Moroy, Features of systemic lupus erythematosus in Dnase1-deficient mice, Nat Genet 25 (2), 2000, 177–181.
[26] K. Yasutomo, T. Horiuchi, S. Kagami, H. Tsukamoto, C. Hashimura, M. Urushihara, et al., Mutation of DNASE1 in people with systemic lupus erythematosus, Nat Genet 28 (4), 2001, 313–314.
[27] V. Sisirak, B. Sally, V. D'Agati, W. Martinez-Ortiz, Z.B. Ozcakar, J. David, et al., Digestion of chromatin in apoptotic cell microparticles prevents autoimmunity, Cell 166 (1), 2016, 88–101.
[28] C.M. Hedrich, B. Fiebig, F.H. Hauck, S. Sallmann, G. Hahn, C. Pfeiffer, et al., Chilblain lupus erythematosus–a review of literature, Clin Rheumatol 27 (8), 2008, 949–954.
[29] M.A. Lee-Kirsch, D. Chowdhury, S. Harvey, M. Gong, L. Senenko, K. Engel, et al., A mutation in TREX1 that impairs susceptibility to granzyme A-mediated cell death underlies familial chilblain lupus, J Mol Med (Berl) 85
(5), 2007, 531–537.

[30] M.A. Lee-Kirsch, M. Gong, H. Schulz, F. Ruschendorf, A. Stein, C. Pfeiffer, et al., Familial chilblain lupus, a monogenic form of cutaneous lupus erythematosus, maps to chromosome 3p, Am J Hum Genet 79 (4), 2006,
731–737.

[31] A. Ablasser, C. Hertrich, R. Wassermann and V. Hornung, Nucleic acid driven sterile inflammation, Clin Immunol 147 (3), 2013, 207–215.
[32] D.B. Stetson, J.S. Ko, T. Heidmann and R. Medzhitov, Trex1 prevents cell-intrinsic initiation of autoimmunity, Cell 134 (4), 2008, 587–598.
[33] Y.G. Yang, T. Lindahl and D.E. Barnes, Trex1 exonuclease degrades ssDNA to prevent chronic checkpoint activation and autoimmune disease, Cell 131 (5), 2007, 873–886.
[34] Y.J. Crow, Type I interferonopathies: a novel set of inborn errors of immunity, Ann N Y Acad Sci 1238, 2011, 91–98.
[35] A. Belot, P.R. Kasher, E.W. Trotter, A.P. Foray, A.L. Debaud, G.I. Rice, et al., Protein kinase cdelta deficiency causes mendelian systemic lupus erythematosus with B cell-defective apoptosis and hyperproliferation,
Arthritis Rheum 65 (8), 2013, 2161–2171.

[36] I. Mecklenbrauker, K. Saijo, N.Y. Zheng, M. Leitges and A. Tarakhovsky, Protein kinase Cdelta controls self-antigen-induced B-cell tolerance, Nature 416 (6883), 2002, 860–865.
[37] K. Saijo, I. Mecklenbrauker, A. Santana, M. Leitger, C. Schmedt and A. Tarakhovsky, Protein kinase C beta controls nuclear factor kappaB activation in B cells through selective regulation of the IkappaB kinase alpha,
J Exp Med 195 (12), 2002, 1647–1652.

[38] M.C. Pickering, M. Botto, P.R. Taylor, P.J. Lachmann and M.J. Walport, Systemic lupus erythematosus, complement deficiency, and apoptosis, Adv Immunol 76, 2000, 227–324.
[39] Y.L. Wu, B.P. Brookshire, R.R. Verani, F.C. Arnett and C.Y. Yu, Clinical presentations and molecular basis of complement C1r deficiency in a male African-American patient with systemic lupus erythematosus, Lupus 20
(11), 2011, 1126–1134.

[40] M.T. Amano, V.P. Ferriani, M.P. Florido, E.S. Reis, M.I. Delcolli, A.E. Azzolini, et al., Genetic analysis of complement C1s deficiency associated with systemic lupus erythematosus highlights alternative splicing of normal
C1s gene, Mol Immunol 45 (6), 2008, 1693–1702.

[41] F. Hauck, M.A. Lee-kirsch, D. Aust, J. Roesler and F. Pessler, Complement C2 deficiency disarranging innate and adaptive humoral immune responses in a pediatric patient: treatment with rituximab, Arthritis Care Res
63 (3), 2011, 454–459.

[42] R. Wahl, T. Meo, D. Shreffler, W. Miller, J.P. Atkinson, J. Schultz, et al., C2 deficiency and a lupus erythematosus-like illness: family re-evaluation, Ann Intern Med 90 (4), 1979, 717–718.
[43] M.E. Kemp, J.P. Atkinson, V.M. Skanes, R.P. Levine and D.D. Chaplin, Deletion of C4A genes in patients with systemic lupus erythematosus, Arthritis Rheum 30 (9), 1987, 1015–1022.
[44] E. Ballana and J.A. Este, SAMHD1: at the crossroads of cell proliferation, immune responses, and virus restriction, Trends Microbiol 23 (11), 2015, 680–692.
[45] Y.J. Crow, D.S. Chase, J. Lowenstein Schmidt, M. Szynkiewicz, G.M. Forte, H.L. Gornall, et al., Characterization of human disease phenotypes associated with mutations in TREX1, RNASEH2A, RNASEH2B, RNASEH2C,
SAMHD1, ADAR, and IFIH1, Am J Med Genet 167A (2), 2015, 296–312.

