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Systemic lupus erythematosus (SLE) is a chronic multi-organ auto-immune disease, that 

typically affects women (female to male ratio 9:1) of child bearing potential (peak 

incidence between 15 and 40 years) (1). SLE has a multifactorial etiology, consisting of a 

complex interplay between many genetic and environmental factors. From a 

pathophysiological perspective, SLE is characterized by perturbed apoptosis, production of 

auto-antibodies against nuclear components, subsequent formation of immune complexes, 

and deposition of these complexes in tissues, leading to inflammation and organ damage 

(2). From a clinical perspective, SLE can manifest itself in virtually any organ, but most 

frequently affects the joints, skin, and kidneys (3). Disease severity ranges from mild 

arthralgias and locally treated skin rashes, to painful arthritis and serositis, to end stage 

renal failure, psychosis or severe cerebral damage. The disease course is highly variable 

between individuals and within individuals over time. Three main disease patterns can be 

distinguished: prolonged quiescent, relapsing remitting, and chronically active (4). All three 

disease patterns can alternatively be exhibited in one individual during the disease course. 

Thus, both patients and physicians are confronted with a highly heterogenic and 

unpredictable disease. 

Before the discovery and use of synthetic glucocorticoids and immunosuppressive agents 

such as cyclophosphamide and azathioprine for the treatment of SLE, mortality rates were 

high. In the 1950’s, 5-year survival rates were as low as 50%, whereas today’s 5-year 

survival rates are well over 90% (5, 6). Despite these dramatically improved survival rates, 

mortality today is still significantly higher compared to healthy controls and patients 

experience a high burden of disease, as demonstrated by increasing organ damage during 

the disease course and reduced health-related quality of life (7-10). Hence, there is a need 

for new drugs and treatment strategies to further improve outcome. 

This thesis will focus on two main aspects of SLE: pathophysiology and long-term 

outcome. To understand the outline of this thesis, the following aspects will be discussed in 

more detail: genetic factors, Epstein-Barr virus, and treat-to-target. 
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Genetic factors 

The genetic background of SLE is demonstrated by a 30% concordance rate for SLE in 

monozygotic twins (11, 12). Genome-wide association studies have revealed new genes 

that are associated with SLE susceptibility in past years (Table 1) (13, 14). In this thesis, the 

genetic polymorphisms encoding the proteins for complement component C4 and the low-

affinity Fc receptors for IgG are studied. These proteins are involved in many of the 

functions of the immune system, but share their role in the processing of immune 

complexes.  
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Table 1. Genes/loci involved in risk for SLE 

Innate immune response Adaptive immune response Other genes 

NFκB signaling 

- TNIP1 

- TNFAIP3 

- SCL15A4 

- PRKCB 

- UBE2L3 

- IRAK1/MECP2 

TLR and type 1 IFN signaling 

- IFIH1 

- miR146a 

- IRF5/TNPO3 

- IRF7/PHRF1 

- IRF8 

- TYK2 

- TLR7 

DNA degradation, apoptosis 

and clearance of cellular 

debris 

- TREX1 

- ATG5 

- RAD51B 

- DNASE1 

Immune complex processing 

and phagocytosis 

- C1Q 

- FCGR2A/B 

- CR2 

- C1R/C1S 

- C4A/B 

Neutrophil and monocyte 

function and signaling 

- ITGAM 

- ICAMs 

B-cell function and 

signaling 

- NCF2 

- IL10 

- RASGRP3 

- BANK1 

- MSH5 

- PRDM1 

- BLK 

- LYN 

- ETS1 

- ELF1 

- CIITA/SOCS1 

B and T-cell function and 

signaling 

- STAT4 

- IKZF2 

- AFF1 

- IKZF1 

- CSK 

- IKZF3 

T-cell function and 

signaling 

- PTPN22 

- TNFSF4 

- CD80 

- IL12A 

- TCF7 

- PPP2CA 

- PDHX/CD44 

- SMG7 

- PXK/ABHD6 

- NMNAT2 

- UHRF1BP1 

- JAZF1 

- XKR6 

- WDFY4 

- ARID5B 

- DHCR7|NADSYN1 

- SH2B3 

- ATG16L2|FCHSD2|P2RY2 

- PLD2 

- TET3 

- GPR19 

- DRAM1 

- CXorf21 

- PRPS2 

Adapted from Teruel and Alarcón-Riquelme (14) 

 



8 
 

Complement C4 

The complement system is part of the innate immune system and consists of a cascade of 

proteins that is involved in host defense against microorganisms, but also plays an 

important role in the regulation of the immunological response and clearance of apoptotic 

cells (15). The complement system can be divided into a classical, alternative, and lectin 

pathway. These pathways differ in the way they are activated, but ultimately all lead to the 

cleavage of complement component C3 into C3a and C3b, which then induces a common 

final pathway (Figure 1). Especially the complement components of the classical pathway: 

C1Q, C1r, C1s, C2, and C4 are associated with SLE (16). For example, individuals with a 

homozygous mutation in C1q (leading to complete absence of C1q) nearly all develop SLE 

or SLE-like disease (17). Polymorphisms of the genes encoding C4 leading to decreased 

levels of C4 in plasma are common and associated with SLE, albeit not as strong as 

complete absence of C1q (>90%) or C4 (80-90%), which in turn are rare. The association 

between genetic variation of the components of the classical pathway and SLE can be 

explained by the “waste disposal theory” as postulated by Walport (18). This hypothesis 

states that deficiencies in the classical pathway lead to inefficient clearance of cell debris 

and apoptotic material, allowing an immunological response against self-antigens.  

Previous studies have focused on the association of genetic variation with disease 

susceptibility. We aimed to study the relationship between genetic variation with protein 

levels and binding capacity. Furthermore, we explored associations between genetic 

variation and clinical manifestations of SLE, as this is much less studied.  
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Figure 1. Three different activation pathways of the complement system: the classical, mannose-binding lectin 

(MBL), and alternative pathway. The classical pathway is activated via binding of C1q to the Fc portion of IgG or 

IgM in immune complexes. The mannose binding lectin (MBL) pathway is activated when MBL binds to terminal 

carbohydrate groups, which leads to the activation of MBL-associated serine proteases (MASPs). Activation of 

both the classical pathway and the MBL pathway lead to the cleavage of C2 into C2A and C2B, and C4 into C4A 

and C4B. The alternative pathway is continuously activated and involves factor B and D for activation. All three 

pathways, lead to cleavage of C3 into C3A and C3B, which in turn cleaves C5 into C5A and C5B. C3A and C5A 

have pro-inflammatory effects. C3B is involved in opsonisation. C5B ultimately leads to the formation of the 

membrane attack complex (MAC). 

 

Fc receptors for IgG 

The Fc receptors for IgG (FcγRs) are a family of receptors that are expressed on innate 

immune effector cells and B cells. Three different classes FcγRs exist: FcγRI, FcγRII, and 

FcγRIII, which are further divided into subclasses. FcγRI is a high-affinity receptor 

whereas the other two are low-affinity receptors. After binding to immune complexes, all 

FcγRs trigger a pro-inflammatory response when activated, except for FcγRIIb, which 

triggers an anti-inflammatory response. Through these activating and inhibitory properties 

on both the innate and adaptive immune system, FcγRs play an important role in regulating 
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the immune response, B cell activation, and immune complex clearance (19). The loci 

encoding FcγRII and FcγRIII are subject to both single nucleotide polymorphisms and copy 

number variation (Figure 2). Some of these genetic variations alter the affinity of these 

receptors to their ligands and/or the efficiency of clearing immune complexes, which is 

thought to be the reason of their association with auto-immune diseases (20).   

Most studies have focussed on a single FcγR subclass in relationship to disease 

susceptibility or clinical manifestations (21-23). Those studies do not take linkage 

disequilibrium into account, which plays a major role, and is important in determining the 

contribution of an individual gene to disease susceptibility. Furthermore, associations with 

clinical manifestations, especially lupus nephritis, are unclear. Therefore, we investigated 

all known relevant FcγR polymorphisms in one lupus nephritis enriched cohort, accounting 

for linkage disequilibrium. 

 

 

Figure 2. Relevant polymorphisms of the loci encoding FcγRII and FcγRIII. Adapted from Tsang-A-Sjoe et al. 

(24) 

 

Epstein-Barr virus 

Epstein-Barr virus (EBV), also known as human herpes virus 4, is a dsDNA-enveloped 

virus that latently infects most individuals worldwide (25, 26). Some individuals however, 

and especially when infected during adolescence, develop infectious mononucleosis (27). 

Infectious mononucleosis is characterized by fever, tonsillar pharyngitis, fatigue, and 

lymphadenopathy. Upon encounter, EBV primarily infects and replicates in the epithelial 
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tissue of the oropharynx, after which it infects B cells. EBV-infected B cells then further 

spread systemically. After a lytic phase, EBV remains latently active in infected B cells 

(28). Reactivation of EBV sometimes occurs, but mainly when the host is immune 

compromised.  

EBV has long been suspected as an environmental risk factor for SLE (29). One of the 

features of SLE is an overproduction of type 1 interferon in blood, which is a phenotype 

that is also seen in response to viral infections (30). As EBV remains latently active in B 

cells, EBV could therefore serve as an continuing trigger for a non-resolving (auto)immune 

response in susceptible individuals. EBV infects >90% of human adults, it remains 

controversial however, whether EBV infection is an important co-factor in the pathogenesis 

of SLE or the consequence of an impaired immune system. A number of findings support 

the hypothesis that EBV is involved in SLE pathogenesis. First, while indeed > 90% of the 

world population is infected with EBV, virtually all SLE patients are EBV carriers (31). 

The difference in rate of seroconversion becomes more apparent when comparing young 

SLE patients (nearly 100%) with age-matched healthy controls (70%) (32).  Secondly, SLE 

patients sustain increased antibody titers against EBV antigens (33). This increased 

seroconversion rate is not observed for other herpes viruses infections. Thirdly, auto-

antibodies characteristic for SLE such as anti-histones and rheumatoid factor are also found 

in infectious mononucleosis patients (34). Finally, anti-dsDNA and anti-Sm antibodies, 

which are specific for SLE, have been shown to cross-react with anti-EBNA-1 antibodies, 

an antibody directed against EBV (35, 36).  

A specific role for EBV in lupus nephritis has also been implied as EBV-latent membrane 

protein-1 (EBV-LMP1) and EBV-encoded RNA 1 (EBER1) have been shown in lupus 

nephritis renal tissues, but not in controls (37). However, the mechanism behind the 

association between lupus nephritis and SLE remains to be elucidated. 

We investigated whether extracellular vesicles could play a role in lupus nephritis. 

Extracellular vesicles are cell-derived vesicles that have a role in intercellular 

communication. In a previous study from our group, we showed that noncoding RNA’s 

(EBER’s), produced by EBV infected B-cells and secreted via extracellular vesicles 

(exosomes), are able to elicit an inflammatory response in the skin of SLE patients. In the 

study presented in this thesis, we investigated how EBER1-containing extracellular vesicles 

might aggravate inflammation in lupus nephritis. 
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Treat-to-target 

Measuring disease activity is necessary for clinicians to assess whether the disease is 

adequately under control. For scientific purposes, disease activity is used to compare 

disease severity at a certain point in time between individuals and within an individual over 

time. To date, disease activity cannot be adequately measured by a single clinical or 

laboratory parameter. Instead, composite measures that include clinical signs of disease 

activity (such as arthritis or skin disease) and laboratory results (such as 

hypocomplementemia and anti-dsDNA titer) are used. In past decades, several disease 

activity scores have been developed. The most commonly used disease activity scores in 

clinical trials are the British Isles Lupus Assessment Group (BILAG) (38), or scores 

derived from BILAG such as Systemic lupus erythematosus Responder Index (SRI) (39). 

The Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) and Safety 

of Estrogens in Lupus Erythematosus National Assesment (SELENA)-SLEDAI are also 

commonly used disease activity scores (40, 41). Other frequently used disease activity 

scores include European Consensus Lupus Activity Measurement (ECLAM) and Systemic 

Lupus Activity Questionnaire (SLAQ) (42, 43). The lack of one internationally accepted 

disease activity score probably reflects the inability to adequately capture disease activity in 

SLE. The main difficulties in expressing disease activity in one score are that the affected 

organ systems differ between patients and within a patient over time. For example, how can 

the severity of arthritis be compared to the severity of nephritis? And how can a patient 

with arthritis and nephritis be compared to a patient with serositis and hemolytic anemia? 

Furthermore, some serological abnormalities (such as anti-dsDNA) are not present in every 

patient, while results of other laboratory tests (such as erythrocyte sedimentation rate and 

complement levels) cannot directly be compared between patients. So, rather than focusing 

on the height of disease activity, it was proposed to assess the (near) absence of disease 

activity (i.e. remission) as an outcome parameter, which was embedded in a treat-to-target 

approach (44, 45). 

In the field of hypertension and diabetes mellitus, important progress has been made in 

disease outcome with a treat-to-target approach (46, 47). This approach has also been 

shown to be beneficial in the treatment of rheumatoid arthritis (48). The concept of treat-to-

target entails setting a predefined target and actively adjusting therapy when the target is 

not met. In the example of diabetes mellitus, the target is Hemoglobin A1c (HbA1c). When 
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HbA1c is too high, therapy is intensified and when Hba1c is too low, therapy is tapered. 

Treat-to-target requires that achieving the target results in better outcome. As an example, 

patients achieving the targeted HbA1c have less diabetic complications such as neuropathy, 

nephropathy and retinopathy, and ultimately reduced mortality, compared to patients that 

fail to achieve the set target. In rheumatoid arthritis, steering towards clinical remission 

showed a significantly more favorable outcome compared to non-remission steered 

treatment, which is why it is now recommended as a treatment strategy in the European 

League Against Rheumatism recommendations (49). 

In recent years, a task force of international SLE experts was formed to investigate whether 

a treat-to-target approach in SLE could further improve outcome (50). A consensus 

statement was made that remission of systemic symptoms and organ manifestations should 

be the target. In a second publication, the criteria for remission were formulated (44). 

Besides mortality, organ damage and health-related quality of life are the most important 

outcome parameters in SLE. We therefore studied the construct validity of remission as a 

target on damage accrual and health-related quality of life as outcome parameters. 

 

Amsterdam SLE cohort 

The results of the studies presented in this thesis could be performed because of the 

Amsterdam SLE cohort. This lupus cohort was initiated at the VU University Medical 

Center in 2007. Previous to the start of this longitudinal cohort several cross-sectional 

studies on biomarkers and comorbidity had been published (amongst others (8, 51, 52)). In 

order to better understand our heterogeneous population and provide personalized 

medicine, a longitudinal cohort was set up. All patients with a clinical diagnosis of SLE, 

meeting four or more of the ACR classification criteria (53), and at least 18 years of age at 

study enrollment, were eligible for inclusion. Most of the patients treated in VUmc 

consented to participation. Apart from the outpatient clinic of rheumatology from VUmc, 

patients were mainly recruited from Reade (formerly named Jan van Breemen Institute). 

During yearly study visits, all relevant disease and non-disease related data were collected 

by semi-standardized interviews, physical examination, and chart review. Furthermore, 

patients completed questionnaires regarding patient reported outcome measures (PROMs) 
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covering domains such as health-related quality of life, lifestyle, socio-economic status, 

work, and depression. In addition a biobank of peripheral blood was constructed. By 

combining detailed clinical and serological data, biobanking, and PROMs at yearly cohort 

visits, a complete insight into our patients was obtained, which led to many publications 

from our group, of which some are presented in this thesis.  

 

Outline of the thesis 

Part I 

In the first two chapters, genetic polymorphisms of complement component C4 and the 

low-affinity FcγRs that are strongly associated with SLE are investigated.  

In chapter 2, complement component C4 is studied on a genetic, protein, and functional 

level in relationship to SLE and its clinical manifestations. A novel test was developed that 

distinguishes C4 isotypes by their functional binding capacity, rather than the antigenic 

blood group determinants Chido and Rodgers.  

In chapter 3, the most relevant FcγRII and FcγRIII polymorphisms, including the novel 

FCGR2C-ORF polymorphism, are studied in a single population. We determined the 

association of these polymorphisms with disease susceptibility and the occurrence of lupus 

nephritis. Furthermore, expression of FcγRs on leukocytes was assessed using flow 

cytometry.  

Besides genetic factors, environmental factors also play a major role in SLE 

pathophysiology. In chapter 4 the pro-inflammatory effects of EBER1 loaded exosomes 

from EBV infected B-cells on kidney tissue were examined. 

 

Part II 

The second part of this thesis contains clinical-epidemiological studies on long-term 

outcome. Since mortality has been greatly reduced in past decades, the focus of long-term 

outcome has shifted from survival to preventing damage and improving health-related 

quality of life. As treat-to-target principles have led to improved outcome in other diseases 

such as rheumatoid arthritis, we explored the presence of low disease activity and remission 
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as part of a treat-to-target strategy in our SLE cohort and its relevance for the long-term 

outcome in chapter 5. Secondly, we investigated the construct validity of a newly defined 

concept of remission on health-related quality of life in our cohort in chapter 6. We 

hypothesized that low disease activity and remission are associated with reduced damage 

accrual and improved health-related quality of life.  

Finally, chloroquine based antimalarials, of which hydroxychloroquine is most frequently 

prescribed, are the cornerstone in the treatment of SLE. Previous studies have shown that 

only 55-77% of patients use antimalarials. In chapter 7 we investigated the use of 

antimalarials in our cohort and retrieved the reasons for non-use. Secondly, we assessed the 

incidence of (hydroxyl)chloroquine-related retinopathy, which is one of its most serious 

side-effects.   
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Abstract 

Genetic variation of the genes encoding complement component C4 is strongly associated 

with systemic lupus erythematosus (SLE), a chronic multi-organ auto-immune disease. This 

study examined C4 and its isotypes on a genetic, protein, and functional level in 140 SLE 

patients and 104 healthy controls. Gene copy number (GCN) variation, silencing CT-

insertion, and the retroviral HERV-K(C4) insertion) were analyzed with multiplex ligation-

dependent probe amplification. Increased susceptibility to SLE was found for low GCN 

(<2) of C4A. Serositis was the only clinical manifestation associated with low C4A GCN. 

One additional novel silencing mutation in the C4A gene was found by Sanger sequencing. 

This mutation causes a premature stop codon in exon 11. Protein concentrations of C4 

isoforms C4A and C4B were determined with ELISA and were significantly lower in SLE 

patients compared to healthy controls. To study C4 isotypes on a functional level, a new C4 

assay was developed, which distinguishes C4A from C4B by its binding capacity to amino 

or hydroxyl groups, respectively. This assay showed high correlation with ELISA and 

detected crossing over of Rodgers and Chido antigens in 3.2% (8/244) of individuals. The 

binding capacity of available C4 to its substrates was unaffected in SLE. Our study 

provides, for the first time, a complete overview of C4 in SLE from genetic variation to 

binding capacity using a novel test. As this test detects crossing over of Rodgers and Chido 

antigens, it will allow for more accurate measurement of C4 in future studies. 
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Introduction 

Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by the 

development of autoantibodies to various intracellular antigens and immune complex 

deposition leading to tissue destruction (1). Impaired clearance of apoptotic cells is thought 

to play a key role in SLE pathogenesis (2). The classical pathway of the complement 

system, including complement component C4, has an important role in both the clearance 

of apoptotic cells through opsonisation and in inflammation through the pro-inflammatory 

cascade of complement activation (3). C4 consists of two isoforms: C4A and C4B, that 

differ in their efficiency in binding to targets expressing either free amino groups (C4A) or 

hydroxyl groups (C4B). As a consequence, C4A is presumed to be predominantly involved 

in the clearance of immune complexes (4), whereas C4B is thought to play a more 

dominant role in the lysis of bacteria (5). Indeed, serum levels of complement components 

C3 and C4 are frequently lowered (hypocomplementemia, due to consumption) in SLE 

patients with active disease (6), deposition of C3 and C4 in glomeruli alongside 

immunoglobulins (“full house phenomena”) is a hallmark feature of SLE nephritis (7), and 

genetic variation in the genes encoding C4 have long been associated with susceptibility to 

SLE (8). Genetic variation of C4 is possible in several ways. First, C4 genes may be short 

(14.6kb) or long (21kb), depending on a retroviral HERV-K(C4) insertion (9). Individuals 

with short C4 genes have relatively higher C4 plasma concentrations compared to 

individuals with long C4 genes (10). Secondly, individuals can possess a total number of 

C4 genes ranging from 0 to 8 through deletion and/or duplication (gene copy number 

(GCN) variation), although most individuals have 2 C4A and 2 C4B genes (11). Previous 

studies (12, 13) showed a higher susceptibility to SLE in case of lower C4 GCN, although a 

recent study demonstrated that low (but not null) C4 GCN is not an independent risk factor 

for SLE (14). The latter study clarified that the previously found association is confounded 

by linkage disequilibrium with MHC genes which are located on the same chromosome. 

Nonetheless, complete absence of C4 in plasma (null allele) is strongly associated with the 

development of SLE (15, 16). Regarding clinical manifestations of SLE in relation to GCN 

variation, two studies reported conflicting findings (13, 17). Thirdly, individuals with the 

most common silencing single nucleotide polymorphism (SNP) (a 2 base pair mutation in 

exon 29, also known as CT-insertion), have lower C4 concentrations in plasma (18). In one 

study, no association between this silencing SNP and susceptibility to SLE was found (14). 
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Besides the CT-insertion, occasional point mutations in the C4 gene leading to non-

expression have been described before, indicating that there can be a heterogeneous genetic 

background of C4 deficiency. Thus, plasma concentrations of C4 in SLE patients can vary 

widely, depending on disease activity and genetic factors.  

C4 isotypes in plasma are usually determined by electrophoresis and immunofixation or by 

ELISA, using the antigenic blood group determinants Rodgers (Rg) and Chido (Ch) (19). 

C4A typically carries the Rg blood group antigen and C4B usually carries the Ch blood 

group antigen. However, reversed antigenicity has been described, in which C4A carries the 

Ch blood group antigen and C4B the Rg blood group antigen.  

In this comprehensive study we perform, for the first time, a complete approach to study C4 

in relation to SLE on a genetic, protein, and functional level, with regard to disease activity 

and clinical manifestations of SLE. In order to study C4 components on a functional level, 

we developed a functional test not depending on antibodies to Rg and Ch, but rather on the 

difference in binding capacity of C4A and C4B to NH2 or OH, respectively. Furthermore, 

we report a novel silencing mutation in the C4A gene.   

 

Material and methods 

Subjects 

Serum and DNA of 140 unselected SLE patients included in the Amsterdam SLE cohort 

were used in this study. All patients regularly attend the outpatient rheumatology clinic of 

the VU University Medical Center in Amsterdam, the Netherlands and fulfil the 1997 

revised updated American College of Rheumatology (ACR) criteria for the classification of 

SLE (20). The patients were enrolled in the study between 2007 and 2009. Demographic 

data and clinical variables were collected at inclusion by interview and chart review. 

Variables assessed were: gender, ethnicity (Caucasian versus non-Caucasian), age at 

diagnosis, disease duration, and ever presence of each ACR classification criterium for the 

diagnosis of SLE (20). Disease activity was assessed using a modified Systemic Lupus 

Erythematosus Disease Activity index – 2000 (SLEDAI-2K) (21), omitting the complement 

item. Organ damage was assessed using the Systemic Lupus International Collaborating 

Clinics/American College of Rheumatology Damage Index (SDI, range 0-47 ) (22). As a 
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control group we used healthy individuals included in a previous study on C4 

polymorphisms (19). Serum and DNA was available from these individuals, but 

demographic variables such as age, sex, and ethnicity were not retraceable. Written 

informed consent was obtained from all patients. The local ethics committee approved the 

study. 

 

C4 genotyping 

C4 genotypes were determined by multiplex ligation-dependent probe amplification 

(MLPA), essentially as described before (19). In short, specifically designed MLPA probes 

were obtained that include probes to determine GCN, the silencing CT-insertion in exon 29 

and the retroviral HERV-K(C4) insertion in intron 9.  

The complete C4A gene, (OMIM 120810) located on chromosome 6p21.33, of one patient 

was further analysed by Sanger sequencing. The C4 genes were first amplified by long 

range PCR using the Expand long template kit (Roche Diagnostics, Almere, The 

Netherlands), according to manufacturer’s recommendations. The C4 genes were amplified 

from genomic DNA in 3 fragments with specific primers for the long (HERV-K insertion) 

and short form of the C4 genes and specific primers located in exon 26 for the C4A gene, in 

the forward and reverse orientation, together with a general forward primer in the 5’UTR of 

exon 1 and a general reverse primer in the 3’UTR of exon 41. Primer sequences are listed 

in Supplementary Table S1. Four out of 5 PCR samples contained a PCR product in the 

patient sample. The specific forward primer for the short C4 gene together with the C4A 

gene specific reverse primer showed no product, whereas the sample with the specific 

forward long primer with the specific C4A gene reverse primer revealed a PCR product. 

Three of these 4 PCR products, reveiling the long C4A specific PCR products, were 

sequenced. Sequencing primers were located on the flanking introns and UTR’s of all 41 

exons. The Bigdyeterminator vs. 1.1 kit (Thermofisher Scientific, Bleiswijk The 

Netherlands) was used together with the 3730 Genetic Analyser (Thermofisher Scientific, 

Bleiswijk The Netherlands). Primer sequences are available on request. The A from the 

ATG start codon is numbered as 1, Transcript: C4A-001 ENST00000428956.6 was used as 

reference sequence. 
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C4 protein levels 

Total C4 levels were measured by Light Scattering/Rate Nephelometry; reagent Immage 

Immunochemistry Systems, Beckman Coulter, normal values for C4 are 0.15-0.40 g/L. 

C4A and C4B levels were assessed with an ELISA using anti-C4-4 (Rodgers specific) and 

anti-Ch (Chido specific) mAb for C4A and C4B, respectively, as described before (19).  

 

C4 substrate binding activity 

Pre-reaction: to allow C4 activation, serum was treated with 10 nM C1s (Calbiochem) for 

30 minutes at RT in the presence of biotinylated substrates that are specific for C4A or 

C4B. Biotin-Tyramine (BT) was used as source of free OH-groups to function as specific 

substrate for C4B and Biotinamido-pentylamine (BP (Pierce)), as source of free NH2 

groups for C4A binding. To minimize background, unbiotinylated substrates were added to 

the reaction mixtures as competitors to bind the unwanted C4 isotype also present in the test 

serum. L-Lysine (200 nM) was added to the BT-mix as scavenger for C4A. In the BP-mix, 

mannose (200 nM) was used as scavenger for C4B.  

ELISA: after C4 activation and substrate binding, the reaction mixes were titrated in 

PBS/0.1% Tween/0.2% Gelatin (PTG) on microtiter plates (Maxisorp) that were coated 

with anti-C4-1 (2 µg/ml in 0.1 M carbonate buffer, pH 9.6) (23). Plates were incubated for 

1 hr at RT and washed five times with PT. Subsequently, to detect the C4-bound 

biotinylated substrates, plates were incubated with PTG, supplemented with 0.001%, v/v, 

polymerized streptavidin-HRP (Amersham/Pharmacia, Uppsala, Sweden) for 30 min at RT. 

Finally, the ELISA was developed using the TMB system. Results were expressed in 

arbitrary units (AU), 100 AU being the activity measured in pooled sera obtained from 

donors with homozygous deficiency of either C4B or C4A.  

 

Statistical analyses 

Differences in distribution of GCN variation (total C4, C4A, and C4B) between SLE 

patients and HCs were first tested with Chi-square test. The number of GCN was either low 

(<2 copies for C4A/C4B or <4 copies for total C4), normal (2 copies for C4A/C4B or 4 

copies for total C4), or high (>2 copies for C4A/C4B or > 4 copies for total C4). The 
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proportion of HERV-K(C4) insertions between SLE patients and HCs were compared with 

a Chi-square test. As CT-insertion has only been described once in C4B (24), we assigned 

CT-insertions to C4A. When a CT-insertion is present, this leads to a non-functional gene. 

C4A GCN was therefore defined as the total number of C4A genes without CT-insertions 

(i.e. functional C4A genes). Odds ratios (ORs) and corresponding 95% confidence interval 

(CI) and p-value for low GCN (<2 for C4A/C4B and <4 for total C4) between SLE patients 

and HCs were determined with simple logistic regression. Finally we determined ORs and 

95% CI for several SLE manifestations (mucocutaneous manifestations, arthritis, serositis, 

nephrological manifestations, haemolytic anemia and thrombopenia, anti-dsDNA, 

antiphospholipid antibodies, and total number of ACR classification criteria) and C4A GCN 

within SLE patients. A Kruskal Wallis test was used to compare protein concentrations 

between patients with different levels of disease activity. As cut-off we used SLEDAI 2K = 

0 (no disease activity), SLEDAI-2K 1 – 5 (mild disease activity), SLEDAI-2K ≥ 6 

(moderate – severe disease activity. A Kruskal Wallis test was also used to compare C4A 

and C4B protein concentrations and C4 substrate function between number of C4A or C4B 

genes. Descriptive statistics (Fisher’s exact test, Student t-test, Spearman’s Rho and Mann-

Whitney U test) were used where appropriate. A two-sided p value of <0.05 was considered 

to be statistically significant. Statistical analyses were performed using SPSS version 20.0 

for windows (SPSS Inc, Chicago, USA). Figures were made with GraphPad Prism version 

6 and Microsoft Excel 2010 (2010 Microsoft Corporation). 

