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Evolving and expanding scope of lupus-
inducing drugs
Robert L Rubin

Drug-induced lupus (DIL) is a side effect 
of long-term treatment with various medi-
cations, an idiosyncratic adverse drug 
reaction (ADR) that has been documented 
for some seven decades. While symptoms 
can be severe, DIL, unlike systemic lupus 
erythematosus (SLE), is fully reversible 
simply by discontinuation of the inducing 
medication, although full recovery can 
take several months. However, as with 
SLE, diagnosis of DIL is often missed or 
delayed in part because onset of symptoms 
can be gradual and variable and because 
the temporal link to the implicated drug is 
often not apparent. DIL typically develops 
after many months or years of largely 
symptom-free continuous drug use. While 
bonafide SLE or other idiopathic autoim-
mune disease would naturally be included 
in the differential diagnosis of someone 
who develops lupus-like symptoms, 
awareness that symptoms could be iatro-
genic due to chronic medication can be 
the most important factor in making a 
correct and prompt diagnosis. Failure to 
do this often results in prolonged and 
worsening symptoms and unnecessary or 
ineffective anti-inflammatory/immuno-
suppressive treatment.

The literature is replete with well-doc-
umented case reports of DIL due to some 
70 different drugs as well as numerous 
reviews on this subject that list reported 
lupus-inducing drugs and their relative 
risk of causing this adverse side effect. 
However, because many drugs have a 
low or very low risk of causing lupus-
like symptoms, it can be challenging to 
recognise DIL as the underlying cause 
of symptom development. In addition, 
increased use of new medications and/or 
the absence of publications of full case 
reports raise the possibility that other 
drugs exist with a DIL propensity. Grate-
fully, with the creation of VigiBase by the 
WHO in 1967,1 a mechanism for reporting 
potential lupus-inducing drugs has been 
facilitated without the formality of fully 
documented case reports. This Individual 

Case Safety Reports (ICSR) database now 
contains >16 million reports of suspected 
ADRs, usually contributed by hospitals, 
healthcare professionals or pharmaceutical 
companies from over 130 countries. Using 
the standard term ‘SLE” for the symptom 
category in the ICSR in VigiBase, data on 
medications for which there is no or little 
awareness of their possible lupus-inducing 
propensity continues to be collected.

Arnaud et al2, have now extracted from 
VigiBase 8163 ICSRs in the category of 
new-onset SLE in association with 118 
medications along with the statistical esti-
mate of the degree of each drug’s asso-
ciation with lupus-like symptoms. A sort 
of relative risk, the ‘Information Compo-
nent (IC)’ was created, which is a measure 
of the disproportionate prevalence of 
new-onset SLE-like symptoms during 
treatment with a particular drug. The IC 
is normalised to reports of SLE-like symp-
toms from all drugs included in Vigibase 
(the ‘Nexpected’ value) to neutralise 
pervasive false reports of lupus-like symp-
toms due to incorrect assessment of symp-
toms. To provide a conservative, 95% 
credibility interval for the IC, IC025 values 
were used, which are the lower end (the 
25th–75th percentile IQR) around the 
median report prevalence. In this way, 
any positive IC025 value, that is, >0, is a 
statistically significant measure of dispro-
portionate cases of SLE-like symptoms for 
any drug included in VigiBase. However, a 
relatively high IC025 for a particular drug 
does not necessarily translate to a high 
propensity for causing lupus-like symp-
toms but may in part be a reflection of 
high drug usage and awareness or insight 
of report contributors to detect new-onset 
SLE. On the other hand, a low IC025 value 
does not necessarily mean that the drug is 
unlikely to cause DIL but may be a reflec-
tion of its tendency to be associated with 
other adverse side effects as well.

The findings in this report are vali-
dated in part by the successful mining 
from Vigibase of drugs that were previ-
ously described in the literature as having 
lupus-inducing propensity based on 
MEDLARS Online search of publications 
(Medline) using the Mesh terms ‘Lupus 
Erythematosus, Systemic/chemically 

induced’. Further, drugs known from the 
literature to have a particular high risk 
for DIL (procainamide and hydralazine) 
also had high IC025 values (7.48 and 6.63, 
respectively). Additional validation is the 
observation of a median delay between 
initiation of therapy and appearance of 
symptoms of 172 days and up to 2 years, 
consistent with published case reports 
and systematic studies on the rela-
tively long lag time during continuous 
drug exposure for this type of ADR to 
develop. However, a curious finding in 
the present report was that for almost all 
of the drugs, there was a greater number 
of women with suspected DIL, with an 
overall average female/male ratio of 4.3. 
While it has been previously reported that 
a disproportionate percentage of women 
treated with procainamide3 and hydrala-
zine4 develop DIL, it is possible that the 
female skewing in the current findings 
reflects in part the female preponder-
ance of drug prescriptions. This is likely 
true for the drug categories of genito-
urinary systems, sex hormones, systemic 
hormonal preparations and immuno-
modulating agents and may underlie 
the reported high prevalence in women 
of drug-induced subcutaneous lupus 
erythematosus5 6 and DIL associated 
with antitumour necrosis alpha (TNFα) 
agents.5 In the case of procainamide, in 
which the VigiBase reported only 38% 
females with DIL, this apparent excep-
tion presumably reflects the predomi-
nate use of this drug in men with heart 
arrhythmia. Overall, however, the find-
ings of a strong skewing towards women 
with DIL mirrors the well-described 
female association with the majority 
of idiopathic autoimmune diseases as 
well.7 It has been suggested that, during 
onset of autoimmune diseases such as 
SLE, the female sex hormone estradiol 
E2 promotes nascent Th2 cell-driven 
autoreactive B cell survival through 
oestrogen receptor (ER)-β8 and activates 
type 1 interferon-inducible genes in plas-
macytoid dendritic cells through ER-α,9 
thereby enhancing incipient autoimmu-
nity. A similar phenomenon may underlie 
DIL. However, the immunomodulating 
effects of estrogens, progesterone and 
androgens depend on many factors, 
which confound a universal mechanistic 
explanation for sexual dimorphism in 
systemic autoimmune diseases such as 
SLE and DIL.10

The current analysis shows that the 
TNFα-blocking biologics, particularly 
infliximab, adalimumab and etaner-
cept have replaced the cardiovascular 
(CV) drugs procainamide, hydralazine 
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and quinidine as the most commonly 
reported agents associated with DIL. 
This fact is presumably due to the 
decreased prescription and dosage of 
these CV agents largely because of their 
known lupus-inducing propensity and 
the now frequent use of macromolec-
ular biologics in the treatment of rheu-
matic diseases. However, the mechanism 
whereby immunomodulating antirheu-
matic agents could cause DIL is different 
from that of the CV agents in that the 
TNFα-blockers have an intrinsic capacity 
to alter cytokine regulatory pathways 
towards SLE in mouse models.11 12 In 
addition, in contrast to CV disease, 
patients being treated with TNFα- 
blockers already have a pre-existing 
autoimmune disease and, therefore, are 
at risk for spontaneously evolving into 
another one such as SLE.

It is difficult to distinguish DIL from 
SLE merely on the basis of symptoms 
presentation, and even laboratory abnor-
malities show considerable overlap. The 
definitive feature of DIL is that symp-
toms and eventually signs resolve after 
stopping treatment, preferably without 
anti-inflammatory medications. VigiBase 
does not ask for this information. There-
fore, some of the reports of DIL may be 
false because of coincident idiopathic 
SLE or other autoimmune or non-auto-
immune diseases. Presumed examples of 
such false reports include those associ-
ated with the intravenous perfusion of 
inorganic salts or other natural solutes 
after a median of 120 days. Other inap-
propriate entries are the hundreds of 
reports of ‘SLE’ associated with at least 
four types of vaccines that appeared 
1 day to almost 2 years after vaccina-
tion. Even without these obvious exam-
ples of misinformation, the accuracy of 
lupus-like disease being related to drugs 
reported in Vigibase is open to question, 
especially considering the difficulty of 
diagnosing SLE even by rheumatologists. 
On the other hand, because symptoms of 
DIL can often be protean or of a limited 
or mild nature such as only myalgia or 
arthralgia, SLE is likely to be an exces-
sively rigid diagnostic consideration, 
resulting in failure to recognise DIL 
especially by non-healthcare individuals, 
which represented 46% of the reporters 
of clinical data in the current study.

Sustained blood levels of bonafide 
lupus-inducing drugs must generally be 
maintained for many months to years 
for development of lupus-like disease, 
consistent with many of the reports in 
Vigibase. With procainamide, the typical 
patient develops symptoms after 10 

months treatment, and approximately 
one-fourth of patients do not develop 
symptoms until more than 2 years and 
some as long as 6 years of continuous 
drug exposure.13 14 Nevertheless, most 
procainamide-treated patients, especially 
slow drug acetylators, develop antide-
natured DNA and antinuclear antibody 
during the first year of treatment15 but 
generally do not progress to symptom-
atic disease unless they develop immuno-
globulin G anti-(H2A-H2B) antibodies.3 
Interestingly, autoantibodies such as anti-
Ro, anti-La and antiphospholipid also 
commonly appear several years before 
symptoms and diagnosis of SLE, at 
which time new specificities are detect-
able, particularly anti-double-stranded 
DNA, anti-Sm and antinuclear ribonu-
cleoprotein antibodies.16 While there is 
little evidence that continuous exposure 
to environmental factors underlies SLE 
development, the apparent similarities 
between DIL and SLE in kinetics of 
serological changes prior to symptom-
atic disease likely reflects the inherent 
vulnerability of the immune system to 
undergo prototypic dysregulation, ulti-
mately manifesting as lupus-like disease.

An ever-expanding range of treat-
ment categories, chemical structures and 
pharmacological actions are included in 
this new list of possible lupus-inducing 
drugs. It remains puzzling as to what 
the common denominator is that links 
drugs with capacity to cause DIL. DIL is 
an idiosyncratic ADR unrelated to any 
known property of the inducing agent, 
with the possible exception of the cyto-
kine-modulating biologics. However, 
in vivo metabolism of dissimilar drugs 
to products with a common, reactive 
property may explain how compounds 
with widely different pharmacological 
and chemical structures could induce 
similar adverse reactions. In addition to 
intrinsic, genetically determined differ-
ences in people for capacity to metabo-
lise drugs, the composition and changes 
in the gut microbiota may contribute 
to variability in propensity for reactive 
drug metabolite generation.17 Ultimately, 
the requirement for a coincidence and/
or sequence of events within an immune 
compartment is likely to underlie 
immune (self)-tolerance breakdown and 
development of autoimmunity and auto-
immune disease.

A total of 42 drugs were identified by 
Arnaud et al2 that have not previously 
been known to cause DIL. While these 
findings will need better documentation 
than just positive IC025 values, they should 
help to sensitise the medical community 

to increased vigilance of previously unre-
ported DIL and motivate the publication 
of novel, convincing case reports. The 
WHO International Drug Monitoring 
Programme, the many contributors to 
individual case safety reports in VigiBase 
and especially the authors deserve our 
thanks and appreciation for their work, 
resulting in a valuable resource that 
offers promise to minimise the suffering 
of patients due to this ADR.
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Table 1 Overview in history of RA genetics discovery

Publication year Trait Ethnicity Approach Representative findings in RA genetics Reference

Around 1980 Single Single Single locus Identification of HLA-DRB1 6

2003 Single Single Early GWAS Identification of PADI4 and FCRL3 9 10

2007 Single Single GWAS with SNP array Identification of TNFAIP3, TRAF1-C5 and STAT4 11–13

2010 Single Transethnic GWAS meta-analysis Works by RACI, GARNET and immunochip consortia 18–20

2011 Multiple Single GWAS meta-analysis Shared risk loci between RA and coeliac disease 32

2014 Single Transethnic GWAS meta-analysis Identification of >100 RA risk loci 4

2015 Multiple Single Polygenic analysis Negative genetic correlation between RA and SCZ 36 37

Future Multiple Transethnic Polygenic analysis – –

GARNET, Genetics and Allied research in Rheumatic diseases Networking consortia; GWAS, genome-wide association study; RA, rheumatoid 
arthritis; RACI, the Rheumatoid Arthritis Consortium International; SCZ, schizophrenia; SNP, single nucleotide polymorphism.