[46] J.I. Ellyard, R. Jerjen, J.L. Martin, A.Y. Lee, M.A. Field, S.H. Jiang, et al., Identification of a pathogenic variant in TREX1 in early-onset cerebral systemic lupus erythematosus by Whole-exome sequencing, Arthritis
Rheumatol 66 (12), 2014, 3382–3386.

[47] I.T. Harley, K.M. Kaufman, C.D. Langefeld, J.B. Harley and J.A. Kelly, Genetic susceptibility to SLE: new insights from fine mapping and genome-wide association studies, Nat Rev Genet 10 (5), 2009, 285–290.
[48] M. Botto, C. Dell'Agnola, A.E. Bygrave, E.M. Thompson, H.T. Cook, F. Petry, et al., Homozygous C1q deficiency causes glomerulonephritis associated with multiple apoptotic bodies, Nat Genet 19 (1), 1998, 56–59.
[49] G. Bussone and L. Mouthon, Autoimmune manifestations in primary immune deficiencies, Autoimmun Rev 8 (4), 2009, 332–336.
[50] K.A. Davies, A.M. Peters, H.L. Beynon and M.J. Walport, Immune complex processing in patients with systemic lupus erythematosus. In vivo imaging and clearance studies, J Clin Invest 90 (5), 1992, 2075–2083.
[51] L.C. Korb and J.M. Ahearn, C1q binds directly and specifically to surface blebs of apoptotic human keratinocytes: complement deficiency and systemic lupus erythematosus revisited, J Immunol 158 (10), 1997,
4525–4528.

[52] M.C. Carroll, A protective role for innate immunity in systemic lupus erythematosus, Nat Rev Immunol 4 (10), 2004, 825–831.
[53] K. Chen, H. Nishi, R. Travers, N. Tsuboi, K. Martinod, D.D. Wagner, et al., Endocytosis of soluble immune complexes leads to their clearance by FcgammaRIIIB but induces neutrophil extracellular traps via
FcgammaRIIA in vivo, Blood 120 (22), 2012, 4421–4431.

[54] International Consortium for Systemic Lupus Erythematosus G, J.B. Harley, M.E. Alarcon-Riquelme, L.A. Criswell, C.O. Jacob, R.P. Kimberly, et al., Genome-wide association scan in women with systemic lupus erythematosus
identifies susceptibility variants in ITGAM, PXK, KIAA1542 and other loci, Nat Genet 40 (2), 2008, 204–210.

[55] W. van der Pol and J.G. van de Winkel, IgG receptor polymorphisms: risk factors for disease, Immunogenetics 48 (3), 1998, 222–232.
[56] M.A. Lee-Kirsch, M. Gong, D. Chowdhury, L. Senenko, K. Engel, Y.A. Lee, et al., Mutations in the gene encoding the 3'-5' DNA exonuclease TREX1 are associated with systemic lupus erythematosus, Nat Genet 39 (9),
2007, 1065–1067.

[57] B. Namjou, P.H. Kothari, J.A. Kelly, S.B. Glenn, J.O. Ojwang, A. Adler, et al., Evaluation of the TREX1 gene in a large multi-ancestral lupus cohort, Gene Immun 12 (4), 2011, 270–279.
[58] D. Chowdhury, P.J. Beresford, P. Zhu, D. Zhang, J.S. Sung, B. Demple, et al., The exonuclease TREX1 is in the SET complex and acts in concert with NM23-H1 to degrade DNA during granzyme a-mediated cell death,
Mol Cell 23 (1), 2006, 133–142.

[59] R. Webb, J.A. Kelly, E.C. Somers, T. Hughes, K.M. Kaufman, E. Sanchez, et al., Early disease onset is predicted by a higher genetic risk for lupus and is associated with a more severe phenotype in lupus patients, Ann
Rheum Dis 70 (1), 2011, 151–156.

[60] C.G. Katsiari, V.C. Kyttaris, Y.T. Juang and G.C. Tsokos, Protein phosphatase 2A is a negative regulator of IL-2 production in patients with systemic lupus erythematosus, J Clin Invest 115 (11), 2005, 3193–3204.
[61] G. Hom, R.R. Graham, B. Modrek, K.E. Taylor, W. Ortmann, S. Garnier, et al., Association of systemic lupus erythematosus with C8orf13-BLK and ITGAM-ITGAX, N Engl J Med 358 (9), 2008, 900–909.
[62] S.K. Nath, S. Han, X. Kim-Howard, J.A. Kelly, P. Viswanathan, G.S. Gilkeson, et al., A nonsynonymous functional variant in integrin-alpha(M) (encoded by ITGAM) is associated with systemic lupus erythematosus, Nat
Genet 40 (2), 2008, 152–154.