 

Results 

Table 1 shows the characteristics of the 140 SLE patients. The majority of patients was 

female and Caucasian. Median modified SLEDAI-2K and SDI were low at the time of 

study. 
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Table 1. Demographic and clinical variables of 140 SLE patients 

 SLE patients, n = 140 

Demographic variables  

Female sex, n (%) 126 (90.0) 

Caucasian ethnicity, n (%) 97 (69.3) 

Age in years, mean ± SD 42.2 ± 12.5 

Age at diagnosis in years, mean ±SD 33.7 ± 12.1 

Disease duration in years, mean ±SD 8.8 ± 7.9 

  

Clinical variables  

Modified SLEDAI-2K, median (IQR) 2 (0 – 4) 

SDI, median (IQR) 1 (0 – 2) 

Clinical manifestations, n (%)*  

Mucocutaneous manifestations** 113 (80.7) 

Arthritis 111 (79.3) 

Serositis 50 (35.7) 

Nephrological manifestations 42 (30.0) 

Neurological manifestations 9 (6.5) 

Hemolytic anemia and/or thrombocytopenia 42 (30.4) 

Anti-dsDNA 107 (77.0) 
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Anti-Sm 29 (24.2) 

LAC and/or ACA 51 (36.4) 

APS 20 (14.3) 

Medication  

Oral glucocorticoids 69 (49.3) 

Antimalarials 99 (70.7) 

Immunesuppressants*** 50 (35.7) 

 

SLE = systemic lupus erythematosus; SD = standard deviation; SLEDAI-2K = Systemic 

Lupus Erythematosus Disease Activity Index 2000; IQR = interquartile range; SDI = 

Systemic Lupus International Collaborative Clinics Damage Index; LAC = lupus 

anticoagulant; ACA = anti-cardiolipin antibodies; APS = antiphospholipid syndrome 

* according to ACR classification criteria [20]. ** mucocutaneous manifestations include 

the combined presence of malar rash, discoid rash, photosensitivity, and oral ulcers 

according to ACR classification criteria. *** use of either azathioprine, methotrexate, 

mycophenolate mofetil, cyclophosphamide or rituximab. 
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C4 gene polymorphisms in SLE patients and healthy controls 

Figure 1 shows the distribution of C4 genes (total, C4A, and C4B). Distribution of total C4 

GCN was significantly different between SLE patients and controls (p < 0.001), which was 

mainly explained by a difference in GCN variation of C4A genes (p < 0.001) and not by 

C4B genes (p = 0.12). Low GCN of total C4 and C4A was associated with an increased risk 

of SLE (OR 2.7, 95% CI 1.6 – 4.6, p < 0.001 and OR 2.6, 95% CI 1.4 – 4.5, p = 0.001, 

respectively), while low C4B GCN was negatively associated with SLE (OR 0.6, 95% CI 

0.3 – 1.0, p = 0.047). However, an inverse correlation was observed between the number of 

C4A and C4B genes (Pearson’s R -0.28, p = 0.001). After correcting for C4A GCN, the 

association between SLE and low C4B GCN lost its significance (p = 0.34), indicating that 

disease susceptibility is mainly attributable to low C4A GCN. There was a significant 

difference in distribution of C4A GCN between Caucasian and non-Caucasian SLE patients 

(p = 0.001), especially for low C4A GCN (54% in Caucasians versus 21% in non-

Caucasians, p < 0.001).  

The retroviral HERV-K(C4) insertion, indicative of long C4 genes, was present in 65.1% 

(312/479 genes) of SLE patients and in 76.4% (295/386 genes) of healthy controls (p < 

0.001). Frequency of CT-insertions did not differ between SLE patients and HCs (4.8% in 

HCs versus 5.0% in SLE patients, p > 0.99). All 7 CT-insertions were found in patients of 

Caucasian ethnicity, which resulted in a C4A null-allele in 4 cases. Presence of C4A null-

allele did not differ between patients (10/140, 7.1%) and HCs (6/104, 5.8%) (p = 0.80). 
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Figure 1. Gene copy number variation of total C4, C4A, and C4B between SLE patients 

and healthy controls. 

In one patient, MLPA indicated the presence of one C4A gene and two C4B genes, but we 

could not detect any C4A protein in the plasma. Further analysis of the C4A gene by 

sequencing revealed a previously undiscovered silencing mutation. The C4A gene carried 

one basepair insertion (A) after A1112 causing a frameshift generating a premature stop 

codon in exon 11 (Supplementary Figure S2). 
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C4 gene copy number and clinical manifestations of SLE 

Since C4A GCN variation had the strongest association with SLE susceptibility, we further 

examined whether low C4A GCN was associated with some of the clinical manifestations 

of SLE. Out of the disease manifestations included in the 1997 classification criteria (Table 

1) (20), a significant association was found only with serositis (OR 2.4, 95% CI 1.2 – 4.9, p 

= 0.014).  

 

C4 protein concentration in serum 

Concentrations of C4A and C4B protein in serum were measured in SLE patients and HCs. 

Table 2 shows the concentration of C4 isoforms. SLE patients had significantly lower C4A 

and C4B protein concentrations than HCs (Table 2A). Within SLE, patients with an original 

SLEDAI-2K score > 0 had significantly lower C4A and C4B concentrations compared to 

patients with a SLEDAI-2K score of 0 (p < 0.001 for both; Table 2B). However, after 

modification of the SLEDAI-2K score for hypocomplementaemia (which scores 2 points in 

the SLEDAI-2K), no significant differences between disease activity groups were observed 

(Table 2C). To further examine whether C4 isoforms correlates with disease activity, other 

markers for disease activity in SLE were also compared to C4A and C4B concentrations: 

erythrocyte sedimentation rate, c-reactive protein, lymphocyte count, and anti-dsDNA. Out 

of these variables, only anti-dsDNA was negatively correlated with C4A (Spearman’s ρ = -

0.174, p = 0.04) and C4B (Spearman’s ρ = -0.292, p < 0.001). Furthermore, median 

modified SLEDAI-2K did not differ between patients with or without 

hypocomplementaemia (median score 1 versus 1, p = 0.796). Conversely, a gene dosage 

effect was also observed within the subgroup of patients with a modified SLEDAI-2K of 0 

(Kruskall Wallis test, p <0.001). Altogether, these observations suggest that C4A and C4B 

protein concentration are more affected by GCN than disease activity. 
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Table 2. C4A and C4B concentrations in serum of 140 SLE patients and 104 healthy 

controls, stratified by (modified) SLEDAI-2K 

A. 

 Healthy controls, n = 104 SLE patients, n = 140 p-value  

C4A, median [IQR] 116 [77.3 – 149.8] 63 [29.8 – 102.8] <0.001 

C4B, median [IQR] 123 [75.3 – 163] 98 [60 – 136.8] <0.001 

B. 

 SLEDAI-2K = 

0, n = 27 

SLEDAI-2K = 

1 – 5, n = 78 

SLEDAI-2K ≥ 

6, n = 35 

p-value  

C4A, median 

[IQR] 

118 [75 – 170] 57.5 [27.5 – 90] 50 [25 – 84] <0.001 

C4B, median 

[IQR] 

149 [109 – 221] 85.5 [56.3 – 

132.5] 

87 [42 – 122] <0.001 

C. 

 Modified 

SLEDAI-2K = 

0, n = 61 

Modified 

SLEDAI-2K = 

1 – 5, n = 55 

Modified 

SLEDAI-2K ≥ 

6, n = 24 

p-value  

C4A, median 

[IQR] 

67 [30.5 – 116] 64 [26 – 93] 51 [33.3 – 90] 0.798 

C4B, median 

[IQR] 

99 [63 – 146] 89 [58 – 136] 105 [45 – 128] 0.701 

SLE = systemic lupus erythematosus; SLEDAI-2K = SLE disease activity index-2000; IQR 

= interquartile range 
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Protein functional activity 

Measuring C4A and C4B protein concentrations based on antibodies directed against Rg 

and Ch antigens measures protein rather than function and can result in misclassification of 

C4A and C4B concentrations in a small percentage of individuals due to crossing over of 

antigens (19). We therefore developed a functional test based on the capacity of C4A and 

C4B to bind to free amino and hydroxyl groups, respectively.  

Good dose response curves for both C4A and C4B functional assays in C4B and C4A 

deficient donors were observed (Supplementary Figure S3). Furthermore, excellent 

correlation between protein concentrations as measured with ELISA and the functional 

assay was observed for C4A (Figure 2A) and C4B (Figure 2B) in SLE patients and HCs.  

 A 

 

 

 

 

 

 

 

B 
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Figure 2. A functional test based on binding capacity of C4 to free targets correlates with 

protein concentrations in serum of SLE patients and healthy controls. In healthy controls, 

Rg antigen concentration correlated well with C4A function (Spearman’s ρ = 0.899, p 

<0.001)(A) and Ch antigen concentration with C4B function (Pearson’s R = 0.741, p 

<0.001)(B). Similarly, in SLE patients Rg antigen concentration correlated well with C4A 

function (Spearman’s ρ = 0.952, p <0.001)(A) and Ch antigen concentration with C4B 

function (Spearman’s ρ 0.791, p < 0.001 )(B). 

 

Similar to a gene-dosage effect of GCN of C4A with protein concentration of C4A in serum 

(Figure 3A) and GCN of C4B with protein concentration of C4B in serum (Figure 3B), a 

gene-dosage effect was observed with functional binding capacity of C4A (Figure 3C) and 

C4B (Figure 3D) respectively in SLE patients, confirming the validity of the test. C4A 

functional activity was significantly lower in SLE patients (median 49 AU/ml) compared to 

HC (median 72 AU/ml, p <0.001), but not for C4B (median 76.5 AU/ml in SLE patients 

versus median 73.5 AU/ml in HCs, p = 0.44). We then determined the mean activity 

(AU/ml) per gene between SLE patients and HCs to correct for differences in GCN. Mean 

C4A and C4B functional activity per gene did not differ between SLE patients and HCs 

(33.7 AU/ml versus 37.6, p = 0.053 for C4A, and 45.5 au/ml versus 48.0, p = 0.42 for C4B, 
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respectively), suggesting that C4 function in SLE is unaffected. Crossing over of Rg and Ch 

antigens was identified in 2.9% (3/104) of HCs and 3.6% (5/140) of SLE patients.  

Finally, out of 66 patients with decreased C4 protein levels, 38 patients had signs of active 

disease (modified SLEDAI-2K ≥ 1). Twenty out of the remaining 28 patients had a 

functional C4 GCN <4. In the remaining 8 (12%) patients, the functional activity was also 

decreased. 

 

Figure 3. Gene dosage effect of C4 isoform protein concentrations and functional activity 

in SLE patients. Distribution of C4 isotype protein concentration and functional activity 

was not equal amongst individuals with different GCN (p < 0.001 (A-D))  Instead, a gene-

dosage effect was observed for C4A (A) and C4B (B) protein concentrations, (similarly to 

healthy controls [19]) and for C4A (C) and C4B (D) functional activity in SLE patients. 

*** p <0.001, ** p <0.01, Kruskal Wallis test 
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Discussion 

In this comprehensive study, we examined complement component C4 in relation to SLE 

and to clinical manifestations of SLE on a genetic, protein, and functional level. We found 

an increased susceptibility to SLE for low C4A GCN and an association between serositis 

and low C4A GCN. In addition, we found a novel mutation leading to non-expression of 

C4A. Furthermore, we developed a novel test to measure the binding capacity of C4 

isoforms to its target sites, i.e. its function. 

Low C4 GCN has been frequently reported as a risk factor for SLE (13, 25). One of the 

leading hypotheses for the association between C4 deficiency and SLE is that C4 deficiency 

leads to a defective clearance of autoantigens and apoptotic cells (2). In concordance with 

this waste-disposal hypothesis, it is not surprising that this is particularly so for C4A (as 

confirmed in our study), as C4A is thought to be primarily involved in clearance of immune 

complexes through its preferential binding of free amino groups. We also observed 

decreased susceptibility to SLE for low C4B GCN in our mainly Caucasian cohort. 

Previous studies reported conflicting results regarding low C4B GCN. An increased 

susceptibility for the development of SLE for low C4B GCN was demonstrated in a 

Spanish cohort, but not in a United Kingdom and Chinese cohort (13, 14). Our finding is 

unlikely explained by the non-homogeneous ethnic background of our SLE patients, 

because we observed a similar percentage of low C4B GCN in Caucasians and non-

Caucasians (23% and 21%, respectively). Instead, we think the relative high frequency of 

low C4B GCN in our control group (33.6% in our study, 20-25% in other studies (12-14)) 

could explain the association found, as well as an inverse correlation with C4A. Indeed, 

after correcting for C4A GCN, the association between low C4B GCN and SLE 

susceptibility was no longer significant. Finally, the significant difference in frequency of 

the retroviral HERV-K(C4) insertion between SLE patients and controls is likely explained 

by fewer C4A genes in SLE patients, as C4A genes are long in approximately 95% (19, 26). 

With regard to the association found between low C4A GCN and serositis in our study, we 

found 2 other studies that examined clinical manifestations of SLE in relation to C4 

polymorphisms. A study in Chinese Han patients reported an association between C4A 

deficiency and arthritis (13). A study from the United States demonstrated a negative 

association between proteinuria, seizures, presence of anti-dsDNA, anti-Sm, anti-SSA, and 

anti-cardiolipin antibodies and C4A deficiency (17). These conflicting results imply that 
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low C4A GCN is not clearly associated with a specific clinical syndrome. 

The functional assay for C4A and C4B showed excellent correlation with C4 isoforms on a 

protein level. As this test discerns C4A from C4B on its functional difference, it is 

unaffected by crossing over of Rg and Ch antigens, which was the case in 3.6% of the SLE 

patients in our study. A gene-dosage effect of functional activity in SLE patients and 

comparable functional activity per gene between SLE patients and HCs indicate - to our 

knowledge for the first time - that C4 function is not perturbed in SLE as there were no 

indications of impaired binding to C4A or C4B substrates.  

Our study is limited by a relative small sample size with patients of different ethnical 

backgrounds. However, similar risk to SLE for C4 and C4A deficiencies have been reported 

amongst different ethnicities, while susceptibility to SLE for C4B GCN variation does seem 

to differ between studies [12-14]. Secondly, our control group consists of anonymous 

healthy laboratory workers, which data have been published before (19). We were not able 

to retrace demographical data of this group, such as age, sex and ethnicity. Previous studies 

have not reported on differences in sex or age for C4 polymorphisms. However, there are 

considerable differences in frequency of C4 GCN between healthy individuals of different 

ethnicities. For example, <2 copies of C4A is present in 7.2% of Chinese Han, but 23.1% in 

Spanish individuals. While not knowing the ethnicity of our control group might have 

influenced our findings, our association of low GCN of C4A with SLE is compatible and in 

the range of previous studies (12, 13).  

 

Conclusion 

In this comprehensive study we examined - for the first time - complement component C4 

from genetic variation to its ability to bind to its target site in relation to SLE and its clinical 

characteristics. We confirmed the association between SLE and low GCN of total C4 and 

C4A in particular. Secondly, we discovered a new silencing mutation that leads to a 

premature stop codon in exon 11. Thirdly, no clear associations between genetic 

polymorphisms and clinical manifestations were found. Finally, with a new C4 substrate 

binding assay, that measures functional activity of C4 components, we show that the 

function of available C4 seems unaffected in SLE. This test also detects crossing over of 
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Rodgers and Chido antigens, which will allow for more accurate measurement of C4 in 

future studies.   
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Supplementary Table S 1 

Primer sequences of one SLE patient with a novel silencing mutation in the C4A gene 

 

C4-exon 1 fw: 5’-CCAGAAGGTAGCAGACAGACAGACG-3’ 

C4-long rev: 5’-GAGGCTGGTCCCCAACATGTCTGTG-3’ 

C4-short rev: 5’-CAGGCTGCTGTATTCCTGTCTGTAC-3’ 

C4-long fw: 5’-GGCACCCCACAAGTCCTTTTCCCAACACAG-3’ 

C4A-exon 26 rev: 5’-ATGCTCCTGTCTAACACTGGAC-3’ 

C4A-exon 26 fw: 5’-CCAGGACCCCTGTGCAGTGTTAGAC-3’ 

C4-exon 41 rev: 5’-TCTAAGGTTATGTCAACCTGGCCTG-3’ 
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Supplementary Figure S2 

 

Gene sequencing of an individual with a novel silencing mutation in C4A. A previously 

undiscovered basepair insertion (A) after A1112 caused a frameshift, which generated a 

premature stop codon in exon 11 in a patient with systemic lupus erythematosus. 
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Supplementary Figure S3 

 

 

 

Supplementary Figure S1. Substrate binding activity of C4A (A) and C4B (B). Serial 

dilutions of a serum pool of genetically C4B-deficient donors are indicated with solid lines 

and that of a serum pool of C4A-deficient donors with dashed lines. As a consequence, all 

C4 present in a serum pool of C4B-deficient donors is of the C4A isotype. Vice versa, all 
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C4 present in a serum pool of C4A-deficient donors is of the C4B isotype. A good titration 

curve for C4B deficient donors was shown in the functional C4A assay (A). A serum pool 

of C4A deficient donors resulted in a much lower signal, indicating the specificity of the 

assay. A serum pool of genetically C4A-deficient donors, in which all present C4 is of the 

C4B isotype, gave a dose-dependent positive reaction in the C4B functional assay, whereas 

a pool of C4B-deficient donors was almost completely negative. The specificity of the C4B 

functional assay was somewhat better (B) than the C4A functional assay (A).  
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Abstract 

Objective: to determine relevant FcγR polymorphisms in relation to susceptibility to SLE 

and lupus nephritis. Secondly, to determine functional consequences of found genetic 

associations.  

Methods: using multiplex ligation-dependent probe amplification, copy number regions 

(CNRs) and relevant known functional single nucleotide polymorphisms (SNPs) of FcγRII 

and FcγRIII were determined in a lupus nephritis-enriched cohort of 266 Dutch Caucasian 

SLE patients and 919 healthy Caucasian controls. Expression of FcγRs on leukocytes was 

assessed using flow-cytometry.  

Results: in multivariable analysis, low copy number of CNR1 (including FCGR3B, OR 

2.04, 95% CI 1.29 – 3.23), FCGR2A-131RR (OR 2.00, 95% CI 1.33 – 2.99), and the 2B.4 

haplotype of FCGR2B (OR 1.59, 95% CI 1.13 – 2.24) but not FCGR2C-ORF, were 

significantly (all p<0.01) and independently associated with susceptibility to SLE. The 2B.4 

haplotype was negatively associated with lupus nephritis and led to surface expression of 

FcγRIIb on neutrophils and monocytes.  

Conclusion: this study is the first to investigate the most relevant and functional SNPs and 

CNVs of FcγRII and FcγRIII polymorphisms in one study population, enabling the 

determination of the individual contribution of each polymorphism in multivariable 

analysis. Three polymorphisms were shown to be independently associated with 

susceptibility to SLE. The novel finding of a negative association of the 2B.4 haplotype 

with lupus nephritis, and increased expression of FcγRIIb on neutrophils and monocytes as 

a result of this 2B.4 haplotype warrants future research in the role of these cells and FcγRs 

in the pathogenesis of SLE and lupus nephritis. 
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Introduction 

Systemic lupus erythematosus (SLE) is an autoimmune disease that is characterized by the 

formation of autoantibodies, deposition of immune complexes, and inflammation and can 

affect virtually every organ system in the body. Aetiologically, a multifactorial model is 

presumed, including genetic, hormonal and environmental factors, in which defective 

clearance and degradation of apoptotic cells is thought to have a pivotal role in developing 

SLE (1,2).  

The receptors for the Fc portion of IgG (Fc-gamma Receptors, FcγRs) play an important 

role in the clearance of immune complexes, presentation of the complexed antigen, and 

provide pro- or anti-inflammatory regulation of immune cell responses (3). There are three 

families of FcγRs of which FcγRI is a high affinity receptor and FcγRII and FcγRIII are 

low-affinity receptors (4). Within these families different subclasses exist. FcγRs trigger 

activating signalling pathways, except FcγRIIb, that triggers inhibitory signalling pathways. 

FcγRIIIb is a distinct receptor expressed on neutrophils that is not known to associate with 

signalling molecules. Although it may activate cells in some cases, it may also function as a 

decoy receptor, helping to clear immune complexes (5,6). Failure of FcγR-mediated 

clearance of immune complexes and control of inflammatory responses are thought to be 

predisposing factors for the development of SLE (7).  

The relationship between SLE and FcγRs has been extensively studied (8). The FCGR2/3 

locus on chromosome 1q23.3 that encodes the low-affinity FcγRs is subject to both single 

nucleotide polymorphisms (SNPs) and copy number variation (CNV) (figure 1)(9). Indeed, 

several of these polymorphisms lead to an altered function of FcγRs (10-13). Meta-analyses 

have shown an increased risk for the development of SLE for these polymorphisms, with 

considerable differences between ethnic groups (14-20). However, these meta-analyses 

only studied the effect of a single polymorphism and did not take linkage disequilibrium 

(LD) into account.  

Furthermore, studies on the relationship between two specific polymorphisms and 

susceptibility to and clinical manifestations of SLE are very limited or even absent. The 

first, FCGR2C-open reading frame (ORF), is the result of a SNP in exon 3 on FCGR2C that 

leads to an ORF, instead of the more common stop codon (FCGR2C-Stop)(21,22). If an 

ORF is present, then FcγRIIc is expressed on natural killer cells and is able to induce 

antibody-dependent cell-mediated cytotoxicity (ADCC) and a rise in intracellular Ca2+ 
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(23,24). FCGR2C-ORF has not been previously described in relationship to SLE. The 

other, a SNP in the promoter region of FcγRIIb, also known as 2B.4, was found to be more 

frequently present in SLE patients compared to healthy controls, although the functional 

consequences of this SNP are not completely clear (25,26).  

Studies on associations between FcγR polymorphisms and specific clinical manifestations 

of SLE have mainly focused on lupus nephritis (LN), defined according to ACR criteria 

(proteinuria and/or cell casts) or biopsy-proven. Associations with LN were found for <2 

copies of FCGR3B and the FCGR3A-158F allele (18,27,28), but not for other 

polymorphisms (14,19,20). Only a limited number of studies investigated the relationship 

between FcγR polymorphisms and other clinical SLE manifestations. These studies were 

performed in patient groups of different ethnic backgrounds and reported various 

associations without a distinct direction (29-31).  

The aim of the present study is to determine associations between several known and one 

novel (FCGR2C-ORF) genetic polymorphisms and susceptibility to SLE in Caucasian 

patients. Secondly, to investigate the relationship between specific polymorphisms and 

renal disease in SLE.  

 

Patients and Methods 

Subjects 

DNA was available from 266 Dutch Caucasian SLE patients and 919 healthy Caucasian 

controls (199 from the Netherlands, 156 from Australia, 478 from Austria, 86 from the 

United Kingdom) who were randomly selected. SLE patients were recruited from two 

longitudinal SLE cohorts from VU University Medical Center (VUmc) (n=98) and 

University Medical Center Groningen (UMCG) (n=86), and from the first and second 

Dutch Lupus Nephritis Study (n=82) (32,32). In both Dutch Lupus Nephritis Studies, 

patients with a biopsy-proven proliferative LN were included. Both VUmc and UMCG 

provide primary through tertiary care for SLE patients. Data obtained from these patients 

include: sex and disease duration (in years). Cumulative manifestations according to the 

updated revised ACR criteria for SLE were available for all SLE patients (33). These 

manifestations include: malar rash, discoid rash, photosensitivity, oral ulcers, arthritis, 

serositis, nephrological involvement (i.e. presence of proteinuria >0.5 gram/24 hours and/or 

cell casts), neurological involvement (i.e. epilepsy and/or psychosis), haematological 
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involvement (haemolytic anemia, thrombopenia, leucopenia and lymphopenia), 

immunological involvement (presence of anti-ds DNA, anti-Sm, or anti-cardiolipin 

antibodies and/or presence of lupus anticoagulant), and presence of anti-nuclear antigen 

(ANA). Other recorded data were a history of biopsy-proven LN and, if present, the 

classification of LN according to the WHO classification system (34). In the case of 

combined LN classes, the most prominent class in the biopsy was recorded. For this study, 

both definitions of LN were used, namely by clinical presence of proteinuria and/or cell 

casts (i.e. according to ACR criteria) and/or by histology (i.e. biopsy-proven LN). It should 

be noted that histological evidence through biopsy is the current gold standard for LN, 

whereas the ACR criteria for LN are less invasive and use a clinically more feasible 

method, but are not as reliable as histology since proteinuria and cell casts may have other 

causes. In this paper, LN according to ACR criteria will be termed ‘nephrological 

manifestations’, whereas histological evidence of LN will be termed ‘biopsy-proven’. 

Written informed consent was obtained from all patients. The VUmc Medical Ethics 

Committee approved this study. 

 

Multiplex Ligation-dependent Probe Amplification 

Multiplex Ligation-dependent Probe Amplification (MLPA) was performed as described 

extensively by Breunis et al. (23). In short, MLPA probes were designed specifically for the 

FCGR2A, FCGR2B, FCGR2C, FCGR3A, and FCGR3B genes on multiple sites in the 

genes. In this way, CNV regions for FCGR2C, FCGR3A and FCGR3B could be defined 

(Fig.1). Probes were also included to detect the following SNPs: rs1801274 (FCGR2A 

c.497A>G [p.H131R]), rs9427397 and rs9427398 (combined rs201218628, FCGR2A 

c.184C>T and c.185A>G, p[Q27W]) rs1050501 (FCGR2B c.695T>C [p.I232T]), rs396991 

(FCGR3A c.526G>T [p.V158F]) and FCGR3B haplotypes (NA1/NA2/SH). The assay also 

contained a probe specific for the stop codon in exon3 of the FCGR2C gene, rs759550223  

c.169T [p.57X] and a nonspecific FCGR2B/C probe to detect the ORF in exon3 [p.57Q]. 

Probes were also included for the splice site mutation at the border of exon7/intron7 in 

FCGR2C (rs76277413 c.798 +1 A>G), to distinguish the non-expressed ‘nonclassical’ 

FCGR2C-ORF variant from the ‘classical’ FCGR2C-ORF that is typically expressed on 

natural killer (NK) cells, monocytes and neutrophils (22). Because the nonclassical 

FCGR2C-ORF variant is not expressed (22), it was grouped with FCGR2C-Stop in all 



50 
 

statistical analyses. The assay also contained nonspecific probes for the promoter regions of 

FCGR2B and FCGR2C; FCGR2B/C –386C>G (rs143796418 in FCGR2B, rs149754834 in 

FCGR2C) and FCGR2B/C –120A>T (rs780467580 in FCGR2B, rs34701572 in FCGR2C) . 

Exact location of these promoter polymorphisms was determined with a gene-specific long-

range PCR for FCGR2B and FCGR2C as described previously (9). Since –120A only 

occurred in the promoter of FCGR2B (Supplementary Table S1 including legend), 

promoter haplotypes were constructed from MLPA data as follows: Any C at –386 

accompanied by an A at –120 was designated as a 2B.4, and was allocated in FCGR2B. For 

all 7 individuals with 2B.4 haplotypes in FCGR2B studied for expression analysis, this was 

confirmed with the gene-specific long-range PCR for FCGR2B (Supplementary Table S1 

and data not shown).  

  

Flow cytometry 

Whole blood leukocytes were isolated from heparin blood by lysis of red blood cells with 

an isotonic ammonium chloride buffer. Expression levels of different FcγRIIs on various 

types of leukocytes of 136 healthy Dutch Caucasian donors were determined by flow 

cytometry The following mAbs were used to detect leukocytes subsets: anti-CD3-Pe-Cy7 

clone SK7 (T cells), anti-CD14-Pe-Cy7 clone M5E2 (monocytes), anti-CD19-APC clone 

HIB19 (B cells), and anti-CD56-APC clone B159 (NK cells), all from BD Pharmingen, San 

Diego, CA. Neutrophils were selected on the forward scatter (FSC) / side scatter (SSC) 

pattern. FcγR expression was measured with anti-FcγRIII-FITC clone 3G8, (BD 

Pharmingen), and anti-FcγRIIb/c clone 2B6, Alexa Fluor 488 labeled (a generous gift from 

MacroGenics, Rockville, MD). This clone binds FcγRIIb and FcγRIIc equally well (22), 

but does not bind FcγRIIa (35). To ensure specific detection of FcγRIIb, only individuals 

without the FCGR2C-ORF genotype (who cannot express FcγRIIc) (n=105) were included 

for the analysis of FcγRIIb expression levels. Some individuals were analysed more than 

once at different time points with similar results, and means are shown for these 

individuals. Cells were analysed on a FACS CANTO II machine (BD).  

 

Statistical analysis 

To determine susceptibility to SLE, the allele frequencies and copy number of copy number 

regions (CNRs) between SLE patients and healthy controls were compared using Fisher’s 
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exact test and logistic regression. Odds ratios (ORs), 95% confidence intervals (CIs) and p-

values were calculated. To determine which factors were independently associated with an 

increased susceptibility to SLE, all polymorphisms with a p-value <0.1 in the single 

regression model were put into a multiple logistic regression model. The number of CNRs 

or allele copies per CNR or variant, respectively, was counted. These counts were treated as 

a nominal class variable. 

Logistic regression analysis was also used to associate allele frequencies and copy number 

of CNRs with clinical manifestations of SLE. ORs and CIs of clinical manifestations were 

determined for FCGR2A-131R, FCGR2A-27W, FCGR3A-158V, FCGR3B-NA1, and 

FCGR2B-232T. FCGR2C-ORF and FCGR2B-2B.4 were interpreted as either present 

(regardless of the amount of copies) or absent. This way, ORs and 95% CIs were 

calculated. Differences in expression of FcγRs obtained from flow cytometry for all groups 

were tested using an ANOVA or Kruskall Wallis test in the case of non-Gaussian 

distribution. Differences between two groups were subsequently tested with a Student’s t-

test.  A p-value <0.05 was considered statistically significant. Statistical analyses were 

performed using IBM SPSS Statistics for Windows, version 20.0 (IBM, Armonk, NY, 

USA).  

 

Results  

We determined the CNVs and SNPs of the low-affinity FcγR genes FCGR2A, FCGR2B, 

FCGR2C, FCGR3A, and FCGR3B with MLPA in 266 Caucasian SLE patients and 919 

healthy controls. Allele frequencies of healthy controls between countries were very similar 

and no statistical differences were observed (p > 0.05) (data not shown). Demographic and 

cumulative clinical features of the SLE patients are shwon in Supplementary Table S2. In 

the 186 patients of the VUmc and UMCG lupus cohorts, nephrological manifestations (i.e. 

presence of proteinuria > 0.5g/24 hours and/or cell casts) were observed in 71 (38.6%) 

patients, of which 49 (26.6%) were biopsy proven. All 82 patients from the Dutch Lupus 

Nephritis Study had a history of nephrological manifestations and biopsy-proven LN. 
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Figure 1. Overview of SNPs and CNV at the FCGR2/3 locus. The approximate extent of 

copy number variable regions (CNRs),which show both duplication and deletion, is 

indicated by black lines at the bottom.SNPs and haplotypes investigated are indicated with 

arrows. FCGR2A-Q27W: SNP with unknown function;  

FCGR2A-H131R: 131H variant has increased binding affinity to IgG; FCGR3A-V158F: 

158V variant has increased binding affinity to IgG; FCGR2C-ORF/Stop: FCGR2C contains 

variants that can (FCGR2C-ORF) or cannot (FCGR2C-Stop) be expressed;  

FCGR3B-NA1/NA2/SH: haplotypes determined by six SNPs, respectively encoding the 

HNA1a/HNA1b/HNA1c antigenic variants of Human Neutrophil Antigen 1;  

FCGR2B-promoter 2B.1/2B.4: haplotypes in the promoter of FCGR2B that influence 

expression;  

FCGR2B-I232T: 232T variant has decreased signaling capacity. 
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Susceptibility to SLE 

Table 1 shows the frequencies of tested CNVs and SNPs in SLE patients and healthy 

controls. In all patients and controls, CNV always occurred as a combination of FCGR2C 

with either FCGR3A or FCGR3B, in three distinct CNV regions (CNRs) as previously 

defined (Fig.1)(7). The CNRs were analyzed as such for susceptibility to SLE and this 

revealed a significant association with low copy number of CNR1 (FCGR2C and FCGR3B) 

(Table 2). Copy number changes in CNR2 or CNR3 were not significantly associated with 

susceptibility to SLE. For the SNPs, increased susceptibility to SLE was found for 

FCGR2A-131R and a trend for the 2B.4 haplotype of FCGR2B (Table 1). FCGR2A-27W, 

FCGR3A-158V, FCGR2C-ORF, FCGR3B-NA1, FCGR3B-SH, and FCGR2B-232I were 

not associated with susceptibility to SLE (Table 1). 