AbsTRACT
Study of the genetics of rheumatoid arthritis (RA) began 
about four decades ago with the discovery of HLA-DRB1. 
Since the beginning of this century, a number of non-
HLA risk loci have been identified through genome-wide 
association studies (GWAS). We now know that over 
100 loci are associated with RA risk. Because genetic 
information implies a clear causal relationship to the 
disease, research into the pathogenesis of RA should 
be promoted. However, only 20% of GWAS loci contain 
coding variants, with the remaining variants occurring 
in non-coding regions, and therefore, the majority 
of causal genes and causal variants remain to be 
identified. The use of epigenetic studies, high-resolution 
mapping of open chromatin, chromosomal conformation 
technologies and other approaches could identify 
many of the missing links between genetic risk variants 
and causal genetic components, thus expanding our 
understanding of RA genetics.

InTRoduCTIon
Rheumatoid arthritis (RA) is an inflammatory 
rheumatic disease that causes chronic synovial 
inflammation, eventually leading to disabling joint 
destruction as well as systemic complications.1 
Most epidemiologic studies indicate that the prev-
alence of RA is 0.5%–1.0%. Between 70% and 
80% of patients with RA have autoantibodies such 
as rheumatoid factor and anti-citrullinated protein 
antibodies (ACPA), suggesting that RA is an autoim-
mune disease.1

The majority of rheumatic diseases involve 
complex traits in which multiple genetic and envi-
ronmental factors interact. Twin studies have esti-
mated that the heritability of RA is ~60%.2 This 
applies primarily to patients with RA who are 
positive for ACPAs, whereas the heritability of 
seronegative RA appears to be lower. Since 2007, 
rapid advances in genome-wide association study 
(GWAS) technologies have facilitated the identifi-
cation of hundreds of genetic risk factors for many 
complex diseases.3 To date, more than 100 genetic 
loci have been associated with RA.4 However, the 

relationship of these loci to the disease remains to 
be elucidated.

As a genetic factor has a clear causal relationship 
to RA, it is important to understand the pathologic 
process from a genomic standpoint. Recent studies 
of complex trait diseases have indicated that many 
disease susceptibility variants regulate the expres-
sion levels of a number of genes that function in a 
cell-specific manner.5 Furthermore, the epigenome 
is thought to play an important role in this phenom-
enon. Obtaining a more thorough understanding of 
this complex regulatory network is vital to deter-
mining which genes and cell types play pivotal roles 
in RA, thus helping to identify key pathways that 
drive RA and enable stratification of patients into 
groups based on the causative pathways. Here, we 
describe the state of genetic research to date, envis-
aging a better understanding of the pathogenesis of 
RA.

THE CuRREnT sTATus of RA gEnETICs
Studies investigating the correlation between vari-
ations in human genome sequences and RA case–
control phenotypes have identified a number of 
genetic variants associated with RA susceptibility. 
Here, we briefly review the history of RA genetics 
research (table 1). The RA risk locus was first iden-
tified in around 1980, and this research elucidated 
the role of HLA-DRB1 alleles in the major histo-
compatibility (MHC) locus.6 In the early 2000s, 
the International HapMap Project consolidated 
the map of human genome sequence variations in 
multiple populations,7 which enabled the unbiased 
genome-wide screening of genetic variants (mostly 
represented as single nucleotide polymorphisms 
(SNP)) associated with human phenotypes.8 In a 
visionary early GWAS of RA,9 10 PADI4 was iden-
tified as an initial non-MHC RA risk locus in the 
Japanese population.9 Then, large-scale GWAS 
using commercial microarrays were conducted for 
a wide range of human complex traits including 
autoimmune diseases and RA.11–13

http://www.eular.org/
http://ard.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-213678&domain=pdf&date_stamp=2019-03-11
http://ard.bmj.com/


447Okada Y, et al. Ann Rheum Dis 2019;78:446–453. doi:10.1136/annrheumdis-2018-213678

Review

While early RA GWASs were conducted separately for each 
cohort, association signals in the RA risk loci were largely 
replicated among the multiple cohorts,14 15 suggesting that 
meta-analyses of multiple GWASs would increase the statistical 
power. By applying in silico imputation of SNPs not genotyped 
in the GWAS data with an independent reference panel with 
high-density SNPs,7 16 genotype data for a unified set of millions 
of genome-wide SNPs can be obtained, which were used for 
the GWAS meta-analysis.17 Since 2010, several collaborative 
efforts have been initiated with the goal of organising data from 
multiple RA GWASs and meta-analyses of these data identified a 
number of RA risk genes.18–20 These initiatives also contributed 
to the construction of a reliable network within the community 
of RA genetics researchers.

The accumulation of RA GWAS meta-analysis results in each 
of these populations provided evidence of a shared genetic back-
ground among patients with RA in different populations. The 
researchers found multiple genetic loci that confer significant RA 
risk in multiple ancestry (eg, reidentification of PADI4 as an RA 
risk locus in Europeans)20 and its interaction with population-spe-
cific environmental factors.21 Further, numerous genome-wide 
SNPs weakly but significantly shared disease risk between the 
populations.19 22 It was also suggested that single-population 
GWAS were mostly underpowered, and transethnic data inte-
gration was warranted to gain statistical power to identify the 
trait-associated loci and to unveil hidden disease aetiology. These 
observations provided strong motivation for a transethnic study 
to integrate multiple populations.18–25 Thus, we conducted an 
initial transethnic RA GWAS meta-analysis involving >100 000 
subjects from European and Asian populations.4 This study 
identified >100 RA risk genetic loci, demonstrating the value of 
human transethnic GWAS. Figure 1 shows a list of presumed RA 
risk genes identified to date, grouped according to chromosomal 
position. This plot helped us visually grasp the ‘landscape’ of 
RA genetics; that is, the studies in European and Asian popula-
tions both substantially contributed to the identification of RA 
risk genes. However, we must note that more recent transethnic 
studies have focused only on Europeans and Asians (mostly from 
East Asia), and coverage of worldwide populations remains 
limited. Nevertheless, the current transethnic GWAS are still 
underpowered to dissect overall genetic architecture of human 
complex traits.26 Future efforts should therefore integrate other 
ethnicities.27–30

Another approach to expand understanding of RA genetics 
is the use of cross-trait analyses to identify genetic correla-
tions with other human complex traits. It has been reported 
that genetic variants associated with RA likely also confer risk 
to other diseases (ie, pleiotropy).31 This includes autoimmune 
diseases, and allergic diseases, biomarkers (eg, neutrophil count 
and C-reactive protein) and cancers.4 An interesting approach 
for a GWAS meta-analysis examining RA and coeliac disease 
identified a number of loci with pleiotropic effects.32 A recently 
developed method, polygenic analysis, enables evaluation of 
the top-associated variants and numerous genome-wide SNPs 
with relatively small effect sizes.33 Specifically, the introduction 
of the polygenic risk score (PRS)34 and linkage disequilibrium 
score regression (LDSC)35 methods enabled quantification of 
genetic correlations among different phenotypes. PRS calculates 
a disease risk score for each subject included in the GWAS by 
integrating the genotype with the corresponding susceptibility 
risks of genome-wide SNPs. The LDSC method does not assess 
an individual’s genotype and instead uses summary statistics of 
genome-wide SNPs in the GWAS results (ie, ORs and p values) 
and estimates shared genetic backgrounds between phenotypes 

and their cell-type specificity. Application of the PRS and LDSC 
methods pointed to a negative genetic correlation between RA 
and schizophrenia,36 37 which could partly explain the relatively 
lower comorbidity between these two diseases previously high-
lighted by epidemiologic studies.38

MHC CoMPlEx: gEnETICs And bIology
The MHC region at chromosome 6 confers a distinctive and 
strong genetic risk when compared with other RA risk loci, 
explaining 30%–50% of total genetic risk of RA.39 Within the 
MHC, a class II classical human leucocyte antigen (HLA) gene, 
HLA-DRB1, explains the majority of RA risk. Which combi-
nations of HLA-DRB1 variants could best explain disease risk 
has been a long-standing subject of debate. In 1987, the shared 
epitope (SE) hypothesis was introduced to show the risk associ-
ated with the specific amino acid sequence at positions 70–74 
of HLA-DRβ1.6 Although the SE hypothesis was supported by 
data from populations around the world, there was controversy 
regarding the RA risk associated with non-SE HLA alleles (eg, 
HLA-DRB1*09:01 in Asians).40 GWAS have identified that 
ACPA-positive and ACPA-negative RA showed dramatic differ-
ence in genetic backgrounds as analogous to heterogeneity in 
clinical manifestations, of which association signals were most 
apparent at the MHC region.41

The recent development of an HLA imputation method led to 
fine-mapping of genetic risks within the MHC for a variety of 
immune-related diseases.42 43 Similar to SNP genotype imputa-
tion, the HLA imputation method computationally imputes risk 
to unobserved HLA gene variants according to neighbouring 
GWAS SNP genotypes in the MHC and an imputation reference 
panel (figure 2A). By applying HLA imputation, one can assess 
both alleles and amino acid polymorphisms of all HLA genes 
included in the reference panel for all samples with available 
GWAS data.43

Application of HLA imputation to large-scale RA GWAS data 
produced several interesting findings. (1) Most of the risk of 
ACPA-positive RA could be explained by amino acid polymor-
phisms at positions 11 and 13 of HLA-DRβ1, rather than at the 
well-known positions 71 and 74 as implicated by the SE hypoth-
esis (figure 2B).44 Residues at HLA-DRβ1 positions 11 and 13 
tag several SE alleles such as HLA-DRB1*01 and *04,45 implying 
that the amino acid model could be interpreted as extension of 
the SE hypothesis. (2) Although the MHC-associated genetic 
risks of ACPA-positive and ACPA-negative RA were found to be 
heterogeneous, they could be explained by the same HLA-DRβ1 
amino acid positions but different risk-conferring residues.46 
This may suggest other autoimmune responses other than ACPA 
contributes to ACPA-negative RA. (3) Risk HLA variants were 
found to be shared among populations more than expected 
(eg, Europeans, Asians and African Americans), which closed 
the debate regarding risk and ethnic heterogeneity in HLA 
alleles.45 47 (4) In addition to HLA-DRB1, amino acid polymor-
phisms in other classical HLA genes, such as HLA-DPB1, HLA-B 
and HLA-A, confer risk for ACPA-positive RA.44–46 (5) Finally, 
a coding variant in a non-classical HLA gene (HLA-DOA) that 
alters the gene’s expression level also confers risk for ACPA-pos-
itive RA (figure 2C).48

Next-generation sequencing (NGS) technology represents a 
promising tool for use in future MHC fine-mapping studies.49 
Current imputation reference panels include limited numbers 
of classical HLA genes. However, the MHC includes a number 
of HLA-related genes, including non-classical HLA genes (eg, 
HLA-E/F/G), HLA-like genes (eg, MICA) and pseudo-HLA genes 
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figure 1 A current catalogue of rheumatoid arthritis (RA) risk gene loci. A list of RA risk 106 gene loci identified to date along with a Manhattan 
plot of the transethnic genome-wide association study (GWAS) meta-analysis of RA.4 18–20 22–25 The significance of each single nucleotide 
polymorphism (SNP) in the RA GWAS is indicated on a logarithmic scale (X-axes). RA risk genes initially identified in the European, Asian and 
transethnic studies are coloured red, blue and green, respectively.

(eg, HLA-DRB6), as well as key immunity-related genes (eg, TNF 
and C4A-C4B). NGS-based approaches could identify variants 
with higher resolution, thus warranting their incorporation in 
reference panels.