[63] I. Surolia, S.P. Pirnie, V. Chellappa, K.N. Taylor, A. Cariappa, J. Moya, et al., Functionally defective germline variants of sialic acid acetylesterase in autoimmunity, Nature 466 (7303), 2010, 243–247.
[64] Q. Guo, X. Chen, Y. Du, J. Guo and Y. Su, Cyclic AMP-Responsive element modulator alpha polymorphisms are potential genetic risks for systemic lupus erythematosus, J Immunol Res. 2015, 2015, 906086.
[65] T. Ptacek, X. Li, J.M. Kelley and J.C. Edberg, Copy number variants in genetic susceptibility and severity of systemic lupus erythematosus, Cytogenet Genome Res 123 (1–4), 2008, 142–147.
[66] Y. Yang, E.K. Chung, Y.L. Wu, S.L. Savelli, H.N. Nagaraja, B. Zhou, et al., Gene copy-number variation and associated polymorphisms of complement component C4 in human systemic lupus erythematosus (SLE): low
copy number is a risk factor for and high copy number is a protective factor against SLE susceptibility in European Americans, Am J Hum Genet 80 (6), 2007, 1037–1054.

[67] C. Dong, T.S. Ptacek, D.T. Redden, K. Zhang, E.E. Brown, J.C. Edberg, et al., Fcgamma receptor IIIa single-nucleotide polymorphisms and haplotypes affect human IgG binding and are associated with lupus nephritis in
African Americans, Arthritis Rheumatol 66 (5), 2014, 1291–1299.

[68] S.A. Wu, K.W. Yeh, W.I. Lee, T.C. Yao, M.L. Kuo, B. Huang, et al., Impaired phagocytosis and susceptibility to infection in pediatric-onset systemic lupus erythematosus, Lupus 22 (3), 2013, 279–288.
[69] A.A. Bengtsson, A. Pettersson, S. Wichert, B. Gullstrand, M. Hansson, T. Hellmark, et al., Low production of reactive oxygen species in granulocytes is associated with organ damage in systemic lupus erythematosus,
Arthritis Res Ther 16 (3), 2014, R120.

[70] C. Lood, L.P. Blanco, M.M. Purmalek, C. Carmona-Rivera, S.S. De Ravin, C.K. Smith, et al., Neutrophil extracellular traps enriched in oxidized mitochondrial DNA are interferogenic and contribute to lupus-like disease,
Nat Med 22 (2), 2016, 146–153.

[71] A. Midgley and M.W. Beresford, Cellular localization of nuclear antigen during neutrophil apoptosis: mechanism for autoantigen exposure?, Lupus 20 (6), 2011, 641–646.
[72] A. Midgley, Z. McLaren, R.J. Moots, S.W. Edwards and M.W. Beresford, The role of neutrophil apoptosis in juvenile-onset systemic lupus erythematosus, Arthritis Rheum 60 (8), 2009, 2390–2401.
[73] C.K. Smith and M.J. Kaplan, The role of neutrophils in the pathogenesis of systemic lupus erythematosus, Curr Opin Rheumatol 27 (5), 2015, 448–453.
[74] E. Villanueva, S. Yalavarthi, C.C. Berthier, J.B. Hodgin, R. Khandpur, A.M. Lin, et al., Netting neutrophils induce endothelial damage, infiltrate tissues, and expose immunostimulatory molecules in systemic lupus
erythematosus, J Immunol 187 (1), 2011, 538–552.

[75] G.S. Garcia-Romo, S. Caielli, B. Vega, J. Connolly, F. Allantaz, Z. Xu, et al., Netting neutrophils are major inducers of type I IFN production in pediatric systemic lupus erythematosus, Sci Transl Med 3 (73), 2011, 73ra20
[76] R. Lande, D. Ganguly, V. Facchinetti, L. Frasca, C. Conrad, J. Gregorio, et al., Neutrophils activate plasmacytoid dendritic cells by releasing self-DNA-peptide complexes in systemic lupus erythematosus, Sci Transl Med 3
(73), 2011, 73ra19.

[77] W.E. O'Gorman, E.W. Hsieh, E.S. Savig, P.F. Gherardini, J.D. Hernandez, L. Hansmann, et al., Single-cell systems-level analysis of human Toll-like receptor activation defines a chemokine signature in patients with
systemic lupus erythematosus, J Allergy Clin Immunol 136 (5), 2015, 1326–1336.

[78] K.E. Sullivan, A. Suriano, K. Dietzmann, J. Lin, D. Goldman and M.A. Petri, The TNFalpha locus is altered in monocytes from patients with systemic lupus erythematosus, Clin Immunol 123 (1), 2007, 74–81.
[79] Y. Asanuma, A. Oeser, A.K. Shintani, E. Turner, N. Olsen, S. Fazio, et al., Premature coronary-artery atherosclerosis in systemic lupus erythematosus, N Engl J Med 349 (25), 2003, 2407–2415.
[80] G.S. Hill, M. Delahousse, D. Nochy, P. Remy, F. Mignon, J.P. Mery, et al., Predictive power of the second renal biopsy in lupus nephritis: significance of macrophages, Kidney Int 59 (1), 2001, 304–316.

[81] O. Jin, S. Kavikondala, L. Sun, R. Fu, M.Y. Mok, A. Chan, et al., Systemic lupus erythematosus patients have increased number of circulating plasmacytoid dendritic cells, but decreased myeloid dendritic cells with
deficient CD83 expression, Lupus 17 (7), 2008, 654–662.

[82] F. Batteux, P. Palmer, M. Daeron, B. Weill and P. Lebon, FCgammaRII (CD32)-dependent induction of interferon-alpha by serum from patients with lupus erythematosus, Eur Cytokine Netw 10 (4), 1999, 509–514.
[83] D. Leonard, M.L. Eloranta, N. Hagberg, O. Berggren, K. Tandre, G. Alm, et al., Activated T cells enhance interferon-alpha production by plasmacytoid dendritic cells stimulated with RNA-containing immune complexes,
Ann Rheum Dis 75 (9), 2016, 1728–1734.