In a multivariable regression analysis, FCGR2A-131R, CNR1 and the 2B.4 haplotype were 

all independently and significantly associated with an increased susceptibility to SLE 

(Table 2).  

 

Effect of FCGR3B CNV and the –386C/G and –120A/T SNPs in the promoter of FCGR2B 

on expression levels 

Two of the three significantly associated variants conceivably have an impact on the 

expression levels of FcγRs. In order to test this relationship, the expression levels of 

different FcγRs on leukocytes were determined in a large group (n=135) of our Dutch 

Caucasian healthy controls, using flow cytometry. Hereby, the strong correlation of 

FCGR3B copy number with expression of FcγRIIIb on neutrophils was confirmed (Fig.2), 

indicating that CNV of FCGR3B results in a clear gene-dosage effect. When determining 

the effect of the promoter haplotype 2B.4 (Fig. 3a) on expression levels of FcγRIIb, it is 

important to consider that monoclonal antibodies that recognize the extracellular domain of 

FcγRIIb, will also recognize FcγRIIc. This is due to the fact that the extracellular part of 

these receptors is identical. Individuals with an FCGR2C-ORF will express FcγRIIc on NK 

cells, neutrophils and monocytes (22), and possibly B cells (36). The analysis of 

expressions levels of FcγRIIb should therefore be performed in FCGR2C-stop donors only. 

Five healthy FCGR2C-stop donors, heterozygous for 2B.4, and two homozygous for 2B.4, 

were tested in an expression analysis. This revealed that the 2B.4 haplotype causes 

expression of FcγRIIb on neutrophils in the steady state, whereas in individuals with the 
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2B.1 haplotype its expression is virtually absent (Fig.3b). A similar effect was observed in 

monocytes (Fig.3c), but on B cells, which express high levels of FcγRIIb, no difference 

between the different promoter haplotypes was observed (Fig.1f). The 2B.4 haplotype did 

not cause expression of FcγRIIb on T cells or NK cells (Fig.1d,e).  
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Table 1. Copy numbers and allele frequencies of FcγR II and III genes in 919 healthy controls and 266 SLE patients 

 Healthy controls, n (%)  SLE patients, n (%)   

Variant 0 1 2 3 4  0 1 2 3 4  p-value 

CNR1 1 (0.1) 60 

(6.5) 

766 

(83.4) 

84 

(9.1) 

8 

(0.9) 

 0 (0) 33 

(12.4) 

205 

(77.1) 

28 

(10.5) 

0 

(0) 

 0.0099* 

CNR2 0 (0) 11 

(1.2) 

867 

(94.3) 

40 

(4.4) 

1 

(0.1) 

 0 (0) 1 (0.4) 256 

(96.2) 

9 (3.4) 0 

(0) 

 0.5709 

CNR3 0 (0) 0 (0) 917 

(99.8) 

2 

(0.2) 

0 (0)  0 (0) 0 (0) 265 

(99.6) 

1 (0.4) 0 

(0) 

 0.6497 

Allele 

frequencies 

     MAF      MAF  

FCGR2A-

131R 

269 

(29.3) 

463 

(50.4) 

187 

(20.3) 

0 (0) 0 (0) 0.455 56 

(21.1) 

133 

(50.0) 

76 

(28.6) 

0 (0) 0 

(0) 

0.538 0.0034* 

FCGR2A-27W 713 

(77.6) 

194 

(21.1) 

12 

(1.3) 

0 (0) 0 (0) 0.119 211 

(79.3) 

51 

(19.2) 

4 (1.5) 0 (0) 0 

(0) 

0.111 0.7690 

FCGR3A-

158V 

385 

(41.9) 

403 

(43.9) 

129 

(14.0) 

2 

(0.2) 

0 (0) 0.363 116 

(43.6) 

111 

(41.7) 

39 

(14.7) 

0 (0) 0 

(0) 

0.355 0.8886 

FCGR2C-ORF 719 

(78.2) 

185 

(20.1) 

14 

(1.5) 

1 

(0.1) 

0 (0) 0.117 207 

(77.8) 

53 

(19.9) 

6 (2.3) 0 (0) 0 

(0) 

0.122 0.7517 
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 Healthy controls, n (%)  SLE patients, n (%)   

Variant 0 1 2 3 4 MAF 0 1 2 3 4 MAF p-value 

FCGR3B-NA1 373 

(40.6) 

428 

(46.6) 

116 

(12.6) 

2 

(0.2) 

0 (0) 0.362 97 

(36.5) 

141 

(53.0) 

28 

(10.5) 

0 (0) 0 

(0) 

0.370 0.2809 

FCGR3B-SH 873 

(95.0) 

46 

(5.0) 

0 (0) 0 (0) 0 (0) 0.025 254 

(95.5) 

12 

(4.5) 

0 (0) 0 (0) 0 

(0) 

0.023 0.8721 

FCGR2B-232T 720 

(78.3) 

181 

(19.7) 

18 

(2.0) 

0 (0) 0 (0) 0.118 216 

(81.2) 

46 

(17.3) 

4 (1.5) 0 (0) 0 

(0) 

0.102 0.6210 

FCGR2B 

haplotype 2B.4 

748 

(81.4) 

157 

(17.1) 

14 

(1.5) 

0 (0) 0 (0) 0.101 203 

(76.3) 

61 

(22.9) 

2 (0.8) 0 (0) 0 

(0) 

0.122 0.0809 

 

FcγR = Fc gamma receptor; SLE = systemic lupus erythematosus; CNR = copy number region; MAF = minor allele frequency; * p < 

0.05 
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Table 2. Odds ratios and 95% confidence intervals for susceptibility to SLE for three FcγR 

polymorphisms, based on single and multiple logistic regression models. 

  Single model Multiple model 

Variant Contrast OR 95% 

CI 

p-value OR 95% 

CI 

p-value 

CNR1 Overall   0.007   0.010* 

 0 vs 2 0.00 0.00 – 

∞ 

0.992 0.00 0.00 – 

∞ 

0.992 

 1 vs 2 2.06 1.31 – 

3.24 

0.002 2.04 1.29 – 

3.23 

0.002* 

 3 vs 2 1.25 0.79 – 

1.97 

0.336 1.15 0.72 – 

1.8 

0.565 

 4 vs 2 0.00 0.00 – 

∞ 

0.978 0.00 0.00 – 

∞ 

0.978 

        

FCGR2A-

131H/R 

Overall   0.004   0.003* 

 HR vs HH 1.38 0.98 – 

1.96 

0.067 1.43 1.00 – 

2.03 

0.047* 

 RR vs HH 1.95 1.32 – 

2.89 

0.001 2.00 1.33 – 

2.99 

0.001* 

        

FCGR2B 

haplotype 

2B.4 

Overall   0.066   0.026* 

 2B.1/2B.4 

vs 

2B.1/2B.1 

1.44 1.03 – 

2.01 

0.033 1.59 1.13 – 

2.24 

0.008* 

 2B.4/2B.4 

vs 

2B.1/2B.1 

0.53 0.12 – 

2.34 

0.401 0.69 0.15 – 

3.10 

0.629 
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FCGR  = Fc gamma receptor; SLE = systemic lupus erythematosus; CNR = copy number 

region; OR = odds ratio; CI = confidence interval; * p < 0.05 

 

 

 

 

 
Figure 2. Copy number of FCGR3B determines expression levels of FcγRIIIb on human 

neutrophils. Individuals were stratified according to their FCGR3B copy number, 

expression levels of FcγRIIIb on neutrophils are shown for the different groups. 0 copies of 

FCGR3B n=2; 1 copy n=10; 2 copies n=109; 3 copies n=13; 4 copies n=2. ns: non-

significant; **** p<0.0001; Δ MFI: median fluorescence intensity of MoAb 3G8 minus 

median fluorescence intensity of isotype control. 
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Figure 3. Effect of the promoter haplotype 2B.4 in FCGR2B on expression of FcγRIIb on 

various leukocytes. Individuals were stratified according to their FCGR2B promoter 

haplotype (schematically shown in a). 2B.1/2B.1: individuals homozygous for the 2B.1 
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haplotype, n=98. 2B.1/2B.4: individuals heterozygous for the 2B.1 and 2B.4 haplotype, 

n=5. 2B.4/2B.4: individuals homozygous for the 2B.4 haplotype, n=2. Expression levels are 

shown for circulating neutrophils (b), monocytes (c), natural killer cells (d), T cells (e), and 

B cells (f). In d, individuals with a deletion of CNR1 are shown as open circles. ns: non-

significant; * p<0.05; **** p<0.0001; Δ MFI: median fluorescence intensity of MoAb 2B6 

minus median fluorescence intensity of isotype control. 
 

Susceptibility to lupus nephritis 

We then tested within the patient cohort for associations of FCGR2/3 polymorphisms with 

susceptibility to renal disease in SLE. This revealed that the presence of the FCGR2B 

promoter haplotype 2B.4 was statically significant and negatively associated with a clinical 

history of nephrological manifestations or biopsy-proven LN (table 3). Only two patients 

were homozygous for the 2B.4 haplotype and neither had a history of nephrological 

manifestations or biopsy-proven LN. Other SNPs, and CNVs were not significantly 

associated with renal manifestations or SLE. Out of 131 patients with biopsy-proven LN, 

119 (90.8%) had a predominantly class III or IV LN, 9 (6.9%) had class V LN and 2 (1.5%) 

had class II LN. One patient had a biopsy-proven LN of which the class could not be 

retrieved by chart review. We did not observe any significant differences between the tested 

allele polymorphisms and class III and IV LN compared to the other LN classes (data not 

shown).  

Finally, ORs and CIs of disease manifestations other than renal were calculated for the 

different polymorphisms (Supplementary Table S3). In the presence of many clinical 

manifestations, a relatively small study population and multiple testing, no clear 

associations were found.  
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Table 3. Odds ratios of FcγR allele frequencies of 266 SLE patients in relationship to lupus 

nephritis according to the revised ACR criteria or biopsy-proven 

Clinical variables FCGR2A 

131-R vs H  

OR (95% CI) 

FCGR2A 

27W vs Q  

OR (95% CI) 

FCGR3A 

158V vs F 

OR (95% CI) 

Nephrological 

manifestations 

1.11 (0.79 to 1.57) 0.74 (0.43 to 1.27) 0.90 (0.63 to 1.28) 

Biopsy-proven LN 1.20 (0.86 to 1.70) 0.73 (0.42 to 1.27) 0.92 (0.65 to 1.31) 

    

 

Clinical variables FCGR2C  

ORF yes vs no 

OR (95% CI) 

FCGR3B 

NA1 vs NA2 

OR (95% CI) 

FCGR2B 

2B.4 vs 2B.1  

OR (95% CI) 

Nephrological 

manifestations 

0.71 (0.40 to 1.26) 0.82 (0.57 to 1.17) 0.54 (0.31 to 0.96)* 

Biopsy-proven LN 0.88 (0.48 to 1.63) 0.81 (0.57 to 1.16) 0.51 (0.28 to 0.91)* 

    

SLE = systemic lupus erythematosus; ACR = American College of Rheumatology; OR = 

odds ratio; CI = confidence interval; LN = lupus nephritis. * p < 0.05 

 

Discussion 

The main findings of our study are an independent and significant association with 

susceptibility to SLE of FCGR2A-131R, copy number of CNR1 (including FCGR3B) and 

the 2B.4 haplotype in the promoter of FCGR2B which encodes the inhibitory FcγRIIb. 

Furthermore, a negative association between the 2B.4 haplotype of FcγRIIb and renal 

disease was shown. Thirdly, and for the first time, FCGR2C-ORF in SLE was investigated 

and an association with increased susceptibility to SLE was not found. 

The strength of the present study is that it is the first to investigate the most relevant and 

functional SNPs and CNVs of FcγRII and FcγRIII polymorphisms in one and the same 

study population, enabling the determination of the individual contribution of each 

polymorphism in multivariable analysis. This analysis has not been done before this 
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extensively as in the current cohort study. Previous studies and meta-analyses focused on a 

single SNP or CNV in relationship to SLE and/or LN susceptibility. Furthermore, detailed 

data of the SLE patients were available, including the results of the gold standard for LN, 

which is renal biopsy.  

Regarding susceptibility to SLE with FCGR2A-131R, two meta-analyses also demonstrated 

FCGR2A-131R to be a susceptible genotype in patients of European descent (16,17). In 

addition, a meta-analysis showed low copy number of FCGR3B to be a susceptibility 

genotype for SLE in a meta-analysis (37). However, our data now show that CNV of 

FCGR3B occurs solely as a combined deletion of different genes, collectively termed 

CNR1, and therefore, the interpretation of a low copy number of FCGR3B may not be as 

straightforward as it seems. Deletion of CNR1 in theory has four effects that could 

contribute to SLE susceptibility, as it contains three genes (FCGR2C, HSPA7 and 

FCGR3B) with CNV, and additionally leads to the ectopic expression of FcγRIIb on NK 

cells (22). However, CNV of FCGR2C in itself cannot account for susceptibility to SLE, 

being in most cases a pseudogene (and only the amount of copies of the FCGR2C-ORF 

variant is associated with functional differences). Similarly, HSPA7 is a non-expressed 

pseudogene. On the other hand, individuals with a deletion of CNR1 all had ectopic 

expression of FcγRIIb on NK cells, confirming our earlier finding in a larger group (22). 

Indeed, the ectopic expression of FcγRIIb on NK cells was recently suggested as a potential 

explanation for the increased susceptibility to SLE (38), although not supported by any 

experimental evidence. The gene dosage effect of copy number of FCGR3B on FcγRIIIb 

expression therefore seems to be the more prominent and logical explanation for the 

susceptibility to SLE, as it may lead to impaired clearance of immune complexes from the 

circulation (5,6). Finally, the third risk factor identified in our susceptibility study was the 

promoter haplotype 2B.4, which confirms the findings of two earlier studies (25,26). The 

effects of this promoter haplotype that have been reported thus far are contradictory. One 

group showed an increase of FcγRIIb on B cells as well as monocytes and neutrophils when 

2B.4 was present (13,25), whereas another study demonstrated an opposite effect, arguing 

that the 2B.4 haplotype resulted in a decrease of FcγRIIb on B cells (26). A potential bias 

that may have resulted in these discordant findings is expression of the FcγRIIc, which is 

highly homologous to FcγRIIb. Because these two receptors are identical in the 

extracellular domains, monoclonal antibodies detecting surface expression will not be able 
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to distinguish between them. Although FcγRIIc can only be expressed in the subset of 

individuals (<15%) carrying the FCGR2C-ORF, this may have led to a substantial bias 

because the 2B.4 haplotype and the FCGR2C-ORF often co-occur (23). For our analysis, 

we circumvented this problem by selecting only individuals without the FCGR2C-ORF for 

an expression analysis in a large group of individuals, now showing conclusive evidence 

for the fact that only the 2B.4 haplotype leads to de-novo expression of FcγRIIb on myeloid 

cells. We did not find evidence for any effect (be it an increase or a decrease) on the 

expression of FcγRIIb on circulating B cells by the 2B.4 haplotype.  

Another novel finding of the present study is the negative association of the FCGR2B 

promoter haplotype 2B.4 with LN (in both clinically and biopsy-proven LN). Whereas the 

2B.4 promoter in SLE contributes to  susceptibility to SLE, it may also protect against the 

development of LN. Besides a negative association of the 2B.4 haplotype with lupus 

nephritis, we also observed a negative association with specific auto-antibodies 

(“immunological manifestations” according to ACR criteria, Suppl. Table S3), including 

anti-dsDNA. Previous studies have shown a clear association between the presence of anti-

dsDNA and lupus nephritis (39). Recent studies have shown neutrophil extracellular traps 

(NETs) to be of pathophysiological importance in SLE (40). NETs are able to trap invading 

microbes and subsequently eliminate them by NETosis. NETs contain DNA and histones, 

which could be a potential source for autoantigens. Furthermore, degradation of NETs 

seems to be impaired in SLE and is associated with increased titers of anti-dsDNA and LN 

(41,42). A potential hypothesis for our negative association between 2B.4 haplotype and 

LN could be that increased FcγRIIb expression on neutrophils increases the threshold for 

NET formation, thereby decreasing the levels of anti-dsDNA and the chance for 

development of LN. Together with the FCGR3B gene-dosage effect and low FcγRIIIb 

expression on neutrophils, this inflammatory cell type may well contribute to the 

pathogenesis of SLE.  

Other FcγR polymorphisms were not associated with LN in the present study. Regarding 

FCGR3A-158, one meta-analysis reported an association with LN for the FCGR3A-158FF 

genotype (18), which was not found in a more recent meta-analysis (14). Two earlier 

studies reported an association between low copy number (<2) of FCGR3B and LN 

compared to no renal involvement in 107 and 204 SLE patients, respectively (27,28). In a 
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larger study amongst 536 SLE patients of whom 161 patients had LN, this association of 

FCGR3B with LN was not observed (20).  

A potential limitation of our study is that the MLPA probes for the 2B.4 promoter 

haplotype cannot distinguish between FCGR2B and FCGR2C. To solve this problem, we 

determined the exact location of the 2B.4 promoter haplotype in a large group of 

individuals and show that the 2B.4 promoter exclusively occurred in FCGR2B, confirming 

that our approach of allocating this haplotype to FCGR2B is correct.  

In conclusion, our study demonstrates the pertinent and independent role of low-affinity 

FcγR polymorphisms in the susceptibility to SLE and one of its most serious clinical 

manifestations, which is LN. The polymorphic variants associated with SLE lead to less 

avid binding of pro-inflammatory receptors or increased expression of anti-inflammatory 

receptors, thereby supporting a defective ‘waste-disposal’ as a key mechanism in the 

pathogenesis of SLE.    
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Supplementary Table S1. Distribution of FCGR2B and FCGR2C promoter haplotypes 
 

 FCGR2B  FCGR2C 

 
Sequencing 

results 

Promoter 

haplotypes 
 

Sequencing 

results 

Promoter 

haplotypes 

MLPA results 

 

FCGR2C ORF 

haplotype  -386 -120 2B.1 2B.2 2B.4  -386 -120 2B.1 2B.2 2B.4 

FCGR2C CNV < 2 

1 CG AT 1 0 1  C T 0 1 0 2C-ORF(1) 

2 CG TT 1 1 0  C G 1 0 0 2C-Stop(1) 

3 CG TT 1 1 0  C G 1 0 0 2C-Stop(1) 

4 CG TT 1 1 0  C T 0 1 0 2C-ORF(1) 

FCGR2C CNV = 2 

5 CG AT 1 0 1  CG TT 1 1 0 2C-ORF(1) 

6 GG TT 2 0 0  CG TT 1 1 0 2C-ORF(1) 

7 CC AA 0 0 2  GG TT 2 0 0 2C-Stop(2) 

8 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

9 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

10 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

11 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

12 CG AT 1 0 1  GG TT 2 0 0 2C-Stop(2) 
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13 CC AA 0 0 2  CC TT 0 2 0 2C-ORF(2) 

14 CG AT 1 0 1  GG TT 2 0 0 2C-Stop(2) 

15 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

16 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

17 CG AT 1 0 1  GG TT 2 0 0 2C-Stop(2) 

18 GG TT 2 0 0  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

19 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

20 CC AA 0 0 2  CC TT 0 2 0 2C-ORF(2) 

21 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

22 CG AT 1 0 1  GG TT 2 0 0 2C-Stop(2) 

23 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

24 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 
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MLPA reliably determines the amount and nature of promoter haplotypes 2B.1, 2B.2 and 

2B.4 in FCGR2B and FCGR2C, but does not provide specific information about their 

25 GG TT 2 0 0  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

26 GG TT 2 0 0  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

27 GG TT 2 0 0  CC TT 0 2 0 2C-ORF(2) 

28 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

29 CG AT 1 0 1  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

30 GG TT 2 0 0  CG TT 1 1 0 
2C-ORF(1), 2C-

Stop(1) 

31 CG AT 1 0 1  CC TT 0 2 0 2C-ORF(2) 

FCGR2C CNV > 2 

32 GG TT 2 0 0  CGG TTT 2 1 0 
2C-ORF(1), 2C-

Stop(2) 

33 GG TT 2 0 0  CCG TTT 1 2 0 
2C-ORF(1), 2C-

Stop(2) 

34 CG AT 1 0 1  GGG TTT 3 0 0 2C-Stop(3) 

35 GG TT 2 0 0  CGG TTT 2 1 0 
2C-ORF(1), 2C-

Stop(2) 

36 CG AT 1 0 1  GGG TTT 3 0 0 2C-Stop(3) 
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location in either FCGR2B or FCGR2C. In the majority of cases, only the 2B.1 (wild type) 

haplotype is detected, and therefore, allocation is straightforward in these cases. However, 

when other haplotypes are also present in an individual, allocation is not straightforward. 

Therefore, we further analyzed a selection of 36 healthy individuals from the control group 

that had ≥1 non-wild type promoter haplotype as determined by MLPA by gene specific 

long-range PCR followed by Sanger sequencing with a nested primer to determine the 

location of the promoter haplotypes. Donor selection was aimed at including at least four 

individuals with decreased and increased copy number, but otherwise, the selection was 

random. Sanger sequencing results for FCGR2B are shown on the left, results for FCGR2C 

are shown on the right. The -386 and -120 nucleotide (prior to the start codon) SNPs that 

determine the haplotypes are shown together with the resulting haplotypes. The results were 

always concordant with the results of the MLPA. 

The analysis revealed that 2B.4 haplotypes were always located in FCGR2B, as no single 

FCGR2C gene carried this 2B.4 haplotype. Together with previous reports that link the 

2B.4 haplotype to FCGR2B(1;2), these results show that 2B.4 can be allocated to FCGR2B, 

also if only MLPA is performed. The 2B.2 haplotype was almost exclusively found in 

FCGR2C, but also occurred in FCGR2B in 3 out of 4 individuals with a deletion of 

FCGR2C (all these cases had a deletion of CNR1). Therefore, allocation of 2B.2 haplotypes 

detected by MLPA is more difficult in cases with a decreased copy number of FCGR2C, 

but it can be allocated to FCGR2C in cases with normal copy number. Furthermore, the 

2B.2 haplotype in FCGR2C was very strongly linked to the FCGR2C-ORF haplotype, as 

shown in the last column. 
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Supplementary table S2. Demographic and clinical variables according to the revised 

ACR criteria in 266 Caucasian systemic lupus erythematosus (SLE) patients 

Demographic variables SLE, n (%)  

Female sex, (%) 228 (85.7)  

Age, median in years (range) 49 (26-89)  

Disease duration, median in years  (interquartile 

range)) 

14 (9-22)  

Clinical variables SLE, n (%)  

Malar rash 106 (39.8)  

Discoid rash 62 (23.3)  

UV intolerance 137 (51.5)  

Oral ulcers 66 (24.8)  

Arthritis 190 (71.4)  

Serositis 102 (38.3)  

Nephrological manifestations 153 (57.5)  

- Biopsy proven LN 131 (49.2)  

Neurological manifestations 20 (7.5)  

Hematological manifestations 215 (80.8)  

Immunological manifestations 228 (85.7)  

ANA positive 266 (100)  
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ACR = American College of Rheumatology, UV = ultraviolet, LN = lupus nephritis, ANA 

= anti-nuclear antibody
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Supplementary table S3. Odds ratios of FcγR allele frequencies of 266 SLE patients in 

relationship to cumulative disease manifestations according to the revised ACR criteria 

 

Clinical variables FCGR2C  

ORF yes vs no 

OR (95% CI) 

FCGR3B 

HNA1a vs HNA1b 

OR (95% CI) 

FCGR2B 

2B.4 vs 2B.1  

OR (95% CI) 

Malar rash 1.49 (0.83 to 2.68) 1.26 (0.88 to 1.81) 1.08 (0.61 to 1.92) 

Discoid rash 1.81 (0.95 to 3.44) 1.09 (0.72 to 1.67) 1.30 (0.68 to 2.48) 

UV intolerance 2.17 (1.19 to 3.97)* 0.84 (0.59 to 1.19) 1.74 (0.98 to 3.10) 

Oral ulcers 2.20 (1.18 to 4.11)* 1.16 (0.77 to 1.75) 1.76 (0.94 to 3.26) 

Arthritis 0.72 (0.39 to 1.35) 1.11 (0.75 to 1.63) 0.82 (0.44 to 1.51) 

Serositis 0.52 (0.28 to 0.99)* 1.48 (1.02 to 2.14)* 0.83 (0.46 to 1.49) 

Nephrological 

manifestations 

0.71 (0.40 to 1.26) 0.82 (0.57 to 1.17) 0.54 (0.31 to 0.96)* 

Biopsy proven LN 0.88 (0.48 to 1.63) 0.81 (0.57 to 1.16) 0.51 (0.28 to 0.91)* 

Neurological 

manifestations 

2.01 (0.76 to 5.29) 2.17 (1.01 to 4.65)* 1.42 (0.52 to 3.87) 

Hematological 

manifestations 

0.91 (0.44 to 1.88) 1.31 (0.84 to 2.06) 1.57 (0.72 to 3.43) 

Immunological 

manifestations 

0.37 (0.18 to 0.76)* 0.76 (0.45 to 1.28) 0.47 (0.23 to 0.97)* 
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ANA positive  1 1 1 

    

SLE = systemic lupus erythematosus; ACR = American College of Rheumatology; OR = 

odds ratio; CI = confidence interval; UV = ultraviolet; LN = lupus nephritis; ANA = anti-

nuclear antibody. * p < 0.05 
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Supplementary table S3. Odds ratios of FcγR allele frequencies of 266 SLE patients in 

relationship to cumulative disease manifestations according to the revised ACR criteria 

Clinical variables FCGR2C  

ORF yes vs no 

OR (95% CI) 

FCGR3B 

HNA1a vs HNA1b 

OR (95% CI) 

FCGR2B 

2B.4 vs 2B.1  

OR (95% CI) 

Malar rash 1.49 (0.83 to 2.68) 1.26 (0.88 to 1.81) 1.08 (0.61 to 1.92) 

Discoid rash 1.81 (0.95 to 3.44) 1.09 (0.72 to 1.67) 1.30 (0.68 to 2.48) 

UV intolerance 2.17 (1.19 to 3.97)* 0.84 (0.59 to 1.19) 1.74 (0.98 to 3.10) 

Oral ulcers 2.20 (1.18 to 4.11)* 1.16 (0.77 to 1.75) 1.76 (0.94 to 3.26) 

Arthritis 0.72 (0.39 to 1.35) 1.11 (0.75 to 1.63) 0.82 (0.44 to 1.51) 

Serositis 0.52 (0.28 to 0.99)* 1.48 (1.02 to 2.14)* 0.83 (0.46 to 1.49) 

Nephrological 

manifestations 

0.71 (0.40 to 1.26) 0.82 (0.57 to 1.17) 0.54 (0.31 to 0.96)* 

Biopsy proven LN 0.88 (0.48 to 1.63) 0.81 (0.57 to 1.16) 0.51 (0.28 to 0.91)* 

Neurological 

manifestations 

2.01 (0.76 to 5.29) 2.17 (1.01 to 4.65)* 1.42 (0.52 to 3.87) 

Hematological 

manifestations 

0.91 (0.44 to 1.88) 1.31 (0.84 to 2.06) 1.57 (0.72 to 3.43) 

Immunological 

manifestations 

0.37 (0.18 to 0.76)* 0.76 (0.45 to 1.28) 0.47 (0.23 to 0.97)* 

ANA positive  1 1 1 
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SLE = systemic lupus erythematosus; ACR = American College of Rheumatology; OR = 

odds ratio; CI = confidence interval; UV = ultraviolet; LN = lupus nephritis; ANA = anti-

nuclear antibody. * p < 0.05 
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Abstract 

In lupus nephritis, genetic and environmental factors drive the chronic activation of 

antiviral defenses leading to immune complex-mediated glomerular and tubular damage. 

Increasing evidence implicates the activation of type I interferon responses in tubular 

epithelial cells but the cause of this activation is unknown.  

Here we show evidence that pro-inflammatory extracellular vesicles (EVs) activate toll-like 

receptor 3 (TLR3) through delivery of small RNA and activate tubular epithelial cells 

(TEC). Highly specific stem-loop RT-PCRs revealed the presence of Epstein Barr Virus 

(EBV)-encoded small RNA in lupus nephritis tissues biopsies. In situ hybridization failed 

to detect nuclear EBV-EBER1 (i.e. EBV-infected cells) in LN biopsies. In contrast, 

quantitative EBV-DNA PCR, sensitive to a single copy for these biopsies were negative. 

However, we observed atypical EBER signal in the cytoplasm of TECs in lupus nephritis 

but not in disease control biopsies, suggestive of uptake of extra-renal EBER. Consistent 

with this, we detected EBER1 in circulating EVs of systemic lupus erythematosus (SLE) 

patient sera. Primary TEC cultured in vitro endocytose EBER1-EVs secreted by EBV-

infected B cells via phosphatidylserine receptors such as kidney injury molecule-1. 

Importantly, EV-EBER1 uptake by TEC triggers antiviral immunity and pro-inflammatory 

cytokine secretion in a Toll-like receptor 3 (TLR3)-dependent manner. Treatment with 

hydroxychloroquine (HCQ) or a small molecule inhibitor that blocks TLR3-RNA 

interactions strongly reduced the pro-inflammatory effects of EBER1.  