WHAT CAn WE lEARn fRoM gEnETICs of RA?
Missense variants, which alter the amino acid sequence of 
a coding gene, are common functional variants that can 

be pathogenic. The most important and well-characterised 
missense risk variant in RA may be PTPN22 R620W (1858C→T) 
although this risk variant is extremely rare in east Asian popu-
lations.50 PTPN22 encodes a protein tyrosine phosphatase that 
is expressed in haematopoietic cells and acts as a negative regu-
lator of antigen receptor signalling in T and B cells.51 The risk 
allele 620W is a gain-of-function variant, as both TCR and BCR 
signalling are reduced in cells of risk allele carriers.52 53 This 

http://ard.bmj.com/
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figure 2 Rheumatoid arthritis (RA) genetic risk in the major histocompatibility (MHC) region revealed using the human leucocyte antigen (HLA) 
imputation method. Illustration of the roles of the MHC complex region and human leucocyte antigen (HLA) genes in RA genetics. (A) The MHC region 
at 6p23 harbours numerous immune-related genes, including HLA genes. One can computationally estimate genotypes of the HLA variants using 
the HLA imputation method without any additional cost other than that associated with single nucleotide polymorphism (SNP) microarray typing. 
(B) Amino acid polymorphisms at specific positions in the classical HLA genes confer risk of RA (eg, positions 11 and13 at HLA-DRβ1), which are 
generally shared among multiple populations (Asians (ASN), Europeans (EUR) and Africans (AFR)). It is interesting that different residues at the same 
amino acid positions confer differential risk of anti-citrullinated protein antibody (ACPA)-positive and negative RA. (C) Dosage change in the non-
classical HLA gene also confers risk of ACPA-positive RA.

attenuation in antigen receptor signalling affects the clonal selec-
tion of lymphocytes and the appearance of autoreactive cells.54 
Reduced TCR signalling resulting in impaired regulatory func-
tion has also been observed in regulatory T cells.55 Moreover, 
the PTPN22 variant has also been associated with reduced TLR7 
signalling in plasmacytoid dendritic cells56 as well as hyper-
citrullination in peripheral blood mononuclear cells.57 Thus, 
the variant’s effect essentially depends on cellular context, and 
these compound effects in multiple cell types may contribute at 
each step of pathogenesis. Surprisingly, knock-in mice with the 
corresponding allele (Ptpn22 619W) exhibit enhanced antigen 
receptor signalling,58 perhaps due to enhanced degradation of 
the Ptpn22 619W product.59 The phenotype is contrary to that 
of human lymphocytes but similar to that of lymphocytes in 
Ptpn22-deficient mice, indicating that Ptpn22 619W is a loss-of-
function variant in mice.

Although functional analysis of missense variants is straight-
forward, only ~20% of GWAS RA loci encompass coding 
variants.4 In the majority of GWAS loci, as described above, 

disease-causing variants regulate gene expression. Indeed, 
~50% of RA risk SNPs colocalise with expression quantitative 
trait loci (eQTL) found in peripheral blood mononuclear cells.4 
eQTL are defined as genetic variants that alter the expression 
levels or splicing patterns of a specific gene. Missense variants 
in the risk loci are sometimes not causal but simply tag the true 
causal variants having eQTL effects. Therefore, it is rational to 
integrate data from GWAS and eQTL studies to elucidate the 
disease mechanism. This approach enables connection of a 
GWAS variant to a responsible gene and identification of the 
responsible cell types, as observed eQTL effects are sometimes 
cell-type specific (figure 3A). Furthermore, eQTL variants can 
also indicate the direction of gene regulation (figure 3B). For 
example, upregulation of eQTL risk genes such as STAT460 and 
CCR661 has been linked to upregulated production of inflamma-
tory cytokines in patients. As individual effects of eQTL variants 
are small, examining the overall effects of eQTL variants in the 
disease was attempted by combining the whole data sets from a 
GWAS and an eQTL study.62 This analysis evaluated the effects 
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figure 3 Integration of GWAS and eQTL data enhances 
understanding of the disease mechanism. (A) Identification of disease-
associated genes and cells in the GWAS loci using eQTL data. In this 
case, the eQTL SNP, which is in linkage disequilibrium with the GWAS 
SNP, has an eQTL effect for gene B (the responsible gene) in CD4+T 
cells (the responsible cells). (B) Polygenic effects of disease-associated 
eQTL genes on disease-related cells and pathways. Upregulated genes 
are eQTL genes whose expression is upregulated in the risk allele and 
could be targeted by an antagonist (vice versa for downregulated 
genes). eQTL, expression quantitative trait loci; GWAS, genome-wide 
association studies; IFN, interferon, IL, interleukin; SNP, single nucleotide 
polymorphism; TNF, tumour necrosis factor.

of multiple variants on inflammatory cytokine pathways in each 
lymphocyte subset and demonstrated that polygenic effects of 
eQTL genes upregulate the tumour necrosis factor (TNF)-α 
pathway in CD4 + T cells.

While researchers believe that disease risk variants are 
responsible for the heterogeneous aetiology of RA, the use 
of genetic data in the prediction of clinical phenotype is 
challenging. Previous GWAS examining the response to 
biologics (mainly anti-TNF therapy) provided unsatisfactory 
evidence,63–67 which may suggest that genetic background of 
RA onset and that of clinical response are distinct. A crowd-
sourced collaborative assessment of SNP data to predict 

anti-TNF treatment response was performed.68 However, no 
significant genetic contribution towards prediction accuracy 
has been obtained.

fuRTHER gEnETIC AssIgnMEnT of RA susCEPTIbIlITy
A surprising GWAS finding is that approximately 80% of RA risk 
variants occur in non-coding regions (figure 4A).4 This physical 
location effect, coupled with data demonstrating that associated 
SNPs are actually highly correlated with an often large number 
of other variants, means that GWAS have not conclusively iden-
tified a causal gene or causal variant.

Studies are now well under way to provide this missing link 
to SNP, gene and mechanism.69 As discussed, eQTL studies can 
correlate a specific associated allele with gene expression or 
isoform splicing pattern, linking GWAS variants to causal genes 
with implication in functional aetiology, in particular cell types 
and stimulatory conditions. In addition, epigenetics and molec-
ular biology are now routinely employed to annotate putative 
GWAS causal SNPs to active DNA and genes. Resources such as 
Encyclopedia of DNA Elements (ENCODE),70 Roadmap71 and 
Blueprint72 use techniques such as DNaseHS and ATAC-seq to 
map open active DNA in a range of cell types. These technolo-
gies distinguish active, open chromatin from the active form due 
to the fact that open chromatin is more readily cut (DNaseHS) 
or more readily accessible (ATAC-seq), creating sequencing 
libraries enriched for open DNA. Histone modifications, 
markers for gene regulators, can be mapped in different cell 
types using chromatin immunoprecipitation (ChIP). Histones 
are either methylated or acetylated when demarcating chromatin 
states. Antibodies against these marks of activation, for example, 
H3K4me1 or H3K27ac, are therefore used on fixed DNA to 
precipitate out active histones, and associated DNA. Sequencing 
of these regions (ChIP-seq) can identify all active regions within 
different cell types and states. Interaction between disease-as-
sociated variants and their target genes, often situated a long 
distance in a linear view of the chromosome, can be mapped by 
chromosome conformation technologies, such as 3C, Hi-C and 
Capture Hi-C73 74 (figure 4B). Here the DNA is first fixed within 
the nucleus in its three-dimensional (3D) conformation. The 
DNA is then cut, and then reannealed, such that regions that are 
close together spatially are allowed to join together. Sequencing 
these reformed regions gives an indication of how close the DNA 
was in 3D space, such that enhancers are linked to genes through 
physical interaction. In this way, using both public data and data 
generated by individual laboratories, it is possible to determine 
the associated SNPs that are in active regions, the cell types in 
which this occurs, the gene that is interacting with the region 
and the effect on expression (figure 4B). For example, GWAS has 
implicated T cell involvement via their physical location in two 
ways: they are proximal to genes important in T cell immunity, 
such as HLA, PTPN22, STAT4, TRAF1 and IL2RA; and studies 
have shown that RA genetic variants are enriched in regions that 
are open and active in T cells.69

Further validation is now being provided by studies employing 
genetic engineering techniques, specifically CRISPR technology, 
to directly perturb the DNA regions associated with diseases 
and measure downstream consequences on cell phenotype. In 
this way, we are beginning to understand the molecular conse-
quences of carrying a disease risk variant, whether it upregulates 
or downregulates a gene or pathway, whether this is dependent 
on cell type or stimulation, and the ultimate consequences on 
immune function.75
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figure 4 Roles of coding and non-coding risk variants in the genetics of RA. (A) Of the >100 RA risk variants, only 20% are attributable to coding 
variants such as PTPN22 (R620W) and others.4 To understand the roles of the remaining 80% of the risk variants, we need to integrate RA GWAS 
results with a variety of omics layer information constructed using the latest technologies (eg, eQTL study involving RNA-seq for exploring gene 
expression profiles). (B) Demonstrating how omics data can be incorporated into GWAS findings to give an insight into the causal variant and gene. 
The lead GWAS single nucleotide polymorphism (SNP) (purple dot, row 1) is highly correlated with a number of other SNPs (red dots, row 1) each 
equally likely to be causal. These SNPs are in an open region of chromatin (yellow, row 2), marked by modified histones (blue, orange and green stars, 
row 2). The region is open (DNaseHS peaks (purple), row 3), and flanked by modified histones (blue peaks, row 4). This open region (yellow, row 
2) is interacting (CHiC, pink bars, row 6) with an expressed gene (pink peaks, row 5). This is not found in a different cell type (row 7). This provides
evidence for gene and cell type implicated by the disease GWAS findings. ChiP, chromatin immunoprecipitation; eQTL, expression quantitative trait 
loci; GWAS, genome-wide association studies; RA, rheumatoid arthritis.

ConClusIon
As described above, tremendous progress has been made in 
understanding the genetics of RA. However, we have yet to fully 
elucidate the pathogenic mechanism of RA. Genetics-based drug 
response prediction is currently challenging, in part because the 
responsible variants and genes are not fully understood. There-
fore, we need to move forward applying the various approaches 
to identify the missing links.

In addition, the problem of missing heritability remains to 
be solved. GWAS are based on the ‘common disease, common 
variant’ hypothesis, which posits that common diseases are 
attributable to allelic variants present in more than 1%–5% of a 
population. Rare variants may also contribute to missing herita-
bility, but few examples have been identified thus far. Data from 
a GWAS of rare variants are difficult to analyse statistically due 
to the low frequency of occurrence, despite the strong effect. 
To understand which risk variants are associated with pathogen-
esis, statistical associations between genetic variation and disease 
must be linked to functionality and causality. Alternatively, the 

accumulation of data from ongoing whole-genome sequencing 
studies could overcome these problems in the near future.
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Figure 1 

Verna Wright arrived in Leeds in 1956, having 
qualified in Liverpool. At that time there were few 
‘official’ rheumatologists as care for arthritis was 
delivered by general physicians or physical medi-
cine specialists. His interest in psoriatic arthritis 
was kindled by the patients admitted to the regional 
rheumatic disease hospital in Harrogate—the 
Royal Bath Hospital. When he went to the USA 
for a spell (to follow his interest in biomechanics) 
he asked one of the senior nurses in Harrogate to 
make a list of all patients admitted with psoriasis 
and arthritis in his absence. On his return he had 
his first cohort—it was as simple as that. He was 
not the first to notice the characteristic features of 
psoriatic arthritis, there was an early description by 
Alibert1, and Bauer et al in the USA very carefully 
described the salient features in an article in 1941.2 
However, Verna Wright’s contribution was to make 
careful clinical and radiographic observations of a 
large cohort of patients, an advantage of working in 
a regional centre where patients came from all over 
the North of England. Together with John Moll, he 
recognised that other arthritides shared common 
clinical features with psoriatic arthritis (radiolog-
ical sacroiliitis, asymmetrical peripheral arthritis, 
uveitis, psoriasiform skin lesions and mucocuta-
neous lesions) and together they named them the 
spondarthritides (this is not a typo—Verna Wright 
told me that the editor of Medicine insisted that 
they add the ‘ylo’ to the descriptive term in the 
published article).3 It is important to remember that 
this work was done in parallel with work on human 
leucocyte antigens (HLA) which supported the clin-
ical concept of spondyloarthropathy, as has much 
genetic, imaging and immunological work since 
that time. How pleased, and vindicated, they were 
on the discovery of the association of HLA-B27 
with ankylosing spondylitis (AS), and subsequently 
other members of this group of diseases. The 
concept was fully evidenced in the seminal work 
‘Seronegative Polyarthritis’ published in 1976, and 
fully illustrated by John Moll—if you find a copy of 
this book, treasure it.4

Verna Wright enlisted successive junior colleagues 
to collect and describe other cohorts of patients who 
he identified as belonging to the spondyloarthropa-
thies—the arthritis of inflammatory bowel disease, 
AS, reactive arthritis, Behcet’s disease and Whip-
ple’s disease (the latter two were later withdrawn 
from this grouping). This was an important mile-
stone in the taxonomy of rheumatic disease—prior 
to this, most inflammatory, deforming arthritis had 
been called rheumatoid arthritis and even people 
with inflammatory spinal disease were labelled 
‘rheumatoid spondylitis’. All this was done using 
careful clinical observation, deductive reasoning 
and plain radiography. The availability of a blood 

test for rheumatoid factor also helped distinguish 
these disorders from rheumatoid arthritis. The 
statistics were done ‘longhand’ in spidery hand-
writing—in subsequent years I found stacks of these 
buried in the cellar of our old research unit, along 
with Wright’s famous A4 notebooks.