[84] N. Mozaffarian, A.E. Wiedeman and A.M. Stevens, Active systemic lupus erythematosus is associated with failure of antigen-presenting cells to express programmed death ligand-1, Rheumatology 47 (9), 2008,
1335–1341.

[85] K.M. Chavele and M.R. Ehrenstein, Regulatory T-cells in systemic lupus erythematosus and rheumatoid arthritis, FEBS Lett 585 (23), 2011, 3603–3610.
[86] C.M. Hedrich, J.C. Crispin, T. Rauen, C. Ioannidis, S.A. Apostolidis, M.S. Lo, et al., cAMP response element modulator alpha controls IL2 and IL17A expression during CD4 lineage commitment and subset distribution in
lupus, Proc Natl Acad Sci U S A 109 (41), 2012, 16606–16611.

[87] C.M. Hedrich, T. Rauen and G.C. Tsokos, cAMP-responsive element modulator (CREM)alpha protein signaling mediates epigenetic remodeling of the human interleukin-2 gene: implications in systemic lupus
erythematosus, J Biol Chem 286 (50), 2011, 43429–43436.

[88] T. Rauen, C.M. Hedrich, Y.T. Juang, K. Tenbrock and G.C. Tsokos, cAMP-responsive element modulator (CREM)alpha protein induces interleukin 17A expression and mediates epigenetic alterations at the interleukin17A gene locus in patients with systemic lupus erythematosus, J Biol Chem 286 (50), 2011, 43437–43446.

[89] E.J. Enyedy, M.P. Nambiar, S.N. Liossis, G. Dennis, G.M. Kammer and G.C. Tsokos, Fc epsilon receptor type I gamma chain replaces the deficient T cell receptor zeta chain in T cells of patients with systemic lupus
erythematosus, Arthritis Rheum 44 (5), 2001, 1114–1121.

[90] S.N. Liossis, X.Z. Ding, G.J. Dennis and G.C. Tsokos, Altered pattern of TCR/CD3-mediated protein-tyrosyl phosphorylation in T cells from patients with systemic lupus erythematosus. Deficient expression of the T cell
receptor zeta chain, J Clin Invest 101 (7), 1998, 1448–1457.

[91] Y.T. Juang, Y. Wang, E.E. Solomou, Y. Li, C. Mawrin, K. Tenbrock, et al., Systemic lupus erythematosus serum IgG increases CREM binding to the IL-2 promoter and suppresses IL-2 production through CaMKIV, J Clin
Invest 115 (4), 2005, 996–1005.

[92] J.C. Crispin, M. Oukka, G. Bayliss, R.A. Cohen, C.A. Van Beek, I.E. Stillman, et al., Expanded double negative T cells in patients with systemic lupus erythematosus produce IL-17 and infiltrate the kidneys, J Immunol 181
(12), 2008, 8761–8766.

[93] C.M. Hedrich, J.C. Crispin, T. Rauen, C. Ioannidis, T. Koga, N. Rodriguez Rodriguez, et al., cAMP responsive element modulator (CREM) alpha mediates chromatin remodeling of CD8 during the generation of CD3+ CD4CD8- T cells, J Biol Chem 289 (4), 2014, 2361–2370.

[94] C.M. Hedrich, T. Rauen, J.C. Crispin, T. Koga, C. Ioannidis, M. Zajdel, et al., cAMP-responsive element modulator alpha (CREMalpha) trans-represses the transmembrane glycoprotein CD8 and contributes to the
generation of CD3+CD4-CD8- T cells in health and disease, J Biol Chem 288 (44), 2013, 31880–31887.

[95] N. Rodriguez-Rodriguez, S.A. Apostolidis, P. Penaloza-MacMaster, J.M. Martin Villa, D.H. Barouch, G.C. Tsokos, et al., Programmed cell death 1 and Helios distinguish TCR-alphabeta+ double-negative (CD4-CD8-) T cells
that derive from self-reactive CD8 T cells, J Immunol 194 (9), 2015, 4207–4214.

[96] Z.A. El-Sayed, R.H. El-Owaidy, N.L. Mohamed and B.A. Shehata, Alpha beta double negative T cells in children with systemic lupus erythematosus: the relation to disease activity and characteristics, Mod Rheumatol
2017, 1–7.

[97] M. Mizui, T. Koga, L.A. Lieberman, J. Beltran, N. Yoshida, M.C. Johnson, et al., IL-2 protects lupus-prone mice from multiple end-organ damage by limiting CD4-CD8- IL-17-producing T cells, J Immunol 193 (5), 2014,
2168–2177.

[98] M. Mizui and G.C. Tsokos, Low-Dose IL-2 in the treatment of lupus, Curr Rheumatol Rep 18 (11), 2016, 68.
[99] C. von Spee-Mayer, E. Siegert, D. Abdirama, A. Rose, A. Klaus, T. Alexander, et al., Low-dose interleukin-2 selectively corrects regulatory T cell defects in patients with systemic lupus erythematosus, Ann Rheum Dis 75
(7), 2016, 1407–1415.