We propose that small RNA-loaded EVs exacerbate pre-existing autoimmunity in SLE 

patients by engaging tubular epithelial TLR3, supporting the rationale for TLR3-blockade 

as therapeutic strategy in the treatment of lupus nephritis. 
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Introduction 

Environmental, genetic and immunological factors drive type I interferon responses which 

are integral in the pathogenesis of Systemic Lupus Erythematosus (SLE)(1,2). Despite 

treatment with immunosuppressive drugs, a large proportion of SLE patients eventually 

progress and kidney inflammation remains a severe debilitating manifestation (3).  

 

SLE is a chronic autoimmune disease with serious complications, including skin lesions, 

arthritis and kidney inflammation (2). SLE pathogenesis involves a loss of tolerance against 

endogenous nuclear antigens, resulting in autoantibody production with affinity for nuclear 

components, such as chromatin, double-stranded (ds) DNA, and ribonucleoproteins. An 

initiating step in SLE is the accumulation of nuclear particles in the extracellular space as a 

consequence of defective dead cell clearance. Similarly to viruses, these particles cause 

activation of pathogen recognition receptors (PRRs) via their RNA and/or DNA 

components when taken up by antigen-presenting cells (4). Inappropriate immune 

interpretation during antigen presentation drives the expansion of autoreactive T and B cells 

and promotes the production of autoantibodies, which upon deposition in the glomeruli 

initiates lupus nephritis (LN) in almost half of SLE patients (5). However, kidney 

inflammation in LN concerns multiple additional renal compartments including 

endothelium, interstitium and the tubular epithelium and recent evidence indicates that type 

I interferon signature in tubular epithelial cells might have a decisive role in LN 

pathogenesis. Apart from nuclear particles, extracellular vesicles (EVs), including 

exosomes can elicit antiviral responses in recipient cells (13, 46) and have been implicated 

in autoimmune disease including SLE (6-10).  

 

We previously demonstrated that EVs of endosomal origin (exosomes) released by EBV-

infected B cells contain functional viral miRNAs (11). We and others subsequently 

demonstrated incorporation of polymerase III (Pol III)-transcribed non-coding small RNA1 

(EBER1)(12,13). EBER1 is a highly abundant nuclear small RNA and carries two 

pathogen-associated molecular patterns (PAMPs) that are recognized by innate sensors 

such as Toll-like receptors (TLRs)(14,15). Viral infections and in particular EBV are 

consistently implicated as a key environmental co-factor in human SLE pathogenesis (16). 

Controversy remains as to whether deregulation of EBV persistence is either a consequence 
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or rather a cause of autoimmunity (17). Virtually all SLE patients are EBV-carriers and 

EBV load is chronically 15-40 fold increased compared to age-sex matched controls 

(18,19). Additionally, anti-EBNA-1, EBV-VCA IgA, EBV-EA/D, EBV-EA/R IgG and IgA 

titers are strongly increased in the majority of SLE patients (20), and 100% of young SLE 

patients seroconvert against EBV, compared to only 70% in age-matched healthy controls 

(21). Finally, EBV-specific CD8+ T cell responses in SLE patients are functionally 

impaired (22). It is thus possible that SLE patients sustain increased production of viral-like 

particles, apoptotic bodies and EVs that act as co-factors in systemic and organ 

inflammation (9,13).  

 

Detailed studies in lupus-prone mice indicate that activation of antiviral immunity in 

resident renal cells drives LN development. Immunization with extracellular double-

stranded DNA (dsDNA) or double-stranded RNA (dsRNA) activates endosomal TLR9 and 

TLR3 respectively, leading to tissue damage (23,24). In this pathogenic model, endosomal 

TLRs play a key role in the pathogenesis of lupus nephritis4 and are as such considered for 

targeted therapy (25). Although TLRs appear to have a role in the development of murine 

lupus, no mouse model can recapitulate the pathogenesis of human SLE and LN as the 

influence of environmental co-factors cannot be taken into account (5,16). For this reason, 

to better understand the role of EBV in LN pathogenesis, analysis of patient material is 

essential.   

 

Methods  

Clinical Specimens  

Paraffin-embedded and frozen kidney tissues from LN and IgA-nephropathy and Focal 

segmental Glomerulosclerosis (FSGS) control patients were obtained from the Department 

of Pathology of the VU University Medical Center (VUmc), Amsterdam. Serum samples 

from SLE, Infectious Mononucleosis (IM) and Rheumatoid Arthritis (RA) patients were 

obtained from the Departments of Pathology and Rheumatology of the VUmc. All patients 

with SLE and rheumatoid arthritis, fulfilled the ACR criteria of SLE or RA (26,27), and all 

LN biopsies were classified according to the most recent ISN/RPS classification  on 

Periodic-acid Schiff (PAS) stained slide (28).  
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Cell culture 

EBV-positive lymphoblastoid cell lines (IK140508), EBV-negative B-cell line (BJAB), 

A498 and Vero kidney cell line were cultured in RPMI-1640 supplemented with 10% FBS, 

100 U/mL penicillin G, 100μ g/mL streptomycin sulfate, and 2 mM glutamine. Hek293, 

HekTLR3, HekTLR7, HekTLR8 and HekTLR9 were cultured in DMEM, supplemented as 

above. Primary renal tubular epithelial cells (TECs) were cultured as previously described 

(29). KIM1 expression was assessed by FACS analysis using the BioLegend anti-KIM1 

antibody 353901. Primary cells were obtained with informed consent and used in 

compliance with the Declaration of Helsinki. 

 

Exosome isolation and characterization  

Exosomes were isolated by differential centrifugation, and analyzed by electron microscopy 

and western blotting as previously described (30,31). Gels were run under non-reducing 

conditions. Antibodies against CD63 (BD Pharmingen 556019) and CD81 (BD Pharmingen 

555675) were used. For uptake experiments, purified PKH67 (Sigma)-labeled exosomes 

were incubated with target cells, as previously described (11). 

 

RNA and DNA isolation and qPCR analysis 

Total RNA from cells, exosomes and frozen kidney tissues (5x10 µm) and genomic DNA 

were isolated using TRIzol Reagent (Life Technologies). Serum RNA was isolated with 

TRIzol LS (Life Technologies). EBNA1 QK DNA-PCR was performed as described 

previously11. For mRNA analysis qPCR was performed on a LightCycler480 instrument 

using the SYBR Green detection method. The detection of small non-coding RNAs was 

performed using stem-loop primers as previously described13,30. 

 

Stimulation of TECs 

TECs were subcultured and either transfected with 50 ng of in vitro transcribed-EBER1 

(13) using Fugene 6 (Promega) or treated with EBV-positive or EBV-negative Exosomes. 

After 24 h cells were harvested gene expression analysis.  
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Exosomes binding competition assay 

To inhibit exosome uptake cells were pre-incubated with 80 μM dynasore (Sigma) for 30 

min. For the binding competition assay exosomes were pre-incubated with 1 mM 

phosphatidylserine-containing liposomes (phosphatidylcholine:phosphatidylserine PC:PS 

50:50) or PC liposomes for 5min. Internalization of PKH67-labeled exosomes was 

analyzed by fluorescence microscopy and FACS after 2.5h. 

 

ELISA 

The Human IFNβ ELISA (PBL Interferon Source 41410-1A), Human IL-6 DuoSet ELISA 

and Human TNF-alpha DuoSet ELISA (R&D systems) were used according to the 

manufacturer’s protocol. 

 

Luciferase Reporter assay 

The IFNβ promoter activity was measured with a luciferase reporter assay as previously 

described (13). TLR-overexpressing Hek293 cells were co-transfected with an IFNβ 

promoter reporter construct and with 100ng of in vitro transcribed-EBER1. Luciferase 

activity was measured after 24 hours. TLR3 expression was confirmed by western blotting 

using the anti-TLR3 antibody (R&D system, AF1487). 

 

TLR3 inhibition experiments 

HekTLR3 and TEC cells were cultured in 24 well-plates. At 70% confluence cells were 

pre-incubated with 27uM TLR3/dsRNA Complex Inhibitor (Merck Millipore) or 0.1 μg/ml 

Hydroxychloroquine Sulfate (Selleckchem). After 30 minutes, cells were transfected (TEC) 

with 50ng PolyI:C or in vitro-transcribed EBER1 using Lipofectamine®2000 (Invitrogen) 

(HekTLR3) or FuGENE 6 (TEC). After 24 hours the culture supernatant was collected for 

ELISA assay and cells were harvested for gene expression analysis. 

 

Immunohistochemical Analysis and in Situ Hybridization 

Paraffin-embedded kidney tissues were stained with Periodic Acid Schiff (PAS). For TLR3 

and KIM1 staining, antigen retrieval was performed using Tris/EDTA buffer pH 9.0. Slides 

were incubated with the mouse monoclonal Anti-KIM1 antibody (Clone # 219211, R&D 

systems) or with the rabbit polyclonal Anti-TLR3 antibody (ab189195, Abcam), diluted 
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1:50 in 1% BSA/PBS.  Sections were counterstained with Haematoxylin. For the negative 

control staining the primary antibody was omitted. The presence of EBER in tissue sections 

was evaluated by EBER-RISH using the commercial PNA-Based Hybridization Kit 

(Dakocytomation). 

 

Results  

Expression levels of EBER1 and IFN stimulated genes are elevated in lupus nephritis 

biopsies 

We analyzed a series of kidney tissue biopsies of LN patients, and IgA nephropathy or 

focal segmental glomerulosclerosis (FSGS) as control tissues (Fig. 1a), with stem-loop 

qRT-PCR for EBV-EBER1. We could amplify full-length (167nt) EBER1 RNA in all LN 

tissues at levels that were, on average, 10-fold higher compared to the IgA 

nephropathy/FSGS disease control tissues (p<0.02) (Fig. 1b). EBER1 levels in the LN 

biopsies equate 500 EBV-infected B lymphocytes, which is abnormally high compared to 

EBV infection in tonsils, a major site of EBV persistence in asymptomatic EBV-carriers  

(32).  Full-length (172nt) EBER2-RNA and EBV-DNA (fragments) were virtually 

undetectable (Fig. 1c,d) suggesting absence of EBV-infected cells. The LN tissues did 

however express strongly elevated levels of TLR3, IFITM1, IFITM3 and the LN-associated 

cytokine TNF-alpha (Fig. 1 e-h)(33).  
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Figure 1. EBER1 and ISG expression is elevated in Lupus Nephritis biopsies. (A) 

Lupus Nephritis (LN) (class IV) and IgA and FSGS disease control tissues stained with 

PAS. The arrow indicates areas of intense interstitial inflammation. The black arrow 

indicates high infiltration of inflammatory cells. Scale bar: 50 µm. (B) EBER1 expression 

levels in LN (n=24) as compared to control IgA (n=5) and FSGS (n=5) tissues. Ct values 

are normalized to GAPDH. (C) EBER2 expression in LN (n=9) and control tissues. EBER2 

levels are undetectable or below the detection limit. (D) EBV-DNA levels in LN (n=13) 

and control tissues as analyzed by qPCR. Data are expressed as infected cell equivalents. 

(E-H) Expression levels of IFITM1, IFITM3, TNFα and TLR3 in LN (n=24) and control 

tissues. Transcript levels are normalized to GAPDH. *p<0.05 **p<0.01, ***p<0.001, two-

tailed t test.  

 

 

Nuclear staining of EBER by in situ hybridization (EBER-ISH) (Fig. 2b) is the standard 

method for detection of EBV infected cells in human tissues (34). We did not observe 

nuclear EBER staining in any of the LN tissues (or controls) that were EBV-DNA negative. 
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Strikingly, a clear, yet atypical punctuated EBER staining is visible in the cytoplasm of 

tubular epithelial cells (TECs) of 5 out of 9 LN biopsies but not in IgA-nephropathy /FSGS 

biopsies (Fig. 2a). In addition, we detected multiple EBV-miRNAs, previously found in 

exosomes (11) in the LN tissues of which the levels corresponded positively with that of 

EBER1 (Fig. S1a,b). Because we could not identify EBV-infected cells in LN tissues, we 

concluded that tubular associated EBER1 in LN biopsies is derived from extra-renal 

source(s), possibly delivered via exosomes (13,35,36). 
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Figure 2. EBER1 accumulates in the cytoplasm of renal tubular epithelial cells in LN 

patients. (A) EBER in situ hybridization (EBER-ISH) in nephritis tissues. EBER was 

detected in the cytoplasm of the tubular epithelial cells (TECs), but not in the glomeruli, of 

LN tissues, while IgA nephritis tissues were EBER-negative. Scale bars: 25 µm (tubular 

epithelium, upper panel) and 50 µm (glomeruli, lower panel). (B) EBV-infected B cells and 

epithelial cells with typical nuclear staining were used as positive controls. Scale bar: 10 

µm.  
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EBER1 is detectable in circulating exosomes of SLE patients  

To study the possibility that EBER1 is present in circulation of SLE patients we performed 

qRT-PCR on serum RNA of SLE (n=87), and in controls (n=35, infectious mononucleosis 

(IM), rheumatoid arthritis (RA) patients and healthy donors). We detected EBER1 in 25% 

of SLE sera and 3% of the control sera (Fig. 3a, Fig. S2a,b) while RNY1 (used as a 

reference polymerase III transcript) was detected in all samples (Fig. 3b). In contrast, 

EBER2 could only be amplified in 1 SLE serum sample, suggesting that EBER1 is 

selectively released into the circulation of SLE patients.  

 

 

 
 

Figure 3. EBER1 is present in circulating exosomes of SLE patients. (A,B) EBER1, 

EBER2 (A) and RNY1 (B) levels in serum samples of SLE patients and control (infectious 

mononucleosis, rheumatoid arthritis and healthy) donors as analyzed by qRT-PCR. (C) 

Representative electron microscopy (EM) image of exosomes purified from serum. Scale 

bar: 100 nm. (D) Western blot analysis of CD63 and CD81 in purified serum exosomes. (E) 

Agarose gel images showing EBER1, EBER2 and RNY1 RT-PCR products in serum 

exosomes of SLE patients. 

 

 

To determine whether the circulating EBER1 in SLE patients is protected from external 

RNases by exosomes, we isolated these with differential centrifugation. Electron 

microscopy (EM) indicated purification of particles with a typical exosome size (~100nm). 

Western blotting confirmed the presence of CD63 and CD81 suggestive of exosomes (Fig. 



91 
 

3c,d). We extracted exosomal RNA and detected EBER1 while EBER2 was absent (Fig. 

3e). Thus EBV-infected cells in SLE patients secrete EBER1 via exosomes that enter 

circulation.  

 

EBER1-exosomes cause inflammatory cytokine production in renal tubular epithelial cells 

We found that EBER1 targets the cytoplasm of tubular epithelial cells (TEC) in LN tissues 

(Fig 2a) that may be mediated via exosomes. We grew primary TEC cultures and analyzed 

phosphatidylserine (PS) receptor expression. One of the most highly expressed PS receptor 

in primary TECs compared to other primary cells was kidney-injury molecule-1 (KIM1) 

(Fig. S3a), a receptor for hepatitis A virus and exosomes (37). After confirming KIM1 

expression in the tubular epithelium of LN tissues by IHC (Fig. 4a), we explored whether 

KIM1 mediates exosome entry. KIM1high renal epithelial cells take up fluorescently 

(PKH67)–labeled exosomes from B cells much more efficiently than KIM1low renal 

epithelial cells (Fig. 4b,c, Fig. S3b), while both cell lines internalize exosomes in a dose-

dependent manner (Fig. 4d).  

Importantly, the dynamin-2 inhibitor (dynasore) efficiently blocked the internalization of 

PKH67-stained exosomes (Fig. 4e-f). To confirm the involvement of PS receptor for TEC 

entry, we performed entry competition experiments using liposomes with different lipid 

compositions. Interestingly, phosphatidylserine containing liposomes (phosphatidylcholine: 

phosphatidyl-serine, PC:PS) blocked exosome uptake. In contrast liposomes without 

phosphatidylserine (PC) had no measurable effect on exosome entry (Fig. 4f,g). 

Collectively our results suggest that B cell exosomes exposing PS on their surface enter 

primary TECs via receptor-mediated endocytosis. 

 

IL-6 and TNFα cytokines are implicated in SLE pathogenesis and expressed by TECs upon 

exposure to ligands of viral sensors. We investigated whether exosomes carrying EBER1 

trigger cytokine production and verified efficient EBER1 (but not EBER2) transfer into 

TEC cells via exosomes (Fig. S4a). EBER1 exosomes induced TNFα and IL-6 at the 

mRNA and protein levels in primary TEC compared to EBER1-negative control exosomes 

(Fig. 5a,b and Fig. S4b,c). To demonstrate specificity for EBER1 we mixed in vitro 

transcribed EBER1 with synthetic lipid mixture, incubated these with primary TEC and 

measured IFNβ, IL-6 and TNFα levels (Fig. 5c-e). EBER1 induced the expression of these 
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cytokines at both mRNA and protein levels. Thus, exosomes carrying inflammatory EBER1 

RNA enter TEC cells triggering release of pro-inflammatory cytokines implicated in LN 

pathogenesis (4).  
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Figure 4. Renal epithelial cells internalize EBV-exosomes in a phosphatidylserine (PS)-dependent manner. (A) IHC staining of 

KIM1 in LN tissues (class IV). Scale bar: 50 µm.  (B) KIM1 expression in A498 and Vero cells as analyzed by FACS. (C,D) FACS 

analysis of A498 and Vero kidney epithelial cell lines incubated with PKH67-labeled EBER1-exosomes. Vero cells internalize EBER1-
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exosomes more efficiently than A498 cells (C). Exosome uptake is dose-dependent (D). (E) Fluorescence microscopy of primary tubular 

epithelial cells (TEC) incubated with PKH67-labeled EBER1-exosomes in the absence or presence of dynasore. Scale bar: 5 µm. (F,G) 

Binding competition assay showing that phosphatidylserine-containing liposomes (PC:PS-50:50), but not phosphatidylcholine liposomes 

(PC), block exosome uptake by primary TECs.
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Figure 5. EBER1-containing exosomes induce pro-inflammatory cytokines production in primary tubular epithelial cells. (A,B) 

IL-6 (A) and TNFα (B) mRNA and protein expression in TECs exposed to EBER1-containing exosomes (EBER1-exo). (C-E) IFNβ (C), 
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IL-6 (D) and TNFα (E) mRNA and protein expression in TECs transfected with in vitro transcribed-EBER1. Transcript levels were 

normalized to GAPDH and expressed as fold increase relative to the untreated control. Protein concentration was analyzed by ELISA. 
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EBER1 triggers IL-6 and TNFα production in primary TEC cultures via TLR3 

TLR3 in mesengial cells recognize viral RNA mimics supporting LN development in mice 

(24). We found elevated TLR3 mRNA levels in LN biopsies (Fig. 1h) and confirmed this 

effects the protein level in TEC by IHC (Fig. 6a). Reporter assays that measure IFNβ-

promoter (a downstream target of TLR activity), showed EBER1 is a ligand for TLR3 (Fig. 

S5a,b). We set out to confirm that EBER1 recognition by endogenous TLR3 triggers 

physiological responses in TEC cells. To this purpose we specifically inhibited the 

activation of TLR3 using a small molecule inhibitor of the TLR3-dsRNA complex (38). 

The effect on IL-6 and TNFα expression was compared to cells pre-treated with 

hydroxycloroquine, a chemical compound that inhibits intracellular TLR activation by 

preventing endosomal acidification. Both inhibitory compounds decreased the expression 

of IL-6 and TNFα in response to PolyI:C transfection in HEK-TLR3 cells and primary TEC 

cells (Fig. 6b,c). Importantly, the TLR3 small molecule inhibitor blocked EBER1-induced 

IFNβ, IL-6 and TNFα production (Fig. 6d-f). Interestingly, in EBER1-transfected TEC 

cells, TLR3 expression itself was strongly induced, an effect that could be fully blocked 

with the TLR3 inhibitor (Fig. 6g), suggestive of a positive loop.  Our data combined 

establish that TEC cells are responsive to EBER1 in a TLR3-dependent manner, and that 

EBER1 delivery via exosomes induces pro-inflammatory cytokine production an important 

characteristic of LN pathogenesis. 
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Figure 6. EBER1-induced cytokine production is mediated by TLR3. (A) TLR3 expression analysis in LN tissues (class IV) by IHC. 

Scale bar: 50 µm.  (B,C) IL-6 and TNFα mRNA expression in HekTLR3 (B) and TEC (C) cells transfected with Poly (I:C) and treated 
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with hydroxychloroquine (HCQ) or TLR3 inhibitor (TLR3i). (D-G) IFNβ (D), IL-6 (E), TNFα (F) and TLR3 (G) expression levels in 

TECs transfected with in vitro-transcribed EBER1 and treated with the TLR3 inhibitor (TLR3i). Transcript levels were normalized to 

GAPDH and expressed as fold increase relative to the experimental controls. 
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Discussion  

Low concordance rates in monozygotic twins (25%) and geographical differences in 

disease risk, suggest the involvement of environmental factors in the etiology of SLE (2). 

While a pathogenic role for viral infections in SLE has long been suspected due to 

enhanced viraemia, aberrant serology and antigenic mimicry, to what extent EBV infection 

contributes to SLE pathogenesis and organ damage remains uncertain (39).  

It has been proposed that TLR3-mediated recognition of secreted pro-inflammatory nuclear 

EBV RNAs (EBERs) trigger a ‘cytokine storm’ by activating conventional dendritic cells 

in patients with chronic active EBV infection (15). We demonstrated that EBV-infected B 

cells release exosomes enriched in EBER1 small RNA molecules that are preferentially 

endocytosed by plasmacytoid dendritic cells (pDCs)(13). These studies showed that 

inflamed skin lesions of SLE patients, contain high levels of EBER1 and pDC infiltration 

but seem to lack locally EBV-infected cells (13). In the current study we demonstrate that 

EBER1-enriched EVs, presumably exosomes, are present in the circulation of SLE patients 

and target tubular epithelial cells (TEC) via phosphatidylserine (PtdSer) receptors. With 

sensitive stem-loop qRT-PCR we measured unusually high levels of full length EBER1 in 

LN tissue biopsies when compared to IgA-nephropathy/FSGS controls (Fig. 1b, P<0.016). 

These primary observations are consistent with the notion that circulating EVs have access 

to and contribute to various kidney diseases (40).  

Prior observations (12,13),  the EBER-ISH stainings of LN tissues (Fig. 2) and data from 

mouse models showing that intravenously injected EVs target the tubular epithelium (36), 

collectively suggest that circulating EVs can pass glomeruli and target TEC. This 

conclusion is further supported by high expression of KIM1 by kidney cell lines and TEC 

in LN tissues (Fig. 4a and Fig. S3a). KIM1 is a phosphatidylserine surface receptor 

expressed by a wide range of phagocytic cells and utilized by enveloped viruses for cell 

binding and entry (apoptotic mimicry) that appears to be co-opted by exosomes (37,41,42). 

Mechanistically, KIM1 expression increases phagocytic activity of TECs (41), explaining 

our in vitro results showing enhanced exosome/EV uptake in KIM1high cells (Fig. 4b-d). 

Although EBER1-exosomes are produced by living EBV-infected cells, apoptotic bodies 

and/or La-EBER immune complexes (ICs)(15) can be released by apoptotic/necrotic EBV-

infected cells and may also transport EBER1 to renal tubules. In this scenario however 
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EBV-DNA fragments would probably be detectable as well, but quantitative EBV-DNA 

PCR ruled out this option (Fig. 1d). 

Exosomes are produced by living cells and have been shown to exhibit a target cell 

specificity for specialized phagocytic cells (13,43). Recent data show that exosomal nuclear 

small RNAs from tumor cells activate TLR3 in alveolar epithelial cells, promoting 

inflammation-driven metastasis (44).  Previous studies found that TEC can recognize 

dsRNA albeit through non-physiological delivery (29). We show that exosome-associated 

EBER1 can activate TLR3 in primary TEC thereby triggering ISG expression. Importantly, 

ISG expression levels are also high in LN biopsies that often show strong immune cell 

infiltration (Fig. 1a,e-h). This is in agreement with ISH-studies showing that ISGs are 

highly expressed by the renal tubular cells in LN (45). Thus, exosomes, presumably not 

limited to those secreted by EBV-infected cells, can function as delivery devices of 

exogenous small RNA in LN. While in this study we focused on EBER1 as a marker for 

cell-cell transfer, other endogenous nuclear small RNAs (Y-RNA,U-RNA) packaged in 

EVs may synergize with EBER1 to activate PRRs in target cells (44,46,47).  

 

What are the potential clinical implications of our observations in human LN? We show 

that a competitive inhibitor of dsRNA binding to TLR3 and HCQ inhibit EBER1 and poly 

I:C-mediated activation of TLR3 in TEC cultures. This is consistent with HCQ negatively 

affecting the availability for TLR binding sites (48). HCQ, is now widely used to treat SLE 

patients, but its effectiveness is variable and the mechanism remains largely unresolved 

(49). TLR3 expression in the TEC of LN biopsies is high (Fig. 1h and Fig. 6a) and chronic 

activation is known to damage renal tubules in mice (50). Our observations suggest that 

HCQ treatment protects SLE patients from renal damage by inhibiting TLR3 activation 

(51).  While LN is traditionally considered a glomerular disease triggered by immune 

complex formation and deposition (5), our results support the increasing evidence that renal 

tubules and interstitial inflammation have a role in LN pathogenesis (52,53). Targeted 

blockade of TLR3-dependent signaling in TEC may be considered as a treatment strategy 

for SLE patients at risk for developing LN (54).  
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Supplementary Figure 1. EBV-miRNA, but not endogenous miR-21-5p expression 

levels, correlate with EBER1 in LN tissues. (A,B) Correlation between EBV-encoded 

BART8-3p (A) or miR-21-5p (B) and EBER1 expression in LN tissue. (C,D) Correlation 

between BART7-3p and miR-21-5p (C), and miR-155-5p and miR-21-5p (D) in tonsils. 

Transcript levels are expressed as threshold cycles (Ct). Pearson’s correlation coefficients 

and p values are indicated in the graphs. 
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Supplementary Figure 2. EBER1 serum levels in SLE and control RA patients. 

Agarose gel images showing EBER1 RT-PCR product in total serum of SLE and control 

rheumatoid arthritis (RA) patients. GAPDH was used as loading control. 
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Supplementary Figure 3. Phosphatidylserine receptor expression in TEC and EBV-exosome uptake in renal epithelial cells. (A) 

Expression analysis of KIM1, Tim4, Tim3, integrin αVβ3, CD36 and stabilin phosphatidylserine receptors in TEC and indicated cell 

types by qPCR. Transcript levels are normalized to GAPDH. (B) Fluorescence microscopy image of A498 and Vero kidney epithelial cell 

lines incubated with PKH67-labeled EBV-exosomes. Vero cells internalize EBV-exosomes more efficiently than A498 cells. Scale bar: 

10 µm. 
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Supplementary Figure 4. Exosome-mediated EBER transfer in TECs and modulation of pro-inflammatory cytokines by EBV-

negative exosomes. (A) EBER1 and EBER2 levels in TEC cells exposed to EBER-containing or control  exosomes. Data are expressed 

as threshold cycles (Ct). (B,C) IL-6 and TNFα expression in TEC cells exposed to control exosomes. Transcript levels are normalized to 

GAPDH and expressed as fold increase relative to the untreated control. Protein concentration was analyzed by ELISA. 
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Supplementary Figure 5. EBER1 triggers IFN promoter activity in TLR3-expressing 

cells. (A) IFN-β promoter activation (assessed with a luciferase reporter construct) in 

response to in vitro-transcribed EBER1 transfection in Hek293 cells expressing TLR3, 

TLR7, TLR8 or TLR9. Firefly luciferase activity is normalized to Gaussia luciferase 

activity, and data are expressed relative to untransfected control. (B) Western blot analysis 

of TLR3 in HEK293 and HEK293 overexpressing TLR3. 
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Abstract  

Objectives: to identify predictors of organ damage and specifically the relationship 

between prolonged disease remission or low disease activity and damage accrual in a 

longitudinal cohort of SLE patients.  

Methods: data were prospectively assessed including the occurrence of minor/major flares. 

Once a year remission and Lupus Low Disease Activity State (LLDAS) were determined 

retrospectively. A prediction model for damage accrual during follow-up was constructed 

with backward logistic regression analyses. Secondly, odds ratios (ORs) for damage accrual 

(SDI increase of ≥1 during follow-up) were calculated for patients with or without 

prolonged remission during 5 years, and with or without LLDAS in ≥50% of observations.  

Results: data from 183 patients with a median follow-up duration of 5.0 years were 

analyzed. The most significant predictors for damage accrual were: occurrence of ≥1 major 

flare, mean daily prednisone dose during follow-up, and nephrological manifestations at 

baseline. Prolonged remission was present in 32.5% (38/117) and LLDAS in ≥50% of 

observations in 64.5% (118/183) of patients. Both the presence  of prolonged remission 

during 5 years and LLDAS in ≥50% of observations were associated with a reduced risk of 

damage accrual (OR 0.20, 95% CI 0.07 – 0.53, p = 0.001 and OR 0.52, 95% CI 0.28 – 0.99, 

p = 0.046, respectively). 

Conclusions. This cohort study shows that prolonged remission and LLDAS were 

associated with an improved outcome, as determined by yearly assessments. In order to 

improve the outcome in SLE patients, future studies should investigate whether these 

targets can be reached actively with therapeutic strategies.    
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Introduction 

Mortality rate in systemic lupus erythematosus (SLE) has dramatically decreased over the 

past five decades (1). Despite improved survival, patients suffer from irreversible organ 

damage, that accumulates gradually during the disease course (2). Organ damage, usually 

measured with the Systemic Lupus International Collaborative Clinics / American College 

of Rheumatology Damage Index (SDI)(3), can accumulate due to SLE activity, its 

treatment (e.g. glucocorticoids (GCs) and cyclophosphamide) and/or co-morbidities (e.g. 

cardiovascular disease and malignancy). Existing organ damage is predictive of further 

organ damage (4). More importantly, higher SDI scores are associated with an increased 

mortality risk(5). Therefore, identifying predictors of organ damage holds great importance 

for improving outcome in SLE. 

Previous cohort studies have demonstrated several factors to be associated with damage 

accrual, amongst which: male gender (6), age at onset (7), disease duration (8), non-

Caucasian ethnicity (9), higher disease activity (10), occurrence of flares (11),  lower 

income (12),  GC use (13), cyclophosphamide use (14), and hypertension (12). In contrast, 

use of antimalarials has been negatively associated with damage accrual (15). 