Verna Wright continued his study of the 
mechanics of joints on his return to Leeds from the 
USA. He approached Professor Duncan Dowson 
in the Department of Mechanical Engineering to 
collaborate on two specific areas—the lubrication 
of joints and joint stiffness (a prominent symptom 
of people with arthritis). Verna Wright thought that 
if joint stiffness could be measured mechanically 
then it would provide an objective basis for new 
arthritis therapies that were emerging. Together 
with Dowson they supervised several PhD students 
who designed a number of different approaches to 
measuring joint stiffness but sadly none that fulfilled 
Wright’s original aspiration.

Verna Wright headed a diverse group in Leeds. 
There were four divisions: rheumatology, bioengi-
neering, clinical pharmacology and rehabilitation. 
I was once told at a job interview that my research 
interests were so diverse that they would interfere 
with a true focus, but that did not seem to hamper 
Verna Wright. His achievements were in part due to 
a keen clinical eye and an ability to make connec-
tions. He always kept an open office, and anyone 
could seek his advice, including the cleaner. These 
encounters were never wasted—everything went 
into his A4 book and would sometimes come back 
to ‘bite’ people. He laughed at the excuses given 
when projects and ideas had not progressed: these 
were so diverse he wrote an article about them for 
the Christmas BMJ.5 He said the secret to success 
was to avoid university politics, and to make sure 
that there was enough infrastructure to support 
the team. He had a boyish sense of humour and his 
loud laugh could be heard throughout the building. 
He pioneered the ‘early morning meeting’ at 07:30 
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hours, which we then thought a struggle, but which is now 
routine.

Above all, Wright was a devout Christian. He co-founded the 
United Beach Mission and spent his summer holidays preaching 
on the beaches of the UK. He also used to preach on the steps of 
the Leeds Town Hall on a Tuesday lunchtime. We knew to avoid 
this spot in case he saw us and called us over to discuss some 
theological point. His department ‘worked’ and was a rewarding 
place to learn and study, as evidenced by the large number of 
people who spent time there, both from the UK and abroad. 
At international meetings he would sit prominently so that 
colleagues could consult with him. He told me he rarely went 
into the sessions, unless he was chairing, as the constant flow of 
people passing by kept him up to date. His memory survives in 
Leeds and his legacy is continued by a dedicated and productive 
team working in spondyloarthropathy.
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Key messages

What is already known about this subject?
 ► The evidence is limited on serious infection 
risk with non-tumour necrosis factor inhibitor 
(TNFi) biologics, such as tocilizumab (TCZ), 
in a head-to-head comparison with different 
biologic disease-modifying antirheumatic drugs 
(DMARDs).

 ► In randomised controlled trials, the serious 
infection rates were higher in the TCZ 
monotherapy group than methotrexate, and 
in the 4 mg/kg and 8 mg/kg TCZ plus DMARD 
group compared with placebo plus DMARD 
group.

What does this study add?
 ► This large multidatabase observational study 
found no difference in the risk for composite 
serious infection requiring hospitalisation in 
patients with rheumatoid arthritis (RA) who 
initiated TCZ versus TNFi after failing ≥1 other 
biologic drug or tofacitinib.

 ► The risk of serious bacterial infection, skin and 
soft tissue infections, and diverticulitis was, 
however, higher in TCZ versus TNFi initiators.

 ► The risk of composite serious infections was 
higher in TCZ initiators when compared with 
abatacept initiators.

How might this impact on clinical practice or 
future developments?

 ► This head-to-head comparative safety 
information between TCZ and TNFi or abatacept 
may help make a better-informed treatment 
decision for RA in clinical practice.

AbsTRACT
Objective To investigate the rate of serious bacterial, 
viral or opportunistic infection in patients with 
rheumatoid arthritis (Ra) starting tocilizumab (TcZ) 
versus tumour necrosis factor inhibitors (TnFi) or 
abatacept.
Methods Using claims data from Us medicare from 
2010 to 2015, and ims and marketscan from 2011 to 
2015, we identified adults with Ra who initiated TcZ 
or TnFi (primary comparator)/abatacept (secondary 
comparator) with prior use of ≥1 different biologic drug 
or tofacitinib. The primary outcome was hospitalised 
serious infection (si), including bacterial, viral or 
opportunistic infection. To control for >70 confounders, 
TcZ initiators were propensity score (ps)-matched to 
TnFi or abatacept initiators. database-specific HRs were 
combined by a meta-analysis.
Results The primary cohort included 16 074 TcZ ps-
matched to 33 109 TnFi initiators. The risk of composite 
si was not different between TcZ and TnFi initiators 
(combined HR 1.05, 95% ci 0.95 to 1.16). However, TcZ 
was associated with an increased risk of serious bacterial 
infection (HR 1.19, 95% ci 1.07 to 1.33), skin and soft 
tissue infections (HR 2.38, 95% ci 1.47 to 3.86), and 
diverticulitis (HR 2.34, 95% ci 1.64 to 3.34) versus 
TnFi. an increased risk of composite si, serious bacterial 
infection, diverticulitis, pneumonia/upper respiratory tract 
infection and septicaemia/bacteraemia was observed in 
TcZ versus abatacept users.
Conclusions This large multidatabase cohort study 
found no difference in composite si risk in patients 
with Ra initiating TcZ versus TnFi after failing ≥1 
biologic drug or tofacitinib. However, the risk of serious 
bacterial infection, skin and soft tissue infections, and 
diverticulitis was higher in TcZ versus TnFi initiators. The 
risk of composite si was higher in TcZ initiators versus 
abatacept.

InTROduCTIOn
Biologic disease-modifying antirheumatic drugs 
(bDMARDs) are effective in controlling rheuma-
toid arthritis (RA) activity and are usually consid-
ered when remission or low disease activity is not 
achieved with conventional synthetic DMARDs 
(sDMARDs). While high disease activity in RA is a 
risk factor for infections regardless of treatment,1 an 
important concern with bDMARD treatment in RA 
is the potential risk of serious infections (SIs) given 
their potent immunosuppressive effects.2–5 Since the 
biologic drugs act on diverse cellular and cytokine 

targets, the SI risk could be different among these 
biologics. Systematic reviews suggested the higher 
risk of bacterial infection, SIs and tuberculosis in 
patients treated with tumour necrosis factor inhib-
itor (TNFi) compared with conventional sDMARDs3 
and non-TNF biologics, including abatacept and 
rituximab.5 However, the evidence is limited on SI 
risk with non-TNFi biologics, such as tocilizumab 
(TCZ), in a head-to-head comparison with different 
bDMARDs. In 24-week randomised controlled trials 
(RCTs), the SI rates were higher in the TCZ mono-
therapy group than methotrexate (3.6 vs 1.5/100 
patient-years), and also in the 4 mg/kg and 8 mg/kg 
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TCZ plus DMARD group compared with placebo plus DMARD 
group (4.4 and 5.3 vs 3.9/100 patient-years).6–9

Previous safety studies on TCZ did not include a direct 
comparison with a different biologic drug, and if they did, were 
small and did not evaluate the risk of specific SIs. Among the 
studies comparing TCZ with another biologic, a cohort study 
in Medicare population found no difference (HR 1.10, 95% CI 
0.89 to 1.34) in the hospitalised infection for TCZ versus abata-
cept,10 and a prospective cohort study using Japanese RA registry 
observed no difference (HR 2.23, 95% CI 0.93 to 5.37) in the 
SI rate with TCZ versus anti-TNF use.11 However, a recent study 
using the British Society for Rheumatology Biologics Register 
for Rheumatoid Arthritis (BSRBR-RA) found an increased SI risk 
(HR 1.22, 95% CI 1.02 to 1.47) in TCZ compared with etaner-
cept.12 Contrary findings from these studies highlight the need 
for further high-quality, large population-representative safety 
evidence with head-to-head comparison of TCZ with other 
biologics.

The objective of this study was to investigate the rate of 
serious bacterial, viral or opportunistic infection in patients with 
RA initiating TCZ compared with other biologics—TNFi or 
abatacept—in a multidatabase, population-based cohort. We also 
compared the risk of specific SIs in TCZ initiators with other 
biologics.

MeTHOds
data sources
We used three large US healthcare claims databases—Medicare 
2010–2015, IMS ‘PharMetrics’ Plus 2011–2015 and Truven 
‘MarketScan’ 2011–2015—for this cohort study. Both Phar-
Metrics and MarketScan are widely representative of a national 
commercially insured population in the USA13–15 and contain 
longitudinal medical and pharmacy claims from several different 
managed care plans. Medicare, a federally funded programme, 
provides healthcare coverage (part A for inpatient care, part 
B for outpatient medical services and part D for prescription 
drugs) for nearly all legal residents of the USA aged ≥65 and 
some disabled patients aged <65.16

study cohort and design
We identified adult (≥18 years) patients with RA with one inpa-
tient visit or ≥2 outpatient visits (7–365 days apart) using the 
International Classification of Diseases 9th or 10th Revision 
codes for RA. These patients were required to have continuous 
enrolment during the baseline period of 180 days before initi-
ation of TCZ or a comparator drug (index date), which could 
be either TCZ or TNFi (primary cohort), or TCZ or abatacept 
(secondary cohort). All patients were required to have used ≥1 
different biologic agent or tofacitinib any time prior, to minimise 
confounding by disease duration or severity between the TCZ 
and TNFi/abatacept groups. During the baseline 180-day period, 
TCZ initiators in both cohorts were naïve to TCZ, TNFi initi-
ators in the primary cohort were naïve to a given specific TNFi 
and TCZ, and abatacept initiators in the secondary cohort were 
naïve to abatacept. A claims-based algorithm that combined 
diagnosis codes for RA with ≥1 DMARD dispensing record had 
a positive predictive value of ≥86% for identifying patients with 
RA.17

We excluded nursing home residents and those with pre-ex-
isting malignancy prior to and at the index date from both 
cohorts. We also excluded rituximab users as rituximab is often 
used in patients with history or diagnosis of malignancy and has 

a longer duration of action. Patients could enter the cohort only 
once when they first met the inclusion/exclusion criteria.

Outcome definition
The primary outcome was a composite of any SI, including bacte-
rial, viral or opportunistic infection, and the secondary outcomes 
were prespecified types of SIs, including serious bacterial infec-
tion, herpes zoster, opportunistic infection, pyelonephritis/
urinary tract infection, skin and soft tissue infection, tubercu-
losis, viral hepatitis, diverticulitis, pneumonia/upper respiratory 
tract infection, and septicaemia/bacteraemia. All the outcomes 
were defined with validated claims-based algorithms18–20 using 
the principal discharge diagnosis (online supplementary table 
2). Secondary analyses were conducted using any position of 
discharge diagnosis.

For the primary as-treated analysis, patients were followed 
from the day after the index date until the earliest of: treat-
ment discontinuation +60 days, switching between exposure 
groups, outcome occurrence, disenrollment, death or study end 
period. For the secondary intention-to-treat up to 180 days (ITT 
180-day) analysis, follow-up time ended on the earliest occur-
rence of the 180th day of follow-up, outcome occurrence, disen-
rollment, death or the end of study period.