[100] T. Dorner, A.M. Jacobi, J. Lee and P.E. Lipsky, Abnormalities of B cell subsets in patients with systemic lupus erythematosus, J Immunol Methods 363 (2), 2011, 187–197.
[101] M. Batten, C. Fletcher, L.G. Ng, J. Groom, J. Wheway, Y. Laabi, et al., TNF deficiency fails to protect BAFF transgenic mice against autoimmunity and reveals a predisposition to B cell lymphoma, J Immunol 172 (2),
2004, 812–822.

[102] F. Mackay and S.G. Tangye, The role of the BAFF/APRIL system in B cell homeostasis and lymphoid cancers, Curr Opin Pharmacol 4 (4), 2004, 347–354.
[103] M.R. Arbuckle, M.T. McClain, M.V. Rubertone, R.H. Scofield, G.J. Dennis, J.A. James, et al., Development of autoantibodies before the clinical onset of systemic lupus erythematosus, N Engl J Med 349 (16), 2003,
1526–1533.

[104] N. Gao, J. Dresel, V. Eckstein, R. Gellert, H. Storch, R.K. Venigalla, et al., Impaired suppressive capacity of activation-induced regulatory B cells in systemic lupus erythematosus, Arthritis Rheumatol 66 (10), 2014,
2849–2861.

[105] M. Odendahl, A. Jacobi, A. Hansen, E. Feist, F. Hiepe, G.R. Burmester, et al., Disturbed peripheral B lymphocyte homeostasis in systemic lupus erythematosus, J Immunol 165 (10), 2000, 5970–5979.
[106] S. Pillai, H. Mattoo and A. Cariappa, B cells and autoimmunity, Curr Opin Immunol 23 (6), 2011, 721–731.
[107] H. Wardemann, S. Yurasov, A. Schaefer, J.W. Young, E. Meffre and M.C. Nussenzweig, Predominant autoantibody production by early human B cell precursors, Science 301 (5638), 2003, 1374–1377.
[108] N. Groot, N. de Graeff, T. Avcin, B. Bader-Meunier, P. Brogan, P. Dolezalova, et al., European evidence-based recommendations for diagnosis and treatment of childhood-onset systemic lupus erythematosus: the SHARE
initiative, Ann Rheum Dis 76 (11), 2017, 1788–1796.

[109] N. Groot, N. de Graeff, T. Avcin, B. Bader-Meunier, P. Dolezalova, B. Feldman, et al., European evidence-based recommendations for diagnosis and treatment of paediatric antiphospholipid syndrome: the SHARE
initiative, Ann Rheum Dis 76 (10), 2017, 1637–1641.

[110] N. Groot, N. de Graeff, S.D. Marks, P. Brogan, T. Avcin, B. Bader-Meunier, et al., European evidence-based recommendations for the diagnosis and treatment of childhood-onset lupus nephritis: the SHARE initiative,
Ann Rheum Dis 76 (12), 2017, 1965–1973.

[111] D.A. Albert, N.M. Hadler and M.W. Ropes, Does corticosteroid therapy affect the survival of patients with systemic lupus erythematosus?, Arthritis Rheum 22 (9), 1979, 945–953.
[112] P.J. Barnes and M. Karin, Nuclear factor-kappaB: a pivotal transcription factor in chronic inflammatory diseases, N Engl J Med 336 (15), 1997, 1066–1071.
[113] J.S. Goodwin, D. Atluru, S. Sierakowski and E.A. Lianos, Mechanism of action of glucocorticosteroids. Inhibition of T cell proliferation and interleukin 2 production by hydrocortisone is reversed by leukotriene B4,
J Clin Invest 77 (4), 1986, 1244–1250.

[114] D. Huscher, K. Thiele, E. Gromnica-Ihle, G. Hein, W. Demary, R. Dreher, et al., Dose-related patterns of glucocorticoid-induced side effects, Ann Rheum Dis 68 (7), 2009, 1119–1124.
[115] R. Newton, Molecular mechanisms of glucocorticoid action: what is important?, Thorax 55 (7), 2000, 603–613.
[116] M.S. Lo and G.C. Tsokos, Treatment of systemic lupus erythematosus: new advances in targeted therapy, Ann N Y Acad Sci 1247, 2012, 138–152.
[117] A. Kuznik, M. Bencina, U. Svajger, M. Jeras, B. Rozman and R. Jerala, Mechanism of endosomal TLR inhibition by antimalarial drugs and imidazoquinolines, J Immunol 186 (8), 2011, 4794–4804.
[118] H.K. Ziegler and E.R. Unanue, Decrease in macrophage antigen catabolism caused by ammonia and chloroquine is associated with inhibition of antigen presentation to T cells, Proc Natl Acad Sci U S A 79 (1), 1982,
175–178.

[119] Canadian Hydroxychloroquine Study G, A randomized study of the effect of withdrawing hydroxychloroquine sulfate in systemic lupus erythematosus, N Engl J Med 324 (3), 1991, 150–154.

[120] J.A. James, X.R. Kim-Howard, B.F. Bruner, M.K. Jonsson, M.T. McClain, M.R. Arbuckle, et al., Hydroxychloroquine sulfate treatment is associated with later onset of systemic lupus erythematosus, Lupus 16 (6), 2007,
401–409.

[121] P.M. Izmirly, M.Y. Kim, C. Llanos, P.U. Le, M.M. Guerra, A.D. Askanase, et al., Evaluation of the risk of anti-SSA/Ro-SSB/La antibody-associated cardiac manifestations of neonatal lupus in fetuses of mothers with
systemic lupus erythematosus exposed to hydroxychloroquine, Ann Rheum Dis 69 (10), 2010, 1827–1830.