Recently, a task force of SLE experts was formed to investigate whether a treat-to-target 

approach in SLE is feasible to improve outcome (16). From their search of the literature it 

became apparent that internationally accepted criteria for disease remission are highly 

needed (17). However, there is still much debate as to how to define remission (18). 

Currently, several definitions of remission are being used. Zen et al. formulated three 

remission definitions based on Systemic Lupus Disease Activity Index – 2000 (SLEDAI-

2K), use of immunnosuppressants and prednisone dose (19). According to their definitions, 

disease remission during 5 years was associated with lower odds of damage accrual. 

Importantly, up to 37.5% of patients were able to achieve prolonged remitted disease in this 

study. Other studies, using more stringent definitions, showed lower percentages of 

prolonged remission (20-22).  

Rather than finding consensus on remission, the Asia Pacific Lupus Collaboration (APLC) 

defined criteria for low disease activity termed ‘Lupus Low Disease Activity State’ 

(LLDAS),  using a Delphi approach (23). From 191 patients with a mean follow-up of 3.9 

years, 38.2% patients were ≥50% of time in LLDAS, which was associated with a lower 
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risk of damage accrual (RR 0.47). Both Zen et al. and APLC assessed disease activity at 

every 3-4 monthly visit at their respective clinics.  

In the present study, we aimed to identify predictors for damage accrual. Secondly, we 

assessed the relationship between both prolonged disease remission and low disease activity 

and damage accrual in a cohort of SLE patients who are prospectively investigated at a time 

interval of once a year. 
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Methods 

Data from patients included in the Amsterdam SLE cohort were used for this study (24). 

Inclusion criteria for this cohort are a diagnosis of SLE according to the updated revised 

ACR criteria for SLE (25), and age 18 years or older upon inclusion. A study physician 

assesses all patients once a year and collects relevant data. Patients with at least one year 

follow-up were selected for this study. Written informed consent was obtained from all 

patients according to the declaration of Helsinki. The VUmc Medical Ethics Committee 

approved the design of this study (study number: NL17200.029.07). 

 

Variables  

Demographic factors include age, sex, and ethnicity. Disease related factors assessed 

include age at diagnosis, disease duration, and number of ACR criteria at diagnosis and 

during follow-up. Other variables collected at baseline include hypertension, smoking at 

baseline, body mass index, and income. 

Organ damage was assessed once a year at the study visit  using the SDI (3). Damage 

accrual was defined as an increase in SDI from baseline of  ≥ 1. We attributed damage 

accrual to be most likely due to GC use with respect to the following  SDI items: cataract, 

osteoporosis with fracture or vertebral collapse, avascular necrosis, and diabetes. Likewise, 

damage accrual was arbitrarily attributed to disease activity with respect to the following 

SDI items: transverse myelitis, any renal damage, pulmonary hypertension, shrinking lung, 

pericarditis for 6 months or pericardectomy, chronic peritonitis, chronic pancreatitis, 

deforming or erosive arthritis, osteomyelitis, and any skin damage. All other SDI items 

were defined as other or combined causes. 

Cumulative doses of GCs were calculated for each individual patient at every study follow-

up visit, from which mean daily doses were calculated. Current and previous use of 

hydroxychloroquine and use of immunosuppressants (defined as use of either azathioprine, 

methotrexate, mycophenolate mofetil, cyclophosphamide, cyclosporine A or rituximab) 

were assessed at every visit.  

Disease activity was measured once a year using SLEDAI-2K (26). Mean SLEDAI-2K was 

calculated as the sum of disease activity scores divided by the number of measurements.  
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Assessment of flares  

At each cohort visit, flares that occurred since the previous visit were assessed by chart 

review. Patients included in our cohort are assessed 3-4 times a year on average by their 

treating rheumatologist in our center. All changes in immunopsuppressive  medication are 

made by or discussed with the treating rheumatologist and documented. Therefore, any 

flare that occurred during the follow-up period, also in between study visits, was 

documented and available for analysis. Flare definitions as proposed by Bootsma et al. were 

used (27), in which flares are defined as an increase in disease activity or the occurrence or 

specific disease manifestations, both with the need for intensification of 

immunosuppressive therapy. In addition, flares according to the criteria used by Bootsma et 

al. are further subclassified into minor and major flares, depending on flare severity.  Major 

flares include, amongst others, severe lupus nephritis (proliferative with >50% affected 

glomeruli), or severe central nervous system disease (such as seizures and psychosis). 

Minor flares are defined as an increase in SLEDAI ≥2 points within a 6-month period with 

a minimal total SLEDAI score of 4, accompanied by the need to start GCs or 

immunosuppressive drugs based on clinical evidence (27). 

 

Assessment of remission  

Criteria for remission as previously described by Zen et al. were applied (19). Zen et al. 

define three types of remission: 1) complete remission, i.e. SLEDAI-2K = 0. Antimalarials 

are the only immunosuppressants allowed. 2) clinical remission off GCs, i.e. maximum 

SLEDAI-2K of 4, with only hypocomplementemia and presence of anti-dsDNA allowed. 

Antimalarials and immunosuppressants are allowed, but no GCs. 3) clinical remission on 

GCs, i.e. maximum SLEDAI-2K of 4, with only hypocomplementemia and presence of 

anti-dsDNA allowed. Antimalarials, immunosuppressants and equivalent doses of 

prednisone up to 5 mg daily are allowed. In our analysis, we categorized patients as being 

‘in remission’, i.e. fulfilling any of the three definitions of remission, or ‘not in remission’, 

i.e. not fulfilling any of the three definitions of remission, unless explicitly specified 

otherwise. Prolonged remission was defined as being in remission at 5 consecutive cohort 

years.  
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LLDAS  

Criteria for LLDAS were applied as published [23]. Presence of LLDAS depends on 5 

criteria: 1) SLEDAI-2k ≤4 with no activity in major organ systems (renal, central nervous 

system, cardiopulmonary, vasculitis, haemolytic anaemia, fever) or gastrointestinal activity, 

2) no new feature of lupus disease activity compared to the previous assessment, 3) Safety 

of Estrogens in Lupus Erythematosus - National Assessment (SELENA)-SLEDAI 

physician global assessment (PGA) (0-3) ≤1, 4) current prednisolone (or equivalent) dose 

≤7.5mg daily, and 5) well tolerated standard maintenance doses of immunosuppressive 

drugs or approved biologic agents.  All individual LLDAS criteria were assessed similar to 

the original criteria with the exception of PGA. PGA in our cohort was assessed using a 0-

10 Likert scale, instead of the SELENA-SLEDAI PGA (0-3). We converted our PGA score 

into the SELENA-SLEDAI PGA by defining our PGA ≤ 2 on a 0-10 Likert scale into a 

SELENA-SLEDAI PGA of 1 ≤ on a 0-3 scale.  

 

Missing data  

When patients missed a cohort visit, we determined medication used (including cumulative 

GC dosages) and flares that occurred between visits, as these variables were reliably 

retrievable from chart review. SLEDAI-2k, PGA, SDI, LLDAS, and remission status were 

not retrospectively assessed and were treated as missing data. 

 

Statistical analysis  

Descriptive statistics were used to compare selected variables in patients with at least 1 year 

follow-up based on damage accrual (yes/no), prolonged remission during 5 years (yes/no), 

or LLDAS in ≥50% of observations (yes/no). Chi-square test was used for categorical data, 

student’s t-test for normally distributed data, and Mann-Whitney U test for non-normally 

distributed data. To determine which variables were predictive of damage accrual 

(dependent variable), variables with p < 0.10 in univariate analysis were entered into the 

respective multivariate logistic regression model in a backward stepwise elimination 

manner. The strength of the final model was tested with receiver operator characteristics 

(ROC) expressed as an area under the curve (AUC) with a 95% CI and Hosmer-Lemeshow 

goodness-of-fit test. Secondly, single logistic regression models were constructed to 

associate achievement of prolonged remission in patients with 5 years of follow-up 
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(independent variable), or LLDAS in ≥50% of observations in patients with ≥1 years of 

follow-up (independent variable) with damage accrual (dependent variable). A p-value of < 

0.05 was considered statistically significant. All data were analyzed using SPSS version 

20.0 (SPSS, Chicago, IL, USA). 

 

Results 

At the time of analyses, 192/224 patients in the Amsterdam SLE cohort had at least one 

year of follow-up. Nine patients were excluded due to missing essential data. As such, 183 

patients were included in this study. In total, 858 yearly visits were analyzed, representing a 

mean 4.7 yearly visits per patient. During follow-up, 54 patients missed 69 visits. The 

majority of patients were female and of Caucasian ethnicity. Mean disease duration at 

cohort inclusion was 8.1 years, with a median follow-up duration of 5.0 years (Table 1). 

Anti-dsDNA titers were positive in 60.1% of patients at baseline. 

Thirty-four patients were lost to follow-up. Reasons for loss to follow-up were death 

(n=10), declined further follow-up (n= 9), emigration or relocation (n=3), other (n=12). 

Mean age at death was 63.4 years (range 50 – 75 years), median disease duration was 17 

years (range 7 – 39 years). Median SDI at the time of death was 6 (range 0 – 12). Cause of 

death was infection in 3 patients, malignancy in 2, cardiovascular disease/event in 2 and 

other causes in 3.  

At baseline, 100/183 patients (54.6%) had an SDI of ≥1. At baseline, renal damage was the 

most frequently observed type of organ damage (19.1%), followed by musculoskeletal 

(14.2%), neuropsychiatric (11.5%) and cardiovascular (11.5%) damage. During follow-up, 

damage occurred in all organ systems except for gonadal failure. Damage accrual steadily 

progressed during follow-up (Figure 1). 
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Table 1. Characteristics of SLE patients (n=183) with and without damage accrual  

 

 All, n = 

183 

Damage 

accrual, 

n=59 

No damage 

accrual, 

n=124 

p-value 

Demographic factors     

Sex, female 165 (90.2) 50 (84.7) 115 (92.7) 0.090 

Ethnicity, Caucasian 125 (68.3) 36 (61) 89 (71.8) 0.144 

Disease related factors     

Age at baseline, mean 

(SD) 

41.0 (12.1) 42.7 (14.1) 40.3 (10.9) 0.249 

Age at diagnosis, mean 

(SD) 

33.1 (11.5) 34.0 (14.0) 32.7 (10.1) 0.500 

Disease duration at 

baseline in years, mean 

(SD) 

8.1 (8.0) 8.7 (9.1) 7.8 (7.4) 0.533 

Follow-up duration, in 

years, median (IQR)  

5.0 (3.1 – 

5.3) 

5.0 (4.0 – 

5.2) 

4.8 (2.4 – 

5.3) 

0.523 

Baseline SDI score, 

median (IQR) 

1 (0 – 2) 1 (0-3) 0 (0-2) 0.023 

Disease activity during 

follow-up 

    

Mean SLEDAI-2K, 

median (IQR) 

2.8 (1.8 – 

4.7) 

3.33 (2-6) 2.6 (1.6-4) 0.009 

Flares during follow-up     

At least one major flare, n 

(%) 

27 (14.8) 20 (33.9) 7 (5.6) <0.001 

At least one minor flare, n 

(%) 

68 (37.2) 22 (37.3) 46 (37.1) 0.853 

At least one major or 

minor flare, n(%) 

84 (45.9) 33 (55.9) 51 (41.1) 0.060 
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 All, n = 

183 

Damage 

accrual, 

n=59 

No damage 

accrual, 

n=124 

p-value 

Remission at all visits* 74 (40.4) 13 (22.0) 61 (49.2) 0.001 

≥50% of observations in 

LLDAS 

118 (64.5)  32 (54.2) 86 (69.4) 0.049 

Disease manifestations, 

ever at baseline** 

    

Number of ACR criteria 

fulfilled, mean (SD) 

5.6 (1.5) 6.0 (1.5) 5.4 (1.4) 0.011 

Malar rash, n (%) 60 (32.8) 20 (33.9) 40 (32.3) 0.867 

Discoid rash, n (%) 31 (16.9) 12 (20.3) 

 

19 (15.3) 0.406 

UV intolerance, n (%) 114 (62.3) 40 (67.8) 74 (59.7) 0.330 

Oral ulcers, n (%) 67 (36.6) 24 (40.7) 43 (34.7) 0.512 

Arthritis, n (%) 139 (76.0) 45 (76.3) 94 (75.8) 1.000 

Serositis, n (%) 48 (26.2) 18 (30.5) 30 (24.2) 0.374 

Nephrological 

manifestations, n (%) 

60 (32.8) 28 (47.5) 32 (25.8) 0.004 

Neuropsychiatric 

manifestations, n (%) 

12 (6.6) 3 (5.1) 9 (7.3) 0.754 

Hemolytic anemia or 

thrombocytopenia, n (%) 

53 (29.0) 15 (25.4) 38 (30.6) 0.492 

Immunological 

manifestations, n (%) 

155 (84.7) 53 (89.8) 102 (82.3) 0.271 

ANA positivity, n (%) 183 (100) 59 (100) 124 (100) 1.000 

Therapy variables     

Medication use during 

follow-up 

    

Antimalarials, n (%)  156 (85.2) 48 (81.4) 108 (87.1) 0.306 
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 All, n = 

183 

Damage 

accrual, 

n=59 

No damage 

accrual, 

n=124 

p-value 

Immunosuppressants, n 

(%) 

93 (50.8) 36 (61.0) 57 (45.0) 0.057 

Cyclophosphamide (iv) , n 

(%) 

8 (4.4) 5 (8.5) 3 (2.4) 0.061 

Mean daily oral 

prednisone dose during 

follow-up (mg), median 

(IQR) 

1.4 (0 – 

7.5) 

6.1 (0-10.3) 0.08 (0-5.8) <0.001 

Other variables      

Hypertension at baseline, n 

(%) 

53 (29.0) 23 (39.0) 30 (24.2) 0.039 

Smoking at baseline, n (%) 55 (30.1) 27 (28.8) 28 (22.6) 0.287 

Body mass index >30 

kg/m2 at baseline, mean 

(SD) 

24.4 (5.0) 24.4 (4.4) 24.4 (5.3) 0.952 

Income 

Did not reveal 

0 - 16.000 euro/year 

16.000 - 36.000 euro/year 

> 36.000 euro/year 

 

39 (21.3) 

49 (26.8) 

61 (33.3) 

 

34 (18.6) 

 

13 (22.0) 

14 (23.7) 

21 (35.6) 

 

11 (18.6) 

 

26 (21.0) 

35 (28.2) 

40 (32.3) 

 

23 (18.5) 

0.928 

 

SLE = systemic lupus erythematosus; SD = standard deviation; IQR = interquartile range; 

SDI = SLICC damage index; SLEDAI-2K = systemic lupus erythematosus disease activity 

index 2000; ACR = American College of Rheumatology; UV = ultraviolet; ANA = 

antinuclear antibodies  

* Remission at all visits according to any of the three definitions of remission (19) 

** Disease manifestations according to the 1997 ACR classification criteria for SLE (25) 
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Figure 1.  SDI progresses steadily in 183 SLE patients during follow-up, regardless of 

disease duration. 

 

 

Predictors of damage accrual  

Table 1 shows the results of univariable analyses of variables between patients with and 

without accrual of organ damage during follow-up.  Patients with damage accrual had 

higher median SDI scores, higher mean number of fulfilled ACR criteria, a higher 

frequency of nephrological manifestations and more frequently hypertension at baseline, 

higher mean SLEDAI-2K, higher mean daily doses of prednisone, and a higher frequency 

of ≥1 major flare during follow-up, and lower frequency of remission at all visits and ≥50% 

of observations in LLDAS compared to patients without damage accrual.  

Major flares occurred in 27 out of 183 patients, of whom 9 patients had 2 major flares and 1 

patient experienced 3 major flares. Mean flare rate (including both major and minor flares) 

during follow-up was 0.21 per patient per year. Two out of 8 deceased patients experienced 

a minor flare during follow-up, but not in the year preceding death and none had a major 

flare.  

During follow-up 58.5% used oral prednisone at any visit. Patients with damage accrual 

used prednisone more frequently than patients without damage accrual (72.9% versus 

51.6% respectively, p = 0.007). Patients with a mean daily oral prednisone dose of >7.5 mg 

and >5 mg, respectively, had a higher risk of damage accrual (OR 3.6, 95% CI 1.8 – 7.2, 

and OR 2.8, 95% CI 1.5 – 5.3, respectively) compared to those with lower doses.  
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A prediction model was constructed with variables identified from univariable analyses. 

The final prediction model comprised major flares, mean daily oral prednisone dose during 

follow-up, and nephrological manifestations ever at baseline (Table 2). The AUC of the 

prediction model was 0.70 (95% CI 0.61 – 0.78) and the Hosmer-Lemeshow goodness-of-

fit test was non-significant (p = 0.366). Post-hoc analysis revealed no interaction between 

major flares and mean daily oral prednisone dose (p = 0.90). 

 

Table 2. Final multivariable model of factors associated with damage accrual during 

follow-up in 183 patients 

 Exp (B) 95% CI SE p-value 

At least one major flare  5.172 1.844 – 

14.509 

0.526 0.002 

Mean daily oral prednisone dose 

(in mg) 

1.085 1.009 – 1.165 0.037 0.027 

History of nephrological 

manifestations at baseline* 

2.230 1.093 – 4.549 0.364 0.027 

 

SLE = systemic lupus erythematosus  

* according to the 1997 ACR classification criteria for SLE (25) 

 

 

Remission according to the criteria of Zen et al. 

Prolonged remission as defined by the criteria according to Zen et al. (19) was assessed in 

patients with 5 years of follow-up. Table 3 shows the frequency of remission, both 

incidental and cumulative and categorized by the 3 levels of remission, throughout follow-

up. Percentages of incident remission remained stable during follow-up. Prolonged 

remission was present in 44/117 (37.6%) patients. Out of these 44 patients, 7 patients were 

in complete remission at all visits, 31 patients were in clinical remission off GCs or 

complete remission at all visits, and 9 patients were in clinical remission on/off GCs or 

complete remission at all visits.  
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Table 3. Frequency of Lupus Low Disease Activity State (LLDAS) and remission in a 
cohort of 183 SLE patients 

 Year 1, 

n=183 

Year 2, 

n=169  

Year 3, 

n=108  

Year 4, 

n=106 

Year 5, 

n=117 

LLDAS, n (%) 104 

(56.2) 

92 (57.1) 64 (59.3) 47 (44.3) 63 (53.8) 

SLEDAI 2K ≤ 4 140 

(76.5) 

128 

(69.2) 

86 (79.6) 74 (69.8) 92 (78.6) 

No new feature of 

disease activity 

148 

(80.9) 

128 

(69.2) 

84 (77.8) 64 (60.4) 90 (76.9) 

Physician global 

assessment ≤ 2 (range 

0-10) 

148 

(80.9) 

152 

(89.9) 

99 (91.7) 91(86.4) 100 

(85.5) 

Prednisolone ≤ 7.5 mg 

daily 

139 

(80.0) 

132 

(78.1) 

85 (78.7) 82 (77.4) 90 (76.9) 

Well tolerated 

immunosuppressive 

drugs 

178 

(97.3) 

166 

(98.2) 

105 

(97.2) 

104 (98.1) 116 

(99.1) 

Consecutive years in  

LLDAS, n (%) 

104 

(56.2) 

68 (40.2) 36 (33.3) 22 (20.8) 19 (16.2) 

      

Consecutive years in 

remission, n(%) 

100 

(54.6) 

74 (43.8) 42 (39.6) 35 (33.0) 38 (32.5)  

Complete remission 32 (17.5) 28 (16.6) 22 (20.4) 13 (12.3) 15 (12.8) 

Clinical remission off 

GCs 

42 (23.0)  43 (25.4) 33 (30.6) 31 (29.2) 44 (37.6) 

Clinical remission on 

GCs 

26 (14.2) 23 (13.6) 11 (10.2) 12 (11.3) 13 (11.1) 
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SLE = systemic lupus erythematosus ; SLEDAI-2K = Systemic Lupus Erythematosus 

Disease Activity Index – 2000; GCs = glucocorticoids  

 

Table 4 shows that patients in prolonged remission had lower SLEDAI-2K, fewer ACR 

criteria, lower frequency of nephrological manifestations before study entry, and lower 

median prednisone dose (all at baseline), suggesting that patients with a more severe 

disease at baseline are less likely to achieve prolonged remission during follow-up. None of 

the deceased patients were in the group with prolonged remission as none of them 

completed 5 years of follow-up. Prolonged remission was associated with reduced damage 

accrual (table 3) (OR 0.20, 95% CI 0.07 – 0.53, p = 0.001). Patients in prolonged remission 

(n =44) together accrued 12 points of damage during follow-up of which 1 was attributed to 

disease activity, 7 to GC use, and 4 to other or combined causes. Patients not in remission 

(n = 73) together accrued 58 points of damage during follow-up of which 17 were 

attributed to disease activity, 9 to GC use and 32 to other or combined causes. 

 

LLDAS 

Frequencies of LLDAS are presented in Table 3. Seventy-six percent (139/183) of patients 

were in LLDAS at least once and 64.5% (118/183) of patients were in LLDAS in at least 

50% of observations. Differences between patients achieving LLDAS in ≥50% 

observations or not are presented in Table 4. Patients with LLDAS in ≥50% of observations 

were more frequently Caucasian, older at study entry and at diagnosis, and had a lower 

SLEDAI-2K, used fewer immunosuppressants and less prednisone at study entry. Six out of 

8 deceased patients were in LLDAS in  ≥50% of observations. Patients with ≥50% of 

observations in LLDAS had a lower odds of damage accrual (OR 0.52, 95% CI 0.28 – 0.99, 

p = 0.046). Patients with ≥50% of observations in LLDAS together accrued 45 damage 

points in total (10 attributed to disease activity, 13 to GC use, 22 to other or combined 

causes) compared to 47 damage points in total (14 attributed to disease activity, 11 to GC 

use, 22 to other or combined causes) in patients <50% of observation in LLDAS.  

A sub-analysis between presence of LLDAS ≥50% of observations and damage accrual was 

performed for 117 patients with 5 years follow-up, which demonstrated a similar ORs of 

damage accrual (OR 0.50, 95% CI 0.23 – 1.10, p = 0.081). 
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A history of nephrological manifestations at baseline is not part of the criteria for remission 

or LLDAS, but was an important predictor for damage accrual in our study. After 

correcting for a history of nephrological manifestations at baseline, the association between 

prolonged remission and damage accrual remained statistically significant (adjusted OR 

0.25, 95% CI 0.09 – 0.67, p = 0.006), whereas the association between LLDAS and damage 

accrual was borderline statistically non-significant (adjusted OR 0.53, 95% CI 0.28 – 1.02, 

p = 0.056). 
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Table 4. Characteristics of SLE patients based on achieving prolonged remission or LLDAS in ≥50% of observations  

 

 Prolonged remission   Observations in LLDAS  

 No, n=79 Yes, n=38 p-value <50%, n=65 ≥50%, 

n=118 

p-value 

Demographic factors       

Sex, female 67 (84.8) 36 (95.7) 0.216 58 (89.2)  107 (90.7) 0.798 

Ethnicity, Caucasian 52 (65.8) 27 (71.1) 0.677 36 (55.4)  89 (75.4) 0.008 

       

Disease related factors (at 

baseline) 

      

Age, mean (SD) 40.2 (11.5) 41.9 (11.6) 0.472 37.7 (11.0) 42.9 (12.3) 0.005 

Age at diagnosis, mean (SD) 32.2 (11.2) 33.7 (13.2) 0.513 30.2 (8.9) 34.7 (12.4) 0.006 

Number of ACR, mean (SD) 5.7 (1.5) 5.2 (1.2) 0.038 5.8 (1.5) 5.4 (1.4) 0.166 

Nephrological manifestations* 34 (43.0) 7 (18.4) 0.008 23 (35.4) 37 (31.4) 0.578 

SDI score, median (IQR) 1 (0 – 2) 0 (0 – 2) 0.252 1 (0 – 3) 1 (0 – 2) 0.153 

SDI increase, median (IQR) 0 (0 – 1) 0 (0 – 0) 0.001 0 (0 – 1) 0 (0 – 1) 0.014 

SLEDAI-2K, median (IQR) 4 (2 – 6) 2 (0 – 4) 0.005 4 (2 – 7.5) 2 (2 – 4) <0.001 
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 Prolonged remission   Observations in LLDAS  

 No, n=79 Yes, n=38 p-value <50%, n=65 ≥50%, 

n=118 

p-value 

Medication use at baseline       

Antimalarials, n (%) 58 (74.4) 26 (68.4) 0.514 45 (69.2) 90 (76.3) 0.380 

Immunosuppressants, n (%) 27 (34.6) 12 (31.6) 0.835 29 (44.6) 31 (26.3) 0.014 

Prednisone dosage in mg, 

median (IQR) 

5.0 (0 – 10.0) 0 (0 – 0) <0.001 7.5 (0 – 12.5) 0 (0 – 5) <0.001 

 

SLE = systemic lupus erythematosus; LLDAS = Lupus Low Disease Activity State; SD = standard deviation; ACR = American College 

of Rheumatology; SDI = SLICC/ACR damage index; IQR = interquartile range; SLEDAI-2K = Systemic Lupus Erythematosus Disease 

Activity Index – 2000  

* according to the 1997 ACR classification criteria for SLE (25) 
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Discussion 

In the present study, we present for the first time longitudinal data regarding disease 

activity and damage accrual in our cohort. We found the occurrence of at least one major 

flare and mean daily prednisone dose during follow-up, as well as nephrological 

manifestations at baseline to be the most significant predictors of damage accrual. Most 

interestingly, this study shows for the first time in a single cohort that fulfilling definitions 

for prolonged disease remission or LLDAS (that included GC use as a criterium) are both 

associated with a lower risk of damage accrual in patients with SLE from one cohort. 

Importantly, whereas in previous studies LLDAS and remission were assessed at every 3-4 

monthly visit at the outpatient clinic (19,23), we assessed LLDAS and remission once a 

year. While assessment of disease activity (including serological activity) at each outpatient 

visit provides detailed information on disease status during the follow-up period, the time 

needed and costs of laboratory assessments may not be feasible in routine clinical practice. 

Our study demonstrates similar risk of damage accrual for patients in remission or LLDAS 

with yearly assessments compared to previous studies by Zen et al. and APLC (19,23). This 

finding is interesting because it suggests that in clinical practice yearly - rather than 

quarterly - assessments of LLDAS and remission might be sufficient to identify patients at 

risk of damage accrual, although future studies are needed to confirm this finding. 

Variables associated with damage accrual in univariable analyses are similar to those 

reported from other cohort studies: baseline SDI, disease flares, number of ACR criteria at 

baseline, history of nephrological manifestations, GC use, and hypertension (28).  

Occurance of major flares was a strong predictor of damage accrual in our study. 

Prevention of flares however, is currently difficult to target, as biomarkers with sufficient 

sensitivity and specificity to predict flares on a patient level are lacking. Therefore, new 

biomarkers for the prediction of SLE flares are urgently needed. Prolonged remission and 

LLDAS are both also interesting targets from a treat-to-target perspective. Neither set of 

criteria showed clear superiority over the other, although patients in prolonged remission 

did seem to accrue less damage compared to patients in LLDAS for ≥50% of observations 

as was illustrated, but not proven, in our study. Future studies with sufficient power are 

needed in order to directly compare both sets of criteria for superiority. 

Regarding prolonged remission, Zen et al. showed a similar reduced risk of damage accrual 

in patients who achieved prolonged remission (OR 0.34 Zen et al. versus OR 0.20 in our 
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study, p<0.05 for both) SDI scores at baseline were comparable between both studies, but a 

higher percentage of patients developed damage accrual during follow-up in the study by 

Zen et al (41.9% versus 32.2%), which could be explained by the exclusion of patients who 

were already in remission for 12 months at study entry in the study of Zen et al. Prolonged 

remission was observed in approximately a third of patients (32.2%) in our study and the 

study by Zen et al (37.5%), suggesting that targeting remission according to these 

definitions is an achievable goal. Similarly, low disease activity defined as LLDAS was 

also demonstrated an achievable goal in the study by Franklyn et al. and our study (88.5% 

and 76.0% of patients respectively had at least one period of LLDAS). International 

consensus on remission criteria is however lacking, which is why an international panel of 

experts is currently aiming to define these criteria (29). Our study is limited by a relative 

small sample size. As a consequence, we were unable to perform sub-analyses on damage 

accrual in incident SLE cases or compare damage accrual between patients who are 

serologically active but clinically quiescent versus other forms of remission. Secondly, as 

we assessed remission and LLDAS once a year and not at every clinic visit, we could not 

directly compare within our cohort whether once a year assessments yield similar risks on 

damage accrual as assessments at each visit. Thirdly, our cohort mainly consists of patients 

of Caucasian ethnicity, which did not allow us to further investigate differences in 

remission and LLDAS between subgroups of SLE patients from different ethnical 

backgrounds such as Asians and Africans. Finally, although the flare criteria applied in our 

study are used infrequently, they are rather similar to the more frequently used SELENA-

SLEDAI flare definitions, which also define an increase in disease activity in combination 

with the need to intensify immunosuppressive treatment as criteria for (minor or major) 

flares. 

In conclusion, we confirm that fulfilling criteria for remission during 5 years as well as 

reaching LLDAS in ≥50% of observations were both associated with reduced damage 

accrual in SLE. Future studies should address which criteria are superior in predicting 

reduced damage accrual. Furthermore, intervention studies aiming at prolonged remission 

or low disease activity as primary outcome parameter are advocated in order to investigate 

whether actively achieving prolonged remission or LLDAS is feasible and whether this 

approach will lead to reduced organ damage, an increased quality of life, and an improved 

survival of SLE patients.
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Abstract 

Objectives: to investigate the relationship between remission and health-related quality of 

life (HRQoL) in patients with systemic lupus erythematosus (SLE) in a longitudinal 

observational cohort. 

Methods: HRQoL was measured at cohort visits using the physical and mental component 

score (PCS and MCS, respectively) of the Short Form 36 (SF-36) questionnaire. DORIS 

remission categories (no remission/remission on therapy/remission off therapy) were 

applied. Determinants of PCS and MCS were identified with simple linear regression 

analyses. Association between remission and HRQoL was assessed using Generalized 

Estimating Equation (GEE) models. 

Results: data from 154 patients with 2 years of follow-up were analyzed. At baseline 

60/154 (39.0%) of patients were in either form of remission. Patients in remission had 

higher SF-36 scores in all subdomains compared to patients not in remission. PCS was 

positively associated with remission and employment and negatively associated with 

SLICC damage index, erythrocyte sedimentation rate, medication, patient global 

assessment and BMI. MCS was positively associated with Caucasian ethnicity and 

negatively associated with patient global assessment. In GEE analysis, a gradual and 

significant increase of PCS was observed from patients not in remission (mean PCS 36.0) 

to remission on therapy (41.8) to remission off therapy (44.8). No significant difference in 

MCS was found between remission states.  