Covariate assessment
During the 6-month baseline period, we measured ≥70 
predefined variables potentially related to RA severity or dura-
tion, or development of infection in each database. We assessed 
the index year, demographics, comorbid conditions, combined 
comorbidity index,21 claims-based index of RA severity index,22 
use of DMARDs (during all available data) and other prescrip-
tion drugs including use of systemic steroids, non-steroidal 
anti-inflammatory drugs and analgesics, use of prophylactic 
antibiotics/antivirals, vaccination, and history of any invasive 
procedures or surgery. We also measured markers of healthcare 
utilisation intensity, including receipt of cancer screening tests 
and physician orders of outpatient laboratory tests for acute 
phase reactants.23

statistical analysis
We compared baseline patient characteristics of TCZ and TNFi, 
as well as TCZ and abatacept initiators, before and after propen-
sity score (PS)-matching to adjust for ≥70 baseline covariates 
within each database.24 Multivariable logistic regression models 
estimated patients’ PS values, that is, the predicted probability 
of TCZ versus a comparator drug conditioning on all the 
confounders. In the PS models, the index bDMARD was speci-
fied as the dependent variable and all confounders were entered 
as independent variables without further variable selection. For 
the primary cohort, we used PS-matching with a variable ratio 
up to 1:3 comparing TCZ and TNFi to increase the cohort size/
study power. The matching ‘caliper’ was 0.02 on the PS scale.25 26

The number of events, person-time, incidence rate (IR) and 
IR differences for each outcome were reported, and HR with 
95% CIs comparing treatment groups were estimated using Cox 
proportional hazard models conditioning on the PS-matching set 
to account for the variable ratio.27 28 The database-specific HRs 
were combined by an inverse variance-weighted, fixed-effects 
model.

We conducted prespecified subgroup analysis by gender, age, 
and baseline use of methotrexate, oral steroids, antibiotics and 
recent use of oral steroids. We also evaluated the association 
between TCZ use and SI versus a TNFi in the first 30, 90, 180 
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Figure 1 Cohort selection flow for the primary cohort. Dx, diagnosis; PS, propensity score; RA, rheumatoid arthritis; TCZ, tocilizumab; TNFi, tumour 
necrosis factor inhibitor.

and 365 days of index therapy use to determine whether the rate 
of SI was constant over the treatment duration.

For the TCZ versus abatacept comparison, we used a 1:1 
fixed-ratio PS-matching with calliper of 0.02. All the analytic 
steps were repeated for the secondary comparison.

All analyses were performed using Aetion V.3.2 platform with 
R V.3.2.1.5, which has been validated for a range of studies29 and 
for predicting clinical trial findings.30

ResulTs
study cohort
We identified 141 869 patients with RA who started either TCZ 
or TNFi across the three databases. After applying the exclu-
sion criteria (figure 1), our study cohort included a total of 62 
563 patients with RA starting either TCZ (n=16 719) or TNFi 
(n=45 844). The variable ratio 1:3 PS-matching maintained 
63.7% (n=39 829) of patients with RA in the final cohort: 13 
102 TCZ and 26 727 TNFi initiators. The secondary compar-
ison cohort comprised 10 414 PS-matched pairs of TCZ and 
abatacept initiators (online supplementary figure 1).

Patient characteristics
Even before PS-matching, patient characteristics were generally 
similar in TCZ and TNFi groups (online supplementary table 
1). After variable ratio 1:3 PS-matching (table 1), all baseline 
characteristics were well balanced between the TCZ and TNFi 
groups with a standardised difference <10%.26 31 The mean 
age was 72 years in Medicare, 51 in IMS and 53 in Market-
Scan. At baseline, 69%–73% of patients used methotrexate 
and 70%–79% used corticosteroids. In the 1:1 PS-matched 

secondary comparison cohort, the baseline characteristics of 
TCZ and abatacept initiators were also well balanced (online 
supplementary table 2).

Risk of hospitalised sI
For the primary as-treated analysis, a total of 618 SIs occurred 
in the TCZ group (13 198 person-years) and 1155 in the TNFi 
group (28 950 person-years) across three databases during a 
mean (SD) follow-up of 0.9 (0.7) years and a maximum obser-
vational period of 5.9 years (table 2). Nearly one-third had 
≥1 year follow-up and over 9% of all patients had ≥2 years’ 
follow-up. The overall IR of composite SI events was 4.68/100 
person-years in TCZ and 3.99/100 person-years in TNFi users. 
The database-specific IRs ranged from 3.07/100 person-years 
(MarketScan) to 7.05 (Medicare) in TCZ initiators and from 
2.53 (MarketScan) to 7.20 (Medicare) in TNFi initiators. For 
the primary comparison of TCZ versus TNFi, the composite SI 
risk was not different with a pooled HR of 1.05 (95% CI 0.95 
to 1.16).

In the secondary cohort, 388 SI events (4.51/100 person-
years) occurred in TCZ initiators over 8599 person-years and 
295 in abatacept initiators (3.24/100 person-years) over 9094 
person-years (table 3). Contrary to the results of primary anal-
yses, the composite SI risk was higher with TCZ than abatacept 
use (pooled HR 1.40, 95% CI 1.20 to 1.63) (table 3).

The ITT 180-day analysis (tables 2 and 3) results were consis-
tent with the primary findings for both primary (pooled HR 
1.09, 95% CI 0.96 to 1.23) and secondary (pooled HR 1.34, 
95% CI 1.11 to 1.63) comparison.
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Table 1 Selected characteristics of study patients in the 180 days before study entry, propensity score-matched with a 1:3 variable ratio

Medicare (n=16 543) IMs (n=14 975) Marketscan (n=17 665)

TCZ (n=5827) TnFi (n=10 716) TCZ (n=4642) TnFi (n=10 333) TCZ (n=5605) TnFi (n=12 060)

Mean±sd or percentage

Demographics 

 Age, years 72.2±6.0 72.1±6.1 50.8±11.7 50.3±11.6 53.5±12.6 52.9±12.5

  Male 16.9 17.4 18.3 18.5 17.0 18.4

Comorbidities 

 Atrial fibrillation 8.6 7.9 1.6 1.2 2.1 1.8

 CAD 15.4 14.9 4.3 3.7 4.5 4.2

 Heart failure 7.8 7.5 1.5 1.2 1.9 1.4

 Stroke/TIA 3.6 3.3 0.9 0.8 1.2 1.0

 PVD 7.8 8.1 1.3 1.2 1.6 1.5

 Hypertension 80.6 80.1 45.8 43.8 49.4 47.8

 Diabetes 26.5 27.4 13.2 12.4 15.3 14.2

 Hyperlipidaemia 55.0 53.4 26.8 24.2 26.0 24.2

 CKD 4.9 4.8 3.7 3.5 3.3 3.4

 Comorbidity index 0.9±1.7 0.8±1.7 0.4±1.3 0.4±1.2 0.3±1.1 0.2±1.0

 CIRAS 5.9±1.2 5.8±1.3 6.6±1.7 6.6±1.7 6.5±1.8 6.5±1.9

RA-related treatment 

 Number of prior DMARDs 

 1 6.5 8.5 6.8 7.9 11.8 12.2

 2 28.8 34.5 23.0 28.3 21.3 26.3

   3+ 64.7 57.0 70.2 63.8 66.9 61.6

 Methotrexate 70.6 70.5 71.6 73.2 68.8 70.4

 Hydroxychloroquine 29.4 29.5 33.6 37.2 30.7 33.5

 Steroids 79.4 76.1 77.2 76.3 72.0 72.2

 Recent steroid use 70.2 66.5 67.7 66.3 63.3 63.0

 NSAID/COXIB 26.4 26.8 34.4 34.8 30.6 32.4

 Opioids 63.5 60.4 57.4 56.5 55.7 54.8

TNFi exposure on the index date 

 Adalimumab – 20.3 – 38.8 – 37.6

 Certolizumab pegol – 21.2 – 9.6 – 12.0

 Etanercept – 15.4 – 28.7 – 25.6

 Golimumab – 16.9 – 10.4 – 11.6

 Infliximab – 26.2 – 12.5 – 13.2

Other medications 

 Number of prescription drugs 11.2±5.4 11.3±5.4 10.0±6.1 10.1±5.4 9.8±6.4 10.1±5.5

 Antibiotics 57.4 54.8 47.8 47.8 46.5 48.1

 Antivirals 4.7 4.4 6.3 6.1 5.4 5.3

 Lipid-lowering drugs 44.4 44.3 20.5 19.5 22.6 22.8

 Non-insulin antidiabetics 14.7 15.2 7.3 7.1 7.9 7.9

 Insulin 5.8 6.0 3.7 3.2 3.8 3.6

 Antidepressants 38.0 37.0 37.0 36.3 35.6 35.5

Vaccines 

 Influenza vaccine 36.3 34.4 18.7 17.5 17.2 16.4

 Pneumonia vaccine 9.0 9.4 4.4 4.6 4.2 4.4

 Herpes zoster vaccine 2.5 2.5 1.8 1.8 1.1 1.1

Healthcare utilisation

 Number of CRP test ordered 1.7±1.6 1.5±1.5 1.6±1.7 1.4±1.5 1.5±1.6 1.3±1.4

 Hospitalisation 10.7 10.3 6.5 6.4 6.6 6.3

 Number of PCP visits 2.4±2.6 2.4±2.6 2.9±7.3 2.8±7.5 3.4±9.8 3.1±7.2

CAD, coronary artery disease; CIRAS, claims-based index for RA severity; CKD, chronic kidney disease; COXIB, cyclooxygenase-2 inhibitor; CRP, C reactive protein; DMARD, 
disease-modifying antirheumatic drug; NSAID, non-steroidal anti-inflammatory drug; PCP, primary care physician; PVD, peripheral vascular disease; RA, rheumatoid arthritis; TCZ, 
tocilizumab; TIA, transient ischaemic attack; TNFi, tumour necrosis factor inhibitor.

Risk of secondary outcomes
As summarised in table 4 and online supplementary table 3, 
among the secondary infection endpoints, 522 serious bacterial 

infection events were observed in TCZ and 865 in the TNFi 
group with IR/100 person-years of 3.95 and 2.97, respectively. 
The risk of serious bacterial infection was elevated (pooled HR 
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1.19, 95% CI 1.07 to 1.33) with TCZ compared with the TNFi. 
The risk for skin and soft tissue infections (pooled HR 2.38, 
95% CI 1.47 to 3.86, IR/100 person-years 0.28 vs 0.12) and 
diverticulitis (pooled HR 2.34, 95% CI 1.64 to 3.34, IR/100 
person-years 0.52 vs 0.21) was also higher in TCZ than TNFi 
users. The risk for herpes zoster, opportunistic infection, pneu-
monia/upper respiratory tract infection, pyelonephritis/urinary 
tract infection, tuberculosis, septicaemia/bacteraemia and viral 
hepatitis was not different in the TCZ and TNFi groups.

The risk of serious bacterial infection was more pronounced 
in TCZ than abatacept (pooled HR 1.50, 95% CI 1.27 to 1.78). 
Similarly, the greater risk was seen for diverticulitis (pooled HR 
1.79, 95% CI 1.12 to 2.84), pneumonia/upper respiratory tract 
infection (pooled HR 1.37, 95% CI 1.04 to 1.80) and septi-
caemia/bacteraemia (pooled HR 1.39, 95% CI 1.08 to 1.78) 
with TCZ than with abatacept use.

subgroup and sensitivity analyses
We found no difference in the risk of composite SI events 
between TCZ initiators and TNFi initiators in the subgroup 
analysis by age, sex, baseline methotrexate use and baseline 
antibiotic use (table 5). Similarly, the risk associated with TCZ 
versus TNFi was not different in patients with or without base-
line and recent (60 days prior to index date) oral steroid use 
(table 5). The sensitivity analyses with maximum follow-up 
of 90, 180 and 365 days showed findings consistent with 
the primary analyses; however, higher risk of composite SIs 
was observed with a maximum follow-up of 30 days in TCZ 
versus TNFi, suggesting the short-term SI risk associated with 
TCZ use (online supplementary table 4). The results of the 
secondary analyses defining the outcomes based on any posi-
tion of discharge diagnosis were consistent with the primary 
analyses (online supplementary table 5).

dIsCussIOn
In this large US population-based multidatabase study, we found 
no difference in the composite SI risk between TCZ and TNFi 
initiators who previously used≥1 other bDMARDs or tofaci-
tinib. However, the risk of serious bacterial infections, skin and 
soft tissue infection, and diverticulitis was higher in TCZ initia-
tors compared with TNFi initiators, and was more pronounced 
when compared with abatacept initiators. Although the risk esti-
mate for skin and soft tissue infections, and diverticulitis was 
higher with TCZ use, the rate difference per 100 patients were 
0.16 and 0.31, respectively, and the absolute risks in both groups 
were small; thus, estimates can be imprecise in such analyses. 
Despite the elevated risk observed for the secondary infections, 
the null finding for the composite SI was possibly due to the 
additional SIs included in the primary endpoint definition that 
were not evaluated separately, and because more prevalent types 
of SIs were not different between TCZ and TNFi. The IRs/100 
person-years observed in our study for composite SIs (4.68 in 
TCZ and 3.99 in TNFi) and bacterial infection (3.95 in TCZ 
and 2.97 in TNFi) were similar to previous studies.12 32–34 The 
serious bacterial infection IR/100 person-years of 5.63 in TCZ 
and 5.26 in the TNFi group in our Medicare population were 
similar to the IR of 4.89 from the previous Medicare study.34