[122] G. Ruiz-Irastorza, M. Ramos-Casals, P. Brito-Zeron and M.A. Khamashta, Clinical efficacy and side effects of antimalarials in systemic lupus erythematosus: a systematic review, Ann Rheum Dis 69 (1), 2010, 20–28.
[123] M.F. Gourley, H.A. Austin, 3rd, D. Scott, C.H. Yarboro, E.M. Vaughan, J. Muir, et al., Methylprednisolone and cyclophosphamide, alone or in combination, in patients with lupus nephritis. A randomized, controlled trial,
Ann Intern Med 125 (7), 1996, 549–557.

[124] G.G. Illei, H.A. Austin, M. Crane, L. Collins, M.F. Gourley, C.H. Yarboro, et al., Combination therapy with pulse cyclophosphamide plus pulse methylprednisolone improves long-term renal outcome without adding
toxicity in patients with lupus nephritis, Ann Intern Med 135 (4), 2001, 248–257.

[125] E.M. McDermott and R.J. Powell, Incidence of ovarian failure in systemic lupus erythematosus after treatment with pulse cyclophosphamide, Ann Rheum Dis 55 (4), 1996, 224–229.
[126] C.C. Mok, C.S. Lau and R.W. Wong, Risk factors for ovarian failure in patients with systemic lupus erythematosus receiving cyclophosphamide therapy, Arthritis Rheum 41 (5), 1998, 831–837.
[127] C.D. Radis, L.E. Kahl, G.L. Baker, M.C. Wasko, J.M. Cash, A. Gallatin, et al., Effects of cyclophosphamide on the development of malignancy and on long-term survival of patients with rheumatoid arthritis. A 20-year
followup study, Arthritis Rheum 38 (8), 1995, 1120–1127.

[128] G.B. Appel, G. Contreras, M.A. Dooley, E.M. Ginzler, D. Isenberg, D. Jayne, et al., Mycophenolate mofetil versus cyclophosphamide for induction treatment of lupus nephritis, J Am Soc Nephrol 20 (5), 2009, 1103–1112.
[129] G. Contreras, V. Pardo, B. Leclercq, O. Lenz, E. Tozman, P. O'Nan, et al., Sequential therapies for proliferative lupus nephritis, N Engl J Med 350 (10), 2004, 971–980.
[130] E.M. Ginzler and C. Aranow, Mycophenolate mofetil in lupus nephritis, Lupus 14 (1), 2005, 59–64.
[131] E.M. Ginzler, M.A. Dooley, C. Aranow, M.Y. Kim, J. Buyon, J.T. Merrill, et al., Mycophenolate mofetil or intravenous cyclophosphamide for lupus nephritis, N Engl J Med 353 (21), 2005, 2219–2228.
[132] A. Sinclair, G. Appel, M.A. Dooley, E. Ginzler, D. Isenberg, D. Jayne, et al., Mycophenolate mofetil as induction and maintenance therapy for lupus nephritis: rationale and protocol for the randomized, controlled
Aspreva Lupus Management Study (ALMS), Lupus 16 (12), 2007, 972–980.

[133] D. Isenberg, G.B. Appel, G. Contreras, M.A. Dooley, E.M. Ginzler, D. Jayne, et al., Influence of race/ethnicity on response to lupus nephritis treatment: the ALMS study, Rheumatology 49 (1), 2010, 128–140.
[134] S. Sahasranaman, D. Howard and S. Roy, Clinical pharmacology and pharmacogenetics of thiopurines, Eur J Clin Pharmacol 64 (8), 2008, 753–767.
[135] C. Grootscholten, G. Ligtenberg, E.C. Hagen, A.W. van den Wall Bake, J.W. de Glas-Vos , M. Bijl, et al., Azathioprine/methylprednisolone versus cyclophosphamide in proliferative lupus nephritis. A randomized controlled
trial, Kidney Int 70 (4), 2006, 732–742.

[136] C.C. Mok, K.Y. Ying, C.W. Yim, W.L. Ng and W.S. Wong, Very long-term outcome of pure lupus membranous nephropathy treated with glucocorticoid and azathioprine, Lupus 18 (12), 2009, 1091–1095.
[137] P.R. Fortin, M. Abrahamowicz, D. Ferland, D. Lacaille, C.D. Smith, M. Zummer, et al., Steroid-sparing effects of methotrexate in systemic lupus erythematosus: a double-blind, randomized, placebo-controlled trial,
Arthritis Rheum 59 (12), 2008, 1796–1804.

[138] D. Holzinger, M. Frosch and D. Foll, [Methotrexate in the therapy of juvenile idiopathic arthritis], Z Rheumatol 69 (6), 2010, 496–504.
[139] R.A. Neiman and K.H. Fye, Methotrexate induced false photosensitivity reaction, J Rheumatol 12 (2), 1985, 354–355.
[140] N. Murawski and M. Pfreundschuh, New drugs for aggressive B-cell and T-cell lymphomas, Lancet Oncol 11 (11), 2010, 1074–1085.
[141] R.P. Taylor and M.A. Lindorfer, Drug insight: the mechanism of action of rituximab in autoimmune disease–the immune complex decoy hypothesis, Nat Clin Pract Rheumatol 3 (2), 2007, 86–95.
[142] J.T. Merrill, C.M. Neuwelt, D.J. Wallace, J.C. Shanahan, K.M. Latinis, J.C. Oates, et al., Efficacy and safety of rituximab in moderately-to-severely active systemic lupus erythematosus: the randomized, double-blind,

phase II/III systemic lupus erythematosus evaluation of rituximab trial, Arthritis Rheum 62 (1), 2010, 222–233.