Conclusion: we show a strong and persistent association between remission and PCS, but 

not MCS. These results support the relevance (construct validity) of the DORIS remission 

definitions and the further development of a treat-to-target approach in SLE. 
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Introduction 

Systemic Lupus Erythematosus (SLE) is a chronic auto-immune disease with varying 

disease severity ranging from mild arthralgia and skin rash to end-stage renal failure and 

neurological deficits. Over the past decades, survival in SLE patients has dramatically 

improved from 5-year survival rates less than 50% in the 1950s to 5-year survival rates over 

90% more recently (1-4). Although reducing mortality remains a major treatment goal, in 

recent years the focus has shifted towards lowering disease activity, preventing flares, 

limiting organ damage and drug toxicity, and maintaining or improving health-related 

quality of life (HRQoL). Especially, the latter goal remains a challenge in the management 

of SLE. 

HRQoL in SLE patients is significantly lower compared to the general population and is 

influenced by multiple factors, related to the disease as well as to other factors (5, 6). 

Several validated instruments for the assessment of HRQoL in patients with SLE are 

available. The Short Form 36-Item Health Survey (SF-36), a non-disease specific 

questionnaire, is most commonly used in cross-sectional studies and is sensitive to change, 

as shown in cohort studies and therapeutic trials (5, 7, 8). Disease specific questionnaires, 

such as LupusPRO, LupusQOL and SLEQOL, have also become available in recent years 

(9-11).  

Recently, a treat-to-target (T2T) approach for SLE was suggested by an international board 

of experts to further improve outcome (12). Remission was specifically identified as a 

suitable target. However, many different definitions for remission have been used in the 

past, which complicates comparison between the results of studies on this subject. The 

Definition of Remission in SLE (DORIS) task force recently achieved international 

consensus on criteria for remission (13). The consensus states that remission is absence of 

disease activity as measured with a validated instrument. Remission is further subdivided in 

remission on or off medication, based on the use of glucocorticoids and 

immunosuppressants. Indeed, recent observational cohort studies encompassing these 

principles showed that prolonged remission was associated with reduced damage accrual 

(14-16). Ideally, achieving remission should not only lead to reduced damage accrual but 

also improvement - or at least stabilization - of HRQoL. Mok et al. recently showed in a 

cross sectional study that patients in sustained remission for more than 5 years have higher 

mean HRQoL compared to patients not in remission (16). However, since HRQoL was only 
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measured once, it is unclear from that study whether HRQoL also fluctuates with varying 

levels of disease activity over time (i.e. the new levels of remission: no remission, 

remission on glucocorticoids, remission off glucocorticoids). 

In the present study we investigated the relationship between remission and HRQoL over 

time according to DORIS criteria in a longitudinal observational cohort of SLE patients. 

 

Methods 

Patients 

Patients participating in the Amsterdam SLE cohort with at least two years of follow-up 

were selected for this study. Each patient had 3 study visits (i.e. baseline, after 1 year, and 

after 2 years). Patients were recruited from the outpatient clinics of the Amsterdam 

Rheumatology and immunology Center (locations VU University Medical Center (VUmc) 

and Reade). Inclusion criteria are a diagnosis of SLE, fulfilling the 1997 American College 

of Rheumatology (ACR) criteria and age 18 years or older (17). Written informed consent 

was obtained from all patients. The VUmc Medical Ethics Committee approved this study. 

Data collection. Data were collected at baseline and during yearly follow-up visits. For the 

present study the following data were used: age at diagnosis and at inclusion, gender, 

ethnicity, disease duration, Systemic Lupus Erythematosus Disease Activity Index 2000 

(SLEDAI-2k (18)), (number of) ACR criteria, SLE damage index (SDI (19)), medication 

use (prednisone, antimalarials, immunosuppressive agents; i.e. azathioprine, mycophenolate 

mofetil, methotrexate, cyclophosphamide, rituximab), body mass index (BMI), and Patient 

Global Assessment (PGA) of disease activity (Likert scale 0 – 10). Damage accrual was 

defined as an increase in SDI of at least one point during follow-up. The following self-

reported items were only collected at baseline: highest level of education 

(elementary/secondary/vocational education/Bachelor or Master), paid employment 

(yes/no), current smoking (yes/no), and current alcohol use (>1 unit / week: yes/no), weekly 

exercise (0 / 1 or 2 / ≥3 times). Exercise was determined as the weekly frequency of at least 

40 minutes of aerobic exercise performed. 

 

Remission 

Recently published DORIS remission criteria were applied (13). Remission was defined as 

a clinical SLEDAI-2K of 0 (which is by excluding the items “hypocomplementemia” and 
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“anti-dsDNA”) and a physician global assessment of ≤ 2 (on a 0 – 10 Likert scale). Patients 

were allowed stable low-dose glucocorticoids (equivalent of ≤5mg prednisone daily) and 

stable maintenance immunosuppressive agents and/or biological disease modifying anti-

rheumatic drugs, in which case they were classified as remission on therapy. When patients 

used no other drugs for SLE than a stable maintenance dosage of antimalarials, they were 

classified as remission off therapy. In all other cases, patients were classified as not in 

remission. Patients were also classified as not in remission if (by chart review) they had 

used new or a higher dosage of immunosuppressive drugs because of increased disease 

activity between the previous study visit and the actual study visit.  

 

HRQoL  

A validated Dutch version of the SF-36, covering the last 4 weeks, was used to measure 

HRQoL (20). The SF-36 consists of 8 subdomains and can be further aggregated into a 

Physical Component Score (PCS) and Mental Component Score (MCS), which are adjusted 

for the general Dutch population and sex. The referenced population has a PCS and MCS of 

50 with a standard deviation (SD) of 10. Scores lower than 50 indicate a lower HRQoL 

compared to the general Dutch population. Definitions for Mimimally Clinical Important 

Differences (MCID) were adapted from previous studies in SLE (7, 21). Improvement was 

defined as in increase of ≥2.5 points and worsening as a decrease of ≥ 2.5 points for both 

PCS and MCS.   

 

Statistical analysis  

Descriptive statistics were used to show the scores of the 8 subdomains of the SF-36 and 

the aggregated PCS and MCS at baseline and during follow-up. Univariate linear regression 

analysis was performed to assess variables associated with PCS and MCS at inclusion. P-

values ≤  0.2 are presented with a beta (B) and corresponding 95% confidence interval (CI). 

P-values > 0.2 are reported as non-significant (ns).  

The association between the different levels of remission (independent variable, “no 

remission” as reference) and HRQoL (dependent variable) during follow-up were analyzed 

with Generalized Estimating Equation (GEE) models (unadjusted model). Then, the 

following variables measured were tested for effect modification: gender, age, Caucasian 

ethnicity, number of diagnostic criteria, disease duration, SDI, employment at baseline, 
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exercise, current smoking (yes/no), alcohol consumption (yes/no), BMI and use of 

immunosuppressants (yes/no). No significant effect modification for the tested variables 

was found. Next, the model was tested for confounders. A variable was considered a 

confounder, when the Beta of remission changed >10%. The variable that resulted in the 

highest change in Beta was added first. The other variables were then again tested for 

confounding until the correlation coefficient of remission did not change >10% (adjusted 

model).  

Differences in PCS and MCS between patients who were in remission or not during follow-

up (Table 4) were analyzed with ANOVA. 

A p-value of <0.05 was considered statistically significant. All data are analyzed with SPSS 

version 20.0 (SPSS, Chicago, IL, USA). 

 

Results 

Data from 154 patients were analyzed in our study. Characteristics of these patients at 

cohort entry are presented in Table 1. Patients were mainly female and Caucasian. Most 

patients had a disease duration of >1 year (135/154, 87.7%) and more than half of the 

patients had an SDI ≥ 1 (83/154, 53.9%). Remission either on or off therapy at baseline was 

present in 60/154 (39.0%) of patients. Mean PCS scores were significantly lower in SLE 

patients compared to the general population (37.8 versus 50.0), while mean MCS scores 

were only slightly lower (46.4 versus 50.0). Patients in remission at baseline - either on or 

off therapy - had higher mean scores of all SF-36 subdomains compared to patients not in 

remission (Figure 1). Patients in remission at baseline had higher PCS compared to patients 

not in remission (mean 41.5 versus mean 35.4, respectively, p = 0.001). A MCID in MCS 

between patients in remission or not in remission at baseline was observed, but was not 

statistically significant (mean 48.2 versus mean 45.3, respectively, p = 0.091). 
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Figure 1. Mean SF-36 subdomain scores in 154 patients at baseline, categorized between 

SLE patients in remission (n=60) or not in remission (n=94). Patients in remission at 

baseline have higher mean scores in all SF-36 subdomains compared to patients not in 

remission. 

 

 

  



140 
 

Table 1. Baseline characteristics of 154 SLE patients 

Demographic variables  

Female sex 137 (89.0) 

Caucasian ethnicity 107 (69.5) 

Disease related variables  

Age at diagnosis (years) 33.2 (±12.0) 

Age at inclusion (years) 41.3 (±12.6) 

Disease duration (years) 8.1 (±8.1) 

ACR Criteria  

- Number of ACR criteria 5.5 (±1.5) 

- Malar rash 51 (33.1) 

- Discoid rash 24 (15.6) 

- UV intolerance 94 (61.0) 

- Oral or nasal ulcers 56 (36.4) 

- Arthritis 116 (75.3) 

- Serositis 41 (26.6) 

- Nephrological manifestations 52 (33.8) 

- Neurological manifestations 9 (5.8) 

- Hematological manifestations 124 (80.5) 

- Immunological manifestations 130 (84.4) 

- ANA 154 (100) 

SLEDAI-2K 3.5 [2 – 6] 

Remission  

- Off therapy 42 (27.3) 

- On therapy 28 (18.2) 

- No remission 84 (54.5) 

SDI 1.3 (±1.8) 

Medication use  

Antimalarials 116 (75.3) 

Prednisone 76 (49.4) 

Prednisone dose (in mg) in users only 5.3 (±8.2) 
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Immunosuppressants 50 (32.5) 

Socio-economic variables  

Highest education  

- primary 11 (7.5) 

- secondary 51 (33.1) 

- vocational 36 (23.4) 

- Bachelor / Master 48 (31.2) 

Paid employment 69 (46.6) 

Lifestyle variables  

BMI (kg/m2) 24.5 (±4.9) 

Current smoking 37  (24.0) 

Current alcohol use (>1 unit/week) 53 (34.4) 

Weekly frequency of ≥40 minutes exercise  

- 0 times 21 (13.6) 

- 1 or 2 times 62 (40.3) 

- ≥ 3 times 66 (42.9) 

SF-36  

- Physical functioning 62.3 (±26.4) 

- Social role functioning 61.5 (±26.7) 

- Physical role functioning 30.7 (±40.2) 

- Emotional role functioning 66.0 (±42.8) 

- Mental health 70.1 (±16.3) 

- Vitality 44.6 (±19.1) 

- Bodily pain 57.4 (±25.4) 

- General health perceptions 38.9 (±21.7) 

PCS 37.8 (±10.8) 

MCS 46.4 (±10.2) 

 

Values are reported as mean ± SD, median [IQR] or frequency (%) 

SLE = systemic lupus erythematosus; ACR = American College of Rheumatology; UV = 

ultraviolet; ANA = antinuclear antibody; SLEDAI-2k = Systemic Lupus Erythematosus 
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Disease Activity Index – 2000; SDI = SLE Damage Index; BMI = body mass index; SF-36 

= short form-36; PCS = physical component score; MCS = mental component score 

 

Table 2. Factors associated with PCS and MCS scores of SF-36 at cohort inclusion  

 Association with PCS Association with MCS 

 B (95% CI) p-value B (95% CI) p-value 

Demographic factors     

Female gender  ns  ns 

Age  ns  ns 

Disease duration  ns  ns 

Caucasian ethnicity  ns 4.2 (0.7 – 7.8) 0.020 

Socio-economic factors     

Education  ns  ns 

Employment 8.6 (5.3 – 11.8)  <0.001  ns 

Disease related factors     

SLEDAI-2k score -0.4 (-0.8 – 0.1) 0.107 -0.4 (-0.8 – 0.0) 0.079 

ESR -0.1 (-0.2 – -0.0) 0.004  ns 

Patient global 

assessment of disease 

activity 

-1.2 (-1.7 – -0.6) <0.001 -0.6 ( -1.2 – -

0.1) 

0.025 

Remission 4.0 (2.0 – 6.0) <0.001  ns 

SDI score -1.4 (-2.3 – -0.4) 0.005  ns 

Number of ACR criteria -1.1 (-2.3 – 0.1) 0.08  ns 

Medication     

Prednisone use -7.1 (-10.5 – -

3.8) 

<0.001  ns 

Prednisone dose (in mg) -0.3 (-0.5 – -

0.08) 

0.008  ns 

Antimalarial use 3.0 (-1.1 – 7.1) 0.144  ns 
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 Association with PCS Association with MCS 

 B (95% CI) p-value B (95% CI) p-value 

Immunosuppressant use -5.9 (-9.6 - -2.3) 0.002  ns 

Lifestyle factors     

BMI (in kg/m2) -0.5 (-0.8 – -0.1) 0.007  ns 

Current smoking -3.2 (-7.2 – 0.9) 0.124  ns 

Current alcohol use (>1 

unit/week) 

 ns  ns 

Weekly frequency of  

≥40 minutes exercise 

0 times (reference) 

1 or 2 times 

≥ 3 times 

 

 

30.2 (25.7 – 

34.7) 

9.2 (4.0 – 14.4) 

8.6 (3.4 – 13.7) 

 

 

 

0.001 

0.001 

  

ns 

 

PCS = physical component score; MCS = mental component score; SF-36 = Short Form-

36; SLE = systemic lupus erythematosus; B = beta; CI = confidence interval; ns = not 

significant; SLEDAI-2K = Systemic Lupus Erythematosus Disease Activity Index-2000; 

ESR = erythrocyte sedimentation rate; SDI = SLE damage index; ACR = American College 

of Rheumatology; BMI = body mass index; 

 

 

Table 2 shows the variables associated with PCS and MCS at inclusion. PCS was positively 

associated with remission and having employment, and negatively associated with 

erythrocyte sedimentation rate (ESR), patient global assessment, SDI, prednisone use, 

immunosuppressant use, and BMI. MCS was positively associated with Caucasian ethnicity 

and negatively associated with patient global assessment. A trend was observed between 

PCS and SLEDAI-2K, antimalarial use and current smoking, and between MCS and 

SLEDAI-2K. 

 

Remission and HRQoL during follow-up 
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Table 3 shows an overview of the observed frequencies of remission and corresponding 

PCS and MCS scores during follow-up. The frequency of remission (both on and off 

therapy) increased from 39.0% at baseline to 62.3% after two years, and 28.6% of patients 

were in remission at all visits.  

 

 

Table 3. Frequency of observed remission and corresponding component summary scores 

of SF-36 

 T0, n 

(%) 

PCS, 

mean 

±SD 

MCS, 

mean 

±SD 

T1, n 

(%) 

PCS, 

mean 

±SD 

MCS, 

mean 

±SD 

T2, n 

(%) 

PCS, 

mean 

±SD 

MCS, 

mean 

±SD 

Remission 60 

(39.0) 

41.5 

± 

10.7 

48.2 

± 9.1 

89 

(57.8) 

43.3 

± 9.8 

49.1 

± 9.8 

96 

(62.3) 

44.6 

± 

10.1 

47.0 

± 

11.0 

Remission 

on therapy 

23 

(14.9) 

37.9 

± 

10.2 

51.6 

± 8.6 

35 

(22.7) 

42.2 

± 9.5 

48.5 

± 

10.9 

41 

(26.6) 

44.2 

± 9.4 

48.6 

± 

10.7 

Remission 

off therapy 

37 

(24.0) 

43.6 

± 

10.6 

46.2 

± 9.0 

54 

(35.1) 

44.0 

± 

10.1 

49.4 

± 9.2 

55 

(35.7) 

44.9 

± 

10.7 

45.8 

± 

11.1 

No 

remission 

94 

(61.0) 

35.4 

± 

10.3 

45.3 

± 

10.7 

65 

(42.2) 

36.5 

± 

10.7 

46.6 

± 

10.6 

58 

(37.7) 

37.2 

± 

11.2 

46.9 

± 

10.2 

Cumulative 

remission 

60 

(39.0) 

41.5 

± 

10.7 

48.2 

± 9.1 

50 

(32.5) 

43.4 

± 9.7 

49.9 

± 9.4 

44 

(28.6) 

45.9 

± 7.8 

47.4 

± 

10.9 

 

SF-36 = short form 36; SLE = systemic lupus erythematosus; PCS = physical component 

score; MCS = mental component score; SD = standard deviation 
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To investigate whether the duration of remission is associated with HRQoL, we compared 

patients in remission (on and off therapy) during 2 years with patients not in remission at all 

visits (Table 4). Patients in remission during 2 years had higher PCS at their last visit (mean 

difference 9.1, p <0.001) compared to patients not in remission at all visits. However, the 

change in PCS scores between baseline and last visit did not differ between both groups 

(mean difference 0.4, p = 0.818). Interestingly, both patients in prolonged remission and 

never in remission had a significant increase in PCS (mean increase 3.3, p = 0.013 and 3.7 , 

p = 0.021, respectively). No significant changes for MCS were observed.  

 

 

Table 4. Changes in PCS and MCS for SLE patients in or out of remission during two 

consecutive years   

 Remission at all 

visits, n =44 

No remission at 

any of the visits, 

n = 41 

p-value 

T2 PCS, mean (± SD) 45.9 (± 7.8) 36.8 (± 11.8) <0.001 

Δ PCS (T2 – T0), mean (± 

SD) 

3.3 (±8.1) 3.7 (±9.4) 0.818 

T2 MCS, mean (± SD) 47.4 ± 10.9 45.9 ± 9.6 0.502 

Δ MCS (T2 – T0), mean 

(±SD) 

-0.9 ± 11.8 1.6 ± 11.2 0.349 

 

PCS = physical component score; MCS = mental component score; SLE = systemic lupus 

erythematosus 

 

 

In GEE analysis, remission on therapy and remission off therapy were associated with 

higher PCS (crude regression coefficient 6.3 and 8.2, respectively) compared to not in 

remission (Table 5). A significant difference between remission on and off therapy was also 

found (p = 0.024). Next, the GEE model was tested for significant interaction terms of 

which none were found. Finally, the model was corrected for age and SDI scores as 
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significant confounders, after which the association with PCS was still statistically 

significant for remission on and off therapy ( p<0.001, Table 5). In a similar approach for 

MCS, remission on therapy was associated with a higher MCS in the crude model 

(regression coefficient 2.9, p = 0.041), but lost statistical significance after adjusting for 

ethnicity. 

 

 

Table 5. GEE analysis of the association between PCS or MCS and remission in patients 

with SLE 

A. PCS 

   Unadjusted   Adjusted*  

 Mean 

PCS 

(±SD) 

B 95% CI p-value B 95% CI p-value 

No 

remission 

36.0 

(10.9) 

Ref.   Ref.   

Remission 

on therapy 

41.8 

(10.0) 

6.3 3.2 – 9.3  <0.001 6.2 3.3 – 9.0 <0.001 

Remission 

off therapy 

44.8 

(10.4) 

8.2 5.3 – 11.2  <0.001 8.3 5.4 – 11.1 <0.001 

 

*Adjusted for age and SDI 
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B. MCS 

   Unadjusted   Adjusted**  

 Mean 

MCS 

(±SD) 

B 95% CI p-value B 95% CI p-

value 

No 

remission 

46.1 

(10.6) 

Ref.   Ref.   

Remission 

on therapy 

49.3 

(10.5) 

2.9 0.1 – 5.7  0.041 

 

2.3 -0.5 – 5.1 0.112 

 

Remission 

off therapy 

46.8 

(10.1) 

0.8 -1.7 – 3.4 0.52 0.4 -2.1 – 3.0 3 0.739 

 

**Adjusted for ethnicity 

 

GEE = generalized estimating equations; PCS = physical component score; MCS = mental 

component score; SLE = systemic lupus erythematosus; SDI = SLE damage index 

 

 

Discussion 

Treat-to-target strategies for SLE have raised much interest in recent years as a possibility 

to further improve outcome. Remission is the most obvious target in such an approach. 

Besides setting a target, it is also necessary to investigate which goals are pursuable with 

the selected target. In a previous study, we have shown the association between prolonged 

remission and reduced damage accrual (15). In the present study we show that remission, 

defined according to DORIS criteria, is associated with longitudinally measured HRQoL. 

Especially the physical domain of HRQoL (PCS) is strongly associated with remission in a 

stepwise manner: patients in remission on therapy had higher PCS than patients not in 

remission and patients in remission off therapy had higher PCS than patients in remission 

on therapy. The significant increase in PCS that we observed during follow-up in patients 

who were never in remission, might be explained by treatment effects that are not captured 

by disease activity scores (such as physical therapy) or alternatively by coping mechanisms, 

as the SF-36 is a self-reported HRQoL instrument. 
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Regarding MCS, we did not find an association between remission and mean MCS or 

change in MCS of HRQoL after adjustment for confounders. This result is not entirely 

surprising since MCS is mainly associated with factors not directly related to SLE, such as 

ethnicity, depression, social support, relationship status, and feeling of helplessness 

(reviewed in Schmeding et al (5)), and to a lesser extent to SLE related factors (e.g. 

neuropsychiatric manifestations). PCS, however, is strongly associated with disease related 

factors (i.e. with disease activity, organ damage and medication use (16, 22-24), which is in 

line with our results.  

Another explanation for the lack of association with MCS could be that mean MCS at 

baseline in our cohort was high and in fact comparable to the general Dutch population 

(mean 46.3 versus 50.0, respectively). It is unlikely to find an association between 

remission and MCS when mean MCS is only slightly reduced. Previous studies on MCS 

from studies from the Netherlands showed varying results. In the second Dutch Lupus 

Nephritis Study (which comprised a treatment regimen of high dose intravenous 

cyclophosphamide followed by mycophenolate mofetil and then azathioprine) reported 

comparable SF-36 summary scores after 1 year of treatment (25). A study in patients with 

neuropsychiatric SLE from a tertiary clinic in Leiden, the Netherlands, demonstrated a 

significantly decreased mean MCS in SLE patients who were referred with 

neuropsychiatric symptoms (26). Although the exact prevalence of neuropsychiatric 

involvement in our study population is unknown, the prevalence of neuropsychiatric 

diagnostic criteria is low (5.8%), which could provide a partial explanation for the relative 

high mean MCS found in our cohort.  

Mok et al. were the first to report on the relationship between remission according to 

DORIS criteria and HRQoL (16). In this Chinese cross-sectional study, patients in 

remission >5 years had a significant higher mean PCS than patients in remission <5 years. 

Patients in remission <5 years had significant higher mean PCS and MCS than patients not 

in remission. This categorical decrease in HRQoL was also confirmed with the total 

HRQoL score of LupusPRO (an SLE specific HRQoL instrument), but not for the sub-

domains cognition and body image. These data are difficult to compare with the results of 

our study. We analyzed HRQoL using a validated Dutch translation of SF-36 and compared 

these to the Dutch general population, while Mok et al. used a validated Chinese translation 

of SF-36, but corrected the summary scores (PCS and MCS) to a norm population of the 
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United States of America (USA). Consequently, in the study by Mok et al., even patients 

not in remission had higher mean PCS and MCS (> 50) than the general USA population. 

However, both their and our study, support the use of remission as defined according to 

DORIS criteria as a target in a treat-to-target approach of SLE; Mok et al. showed an 

association between duration of remission and HRQoL, while our study showed an 

association between the level of remission and HRQoL with repeated measurements. 

In the present study, we have focused on remission as a target. Other investigators have 

focused on low disease activity (permission of disease activity to some extent) rather than 

remission (the absence of disease activity). The term lupus low disease activity state 

(LLDAS) was introduced (27). As with prolonged remission, attainment of prolonged 

LLDAS is associated with reduced damage accrual (15, 28, 29). Two recent studies have 

shown an association between LLDAS and HRQoL (30, 31). However, studies that directly 

compare the association between remission or LLDAS and HRQoL are lacking and more 

research is needed to determine what the optimal target is. 

In recent years, several randomized clinical trials in patients with SLE have failed to meet 

their endpoint (32-35). One of the explanations suggested by several experts in the field is 

the choice of suboptimal outcome parameters (36-38). The usefulness of a treat-to-target 

approach in SLE has yet to be proven in a randomized clinical trial. Therefore, it is of the 

utmost importance to choose sound outcome parameters in such a trial. While the 

association between remission and PCS seems to be strong across studies, the value of the 

MCS subscore as an outcome parameter for use in randomized clinical trials is still unclear. 

In both the study by Mok et al. and ours, the association with remission is not as strong as 

with PCS and is known to also be associated with non-disease related factors. Until now, no 

patient reported outcome measure has been taken into account in the definition of remission 

in SLE and further research is needed, as has recently been done for rheumatoid arthritis 

(39).  

Our study is limited by a relative small sample size and short follow-up period. 

Furthermore, HRQoL was measured with a non-disease specific instrument (SF-36). We 

were, therefore, not able to study the association between remission and a disease or non-

disease specific instrument. An SLE specific instrument, such as LupusPRO or LupusQOL, 

was unfortunately unavailable (in Dutch) to us at the start of our cohort study.  
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In conclusion, our study shows a strong and persistent association between remission states 

and PCS and remission according to newly formulated and internationally accepted 

remission criteria. These results support the relevance (construct validity) of the DORIS 

remission definitions and the further development of a treat-to-target approach in SLE. 
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Abstract 

Objective: antimalarials (AMs) have been demonstrated to reduce disease activity and 

prevent damage accrual in SLE. Recent guidelines advice to prescribe AMs in all patients 

with SLE. We present data from the Amsterdam Lupus Cohort on use, reasons for non-use, 

and dosage related intolerance of AMs, as well as disease related variables associated with 

non-use.  

Methods: AM-use was assessed in all our SLE patients included in a longitudinal cohort 

study. Demographic and disease characteristics were compared between users and non-

users of AMs. Daily dosages of hydroxychloroquine (HCQ) according to lean body weight 

were calculated. 

Results: out of 190 SLE patients in the cohort, 139 (73.2%) were using AMs during their 

last visit, predominantly HCQ (136/139, 97.8%), while 92.1% (175/190) had ever used 

AMs. Daily dosage of HCQ was 400 mg in 115/136 (84.6%) patients. According to lean 

body weight, 119/136 (87.5%) had daily dosages of HCQ above the recommended 6.5 

mg/kg. Patients did not use AMs (n=51) for the following reasons: intolerance (n=16), 

discontinued without a documented reason (n=11), never initiated (n=9), quiescent disease 

(n=7), contraindication (n=2), other (n=6). Only one patient discontinued HCQ due to AM-

related retinopathy. Non-use of AMs was associated with a longer disease duration, higher 

damage accrual and a history of lupus nephritis. 

Conclusion: despite increased awareness of the importance of AM treatment in SLE, there 

is still room for improvement, especially in patients with lupus nephritis and/or long-

standing disease. Daily dosages of hydroxychloroquine often exceeded recommendations 

from guidelines, but are generally well-tolerated.  
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Introduction 

Over the past decade, antimalarial (AM) drugs, most notably hydroxychloroquine (HCQ), 

have become mainstay in the treatment of systemic lupus erythematosus (SLE) (1). 

Antimalarials (AMs) are recommended in almost every patient with SLE by many experts 

(2-5), which is in part reflected in the EULAR recommendations for the management of 

SLE (6) and the EULAR recommendations for the management of lupus nephritis (7). The 

most important beneficial effects attributed to HCQ are reduction in disease activity (8), 

prevention of flares (9), reduction in damage accrual (10;11), and improvement of overall 

survival in SLE (12). HCQ is generally well tolerated and side-effects are usually mild (4). 

AM related retinopathy however is a severe complication of AM use with a reported 

prevalence of 0.5-1% after 5 years of use (13;14). Reported risk factors for AM related 

retinopathy are a daily dosage above 6,5mg/kg lean body weight and cumulative dosages 

over 1000 grams (15). Cardiomyopathy is another serious adverse reaction to AMs, that 

seems to be related to duration of use, but occurs rarely (16). 

Although many authors stress the importance of AM use in SLE, these drugs are not 

optimally prescribed. HCQ use ranges from 55-68% in three studies from the United States 

(11;17;18) to 77% (19) in a European study. The latter study also showed that patients only 

treated by internists use HCQ less often than patients treated by rheumatologists only (12% 

vs 88%). Suboptimal AM use puts patients at risk of undertreatment and identifying those 

patients may improve the use of AMs. To our knowledge, such data have not been 

published yet. Furthermore, the optimum daily dosage regarding efficacy in SLE has not 

yet been established. Usually, 400mg HCQ is prescribed daily unless patients have a low 

lean body mass, in which case 200mg is given. Costedoat-Chalumeau et al. showed that 

HCQ concentrations in whole blood might aid in optimizing treatment efficacy (20), 

although the first report on adjusting HCQ dosage to maintain concentrations of >1000 

ng/ml did not lead to a reduction in flare rate (21). 

The aim of this study was to determine AM use and, in particular, to assess the reasons for 

non-use in our cohort. Also, clinical parameters associated with non-use were assessed. 

Thirdly we aimed to assess whether the dosage of AMs according to lean body weight was 

associated with side-effects and tolerance. 
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Patients and methods 

Study population  

The SLE cohort Amsterdam is an ongoing longitudinal study on outcome in SLE. The 

cohort was initiated at the VU University Medical Center (VUmc) in Amsterdam, the 

Netherlands, in 2007. All patients with a diagnosis of SLE, who meet four or more of the 

updated 1997 ACR classification criteria for SLE (22) and are at least 18 years of age are 

eligible for inclusion in the cohort. Subjects are recruited from the outpatient clinics of 

rheumatology from VUmc and Reade (formerly named Jan van Breemen Institute). VUmc 

is an academic center providing primary, secondary and tertiary rheumatologic care, while 

Reade is a rheumatologic center providing primary care for SLE patients. After enrollment, 

subjects have a follow-up visit every year. At each visit, data is obtained by questionnaires, 

semi-standardized interview, physical examination and laboratory tests. Questionnaires 

include the following domains: patient demographics, socio-economic status and clinical 

characteristics. The study was approved by the local medical ethics committee. Written 

informed consent is obtained from all patients before baseline visit. 