The results from our study are in line with the previously iden-
tified safety profile of TCZ from RCTs and other real-world data. 
A prospective cohort study using Japanese RA registry showed 
no significant difference in the SI rate with TCZ versus anti-TNF 
use (HR 2.23, 95% CI 0.93 to 5.37).11 A recent observational 
cohort study using BSRBR-RA showed an increased risk (HR 

https://dx.doi.org/10.1136/annrheumdis-2018-214367
https://dx.doi.org/10.1136/annrheumdis-2018-214367
http://ard.bmj.com/
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1.22, 95% CI 1.02 to 1.47) in TCZ compared with etanercept 
for SI, defined as an infection resulting in death, hospitalisation 
or requiring intravenous antimicrobial therapy.12 Our primary 
pooled HR is within the 95% CIs from this BSRBR-RA study, but 
slightly different from their point estimate, which could be due 
to the differences in population, comparison group and outcome 
definition. Our results are comparable with a long-term post-
marketing observational surveillance study in Japan,32 which 
found no increases in the proportions of patients with SI over 
the 3 years of TCZ treatment, and the findings from the German 
biologics register showing higher relative risk (RR) of infection 
among TCZ users (RR 1.15) and lower risk among abatacept 
users (RR 0.82) compared with anti-TNF therapy.35 Contrary to 
our secondary comparison group findings, a cohort study using 
2006–2011 Medicare data has previously suggested no differ-
ence in the risk for hospitalised infection (adjusted HR 1.10, 
95% CI 0.89 to 1.34) in TCZ versus abatacept users,10 which 
could be due to differences in the population and outcome defi-
nition (principal vs any diagnosis). The current study adds to 
the literature by providing risk estimates for serious bacterial 
infection, skin and soft tissue infections, and diverticulitis with 
TCZ compared with TNFi in three large cohorts of patients with 
RA from routine care. These findings are clinically important 
considering the higher risk of infections previously seen in a 
recent BSRBR report describing an elevated risk of SI associated 
with the use of adalimumab, etanercept and infliximab (adjusted 
HR 1.2, 95% CI 1.1 to 1.5).36

The main strength of this study is the generalisability and 
large size as we used three large US claims databases, which 
was necessary to achieve an adequate study size since TCZ is 
a relatively new therapy. Unlike enrollees in clinical trials, our 
study cohort is representative of older adults (Medicare) and 
the working population and their dependents (PharMetrics and 
MarketScan). In addition to TCZ versus TNFi comparison, we 
also compared TCZ with abatacept for better confounding 
control among these exposures and better understanding of 
the risk attributable to each agent. Our study provides the 
HRs and the absolute risk of SIs and several specific SIs. This 
study used rigorous pharmacoepidemiological approaches to 
provide findings with high validity, including the new-user 
design, specific outcome definition, use of active comparator 
and variable ratio PS-matching to perform appropriate statis-
tical control for a large number of confounders and to mini-
mise confounding by indication and immortal time bias.37 38 
Because TCZ is mostly used as a second-line treatment for 
RA in routine practice, the requirement of prior biologic 
or targeted sDMARD use in both TCZ and TNFi/abatacept 
starters likely further reduced the degree of confounding by 
RA duration or severity between the two groups. Furthermore, 
given the known differences in patient demographics and 
other characteristics across the three databases, to optimise 
confounding control in each data source, we did all the anal-
yses separately in each of the three databases and combined 
the results using a meta-analysis technique. The large size of 
the study allowed us to evaluate the risk of several specific SIs. 
Lastly, our sensitivity and subgroup analyses showed consis-
tent results.

There are limitations to this study. While we adjusted for 
>70 baseline variables potentially related to SI risks using 
PS-matching, residual confounding is still possible. Infor-
mation on confounders, such as RA duration, RA severity, 
DMARD treatment history, body mass index, smoking, alcohol 
intake or other behavioural risk factors, is also not captured in 
the claims data. It is possible that TCZ patients received higher 
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number of biologics or other DMARDs than the TNFi group. 
Outcome misclassification is a possibility as we relied on the 
diagnosis codes for identifying SIs. However, our endpoints 
were identified by a principal inpatient code to minimise the 
possibility of outcome misclassification. Even with the large 
study cohort size, the number of secondary outcomes was 
relatively small. A possibility of surveillance bias may exist 
as rheumatologists may have decided to hospitalise patients 
with infections preferentially if they were treated with TCZ 
versus other biologics. The mean follow-up was short (<1 
year), although most of these SIs are thought to occur in a few 
months after starting a treatment. Lastly, we did not examine 
the risk of recurrent infections.

In conclusion, this large multidatabase observational study 
found no difference in the risk for composite SI requiring 
hospitalisation in patients with RA who initiated TCZ versus 
TNFi after failing ≥1 other biologic drug or tofacitinib. 
However, we found an increased risk of serious bacterial infec-
tion, skin and soft tissue infections, and diverticulitis in TCZ 
versus TNFi initiators. In the secondary cohort comparing 
TCZ with abatacept, higher risks for composite SI, serious 
bacterial infection, diverticulitis, pneumonia/upper respiratory 
tract infection and septicaemia/bacteraemia were observed in 
the TCZ group. This head-to-head comparative safety infor-
mation between TCZ and TNFi or abatacept may help better 
manage patients with RA in clinical practice.
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AbsTRACT
Objectives To see if a group course delivered by 
rheumatology teams using cognitive-behavioural 
approaches, plus usual care, reduced Ra fatigue impact 
more than usual care alone.
Methods Multicentre, 2-year randomised controlled 
trial in Ra adults (fatigue severity>6/10, no recent major 
medication changes). RaFT (Reducing arthritis Fatigue: 
clinical Teams using CB approaches) comprises seven 
sessions, codelivered by pairs of trained rheumatology 
occupational therapists/nurses. Usual care was arthritis 
Research UK fatigue booklet. Primary 26-week outcome 
fatigue impact (Bristol Ra Fatigue effect numerical 
Rating scale, BRaF-nRs 0–10). intention-to-treat 
regression analysis adjusted for baseline scores and 
centre.
Results 308/333 randomised patients completed 
26 week data (156/175 RaFT, 152/158 Control). Mean 
baseline variables were similar. at 26 weeks, the adjusted 
difference between arms for fatigue impact change 
favoured RaFT (BRaF-nRs effect −0.59, 95% Ci –1.11 
to -0.06), BRaF Multidimensional Questionnaire (MDQ) 
Total −3.42 (95% Ci –6.44 to -0.39), living with Fatigue 
−1.19 (95% Ci –2.17 to -0.21), emotional Fatigue 
−0.91 (95% Ci –1.58 to -0.23); Ra self-efficacy (Rase, 
+3.05, 95% Ci 0.43 to 5.66) (14 secondary outcomes 
unchanged). effects persisted at 2 years: BRaF-nRs effect 
−0.49 (95% Ci −0.83 to -0.14), BRaF MDQ Total −2.98 
(95% Ci −5.39 to -0.57), living with Fatigue −0.93 
(95% Ci −1.75 to -0.10), emotional Fatigue −0.90 (95% 
Ci −1.44, to -0.37); BRaF-nRs Coping +0.42 (95% Ci 
0.08 to 0.77) (relevance of fatigue impact improvement 
uncertain). RaFT satisfaction: 89% scored > 8/10 vs 
54% controls rating usual care booklet (p<0.0001).
Conclusion Multiple Ra fatigue impacts can be 
improved for 2 years by rheumatology teams delivering 
a group programme using cognitive behavioural 
approaches.
Trial registration number isRCTn:52709998.

bACkgROund
Fatigue is a significant problem for people with 
rheumatoid arthritis,1 incorporating physical 
exhaustion and cognitive impairment, with impacts 
on lifestyle, roles, relationships and emotions.2 3 
RA fatigue is persistent,4 patients feel unsupported 
by rheumatology teams and rheumatology nurses 

want help regarding fatigue management.2 5 The 
RA fatigue causal pathway remains unclear.6 
Multiple factors may form different combinations 
and weightings for each patient at each episode. A 
conceptual framework proposes three main compo-
nents: inflammation (directly or through pain, sleep 
disruption, disability), personal factors (eg, work, 
comorbidities) and cognitive behavioural elements 
(under/over activity, driven by thoughts/feelings).7 
Meta-analysis of randomised controlled trials 
(RCTs) reporting RA fatigue shows small-moderate 
effects from biological disease modifying anti-rheu-
matic drugs and physical exercise, although fatigue 
was rarely the primary outcome.8 9

Meta-analysis of psycho-educational interven-
tions reporting RA fatigue also shows small-mod-
erate benefit.10 However, only two specifically 
addressed RA fatigue.10 11 One intervention targeted 
distress, comprising 1–1 cognitive behavioural 
therapy (CBT), with an optional fatigue module.10 
The second intervention aimed to reduced fatigue 
impact, using group CBT.11 Both improved fatigue/
fatigue impact but were delivered by clinical 
psychologists, meaning they are hard to implement 
in the current NHS as few rheumatology teams 
include clinical psychologists.12 The aim of this trial 

key messages

What is already known about this subject?
 ► Fatigue in rheumatoid arthritis is common and 
cognitive behavioural therapy can help, but few 
rheumatology units have clinical psychologists 
to deliver it.

What does this study add?
 ► This study demonstrates that rheumatology 
nurses and occupational therapists using 
cognitive behavioural approaches can reduce 
fatigue impact with both short-term and long-
term effects.

How might this impact on clinical practice or 
future developments?

 ► All seven clinical teams were able to deliver 
this intervention, suggesting future clinical 
implementation is feasible.
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was to see if usual care plus a group course delivered by rheu-
matology teams using cognitive-behavioural approaches (CBA) 
reduced RA fatigue impact more than usual care alone.

MeTHOds
The detailed methods have been published13 and a summary is 
provided here.

Trial design
UK, 7-centre randomised controlled trial of group CBA for 
fatigue self-management plus usual care (1–1 fatigue informa-
tion) versus usual care alone.

Participants
Eligible patients were aged >18 years with confirmed RA14 and 
fatigue severity >6/10 on a Numerical Rating Scale (NRS),15 
which they considered recurrent or persistent. Exclusion criteria 
were recent changes to glucocorticoids (6 weeks) or major RA 
medication (16 weeks) or insufficient English to participate 
in group discussions. Patients were approached in clinic or 
by mailshots to departmental databases. Ethics approval was 
obtained (East of England Norfolk 13/EE/0310), the trial regis-
tered (ISRCTN 52709998) and patients gave written informed 
consent.

Interventions
RAFT is the group course for RA fatigue using CBT approaches 
previously facilitated by a clinical psychologist.11 RAFT 
comprises seven sessions (weeks 1–6 for 2 hours, consolida-
tion week 14 for 1 hour), addressing behaviours likely to be 
related to fatigue and their underpinning thoughts and feel-
ings (see online supplementary data), as previously published.13 
Tutors use exploratory questioning, goal-setting and peer-sup-
port to enhance self-efficacy (belief that you can succeed with 
an activity), prompting changes in self-management.16 17 RAFT 
was manualised for codelivery by pairs of rheumatology nurses/
occupational therapists, who trained together over 4 days and 
delivered an observed course locally before the RCT.13

Usual care was the Arthritis Research UK fatigue self-man-
agement booklet, based on the original RAFT intervention,18 
provided to and discussed with each patient for approxi-
mately 5 min by the research nurse at the baseline visit (ie, 
pre-randomisation).