[143] J. Merrill, J. Buyon, R. Furie, K. Latinis, C. Gordon, H.J. Hsieh, et al., Assessment of flares in lupus patients enrolled in a phase II/III study of rituximab (EXPLORER), Lupus 20 (7), 2011, 709–716.
[144] B.H. Rovin, R. Furie, K. Latinis, R.J. Looney, F.C. Fervenza, J. Sanchez-Guerrero, et al., Efficacy and safety of rituximab in patients with active proliferative lupus nephritis: the Lupus Nephritis Assessment with
Rituximab study, Arthritis Rheum 64 (4), 2012, 1215–1226.

[145] T.Y. Lu, K.P. Ng, G. Cambridge, M.J. Leandro, J.C. Edwards, M. Ehrenstein, et al., A retrospective seven-year analysis of the use of B cell depletion therapy in systemic lupus erythematosus at University College London
Hospital: the first fifty patients, Arthritis Rheum 61 (4), 2009, 482–487.

[146] M. Ramos-Casals, C. Diaz-Lagares and M.A. Khamashta, Rituximab and lupus: good in real life, bad in controlled trials. Comment on the article by Lu et al, Arthritis Rheum 61 (9), 2009, 1281–1282.
[147] M. Ramos-Casals, M.J. Soto, M.J. Cuadrado and M.A. Khamashta, Rituximab in systemic lupus erythematosus: a systematic review of off-label use in 188 cases, Lupus 18 (9), 2009, 767–776.
[148] D.B. Clifford, B. Ances, C. Costello, S. Rosen-Schmidt, M. Andersson, D. Parks, et al., Rituximab-associated progressive multifocal leukoencephalopathy in rheumatoid arthritis, Arch Neurol 68 (9), 2011, 1156–1164.
[149] E. Castagnola, S. Dallorso, M. Faraci, G. Morreale, D. Di Martino, E. Cristina, et al., Long-lasting hypogammaglobulinemia following rituximab administration for Epstein-Barr virus-related post-transplant
lymphoproliferative disease preemptive therapy, J Hematother Stem Cell Res 12 (1), 2003, 9–10.

[150] V. Guerin, K. Yakouben, B. Lescoeur, B. Pedron, J.H. Dalle, A. Baruchel, et al., Prolonged agammaglobulinemia despite unaltered B-cell lymphopoiesis after peritransplant-rituximab administration in a child,
Transplantation 86 (9), 2008, 1322–1323.

[151] G.S. Cheema, V. Roschke, D.M. Hilbert and W. Stohl, Elevated serum B lymphocyte stimulator levels in patients with systemic immune-based rheumatic diseases, Arthritis Rheum 44 (6), 2001, 1313–1319.
[152] F. Mackay and P. Schneider, Cracking the BAFF code, Nat Rev Immunol 9 (7), 2009, 491–502.
[153] S.V. Navarra, R.M. Guzman, A.E. Gallacher, S. Hall, R.A. Levy, R.E. Jimenez, et al., Efficacy and safety of belimumab in patients with active systemic lupus erythematosus: a randomised, placebo-controlled, phase 3
trial, Lancet 377 (9767), 2011, 721–731.

[154] A.K. Wiglesworth, K.M. Ennis and D.R. Kockler, Belimumab: a BLyS-specific inhibitor for systemic lupus erythematosus, Ann Pharmacother 44 (12), 2010, 1955–1961.
[155] G.G. Illei, Y. Shirota, C.H. Yarboro, J. Daruwalla, E. Tackey, K. Takada, et al., Tocilizumab in systemic lupus erythematosus: data on safety, preliminary efficacy, and impact on circulating plasma cells from an open-label
phase I dosage-escalation study, Arthritis Rheum 62 (2), 2010, 542–552.

[156] M. Linker-Israeli, R.J. Deans, D.J. Wallace, J. Prehn, T. Ozeri-Chen and J.R. Klinenberg, Elevated levels of endogenous IL-6 in systemic lupus erythematosus. A putative role in pathogenesis, J Immunol 147 (1), 1991,
117–123.