 

Data collection  

All patients included in the cohort on July 2012, were taken into our analysis. From the last 

visit of each subject in the cohort, the following data were obtained: age, gender, disease 

duration (in years), ethnicity, SLE manifestations according to the revised ACR criteria, 

current use of HCQ and daily dosage, HCQ use ever, use of other AMs, current prednisone 

use and daily dosage, current use of immunosuppressives. In addition, total number of 

different prescriptions including AMs, body weight and length were assessed. Lean body 

weight was calculated using a formula developed by Janmahasatian et al (23). Disease 

activity was measured using the 2000 modification of the Systemic Lupus Erythematosus 

Disease Activity Index (SLEDAI 2k) (24). Accumulated damage was assessed with the 

SLICC/ACR damage index (SDI) (25).  

From subjects who did not use AMs at their last visit, the following data were obtained 

from their medical records: reported reasons for withdrawal or not prescribing AMs, 

duration of  past AM use and reported side-effects due to AMs.  

 

Ophthalmologic screening 



158 
 

In all AM users, we checked whether an ophthalmologic screening for AM related 

retinopathy in the past 2 years was done in order to identify any possible ascertainment bias 

regarding retinal toxicity. 

Statistical analyses. Our data was analysed using SPSS Statistics, version 20.0 (SPSS, 

Chicago, IL, USA). Student t-test, Mann-Whitney U test, and Chi-squared test were used 

where appropriate. To assess which risk factors were independently associated with non-

use of AMs, a logistic regression analysis was performed with clinical parameters with 

p<0.05 in univariate analysis. A p-value lower than 0.05 was considered significant.  

 

Results 

Table 1 describes the demographic features and patient characteristics by AM drug use in 

all  190 patients included in our cohort. Patients were predominantly female and Caucasian. 

In total 73.2% (139/190) of patients were taking AMs at their last visit, of whom 97.8% 

(136/139) used HCQ and 2.2% (3/139) used CQ. However, 92.1% (175/190) had ever used 

HCQ and 4.2% (8/190) had ever used CQ. Use of other AM agents was not reported.  

Dosage. The majority of patients used 400 mg HCQ as their daily dosage (115/136, 

84.6%). Other reported dosages were: 200mg (18/136, 13.2%), 300 mg (1/136, 0.7%) and 

600 mg (2/136, 1.5%). Daily dosage for CQ was 100 mg in all 3 patients. According to 

body weight 28.7% (39/136) had a daily dosage of HCQ above 6,5mg/kg. When adjusted 

for lean body weight 87.5% (119/136) had a daily dosage above 6.5 mg/kg, with a mean 

dosage of 8.81 mg/kg. 
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Table 1. Demographic and disease characteristics and medication variables in 190 systemic 

lupus erythematosus patients using or not using antimalarials 

 

Baseline characteristics Antimalarial use 

(n=139) 

No antimalarial use 

(n=51) 

p-value 

 

Demographic 

characteristics 

   

    Female, n (%) 126 (90.6) 45 (88.2) 0.623 

    Age, median (range), in 

years 

43 (20-79) 45 (24-81) 0.326 

    Ethnicity:    

        Caucasian, n (%) 91 (65.5) 37 (72.5)  

        Asian, n(%) 8 (5.8) 4 (7.8)  

        African, n (%) 13 (9.4) 4 (7.8)  

        Mediterranean, n (%) 13 (9.4) 3 (5.9)  

        Other, n (%) 14 (10.1) 3 (5.9)  

    Length, mean ± SD (in m) 1.68 ± SD 0.092 1.678 ± SD 0.079 0.763 

    Weight, mean ± SD (in kg) 70.1 ± SD 15.7 72.0 ± SD 17.8 0.729 

Disease characteristics    

    Age at diagnosis, median 

    (range), in years 

32 (6-74) 30 (13-71) 0.798 

    Disease duration, median 

    (range), in years 

10 (2-37) 13 (2-35) 0.004‡ 

    SLEDAI, mean ± SD 3.0 ± 3.37 2.9 ± 4.36 0.410 

    SDI, mean ± SD 1.2 ± 1.87 2.4 ± 2.57 <0.001‡ 
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Baseline characteristics Antimalarial use 

(n=139) 

No antimalarial use 

(n=51) 

p-value 

 

Medication    

    Current HCQ use, n (%) 136 (97.8) NA  

    HCQ use ever, n (%) 139 (100) 36 (70.6)  

    Current CQ use, n (%) 3 (2.2) NA  

    CQ use ever, n (%) 7 (5.0) 1 (2.0)  

    Prednisone use, n (%) 61 (43.9) 29 (56.8) 0.208 

    Prednisone dose, mean (in 

mg/day) 

5.16 5.11 0.498 

    Immunosuppressives, n 

(%) 

56 (40.3) 25 (49.0) 0.455 

    Number of different 

    prescriptions, mean ± SD 

5.4 ± SD 2.7 5.7 ± SD 3.4 0.617 

 

SD: standard deviation; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; 

SDI: Systemic Lupus International Collaborative Clinics Damage Index; HCQ: 

hydroxychloroquine; CQ: chloroquine. ‡ Significant values 

 

 

Ophthalmologic screening  

Screening for AM related retinal toxicity was performed in 109/139 (78.4%) patients using 

AMs in the past 2 years. Out of the 30 patients who did not have a screening in the past 2 

years: 4 patients had a screening in the past 5 years, 5 patients had a screening but longer 

than 5 years ago. For 21 patients we could not find records on ophthalmologic screening of 

whom 6 patients used a daily HCQ dosage of 200 mg. 

Non-use of antimalarials. Table 2 shows the reasons for non-use of AMs. In most of the 

cases, AMs were either never prescribed without a documented reason or discontinued 

without a documented reason. The second most common reason for not using AMs was 

intolerance. Reported intolerances were: non-specific/non-AM-related vision disturbances: 

3, hair loss: 3, aspecific complaints: 3, gastro-intestinal complaints: 2, cardiomyopathy 
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possibly due to HCQ: 1, joint pain: 1, dysuria: 1, mononeuritis multiplex: 1. One patient 

discontinued AM use because of  documented HCQ related retinopathy. Prior to the 

detection of AM-related retinopathy, this patient used HCQ (daily dosage of 400 mg) for 11 

years and ophthalmologic investigations performed yearly did not reveal abnormalities in 

the preceding years. Adjusted for length (1.65m) and weight (53kg) the daily dosage in this 

patient was 11,0 mg/kg lean body weight. Median duration of HCQ use in the group of 36 

patients who discontinued HCQ was 2 years (interquartile range: 0-7 years). Six patients 

discontinued HCQ after more than 10 years of use. The mean SDI in the 9 patients who 

never used any AM was 1.4 of which 5 had an SDI of 0.   

Reported contraindications for initiating HCQ treatment were myasthenia gravis in 1 

patient and 1 patient had been advised not to take HCQ due to a supposed interaction with 

cyclosporine. Other reported reasons to discontinue AMs were: during the treatment of 

lupus nephritis: 1, start of pre-transplantation phase: 1, remission of cutaneous 

manifestations: 1. In 1 patient HCQ was discontinued due to ineffectiveness with respect to 

treatment of arthritis. 

 

 

Table 2. Reasons for non-use of antimalarials among patients with systemic lupus 

erythematosus 

 

Reasons  Never used 

antimalarials (n=15), 

n (%) 

Discontinuation of 

antimalarials 

(n=36), n (%) 

Total (n=51), n 

(%) 

No documented reason 9 (60) 11 (30.6) 20 (39.2) 

Intolerance  16 (44.4) 16 (31.4) 

Quiescent disease 2 (13.3) 5 (13.9) 7 (13.7) 

Other  3 (8.3) 3 (5.9) 

Patient refusal 2 (13.3)  2 (3.9) 

Contraindication 2 (13.3)  2 (3.9) 

Ineffective  1 (2.8) 1 (2.0) 
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Differences between antimalarial users and non-users. Disease manifestations and 

laboratory features of SLE patients according to the revised ACR criteria using or not using 

AMs are shown in table 3. In our cohort 42 patients had a history of biopsy proven lupus 

nephritis. In patients with biopsy proven lupus nephritis, the frequency of AM use was 

significantly lower compared to patients without biopsy proven lupus nephritis (23/42 

patients, 54,8% vs 116/148 patients, 78.4%)(p = 0.002). Eight out of 9 patients who never 

used AMs, had a history of lupus nephritis, of whom 6 had lupus nephritis as initial 

symptom of SLE. As shown in table 1, both groups of AM users and non-users were 

comparable for age, sex, ethnicity, age at diagnosis and SLEDAI at the time of current 

study. Non-AM users had a significantly longer disease duration (p = 0.004) and higher 

SDI (p < 0.001). Logistic regression (table 4) showed that a higher SDI (p = 0.019) and 

biopsy proven lupus nephritis (p = 0.024), but not disease duration (p = 0.077) were 

significantly and independently associated with non-use of AMs.  
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Table 3. Disease manifestations and laboratory features according to the revised ACR 

criteria in systemic lupus erythematosus patients using or not using antimalarials  

 

 

Features 

Antimalarial use 

(n=139), n (%) 

No antimalarial use 

(n=52), n (%) 

p-value 

 

Malar rash 54 (38.8) 24 (47.1) 0.308 

Discoid lesions 21 (15.1) 11 (21.6) 0.292 

Photosensitivity 95 (68.3) 36 (70.6) 0.767 

Oral ulcers 65 (46.8) 23 (45.1) 0.838 

Arthritis 109 (78.4) 40 (78.4) 0.998 

Serositis 55 (39.6) 17 (33.3) 0.432 

Nephrologic 41 (29.5) 24 (47.1) 0.024‡ 

Neuropsychiatric 7 (5) 6 (11.8) 0.104 

Hematologic 128 (92.1) 46 (90.2) 0.678 

ANA 138 (100) 52 (100) 1.000 

Anti-dsDNA 106 (76.3) 43 (84.3) 0.232 

Anti-Sm 34 (24.5) 7 (13.7) 0.278 

ACA 39 (28.1) 11 (21.6) 0.655 

LAC 42 (30.2) 20 (39.2) 0.440 

 

ANA: anti-nuclear antibody; ACA: anti-cardiolipin antibody; LAC: lupus anticoagulant.  

‡ Significant values  
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Table 4. Logistic regression of antimalarial use (dependent variable), clinical variables 

(independent variables) 

Variables B (S.E.) Odds ratio 95% CI p value 

SDI -0.186 (0.079) 0.831 0.712 to 

0.969 

0.019 

Lupus nephritis -0.870 (0.386) 0.419 0.197 to 

0.892 

0.024 

Disease duration, years -0.037 (0.021) 0.964 0.925 to 

1.004 

0.077 

 

SDI = systemic lupus international collaborating clinics damage index; B = regression 

coefficient; S.E. = standard error; 95% CI = 95% confidence interval 

 

Discussion 

The main focuses of this study were the use of AMs, reasons for non-use, and dosage 

related intolerance in our cohort. The most striking finding was that 87.4% of our patients 

used a higher daily HCQ dosage than the recommended 6,5mg/kg lean body weight in 

guidelines (15). Even when daily dosage was erroneously calculated according to body 

weight, 39 patients (38.7%) used more than the recommended dosage. However, only 15 

out of 190 patients (7.9%) discontinued AMs in the past due to intolerance. Based on these 

data, we suppose higher dosages according to lean body weight than the recommended 

maximum might probably be well tolerated. We also showed that adjusting daily dosage 

according to weight instead of lean body weight poses the thread of overdosing AMs. 

Another way of determining the optimal daily dosage of HCQ might be through 

measurement of HCQ concentration in blood, although currently there is not enough 

evidence that increasing the HCQ dose leads to fewer flares (21). 

We found that 73.2% of our patients were using AMs at their last visit, which percentage is 

comparable to the frequencies reported in previous studies (11;17-19). Bultink et al. (26) 

published a cross-sectional study in 141 women with SLE, under treatment during 2001-

2005 at the clinics examined in this study (VUmc and Jan van Breemen Institute), and 

found that 49% used HCQ at that time. These data indicate that the newer insights into the 

beneficial effects of AMs in SLE are also translated into more frequent prescription in 
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clinical practice. In fact, the far majority of our patients (91,6%) have used AMs at some 

time point during their disease. 

However, there is still room for improvement: some reported intolerances could not always 

reasonably be attributed to AM use e.g. joint pain and mononeuritis multiplex. In one case, 

an AM was discontinued during the treatment of lupus nephritis, while AMs have been 

shown to improve outcome in lupus nephritis (27). In another case an AM was not 

prescribed due to a supposed interaction with cyclosporine, while a clinical relevant adverse 

interaction between AMs and cyclosporine has not been shown (28). 

Non-use of AMs in our cohort was mainly because of discontinuation due to intolerance 

(31.4%). Unfortunately, in 39,2% of the cases there was no documentation on the reason 

why AMs were discontinued or not prescribed. Absence of disease activity in patients with 

mild disease without organ damage was the reported reason for 7 patients for either 

discontinuation or not prescribing AMs. Currently, it is unknown whether AMs should be 

prescribed to patients with clinically and serologically quiescent disease, as no robust data 

are present showing that AMs can prevent accrual of damage in this specific group of 

patients. 

We found that a history of lupus nephritis was significantly and independently associated 

with non-use of AMs in our cohort. A possible explanation for this finding might be that in 

the past it has been custom not to initiate or even to seize AMs in patients who developed 

lupus nephritis requiring treatment with high dose corticosteroids and immunosuppressive 

agents. The rationale behind this phenomenon was that AMs were considered as weak 

immunosuppressive agents, compared to the other immunosuppressive drugs initiated for 

lupus nephritis, and would not have a beneficial effect on outcome. Only in recent years the 

beneficial effects of continuing AMs during the treatment of lupus nephritis became clear 

(4). Our study shows that the frequency of AM use is still lower in patients with a history of 

lupus nephritis compared to patients without nephrologic complications (54.8% vs 77.7%). 

In fact, we found that out of the 8 patients who never used AMs and had a biopsy proven 

lupus nephritis somewhere in their disease course, 6 had a lupus nephritis as presenting 

symptom and in one patient it was documented that HCQ was discontinued during the 

treatment of lupus nephritis.  

We also found that higher SDI was significantly and indepently associated with non-use of 

AMs. This finding is in line with previous studies on the protective effect of AMs on 
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damage accrual in SLE (11;29). Finally, non-use of AMs was significantly but not 

independently associated with longer disease duration, although a trend for such an 

association was found. This association probably reflects the non-use of AMs in the past, 

and the increased use of AMs in recent years. Another explanation may be that in some 

cases a prolonged use of AMs may be associated with adverse events, such as in patients 

with AM related retinopathy and cardiomyopathy. 

Retinopathy is the most feared side-effect of AM use that occurs in approximately 1% after 

5 years of use (14). In this study, only one patient developed AM related retinopathy. She 

had used a daily dose of HCQ of more than 6,5mg/kg lean body weight for more than 10 

years, which are both known risk factors for retinal toxicity (15). To assess possible 

ascertainment bias regarding detected retinal toxicity we checked for ophthalmologic 

screenings in the past. We found that 84.9% of our patients had an ophthalmologic 

screening, of whom 78.4% in the past 2 years and in addition 2,9% in the past 5 years. 

Obviously, there is also room for improvement in ophthalmological screenings in our 

patients. However, despite the infrequent screenings in some patients, it appears that retinal 

toxicity due to AMs is a rare complication of AM use.  

There are some limitations to this study. Unfortunately, it was not possible to retrieve the 

reason for withdrawal or not prescribing AMs in all patients. Furthermore, we could not 

calculate cumulative dosages of AMs, because changes in dosage and intermittent 

withdrawal were not always recorded, which is important to evaluate side-effects related to 

cumulative dosages.  

In conclusion, this study showed that AM use in a Dutch cohort of SLE patients has 

improved in recent years, but is not yet optimal. Discontinuation due to side-effects is the 

most reported reason for non-use, although infrequently occuring. We also showed that 

patients with longstanding SLE and/or a history of lupus nephritis used AMs less 

frequently, while for the latter subgroup of patients the beneficial effects are most clear and 

even recommended in the current guideline. Thirdly, we have shown that AMs are 

frequently prescribed in dosages above the recommended 6,5 mg/kg lean body weight, but 

that these dosages seem to be well tolerated. Given the beneficial effects of AMs with 

respect to safety and tolerance, we encourage physicians to evaluate whether AMs can be 

initiated in non-users.  
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Summary   
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The studies presented in this thesis describe two major aspects of SLE: pathophysiology 

and long-term outcome. SLE is a chronic, heterogeneous, and unpredictable disease, which 

typically affects individuals during their early adult life. As such, SLE has a major impact 

and burden on the patients suffering from it.  

By studying pathophysiology, a better understanding of the vectors that drive this disease is 

pursued, which in turn could lead to the identification of subgroups of patients with 

increased risk on certain outcomes, or who might benefit from a certain treatment 

(strategy). By studying clinical outcome, the effects of therapeutic strategies can be 

evaluated and risk factors for adverse outcomes can be identified. 

Part I of the thesis examines the genetic polymorphisms of the genes encoding complement 

component C4 and the low-affinity FcγRs as a genetic risk factor. The inflammatory effects 

of EBER1 loaded extracellular vesicles, secreted from EBV infected B cells, on kidney 

tissue are studied as an environmental factor. In Part II of the thesis, we present our 

investigations on long-term data obtained from our cohort with respect to remission, 

damage accrual, and health-related quality of life (HRQoL). In the final chapter, the use of 

antimalarials, which are the anchor drugs of SLE, is studied, with an emphasis on reasons 

for non-use.  

 

Genetic risk factors 

Genetic polymorphisms have a substantial contribution to SLE susceptibility. The 

emergence of whole genome sequencing has accelerated our understanding of the genetic 

background. These studies have identified many candidate genes that need further 

evaluation in subsequent studies.  

Previous studies had identified low gene copy number (GCN) of C4 as a risk factor for 

SLE. The leading hypothesis is that C4 deficiency leads to a defective clearance of immune 

complexes and apoptotic cells. C4 consists of two isoforms: C4A and C4B. C4A is thought 

to be primarily involved in clearance of immune complexes through its preferential binding 

of free amino groups, while C4B is thought to be primarily involved in lysis of bacteria 

through its preferential binding of free hydroxyl groups. In chapter 2, our aim was to 

examine complement component C4 in relation to SLE and its clinical manifestations on a 

genetic, protein, and functional level in one comprehensive study. 
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We found that SLE was associated with low C4 GCN. This association was mainly 

explained by a difference in GCN variation of C4A genes and not by C4B genes. Secondly, 

we studied the association between C4 polymorphisms and clinical manifestations to 

evaluate whether C4 polymorphisms are associated with a distinct clinical syndrome. We 

observed an association between low C4A GCN and serositis. Two previous studies also 

examined clinical manifestations of SLE in relationship to C4 polymorphisms, but no 

common clinical manifestation was found. We therefore suspect that low C4A GCN is not 

associated with a distinct clinical syndrome. Thirdly, we reported a novel mutation leading 

to non-expression of C4A. The affected C4A gene carried one basepair insertion (A) after 

A1112, which caused a frameshift generating a premature stop codon in exon 11. Finally, 

using a new C4 substrate binding assay, that measures functional activity of C4 

components, rather than the blood group antigens Chido and Rogers, we show that the 

function of available C4 to bind to their targets seems unaffected in SLE. This test also 

detected crossing over of Rodgers and Chido antigens, which will allow for more accurate 

measurement of C4 in future studies. 

Another important genetic risk factor for SLE are polymorphisms of the genes encoding the 

low-affinity FcγRs. FcγRs play an important role in regulating the immune response. All 

FcγRs trigger a pro-inflammatory response, except for FcγRIIb, which triggers inhibitory 

signaling pathways. The region that encodes the low-affinity FcγRs is subject to single 

nucleotide polymorphisms (SNPs), copy number variation (CNV), and linkage 

disequilibrium. The frequency of these polymorphisms differ considerably between ethnic 

groups. Previous studies and meta-analyses focused on a single SNP or CNV in relationship 

to SLE and/or LN susceptibility. In chapter 3 we studied the most relevant polymorphisms, 

including the novel FCGR2C-ORF, in a Caucasian patient population in relationship to 

disease susceptibility and occurrence of LN (LN). We demonstrated an independent and 

significant association with susceptibility to SLE of FCGR2A-131R, copy number of copy 

number region 1 (including FCGR3B), and the 2B.4 haplotype in the promoter region of 

FCGR2B, which encodes the inhibitory FcgRIIb. Two previous meta-analyses had also 

demonstrated FCGR2A-131R to be a susceptible genotype in patients of European descent. 

Low copy number of FCGR3B was a susceptible genotype for SLE in another meta-

analysis. We have now shown that CNV of FCGR3B solely occurs as a combined deletion 

of different genes, which are collectively termed copy number region 1 (CNR1). CNR1 
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containes 3 genes (FCGR2C, HSPA7 and FCGR3B) and additionally leads to ectopic 

expression of FcgRIIb on NK cells. Flow cytometry showed a gene dosage effect of copy 

number of FCGR3B on FcgRIIIb expression, which therefore seems the most logical 

explanation for the association with disease susceptibility, as it may lead to impaired 

clearance of apoptotic material. FcγRIIb has a unique function within the family of FcγRs 

as it is the only receptor that triggers inhibitory signaling. We found that the 2B.4 haplotype 

of FcγRIIb was associated with increased susceptibility to SLE. With flow cytometry we 

were able to demonstrate that the presence of the 2B.4 haplotype leads to increased 

expression of FcγRIIb on myeloid cells, but not B cells, which was previously suggested. 

Interestingly, a negative association between the 2B.4 haplotype and LN was found. Thus, 

while the presence of the 2B.4 haplotype is associated with an increased susceptibility to 

SLE, it was also associated with a decreased risk of LN. 

 

Epstein-Barr virus 

EBV has long been suspected as an important environmental factor in the pathophysiology 

of SLE. In chapter 4 we investigated whether extracellular vesicles loaded with nuclear 

EBV RNAs (EBER1), which are secreted from EBV infected B cells, are able to potentiate 

a pro-inflammatory response in LN. First, we showed increased levels of EBER1 in LN 

biopsies, but absence of EBER2-RNA and EBV-DNA, suggesting absence of EBV infected 

cells. EBER in situ hybridization (EBER-ISH), the gold standard for detection of EBV 

infected cells, confirmed the absence of EBV infected cells in the biopsies. However, we 

did observe atypical cytoplasmatic staining in tubular epithelial cells (TECs). We 

hypothesized that EBER1 in LN was derived from an extra-renal source. Indeed, we 

demonstrated that SLE patients secrete EBER1 into the circulation via extracellular 

vesicles, presumably exosomes. Next, we showed that TECs that have high expression of 

phosphatidylserine (PS) receptor kidney injury molecule 1 (KIM1) endocytose exosomes 

more efficiently than TECs that have low expression of KIM1. The involvement of PS 

receptors in the internalization of extracellular vesicles was further supported with entry 

competition experiments. Then, we showed elevated cytokine levels of IL-6 and TNFα on 

an mRNA and protein level, after incubation of EBER1 with primary TECs. Thus, 

demonstrating that EBER1 RNA, upon entering TECs, triggers the release of pro-

inflammatory cytokines that are implicated in LN pathogenesis. Finally, by blocking toll-
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like receptor 3 (TLR3), using hydroxychloroquine (HCQ) and a small molecule inhibitor of 

TLR3, we were able to show that TECs are responsive to EBER1 in a TLR3-dependent 

manner. All our data combined suggest that TECs express KIM1, which likely acts as an 

extracellular vesicle (exosome) entry receptor. Upon intracellular delivery of exosomal-

EBER1, a pro-inflammatory response via TLR3 is initiated, with the production of pro-

inflammatory cytokines IL-6 and TNFα.  

 

Long-term oucome and treat-to-target 

Part II presents the clinical-epidemiological studies on long-term outcome. The main 

treatment focus of SLE has shifted from survival to the prevention of damage accrual and 

improving quality of life. Treat-to-target strategies, which have been beneficial for 

hypertension, diabetes mellitus and rheumatoid arthritis, might provide an opportunity to 

further improve outcome in SLE as well. A group of international experts identified 

remission as a possible target in such an approach. This consortium defined remission as a 

durable state, characterized by the absence of clinical (but not serological) disease activity, 

supplemented with a physician’s global assessment. Maintenance therapy with 

immunosuppressants and a maximum daily equivalent dose of 5 mg prednisone were 

allowed as medication. A group from the Pacific and South-East Asia region identified a 

low disease activity state (the permission of some disease activity) as another potential 

target. This low disease activity state was termed Lupus Low Disease Activity State 

(LLDAS). LLDAS was defined as a SLEDAI-2K ≤4, with no activity in major organ 

systems or gastrointestinal activity, no new feature of lupus disease activity, physician 

global assessment ≤1 (scale 0-3), equivalent prednisone dose ≤7.5 mg per day, and well 

tolerated standard maintenance doses of immunosuppressive drugs or approved biologic 

agents. 

In chapter 5, we analyzed 5 year follow-up data from our Amsterdam SLE cohort. Data of 

183 patients were used, of whom 117 had at least 5 years of follow-up. The majority of 

patients were female and of Caucasian ethnicity. Mean age at baseline was 41 years, with a 

mean disease duration of 8.1 years. Arthritis was the most common clinical manifestation, 

followed by UV intolerance. Nephrological manifestations were present in a third of 

patients. At baseline, over half of our patients already accrued organ damage as defined by 

a damage index score ≥1. Renal damage was the most frequently observed type. Prednisone 
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was used by nearly half of patients, antimalarials by 85.2%, and other immunosuppressants 

by 50.8% of patients. Ten patients died during follow-up. We identified 3 predictors of 

organ damage: occurrence of ≥1 major flare, mean daily prednisone dose during follow-up, 

and nephrological manifestations according to ACR criteria at baseline. Next, we assessed 

prolonged remission and LLDAS at yearly study visits. Prolonged remission, defined as 

absence of clinical disease activity at all study visits, was present in 32.5% and LLDAS in 

≥50% of observations in 64.5%. Both the presence of prolonged remission during 5 years 

and LLDAS in ≥50% of observations were associated with a reduced risk of damage 

accrual, without clear superiority of either set of criteria. We concluded that both prolonged 

remission and LLDAS are feasible targets and associated with reduced damage accrual. 

Shortly after chapter 5 had been published, international consensus was achieved on criteria 

defining remission states in SLE. We then studied the construct validity of remission on 

HRQoL (chapter 6). Remission was defined as a clinical SLEDAI-2K of 0 and a PGA of ≤ 

2 (on a 0 – 10 Likert scale). Furthermore, patients needed to be on stable maintenance 

immunosuppressants and/or a maximum daily equivalent dose of 5 mg prednisone. HRQoL 

was measured with short-form 36 (SF-36) and reported as physical component score (PCS) 

and mental component score (MCS). PCS and MCS were corrected for SF-36 scores in the 

Dutch general population and sex. A score higher than 50 indicate higher HRQoL, scores 

lower than 50 indicate lower HRQoL, as compared to the referenced population. Data from 

154 patients with 2 years of follow-up were analyzed. At baseline 39.0% of patients were in 

remission. Patients in remission had higher SF-36 scores in all subdomains compared to 

patients not in remission. PCS was positively associated with remission and employment 

and negatively associated with SLICC damage index, erythrocyte sedimentation rate, 

medication, patient global assessment and body mass index. MCS was positively associated 

with Caucasian ethnicity and negatively associated with patient global assessment. In 

generalized estimating equation (GEE) models, a gradual and significant increase of PCS 

was observed from patients not in remission (mean PCS 36.0) to remission on therapy 

(41.8) to remission off therapy (44.8). No significant difference in MCS was found between 

remission states. We hypothesized that the lack of association of remission states with MCS 

could be explained by a high mean MCS in our cohort, which was in fact comparable to the 

general Dutch population. Secondly, we have a low prevalence of neuropsychiatric SLE in 

our cohort, which is a manifestation strongly associated with lower MCS. Because several 



176 
 

randomized clinical trials in patients with SLE have failed their primary endpoint, possibly 

by suboptimal selection of outcome parameters, we suggested careful consideration of 

selecting MCS as an outcome parameter. Nonetheless, the study in chapter 6 shows a strong 

and persistent association between remission states and PCS according to newly formulated 

and internationally accepted remission criteria. 

 

Antimalarials 

Antimalarials, of which HCQ is most commonly used, have become the cornerstone of SLE 

treatment. The most important beneficial effects attributed to HCQ are reduction in disease 

activity, prevention of flares, reduction in damage accrual, and improvement of overall 

survival. HCQ is generally well tolerated and side-effects are usually mild. 

(Hydroxy)chloroquine-related retinopathy (further termed HCQ-related retinopathy, as 

HCQ is usually meant) however is a severe complication with a reported prevalence of 0.5–

1% after 5 years of use. Previous studies have demonstrated, however, that still a 

substantial group of patients do not use antimalarials. In chapter 7 we studied the reasons 

for non-use in our cohort and we also assessed the incidence of chloroquine-related 

retinopathy. Out of 190 SLE patients studied, 73.2% were using antimalarials (nearly all 

HCQ) during their last study visit. Previous HCQ use was as high as 92.1%. Intolerance 

was the most frequent reason for not using antimalarials. Two patients had a 

contraindication for antimalarials. Other common reasons were: discontinued without a 

documented reason, quiescent disease, or never initiated. Non-use of antimalarials was 

associated with a longer disease duration, higher damage accrual and a history of lupus 

nephritis. 