Outcomes
The primary outcome was fatigue impact at 26 weeks, collected 
by the central trial team by telephone using the Bristol RA 
Fatigue Numerical Rating Scale (BRAF-NRS Effect).15 Other 
fatigue elements were severity, coping (BRAF-NRSs) and overall 
impact (BRAF Multidimensional Questionnaire, BRAF-MDQ).15 
Clinical status comprised pain (NRS), disability (Modified 
Health Assessment Questionnaire, MHAQ),19 sleep (item from 
Pittsburgh Sleep Quality Index),20 disease activity (DAS2821 at 
weeks 0 and 26, replaced at other time-points by self-report 
(sPDAS2),22 23 mood (Hospital Anxiety and Depression scale, 
HADS),24 quality of life (global question, Arthritis Impact 
Measurement Scale, AIMS)25 and leisure activities (discretionary 
activity subscale, Valued Life Activities, VLA).26 Self-efficacy and 
helplessness underpinning processes were assessed (RA Self-Ef-
ficacy scale (RASE), Arthritis Helplessness Index (AHI)).27 28 
Outcomes were measured at weeks 0, 6, 26, 52, 78 and 104. At 
weeks 10 and 18, fatigue was measured for exploratory analysis 
of the week 14 consolidation session. Satisfaction with RAFT/

booklet (26 weeks) and social contact (weeks 52, 104) comprised 
unvalidated questions. Economic and qualitative evaluations will 
be reported elsewhere.

sample size
With 90% power and a two-sided significance of 0.05, 73 
patients/arm would detect 1.46 units difference in fatigue impact 
(effect size 0.54), equal to 75% of the 1.95 units difference 
achieved by a CBT therapist (SD 2.7, effect size 0.77).11 Poten-
tial for clustering effects from groups/tutors increased this to 75/
arm and allowing for 2 year attrition (50%) we aimed to recruit 
150/arm.29

Randomisation
Seven centres each recruited four trial cohorts over 2 years. Once 
a centre recruited 10–16 participants (cohort), informed consent 
and baseline assessments were conducted. Computer-generated 
randomisation for that cohort was performed by the Bristol 
Randomised Trials Collaboration; thus, randomisation was strat-
ified by centre, and within centres by cohort (1-4). Allocation 
was 1:1 with the RAFT arm receiving the additional patient if 
numbers were uneven. Patients randomised to RAFT but unable 
to attend their course were offered subsequent courses. All 
patients eligible at screening were accepted, even if they had 
become ineligible by baseline (medication/fatigue changes) while 
awaiting full cohort recruitment, mirroring the pragmatic nature 
of chronic illness interventions.

blinding
RAFT group courses meant blinding of patients and clinicians 
was impossible, but data were analysed blind to arm allocation.

statistical methods
Analysis followed a predefined plan, used STATA V.14.1.1, 
reported using CONSORT guidelines.30 Analyses were 
conducted on an intention-to-treat (ITT) basis without impu-
tation of missing data, adjusting for baseline value and centre. 
Primary effectiveness analysis used linear regression to estimate 
an adjusted mean difference comparing fatigue impact at 26 
weeks (primary outcome) between groups as randomised. Anal-
ysis was repeated including 20 sets of imputed missing primary 
outcome data. The multiple imputation model included all vari-
ables that were part of the ITT primary analysis, variables poten-
tially related to fatigue impact (fatigue severity, pain, self-rated 
and nurse-rated disease activity) and baseline variables that were 
associated with missingness of the primary outcome. Secondary 
analysis compared groups across 26, 52, 78 and 104 weeks using 
a mixed effects model (treatment arm baseline measure of the 
outcome, centre and timepoint as fixed effects and participant 
as a random effect to account for the repeated measures nature 
of the data). Further secondary analyses of the primary outcome 
included: restricting the analysis to baseline-eligible participants 
(ie, fatigue severity >6/10); a Complier Average Causal Effect 
(CACE) analysis to investigate the efficacy of the intervention 
(based on treatment compliance status) for comparison with the 
ITT estimate of the offer of the intervention31 and investigation 
of potential clustering by centre and group. Secondary outcomes 
at 26 weeks were examined using linear regression for continuous 
outcomes and logistic regression for binary outcomes (adjusted 
for baseline measure of the outcome and centre) and over 26, 
52, 78 and 104 weeks using the mixed effects models above. 
Potential predictors of fatigue impact change were modelled 
using stepwise deletion. Exploratory analyses assessed the effects 
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Figure 1 Participant flowchart. CBT, cognitive behavioural therapy.

of a potential tutor learning curve, the week 14 consolidation 
session and individual self-efficacy (RASE) questions at 26 weeks 
(t-test).

Patient involvement
Patient partners (Rooke, Robinson) brought experiential knowl-
edge of RA fatigue and received the original CBT intervention.11 
They advised on outcomes, questionnaires, handouts, recruit-
ment and supported tutor training; Rooke provided advice on 
the tutor manual, attended project meetings and interpreted 
results.

ResulTs
Four consecutive cohorts of 9–16 patients were randomised in 
each of 7 centres over 2 years (n=333) (figure 1), with similar 
numbers across centres (see online supplementary data). Six 
of 158 patients randomised to usual care alone withdrew 
before week 26. While 6 of 175 patients randomised to RAFT 
attended a later course than planned (with fresh baseline data), 
14 patients could not meet any local course dates and did 
not receive RAFT. Of the 161 patients who received RAFT, 
4 withdrew for personal/health reasons (having attended 1–3 
of the 7 sessions) and 1 before week 10. Therefore 156/175 
RAFT patients (89.9%) and 152/158 control patients (96.0%) 
provided primary week 26 outcome data; 153/175 RAFT and 
147/158 control patients provided week 104 data (87.4%, 
93.0%).

RAFT delivery
All 7 rheumatology centres provided at least two clinicians 
and of 15 trained, 14 went on to deliver RAFT: 4 nurse/occu-
pational therapist pairs, 1 occupational therapist pair and 2 
nurse pairs. Tutors had been qualified for a mean 18 years 
(6–30), with 5.3 years rheumatology experience (0–17); 10 
had experience of group work, of whom 4 reported knowl-
edge of goal-setting or CBT. All hospitals delivered four 
RAFT courses. Tutor pairs remained unchanged, apart from 
one centre where tutor absence was covered by the remaining 
tutor codelivering one course with a trainer and one with a 
colleague who had previously observed. Seven of the 196 
RAFT sessions (28 courses of 7 sessions) were delivered by a 
single tutor due to absence (3.6%). Independent monitoring of 
two sessions of every course confirmed tutor fidelity to RAFT 
content, delivery and CB principles.

RAFT attendance
At randomisation, RAFT groups averaged six patients (5-8). 
Patients attended a mean 5.85 of their 7 RAFT sessions (SD 
1.63), with 136 (87.2%) attending 5–7. All 156 RAFT patients 
attended their Session 1 (definition of having received RAFT), 
and each of the individual Sessions 2–7 was attended by >75% 
randomised patients. No related adverse events reported.

baseline data
Total 308/333 randomised patients completed primary 26 
week outcome data. Baseline characteristics were similar 
between arms, being primarily female (RAFT 125/156, 80.1%, 
control 121/152, 79.6%), >60 years old (RAFT median 63.7, 
IQR 54.2, 69.9; control 61.8, IQR 54.4, 69.6) and a median 
10 year disease duration (RAFT IQR 5, 19; control 3, 20). 
Baseline clinical data were similar between arms (table 1) with 
high fatigue impact (mean BRAF-NRS Effect >7/10) that was 
slightly higher than fatigue severity, low perceived ability to 
cope with fatigue, relatively high baseline disease activity 
(mean DAS28>4.2), moderate pain, low disability, moderate 
self-efficacy and helplessness. The 25 patients who withdrew 
had similar characteristics (see online supplementary data). 
During the trial, normal clinical management meant patients 
had changes to major RA medications but this was not different 
between arms (see online supplementary data).

Primary outcome
At week 26, mean BRAF-NRS impact was reduced by 1.36 
units (p<0.001) in RAFT compared with 0.88 in controls 
(p<0.004).32 33 Regression analysis showed a difference 
between changes in fatigue impact NRS of −0.59 in favour 
of RAFT (p=0.03, table 2), giving a standardised effect size of 
0.36 (adjusted difference in mean/pooled baseline SD).

The primary analysis was repeated excluding patients who 
had fallen below the BRAF-NRS Severity>6/10 eligibility 
criterion between screening and baseline (23/156 RAFT, 
23/152 control). For baseline-eligible patients, a larger effect 
was seen in favour of RAFT, with an adjusted mean difference 
between arms for fatigue impact of −0.82 (95% CI −1.40 to 
-0.24, p=0.01).

Analysis on 20 sets of imputed data gave almost identical 
results (adjusted mean difference between arms for fatigue 
impact −0.58), therefore no further imputation was used. 
CACE analysis supported the finding of a larger effect from 
RAFT in those who ‘complied’ with the intervention compared 
with the ITT estimate of the ‘offer’ of the intervention (CACE 
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Table 1 Baseline clinical data

Control (n=158) RAFT (n=175)

n (%)* Mean (sd) n (%)* Mean (sd)

Fatigue

 BRAF-NRS Effect (0–10) 152 (96.2) 7.23 (1.6) 156 (89.1) 7.10 (1.7)

 BRAF-NRS Severity (0–10) 142 (89.9) 6.85 (1.57) 152 (86.9) 6.89 (1.57)

 BRAF-NRS Coping (0–10)† 142 (89.9) 4.84 (2.09) 152 (86.9) 5.16 (2.08)

 BRAF-MDQ impact overall (0–70) 142 (89.9) 40.39 (12.99) 152 (86.9) 40.42 (12.70)

 BRAF-MDQ Physical (0–22) 142 (89.9) 16.19 (3.21) 152 (86.9) 16.12 (3.39)

 BRAF-MDQ Emotional (0–12) 142 (89.9) 6.71 (3.31) 152 (86.9) 6.55 (3.18)

 BRAF-MDQ Cognitive (0–15) 142 (89.9) 7.58 (4.04) 152 (86.9) 7.54 (4.00)

 BRAF-MDQ Living with (0–21) 142 (89.9) 9.90 (5.18) 152 (86.9) 10.21 (5.05)

Pain NRS (0–10) 142 (89.9) 5.57 (2.10) 152 (86.9) 5.70 (2.12)

Disability MHAQ (0–3) 142 (89.9) 0.76 (0.51) 151 (86.3) 0.75 (0.53)

Quality of life AIMS VAS (0–100) 141 (89.2) 49.89 (20.44) 152 (86.9) 49.16 (22.27)

Disease activity

 Assessed—DAS28 (0.96+) 145 (91.8) 4.23 (1.11) 147 (84.0) 4.22 (1.30)

  Self-report—sPDAS2 (2.4–7.9) 142 (89.9) 4.36 (0.99) 151 (86.3) 4.44 (1.06)

Anxiety HADS (0–21) 142 (89.9) 8.01 (4.45) 151 (86.3) 7.29 (4.08)

Depression HADS (0–21) 142 (89.9) 6.79 (3.94) 151 (86.3) 7.18 (3.59)

Valued life activities (0–3) 142 (89.9) 1.08 (0.60) 151 (86.3) 1.16 (0.61)

Helplessness AHI (5-30) 142 (89.9) 18.98 (4.74) 152 (86.9) 19.03 (4.67)

Self-efficacy RASE (28-140)†† 142 (89.9) 104.38 (11.34) 151 (86.3) 102.49 (11.51)

Sleep quality 142 (89.9) 149 (85.1)

 Very good‡ 5 (3.5%) 9 (6.0%)

 Fairly good‡ 58 (40.9%) 48 (32.2%)

 Fairly bad‡ 51 (35.9%) 56 (37.6%)

 Very bad‡ 28 (19.7%) 36 (24.2%)

*Percentage of total randomised (Control 158, RAFT 175).
†Higher score=better outcome.
‡Percentage of questionnaires returned.
AHI, Arthritis Helplessness Index; AIMS, Arthritis Impact Measurement Scale; BRAF-MDQ, Bristol RA Fatigue Multidimensional Questionnaire; BRAF-NRS, Bristol RA Fatigue 
Numerical Rating Scale; HADS, Hospital Anxiety and Depression Scale; MHAQ, Modified Health Assessment Questionnaire; RASE, RA Self-Efficacy.