[157] Y. Ali and S. Shah, Infliximab-induced systemic lupus erythematosus, Ann Intern Med 137 (7), 2002, 625–626.
[158] M. Aringer, W.B. Graninger, G. Steiner and J.S. Smolen, Safety and efficacy of tumor necrosis factor alpha blockade in systemic lupus erythematosus: an open-label study, Arthritis Rheum 50 (10), 2004, 3161–3169.
[159] E.G. Favalli, L. Sinigaglia, M. Varenna and C. Arnoldi, Drug-induced lupus following treatment with infliximab in rheumatoid arthritis, Lupus 11 (11), 2002, 753–755.
[160] C.E. Griffiths, B.E. Strober, P. van de Kerkhof, V. Ho, R. Fidelus-Gort, N. Yeilding, et al., Comparison of ustekinumab and etanercept for moderate-to-severe psoriasis, N Engl J Med 362 (2), 2010, 118–128.
[161] W. Hueber, D.D. Patel, T. Dryja, A.M. Wright, I. Koroleva, G. Bruin, et al., Effects of AIN457, a fully human antibody to interleukin-17A, on psoriasis, rheumatoid arthritis, and uveitis, Sci Transl Med 2 (52), 2010,
52ra72.
[162] K. Garber, Pfizer's JAK inhibitor sails through phase 3 in rheumatoid arthritis, Nat Biotechnol 29 (6), 2011, 467–468.
[163] K. Ghoreschi, M.I. Jesson, X. Li, J.L. Lee, S. Ghosh, J.W. Alsup, et al., Modulation of innate and adaptive immune responses by tofacitinib (CP-690,550), J Immunol 186 (7), 2011, 4234–4243.
[164] M.E. Weinblatt, A. Kavanaugh, M.C. Genovese, T.K. Musser, E.B. Grossbard and D.B. Magilavy, An oral spleen tyrosine kinase (Syk) inhibitor for rheumatoid arthritis, N Engl J Med 363 (14), 2010, 1303–1312.

[165] A.S. Klaeschen, D. Wolf, P. Brossart, T. Bieber and J. Wenzel, JAK inhibitor ruxolitinib inhibits the expression of cytokines characteristic of cutaneous lupus erythematosus, Exp Dermatol 26 (8), 2017, 728–730.
[166] H. Kim, K.M. Brooks, C.C. Tang, P. Wakim, M. Blake, S.R. Brooks, et al., Pharmacokinetics, pharmacodynamics and proposed dosing of the oral JAK1 and JAK2 inhibitor baricitinib in pediatric and young adult
CANDLE and SAVI patients, Clin Pharmacol Ther 2017.

[167] Y. Liu, A.A. Jesus, B. Marrero, D. Yang, S.E. Ramsey, G.A.M. Sanchez, et al., Activated STING in a vascular and pulmonary syndrome, N Engl J Med 371 (6), 2014, 507–518.
[168] X. Yu, X. Sun, M. Zhao, Y. Hou, J. Li, J. Yu, et al., Propofol attenuates myocardial ischemia reperfusion injury partly through inhibition of resident cardiac mast cell activation, Int Immunopharmacol 54, 2017, 267–274.
[169] A. Duarte-Garcia, E. Barr, L.S. Magder and M. Petri, Predictors of incident proteinuria among patients with SLE, Lupus Sci Med 4 (1), 2017, e000200.
[170] H. Shimazu, K. Kinoshita, S. Hino, T. Yano, K. Kishimoto, Y. Nagare, et al., Effect of combining ACE inhibitor and statin in lupus-prone mice, Clin Immunol 136 (2), 2010, 188–196.
[171] M. Li, W. Gao, J. Ma, Y. Zhu and X. Li, Early-stage lupus nephritis treated with N-acetylcysteine: a report of two cases, Exp Ther Med 10 (2), 2015, 689–692.
[172] A. Perl, R. Hanczko, Z.W. Lai, Z. Oaks, R. Kelly, R. Borsuk, et al., Comprehensive metabolome analyses reveal N-acetylcysteine-responsive accumulation of kynurenine in systemic lupus erythematosus: implications
for activation of the mechanistic target of rapamycin, Metabolomics 11 (5), 2015, 1157–1174.

Queries and Answers
Query: Please check the placement of Acknowledgements, COI statement, Funding and correct if necessary.
Answer: correct: small addition to funding of CMH
Query: Could you please provide the grant number for (1) the intramural MeDDrive program of TU Dresden, (2) Alder Hey Children’s Charity, (3) LUPUS UK, (4) University of Liverpool, (5) National
Institute of Health Research, (6) Arthritis Research UK, (7) the UK JSLE Study Group, (8) Fritz-Thyssen-Foundation, (9) Novartis Pharmaceuticals, (10) Alder Hey Children’s NHS Foundation Trust, (11)
Alder Hey Clinical Research Facility for Experimental Medicine, (12) Clinical Research Network, (13) the University of Liverpool and (14) the Foundation for Therapeutic Research, if any?
Answer: MeDDrive: 60.364; Novartis: MAIN457_FUKH001; Fritz-Thyssen: 10.15.1.019MN; LUPUS UK: JXR12309; ARUK: 20621; No grant numbers exist for the other supporters.
Query: Please provide the volume number or issue number or page range or article number for the bibliography in Refs. [166].
Answer: Clin Pharmacol Ther. 2017 Nov 14. doi: 10.1002/cpt.936. [Epub ahead of print] ; not available, probably since EPub stage.
Query: Please confirm that given names and surnames have been identified correctly and are presented in the desired order and please carefully verify the spelling of all authors’ names.
Answer: Yes
Query: Your article is registered as a regular item and is being processed for inclusion in a regular issue of the journal. If this is NOT correct and your article belongs to a Special Issue/Collection please
contact r.jayakumar@elsevier.com immediately prior to returning your corrections.
Answer:
BEST PRACTICE AND RESEARCH CLINICAL RHEUMATOLOGY ISSUE ON RHEUMATIC
AND MUSCULOSKELETAL PROBLEMS AND CONDITIONS IN CHILDREN
Query: For figure(s) 2, the resolution is too low to be used. Please provide better quality figure of 300 dpi.
Answer: Please find attached original PPT versions.
Attachments: jSLE Figures_es.pptx