Only one patient discontinued HCQ due to HCQ-related retinopathy. As HCQ-related 

retinopathy was previously associated with use of a HCQ dosage above 6.5mg/kg lean body 

weight per day, we assessed the daily dosage in our cohort. We found that 84.6% of 

patients used 400 mg of HCQ daily. According to lean body weight, 87.5% of patients took 

a daily dosage above the then recommended dose. The patient with chloroquine-related 

retinopathy had used 11 mg/kg lean body weight of HCQ (400 mg) daily for 11 years. We 

concluded that antimalarial use has improved, but is still sub-optimal, especially in patients 

with longstanding disease or a history of lupus nephritis. Furthermore, we have shown that 
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antimalarials are frequently prescribed in dosages above the then recommended 6.5 mg/kg 

lean body weight per day, but that these dosages seem to be well tolerated. 
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Discussion and future perspectives 
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The studies presented in this thesis have examined pathophysiological and clinical aspects 

of SLE. One of the reasons for these pathophysiological studies was the identification of 

biomarkers for specific clinical manifestations and the identification of possible new 

therapeutic targets. In chapter 2, our main focus was to study C4 from genetic variation to 

protein levels to functional activity. We also examined possible associations with disease 

manifestations, but concluded that low GCN of C4 does not seem to be associated with a 

distinct syndrome, unlike complete C1q deficiency for example. Patients with complete 

hereditary C1q deficiency develop a form of SLE with predominant skin involvement, 

rarely lupus nephritis (LN), and absence of anti-dsDNA antibodies (1). Supplementing C1q 

by fresh frozen plasma or stem cell transplantation has ameliorated symptoms in these SLE 

patients who were refractory to conventional treatment (2, 3). Such an effect is not to be 

expected of supplementing C4 in C4 insufficient SLE patients because the putative role of 

C4 deficiency in SLE susceptibility (cause) is different than its role in inflammation 

(consequence). In chapter 3 we found that the 2B.4 haplotype, leading to increased levels of  

FcγRIIb on myeloid cells, was negatively associated with LN. Could FcγRIIb be a 

therapeutic target? Upregulating membrane bound FcγRIIb expression is probably not 

feasible at the moment. However, besides the membrane bound form of FcγRIIb that we 

studied, a soluble isoform FcγRIIb3 also exists (4). One study demonstrated that FcγRIIb3 

can inhibit complex-mediated immune activation in vitro (5). Another in vitro study in 

lupus-prone mice demonstrated that human soluble FcγRIIb is able to bind immune 

complexes (6). In vivo, these lupus-prone mice had significantly delayed onset of 

proteinuria and weight loss, reduced histopathological findings, delayed development of 

anaemia and improved survival after treatment with human soluble FcγRIIb. However, it 

did not reverse nephritis and B cell count, concentration of IgG anti-dsDNA autoantibodies, 

and deposition of glomerular ICs was not significantly affected. Another study 

demonstrated that SLE patients had more immune-complex bound FcγRIIb and less free 

FcγRIIb in serum compared to heatlhy controls, further supporting the idea of 

supplementing FcγRIIb in SLE patients (7). SM101, a human soluble non-glycosylated 

version of FcγRIIb, was tested in a phase IIa trial in 51 SLE patients (8). The final results of 

this trial have not been published yet. Preliminary data suggest greater reduction in disease 

activity in SM101 treated patients compared to controls (8). Response in lupus nephritis 

was proportionally better compared to non-nephritis patients. No serious adverse events 
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were reported. Thus, the option of supplementing FcγRIIb in SLE could be an interesting 

target for further exploration.  

 

HCQ is a unique drug in the treatment of auto-immune diseases and SLE in particular. 

Nearly all drugs used for the treatment of auto-immune diseases suppress the immune 

system. As the immune system is needed in tissue homeostasis and defense against 

pathogens, inhibition of immunity comes at the price of an increased risk of malignancies 

and infections. HCQ is unique in that it has immunomodulatory rather than 

immunosuppressive properties. To date, there are no associations found between HCQ use 

and increased risk of infections or malignancies (9-12). In fact, HCQ is used as an anti-

malarial agent and has also been suggested beneficial in the treatment of HIV and cancer 

(13-15). As chapter 7 has shown, HCQ is frequently prescribed and generally well-tolerated 

in SLE. The precise mechanism of action of HCQ in SLE is unknown. Suspected 

mechanisms of action include inhibition of endosomal Toll-like receptors (TLR’s) 3, 7, and 

9, inhibition of antigen presentation by dendritic cells, B-cells, and macrophages through 

accumulation of HCQ in lysosomes, and inhibition of lysosome-dependent autophagy 

(reviewed in (16)). Indeed, specific blockage of TLR’s has been proposed as a therapeutic 

target (17). In chapter 4 we have shown that in vitro blockage of one of the endosomal 

TLRs, TLR3, was able to inhibit the production of pro-inflammatory cytokines similarly to 

HCQ. Previous studies on endosomal TLRs have shown an association between genetic 

polymorphisms of TLR 7 – 9 and SLE (18). Its role in SLE is further supported by knock-

out models in mice (19, 20). In human lupus nephritis biopsies, an overexpression of TLR 

3, 7, and 9 was shown, which correlated with activity and chronicity indices of the biopsies 

(21). While there is a rationale for blocking endosomal TLRs, to date, no drugs have yet 

been approved for use in humans, although some compounds have been tested in a pre-

clinical phase (22-24). Phase 2 studies that are currently enrolling patients will give us more 

insight whether targeting TLRs might be effective in SLE. 

 

In chapter 5 and 6 we presented the first data on long-term outcome of our longitudinal 

Amsterdam cohort. In this thesis we focused on remission, Lupus Low Disease Activity 

score, damage accrual and health-related quality of life (HRQoL). With the data collected 

from our cohort, we want to investigate predictors of organ specific damage and aspects of 
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health-related quality of life in futures studies. As an example, musculoskeletal damage, 

which mainly consists of vertebral and peripheral fractures, was the second most frequent 

cause of organ damage in our cohort. Vertebral fractures are associated with an important 

reduction in HRQoL (25). Many cross-sectional studies have raised awareness of an 

increased prevalence of fractures in SLE (26), but predictors of incident fractures are 

lacking. We therefore prospectively assessed bone mineral density and vertebral and 

peripheral fractures in our cohort to identify predictors of incident fractures. Other 

important causes of morbidity and mortality are cardiovascular events (such as stroke or 

myocardial infarction), (opportunistic) infections, and malignancies. While prevalence and 

incidence rates for these co-morbidities have been established in recent years through 

registries and insurance databases (27), specific predictors often could not be identified due 

to a lack of detailed data, which our cohort can provide. Regarding HRQoL, we have 

developed a special interest in work participation and depression, as we have noticed that 

this is of major importance to our patients. Future studies will investigate predictors of 

depressive symptoms and keeping paid work. 

 

Besides the development of new drugs, another important way to improve outcome in SLE 

is the optimal use of available drugs and treatment strategies. Our observations on the 

relationship between remission and damage accrual and health-related quality of life 

support the concept of a treat-to-target (T2T) approach in SLE. Our study, however, was 

limited by a relative small population of patients mainly treated at a single (tertiary) center. 

Thus, validation in a larger cohort is necessary. The Dutch Auto-immune Registry (DAiRE) 

was founded in 2013. This SLE registry aims to provide insight in the quality of SLE care 

in Dutch secondary and tertiary health care centers, by systematically assessing and 

evaluating disease activity, damage, quality of life, co-morbidity and real-life effectiveness 

of SLE treatment options. DAiRE registry will allow us to study the feasibility and 

characteristics of disease states such as remission and Lupus Low Disease Activity State in 

a much larger and also more representative patient population.  

Finally, the inevitable step towards a T2T approach of SLE is the conduction of a clinical 

trial in which T2T is compared to standard of care. With the current available data, 

remission seems an appropriate target, and damage accrual and PCS seem appropriate 

outcome parameters. Interestingly, a recent observational study showed that a treatment 
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protocol with maximum efforts to prescribe HCQ while limiting the use of glucocorticoids 

by adding other immunosuppressants, was associated with reduced damage accrual (28). 

This study cannot be considered a true T2T study as one might argue that the control group 

did not receive standard of care. The study nonetheless illustrates the potential of a T2T 

approach. If a T2T trial were to be conducted, two key questions will hopefully be 

answered: whether actively pursuing remission will lead to a better outcome and whether 

the toxicity of increasing or adding immunosuppressants is worth the achievement of 

remission.  

 

Conclusion 

SLE is a heterogenic, unpredictable and potentially severe auto-immune disease that has a 

life-long impact on often young individuals. Strenuous efforts in past decades have 

significantly improved outcome. Remission, however, is still only achieved in a minority of 

patients, stressing the need for new treatment options. The studies presented in this thesis 

have examined pathophysiological and long-term clinical aspects of the disease. Future 

research will aim at identifying new therapeutic targets and markers for disease, while 

further improving outcome for patients using currently available treatment options. 
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Achtergrond 

Systemische lupus erythematosus (SLE) is een chronische auto-immuunziekte die het 

gehele lichaam aandoet. SLE komt veel meer voor bij vrouwen (ongeveer 90%) dan bij 

mannen en ontstaat meestal op jong volwassen leeftijd (15 – 40 jaar). Zodoende treft SLE 

vaak patiënten in de kracht en bloei van hun leven. SLE ontstaat door een complex 

samenspel van meerdere factoren, waarbij zowel genetische, hormonale als 

omgevingsinvloeden een rol spelen. Op celniveau wordt SLE gekenmerkt door verstoorde 

apoptose (geprogrammeerde celdood) en de vorming van antistoffen gericht tegen 

lichaamseigen eiwitten (voornamelijk eiwitten die zich in de celkern bevinden). Als gevolg 

hiervan ontstaat er een ontstekingsreactie en uiteindelijk ook schade aan weefsels en 

organen. Qua uitingsvormen kan SLE vrijwel alle organen aandoen, maar het vaakst zijn de 

gewrichten, de huid en de nieren aangedaan. De ernst van de ziekte wisselt van milde 

artralgie (gewrichtspijn) en huiduitslag, tot aan pijnlijke artritis (gewrichtsontsteking) en 

serositis (ontsteking van de vliezen om organen zoals van het hart of de longen) tot zelfs 

eindstadium nierfalen en psychose. Deze verschijnselen zijn niet bij iedere patiënt aanwezig 

en kunnen in de loop van de tijd per patiënt ook verschillen. Er zijn grofweg drie type 

patronen van ziekte-activiteit: langdurige remissie (ontbreken van ziekte-activiteit), 

afwisseling van remissie en exacerbatie (opvlamming van ziekte) en chronisch actieve 

ziekte. Alle drie deze patronen kunnen afwisselend in het ziektebeloop van één patiënt 

voorkomen. Dus, zowel patiënten als artsen hebben te maken met een zeer wisselende en 

onvoorspelbare ziekte. 

De sterfte aan SLE was hoog voordat medicijnen als glucocorticoïden (waaronder 

prednison) en immuunsuppressiva (afweer onderdrukkende medicijnen zoals 

cyclofosfamide en azathioprine) ontdekt en gebruikt werden. In de jaren ’50 van de vorige 

eeuw was de 5-jaars overleving ongeveer 50%, terwijl momenteel de 5-jaars overleving in 

verschillende delen van de wereld ruim boven de 90% is. Ondanks dat de overleving sterk 

verbeterd is, is de sterfte – bij deze vaak jonge patiënten – nog altijd verhoogd in 

vergelijking met de algemene bevolking. Bovendien hebben patiënten met SLE een hoge 

ziektelast, wat blijkt uit toename van orgaanschade gedurende het ziektebeloop, langdurig 

prednison gebruik, uitval uit het arbeidsproces en een verlaagde kwaliteit van leven. Er is 

dus behoefte aan nieuwe medicijnen en behandelingen om de uitkomst verder te verbeteren. 
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De studies die in dit proefschrift zijn beschreven, konden uitgevoerd worden dankzij het 

Amsterdams SLE cohort. Een cohort is een groep van patiënten die in de tijd vervolgd 

worden. Inmiddels hebben wij onze SLE patiënten in het cohort al vele jaren vervolgd. De 

meeste van hen zijn onder behandeling in het Amsterdam UMC, locatie VU medisch 

centrum en Reade (voormalig Jan van Breemen instituut). Zonder de tomeloze inspanning 

van onze patiënten hadden deze onderzoekingen niet uitgevoerd kunnen worden. Het 

Amsterdams SLE cohort is in 2007 opgestart. Het doel van het cohort is om een beter 

begrip te verkrijgen van hoe SLE werkt en hoe het onze patiënten op de lange termijn 

vergaat. Hierdoor willen wij de zorg voor onze patiënten verder verbeteren. Wij doen dit 

door het verzamelen van gegevens via jaarlijkse bezoeken bij de (studie)arts op de 

polikliniek. Gegevens die wij verzamelen zijn onder andere ziekte-activiteit, 

medicijngebruik, orgaanschade en kwaliteit van leven. Daarnaast wordt bloed en urine 

afgenomen en opgeslagen voor verder onderzoek (biobanking). Op deze manier hebben wij 

een compleet beeld van onze patiënten: van celniveau, tot aan ziekte-activiteit en 

orgaanschade, tot aan kwaliteit van leven. 

In deel I van dit proefschrift wordt de rol van genetische verschillen van twee soorten 

eiwitten onderzocht in relatie tot het ontstaan en de verschijningsvormen van SLE 

(hoofdstuk 2 en 3). In hoofdstuk 4 wordt de rol van een virus, genaamd Epstein-Barr virus, 

op ontstekingsreacties in de nier bij SLE onderzocht. Deel II van dit proefschrift gaat over 

de lange termijn uitkomsten van SLE patiënten. In hoofdstuk 5 wordt de relatie tussen 

remissie en lage ziekte-activiteit en orgaanschade bestudeerd. De relatie tussen remissie en 

kwaliteit van leven wordt in hoofdstuk 6 onderzocht. In hoofdstuk 7 wordt bekeken wat de 

reden is dat patiënten antimalaria medicijnen (zoals hydroxychloroquine) niet gebruiken. 

Deze medicijnen zijn namelijk de hoeksteen van de behandeling van SLE.  

 

Genetische risicofactoren 

Verschillen in genen (genetische variatie) dragen mede bij aan de kans om SLE te krijgen. 

In dit proefschrift wordt de genetische variatie bestudeerd van twee soorten eiwitten die van 

belang zijn in het opruimen van immuuncomplexen. Een immuuncomplex is het complex 

van antistof met het eiwit waartegen het gericht is. De eiwitten die we bestudeerd hebben 

zijn complement C4 (C4) en de Fc-gamma receptoren II en III. 
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In hoofdstuk 2 wordt C4 bestudeerd op het niveau van genetische variatie, concentratie 

eiwit in het bloed en de bindingscapaciteit aan eiwitten. C4 is een eiwit dat onderdeel is van 

het complement systeem, dat op zijn beurt weer een onderdeel is van het immuunsysteem. 

Evolutionair gezien is het complement systeem oud en maakt deel uit van de aangeboren 

immuniteit. Complement heeft verschillende functies waaronder het doden van micro-

organismen (zoals bacteriën) en het opruimen van dode cellen. Eerdere studies hebben 

aangetoond dat een laag aantal genetische kopieën van C4 een risicofactor is voor SLE. Het 

meest voorkomend aantal kopieën voor een individu is 2, maar dit kan variëren van 0 tot 8. 

Een lager aantal kopieën leidt gemiddeld genomen tot een lagere concentratie van C4 in het 

bloed. De gedachte is dat individuen met een lagere concentratie C4 minder goed in staat 

zijn om dode cellen en immuuncomplexen op te ruimen. Hierdoor kunnen eiwitten van de 

celkern te lang blootgesteld blijven aan het immuunsysteem en kunnen er antistoffen 

gevormd worden. Deze antistoffen tegen eiwitten in de celkern zijn een kenmerkend 

fenomeen van SLE. Er bestaan twee vormen van C4: C4A en C4B. Met name C4A wordt 

verantwoordelijk geacht voor het klaren van immuuncomplexen. In onze studie vonden wij 

een verband tussen een laag aantal kopieën van C4 – voornamelijk door een laag aantal 

kopieën van C4A – en SLE. Onder de SLE patiënten bleek daarnaast dat patiënten met een 

laag aantal kopieën van C4 vaker serositis hadden, maar we vonden geen relatie met andere 

ziekte verschijnselen. Twee eerdere studies vonden elk een relatie met een ander ziekte 

verschijnsel. Dit alles in overweging nemende, vermoeden wij dat, ondanks dat wij een 

relatie vonden met serositis, een laag aantal kopieën van C4 niet gerelateerd is met een 

bepaalde uitingsvorm van SLE. Ten derde beschreven wij een nieuwe mutatie (genetische 

verandering) die leidt tot volledige afwezigheid van C4A. Tot slot ontwikkelden wij een 

nieuwe test waarmee we de hoeveelheid C4A en C4B kunnen meten door hun binding aan 

eiwitten. De meest gangbare test maakt het onderscheid tussen C4A en C4B namelijk met 

behulp van een specifiek kenmerk (antigeen) op het eiwit. Dit is echter niet zo nauwkeurig 

en leidt in een klein percentage tot een foute toewijzing van de concentratie van C4A aan 

C4B en omgekeerd. In de onderzochte SLE patiënten waren er geen aanwijzingen dat de 

bindingscapaciteit (dus de functie), zoals gemeten met de nieuwe test, afwijkt van gezonde 

controles. Wel kan met deze test in de toekomst C4A en C4B nauwkeuriger bestudeerd 

worden. 
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In hoofdstuk 3 worden de Fc-gamma receptoren II en III bestudeerd. Fc-gamma receptoren 

zijn eiwitten die eveneens betrokken zijn bij het klaren van immuuncomplexen, maar ook 

bij het remmen en activeren van het immuunsysteem. Fc-gamma receptoren bevinden zich 

op de celwand van leukocyten (witte bloedcellen). Wanneer Fc-gamma receptoren binden 

aan antilichamen komt er een immuunreactie op gang. Voor bijna alle Fc-gamma 

receptoren leidt dit tot toename van de ontstekingsreactie. Alleen Fc-gamma receptor IIb is 

in staat na binding aan een antilichaam de immuunreactie te remmen. Wanneer de balans 

tussen activerende en remmende signalen verstoord raakt, kan dat leiden tot een 

immuunreactie tegen lichaamseigen eiwitten (auto-immuniteit). Eerdere studies vonden 

inderdaad een verband tussen genetische variatie van de Fc-gamma receptoren (die 

overigens veelvuldig voorkomt) en het ontstaan van SLE. De studies onderzochten echter 

steeds één of enkele genetische variaties (polymorfismen). Wij onderzochten in één groep 

van patiënten alle bekende polymorfismen die in eerdere studies van belang bleken én een 

nieuw polymorfisme. Op deze manier konden wij het effect van een individueel 

polymorfisme op de kans om SLE te ontwikkelen beter bepalen. Wij vonden dat 3 soorten 

variaties onafhankelijk van elkaar het risico op SLE verhoogden. Een van deze variaties 

was een polymorfisme van Fc-gamma receptor IIb. Toen wij nauwkeurig onderzochten wat 

de effecten van dit polymorfisme waren, bleek dat Fc-gamma receptor IIb hierdoor meer tot 

uitdrukking werd gebracht op een specifiek type leukocyt. Een andere opvallende 

bevinding was dat hoewel de aanwezigheid van dit polymorfisme het risico op SLE 

vergroot, het de kans op het ontwikkelen van nefritis (nierontsteking), een ernstige uiting 

van SLE, juist verkleint. Verder onderzoek is nodig om deze tegenstelling verder op te 

helderen. 

 

Epstein-Barr virus 

Al vele decennia wordt verondersteld dat een infectie met het Epstein-Barr virus (EBV, 

onder andere bekend als de veroorzaker van de ziekte van Pfeiffer) een belangrijke rol 

speelt in het krijgen van SLE. Nadat EBV een individu heeft geïnfecteerd, blijft het slapend 

aanwezig in B-cellen (een type witte bloedcel). Hier is het virus echter niet volledig 

inactief. Eerder onderzoek liet namelijk zien dat deze geïnfecteerde B-cellen kleine blaasjes 

uitscheiden die exosomen genoemd worden. De exosomen afkomstig van EBV-

geïnfecteerde B-cellen bevatten eiwitten (onder andere EBER1) die van EBV afkomstig 
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zijn. Van exosomen is bekend dat zij een rol hebben in de communicatie tussen cellen, 

maar zouden exosomen ook als handlangers van EBV kunnen functioneren?  

In hoofdstuk 4 onderzochten we of exosomen van belang zouden kunnen zijn bij lupus 

nefritis (nierontsteking als gevolg van SLE). Eerst onderzochten we nier biopten (stukjes 

nier weefsel) van patiënten met lupus nefritis. Daarin vonden wij wel het eiwit EBER1, 

maar niet het virus zelf, wat suggereert dat het eiwit niet in de nier zelf is aangemaakt, maar 

van elders komt. Deze gedachte werd ondersteund met de vondst van exosomen gevuld met 

EBER1 in het bloed van SLE patiënten, terwijl we dit niet bij individuen zonder SLE 

vonden. Door onderzoek in de nier biopten kregen wij aanwijzingen dat een bepaald type 

cel in de nier, tubulaire epitheel cellen (TECs) genaamd, mogelijk betrokken zijn. Door 

vervolg experimenten vonden we dat een bepaalde receptor op deze TECs, genaamd 

Kidney Injury Molecule 1 (KIM1) specifiek betrokken is in het opnemen van exosomen in 

de cel. Nadat deze exosomen opgenomen zijn in de cel, vindt er een verhoogde uitscheiding 

van signaalstoffen plaats, zoals interleukine-6 en tumor necrosis factor alpha, die de 

ontstekingsreactie versterken. We konden de uitscheiding van deze signaalstoffen ook weer 

remmen door hydroxychloroquine (als medicijn ook bekend als Plaquenil®) of een 

specifieke remmer voor een bepaalde receptor, die Toll-like receptor 3 heet, toe te voegen. 

Al deze experimenten bij elkaar laten zien dat TECs via KIM1 in staat zijn om specifiek 

exosomen in de cel op te nemen. Nadat EBER1 via deze exosomen binnen in de cel is 

gebracht, wordt er via TLR3 een ontstekingsreactie op gang gebracht, die verdere 

ontsteking in lupus nefritis kan verergeren. Verder onderzoek is nodig om na te gaan of 

specifieke blokkade van TLR3 een behandelmogelijkheid voor lupus nefritis is.  

 

Lange termijn uitkomst en treat-to-target  

In deel II van dit proefschrift beschrijven wij onderzoeken naar de lange termijn uitkomsten 

van SLE. Aangezien de overleving sterk verbeterd is in afgelopen decennia, is de nadruk 

meer komen te liggen op het voorkomen van orgaanschade en het behouden van een zo 

hoog mogelijke kwaliteit van leven. Treat-to-target (T2T) is een behandelstrategie, waarbij 

vooraf een doel wordt gesteld om vervolgens te worden nagestreefd gedurende de 

behandeling. De veronderstelling daarbij is dat het bereiken van dit doel moet leiden tot een 

verbeterde uitkomst op de lange termijn. Als het gestelde doel niet behaald wordt, dient de 

behandeling aangepast te worden totdat het doel wel bereikt is. T2T strategieën zijn van 
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succes gebleken in de behandeling van onder andere diabetes mellitus (suikerziekte), 

hypertensie (verhoogde bloeddruk) en reumatoïde artritis (reuma). Logischerwijs rees de 

vraag of T2T ook de uitkomst voor SLE patiënten zou kunnen verbeteren. 

In hoofdstuk 5 onderzochten we de factoren die in relatie staan met het ontwikkelen van 

nieuwe schade aan de organen bij SLE. Daarnaast onderzochten we of er een relatie was 

tussen remissie (het ontbreken van ziekte-activiteit) of Lupus Low Disease Activity State 

(LLDAS, lage ziekte-activeit) en het ontstaan van nieuwe orgaanschade. We vonden dat 

iets meer dan de helft van onze patiënten al enige vorm van orgaanschade hadden op het 

moment dat zij begonnen aan ons cohort onderzoek. Schade aan de nieren kwam daarbij het 

meeste voor. We vonden drie factoren die het optreden van nieuwe orgaanschade 

voorspelden: het optreden van ernstige opvlammingen van de ziekte, de gemiddelde dosis 

prednison en het hebben of hebben gehad van nierontsteking op het moment van deelname 

aan het cohort. Remissie gedurende 5 jaar was aanwezig in 32,5% van de patiënten en 

LLDAS ≥50% van de cohortbezoeken was aanwezig in 64,5% van de patiënten. Zowel 

langdurige remissie als LLDAS ≥50% van de cohortbezoeken waren geassocieerd met een 

minder sterke toename van orgaanschade. Wij concludeerden dat deze bevindingen de 

gedachte ondersteunen dat remissie en LLDAS haalbare en relevante doelen zijn in een 

T2T behandelstrategie. 

In hoofdstuk 6 onderzochten we de relatie tussen remissie en kwaliteit van leven. Kwaliteit 

van leven werd gemeten met behulp van de vragenlijst short-form 36 (SF36), die 

onderverdeeld kan worden in een fysiek (of lichamelijk) (PCS) en mentaal (psychisch) 

(MCS) deel. Wij vonden dat patiënten in remissie een hogere kwaliteit van leven hebben 

dan patiënten die niet in remissie zijn. Patiënten met een hogere score op het gebied van 

lichamelijk functioneren (hoge PCS) waren vaker in remissie en hadden ook vaker betaalde 

arbeid, terwijl ze juist minder orgaanschade hadden, een lagere bloedbezinking, lagere 

ziekte-activiteit volgens de patiënt zelf en een lager gewicht ten opzichte van de lengte 

(body mass index). Patiënten met een hoger psychisch functioneren (hogere MCS) waren 

vaker van blanke etniciteit en hadden lagere ziekte-activiteit volgens de patiënt zelf. Verder 

zagen wij een stapsgewijze verhoging in PCS naar gelang het niveau van remissie. 

Patiënten in remissie zonder immuunsuppressiva (afweer onderdrukkende medicijnen) 

hadden een hogere PCS dan patiënten in remissie met immuunsuppressiva. Patiënten in 

remissie met immuunsuppressiva hadden weer een hogere PCS dan patiënten die niet in 
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remissie waren. Voor MCS vonden wij niet zo een relatie met remissie. Ook deze studie 

ondersteunde de gedachte dat remissie een doel zou kunnen zijn in T2T behandelstrategie 

met het oog op behoud van kwaliteit van leven.  

 

Hydroxychloroquine 

Antimalaria medicijnen, waarvan hydroxychloroquine (HCQ) het vaakst wordt 

voorgeschreven, zijn de hoeksteen van de behandeling van SLE. De belangrijkste gunstige 

effecten die aan HCQ toegeschreven worden zijn: vermindering van ziekte-activiteit, 

voorkómen van opvlammingen, vermindering van toename van orgaanschade en verbeterde 

overleving. HCQ wordt vaak goed verdragen en bijwerkingen zijn meestal mild. 

Beschadiging van het netvlies van het oog door hydroxychloroquine-gerelateerde 

retinopathie (hierna: HCQ-gerelateerde retinopathie) is een ernstige en onomkeerbare 

mogelijke bijwerking, die leidt tot gezichtsveldverlies. HCQ-gerelateerde retinopathie komt 

na 5 jaar bij ongeveer 1% van de patiënten voor. Ook een hogere dosering HCQ wordt als 

risicofactor beschreven voor het optreden van retinopathie. 

In hoofdstuk 7 onderzochten we waarom sommige patiënten, ondanks de gunstige effecten, 

geen HCQ gebruikten. Wij vonden dat 92,1% van de patiënten ooit gedurende hun 

ziektebeloop HCQ had gebruikt. 73,2% van de patiënten gebruikte HCQ bij hun laatste 

bezoek aan het cohort. Opvallend was dat juist patiënten die nefritis hadden gehad relatief 

vaker geen HCQ gebruikten. De belangrijkste reden dat patiënten geen HCQ gebruikten 

was bijwerkingen. Bij slechts 1 patiënte was HCQ gestaakt vanwege retinopathie. Ook 

onderzochten we de gemiddelde dosis, gewogen tegen de ‘lean body mass’ van het lichaam 

(ook wel vetvrije massa genoemd). Een dosering tot 6,5 mg/kg vetvrije massa wordt 

aanbevolen als bovengrens. Bij de patiënten in ons cohort had 87,5% van de patiënten een 

dosering boven deze grens. Wij concludeerden dat HCQ frequent werd voorgeschreven in 

ons cohort. Ook al was de dosering vaak hoger dan 6,5 mg/kg vetvrij massa, deze dosering 

lijkt over het algemeen toch goed verdragen te worden. Tot slot wilden wij extra aandacht 

vragen voor het belang van HCQ-gebruik bij patiënten die nefritis hebben doorgemaakt.  

 

Algemene discussie en toekomstperspectief 

In de algemene discussie en toekomstperspectief worden suppletie van Fc-gamma receptor 

IIb en blokkade van Toll-like receptoren als mogelijke aangrijpingspunten besproken 
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waarop nieuwe medicijnen ontwikkeld zouden kunnen worden. Hiervoor is wel eerst meer 

onderzoek nodig. In afgelopen jaren is in Nederland een landelijk register voor SLE 

ontwikkeld. Dit zogeheten Dutch Auto-immune REgistry (DAiRE) heeft als doel om 

gegevens te verzamelen van SLE patiënten die in Nederland bij academische en grote 

perifere ziekenhuizen behandeld worden. Met behulp van deze gegevens zal in de toekomst 

SLE in Nederland nog beter in kaart kunnen worden gebracht wat betreft ziekte 

karakteristieken, medicatie gebruik, lange termijn uitkomsten, gebruik van zorg 

(zorgconsumptie), arbeidsparticipatie en kwaliteit van leven.  

Tot slot, vonden wij in hoofdstuk 5 en 6 dat in ons cohort remissie een redelijk en reëel doel 

lijkt te zijn in een T2T strategie. Het probleem is echter dat remissie niet actief als doel 

werd nagestreefd. Daarom kan nog niet geconcludeerd worden dat het bereiken van 

remissie ook leidt tot minder sterke toename van orgaanschade en verbetering van kwaliteit 

van leven. Hiervoor is een nieuwe studie nodig waarbij bij een deel van de patiënten 

remissie actief wordt nagestreefd en waarbij een ander deel de ‘standaard zorg’ krijgt. Een 

belangrijk aandachtspunt bij zo een studie is of de bijwerkingen door intensievere 

behandeling opwegen tegen het bereiken van remissie. 

 

Conclusie 

SLE is een onvoorspelbare, zeer variabele en soms ernstige auto-immuunziekte, die een 

levenslange impact heeft op vaak jonge personen. Onafgebroken inspanningen door 

onderzoekers en patiënten hebben de uitkomst in afgelopen decennia sterk verbeterd. 

Ondanks deze inspanningen is remissie nog steeds niet haalbaar in een meerderheid van de 

patiënten, wat nog maar eens het belang van nieuwe medicijnen en behandelingen 

benadrukt. De studies in dit proefschrift hebben de oorzaken en de lange termijn uitkomsten 

van SLE bestudeerd. Toekomstig onderzoek zal zich richten op beter begrip van de ziekte 

en de ontwikkeling van nieuwe medicijnen en nieuwe testen om de ziekte (verschijnselen) 

te voorspellen. Tegelijkertijd zullen we met de nu beschikbare medicijnen en inzichten de 

zorg voor de huidige patiënten verder proberen te verbeteren. 

 

 