Table 2 Primary outcome of fatigue impact at 26 weeks

Control RAFT Adjusted* mean 
difference
(95% CI) P valuen (%)†

Week 0
Mean (sd)

Week 26
Mean (sd) n (%)†

Week 0
Mean (sd)

Week 26
Mean (sd)

BRAF-NRS effect 152 (96.2) 7.23 (1.6) 6.36 (2.42) 156 (89.1) 7.10 (1.7) 5.74 (2.41) −0.59 (−1.11 to -0.06) 0.03

*Linear regression adjusted for baseline BRAF-NRS impact and centre.
†Percentage of total randomised (Control 158, RAFT 175).
BRAF-NRS, Bristol RA Fatigue Numerical Rating Scale.

treatment effect estimate −0.69). However, CACE methods 
could be deemed inappropriate as 14 patients randomised to 
but not attending RAFT had no follow-up data (see online 
supplementary data). No evidence of clustering was demon-
strated: log-likelihood of linear mixed model −696.44 vs 
log-likelihood of model not adjusting for clustering −696.48 
(p=0.96).

Primary outcome over two years
Difference between the arms for fatigue impact was main-
tained over 2 years (figure 2). RAFT patients had a BRAF-NRS 
Impact score that was on average better than controls over 
2 years with an adjusted mean difference of −0.49 (95% CI 
−0.83 to -0.14, p=0.01) (see online supplementary data). The 
mixed effects model conducted on baseline-eligible patients 
again showed a slightly larger treatment effect with an average 

adjusted mean difference over 2 years of −0.58 (95% CI 
−0.95 to -0.22, p=0.002).

secondary outcomes
There was a difference between arms at 26 weeks in favour of 
RAFT for overall fatigue impact, emotional fatigue, living with 
fatigue (BRAF-MDQ Overall and subscales) and self-efficacy 
(RASE) (table 3). Findings were similar over 2 years, when better 
outcomes for fatigue coping (BRAF-NRS Coping) also emerged 
for RAFT whereas self-efficacy was no longer significant 
(table 4). There was no difference between arms for the other 13 
secondary outcomes, including fatigue severity (tables 3 and 4).

Patient satisfaction
At 26 weeks, 89% of RAFT patients (133/150) rated course 
satisfaction >8/10 compared with 54% (75/139) controls 
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Figure 2 BRAF-NRS Impact scores (0–10) over weeks 0–104 by trial 
arm. BRAF-NRS, Bristol RA Fatigue Numerical Rating Scale.

Table 3 Adjusted mean difference between arms in secondary outcomes at 26 weeks

Control RAFT Adjusted mean 
difference*
(95% CI) P value effect sizen (%)† Mean (sd) n (%)† Mean (sd)

Fatigue

 BRAF-NRS Severity (0–10) 142 (89.9) 6.13 (2.30) 152 (86.9) 5.91 (2.22) −0.24 (−0.75 to 0.27) 0.35

 BRAF-NRS Coping (0-10)‡ 142 (89.9) 5.32 (2.42) 152 (86.9) 5.25 (2.33) −0.15 (−0.69 to 0.39) 0.58

 BRAF-MDQ Impact Overall (0–70) 142 (89.9) 34.74 (16.41) 152 (86.9) 31.51 (16.02) −3.42 (−6.44 to -0.39) 0.03 0.27

 BRAF-MDQ Physical (0–22) 142 (89.9) 14.40 (5.23) 152 (86.9) 13.72 (4.91) −0.68 (−1.78 to 0.42) 0.23

 BRAF-MDQ Emotional (0–12) 142 (89.9) 5.36 (3.79) 152 (86.9) 4.37 (3.51) −0.91 (−1.58 to -0.23) 0.01 0.28

 BRAF-MDQ Cognitive (0–15) 142 (89.9) 6.55 (4.16) 152 (86.9) 5.89 (4.35) −0.66 (−1.45 to 0.13) 0.10

 BRAF-MDQ Living with (0–21) 142 (89.9) 8.43 (5.68) 152 (86.9) 7.53 (5.43) −1.19 (−2.17 to -0.21) 0.02 0.23

Pain NRS (0–10) 142 (89.9) 5.24 (2.41) 152 (86.9) 5.47 (2.32) 0.16 (−0.33 to 0.65) 0.51

Disability MHAQ (0–3) 142 (89.9) 0.70 (0.51) 151 (86.3) 0.71 (0.54) 0.02 (−0.06 to 0.10) 0.67

Quality of Life AIMS VAS (0–100) 141 (89.2) 47.70 (23.04) 152 (86.9) 47.22 (23.46) −0.33 (−5.13 to 4.65) 0.90

Disease Activity:

 Assessed—DAS28 (0.96+) 145 (91.8) 4.10 (1.31) 147 (84.0) 4.13 (1.38) 0.02 (−0.21 to 0.24) 0.88

  Self-report—sPDAS2 (2.4–7.9) 142 (89.9) 4.33 (1.04) 151 (86.3) 4.44 (1.13) 0.05 (−0.16 to 0.26) 0.63

Anxiety HADS (0–21) 142 (89.9) 7.56 (4.48) 151 (86.3) 6.65 (4.36) −0.33 (−0.95 to 0.29) 0.30

Depression HADS (0–21) 142 (89.9) 6.42 (4.06) 151 (86.3) 6.22 (3.76) −0.50 (−1.14 to 0.14) 0.13

Valued Life Activities (0–3) 142 (89.9) 1.07 (0.62) 151 (86.3) 1.09 (0.67) −0.05 (−0.15 to 0.05) 0.34

Helplessness AHI (5-30) 142 (89.9) 17.47 (5.46) 152 (86.9) 16.92 (5.06) −0.61 (−1.65 to 0.43) 0.25

Self-efficacy RASE (28-140)‡ 142 (89.9) 104.67 (13.31) 151 (86.3) 106.26 (14.78) 3.05 (0.43 to 5.66) 0.02 0.27

Sleep quality:

 Very good§ 9 (6.3%) 17 (11.4%) 0.75 (0.47 to 1.17)¶ 0.21

 Fairly good§ 65 (45.8%) 64 (43.0%)

 Fairly bad§ 51 (35.9%) 51 (34.2%)

 Very bad§ 17 (12.0%) 17 (11.4%)

*Linear regression adjusted for baseline measure of outcome and centre.
†Percentage of total randomised (Control 158, RAFT 175).
‡Higher score=better outcome.
§Number of patients (% questionnaires returned).
¶OR from ordinal logistic regression.
AHI, Arthritis Helplessness Index; AIMS, Arthritis Impact Measurement Scale; BRAF-MDQ, Bristol RA Fatigue Multidimensional Questionnaire; BRAF-NRS, Bristol RA Fatigue 
Numerical Rating Scale; HADS, Hospital Anxiety and Depression Scale; MHAQ, Modified Health Assessment Questionnaire; RASE, RA Self-Efficacy.

rating booklet satisfaction (p<0.0001). Additionally, 96% of 
RAFT patients (144/150) were very likely to recommend it to 
others (scoring >8/10) compared with 68% (95/139) controls 
recommending the booklet (p<0.001). At 52 weeks, 20% of 
RAFT patients (n=35) had made further contact with their 
RAFT group, and 9% (16) at 104 weeks.

Potential predictors of fatigue impact change
The final linear regression model suggested worse outcome at 
26 weeks was predicted by being female (0.75 unit increase in 

BRAF-NRS Effect, 95% CI 0.08 to 1.41, p=0.03) and higher 
baseline disease activity (1 unit increase in baseline DAS28 asso-
ciated with 0.25 unit increase in BRAF-NRS Effect, 95% CI 0.02 
to 0.49, p=0.04).

Exploratory analyses (see online supplementary data): The 
difference between arms in mean fatigue impact change was 
smallest in cohort 1 (−0.37 BRAF-NRS Effect) and greatest in 
cohort 4 (−0.82), suggesting possible tutor learning over time 
(the study was not powered to test this). The adjusted mean 
differences between arms for fatigue impact, coping with fatigue 
and emotional fatigue were greater at week 18 than week 10, 
suggesting benefit from the week 14 consolidation session, but 
could reflect random variation over time. RASE addresses self-ef-
ficacy for RA self-management, and six RASE items demonstrated 
a difference between arms for change in favour of RAFT at week 
26: relaxation, pacing, accepting fatigue, asking for help, using 
relaxation tapes and avoiding things that cause pain.

dIsCussIOn
RAFT, a seven-session group CBA course for RA fatigue 
self-management delivered by rheumatology nurses and occu-
pational therapists, reduced fatigue impact beyond usual 
care both at 6 months and 2 years. RAFT had high patient 
attendance and satisfaction. Improvements were also seen in 
emotional fatigue, living with fatigue, coping with fatigue and 
self-efficacy.
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Table 4 Mixed effects models examining effect of raft on secondary 
outcomes over 2 years

Adjusted 
mean 
difference* 95% CI P value

Fatigue

 BRAF-NRS Severity (0–10) −0.17 −0.54 to 0.20 0.38

 BRAF-NRS Coping (0–10)† 0.42 0.08 to 0.77 0.02

 BRAF-MDQ Impact Overall (0–70) −2.98 −5.39 to -0.57 0.02

 BRAF-MDQ Physical (0–22) −0.64 −1.45 to 0.17 0.12

 BRAF-MDQ Emotional (0–12) −0.90 −1.44 to -0.37 0.001

 BRAF-MDQ Cognitive (0–15) −0.53 −1.14 to 0.08 0.09

 BRAF-MDQ Living with (0–21) −0.93 -1.75 to -0.10 0.03

Pain NRS (0–10) 0.01 −0.38 to 0.40 0.94

Disability MHAQ (0–3) 0.01 −0.07 to 0.08 0.86

Quality of Life AIMS VAS (0–100) −0.02 −3.91 to 3.86 0.99

Disease activity sPDAS2 (2.4–7.9) 0.03 −0.15 to 0.20 0.77

Anxiety HADS (0–21) −0.40 −0.96 to 0.15 0.16

Depression HADS (0–21) −0.49 −1.06 to 0.08 0.09

Valued Life Activities (0–3) −0.06 −0.14 to 0.03 0.22

Helplessness AHI (5-30) −0.27 −1.12 to 0.58 0.54

Self-efficacy RASE (28-140)† 1.31 −0.80 to 3.42 0.23

Sleep Quality 0.74‡ 0.44 to 1.27 0.28

*Adjusted for baseline measure of outcome and centre.
†Higher score=better outcome (for all other scales lower score=better outcome).
‡OR from ordinal logistic regression.
AHI, Arthritis Helplessness Index; AIMS, Arthritis Impact Measurement Scale; BRAF-
MDQ, Bristol RA Fatigue Multidimensional Questionnaire; BRAF-NRS, Bristol RA 
Fatigue Numerical Rating Scale; HADS, Hospital Anxiety and Depression Scale; 
MHAQ, Modified Health Assessment Questionnaire; RASE, RA Self-Efficacy.

Improvements in fatigue impact demonstrated in usual care 
alone were not seen in the previous RCT, where the control 
was one general self-management group session of didactic 
information.11 The usual care fatigue booklet18 in this RCT 
was written by the team following the original RCT.12 A qual-
itative study suggested that patients felt the booklet made 
them feel more responsible for taking actions to manage their 
fatigue.34 The brief booklet discussion with the nurse in this 
RCT may have had a greater effect than a patient picking up 
a booklet in clinic.

The amount of fatigue impact change that might be clini-
cally important for people with RA is unknown. The minimal 
clinically important difference (MCID) for RA fatigue severity 
scales averages 10%,35–37 while multiple sclerosis fatigue 
impact MCID is 15%.38 39 RAFTs demonstrated 19% change 
in fatigue impact and usual care 12% (–1.36, –0.88 units) are 
thus probably clinically meaningful.

There was no treatment difference between arms for fatigue 
severity. Longitudinal studies demonstrate RA fatigue severity 
is largely stable with most having a persistent moderately high/
high trajectory.5 40 Symptom severity differs from impact: 
patients can report low impact from severe symptoms and 
vice versa.41 42 Impact may be the product of interactions 
between symptom severity, personal importance and perceived 
coping.43 The 2 year treatment difference in favour of RAFT 
for coping with fatigue might reflect reduced personal impor-
tance of fatigue, thus improving fatigue impact even with 
persistent fatigue severity. RAFT participants may have made 
a shift in how they view and manage fatigue, finding ways to 
reduce its impact.44

The 2-year effects of RAFT on fatigue coping suggest 
that patients’ newly acquired fatigue self-management skills 
became embedded. Core self-management skills taught in 
CB approaches may have translated into improved coping. 
Overall self-efficacy favoured RAFT at 26 weeks with changes 
in 6/28 RASE items of key fatigue self-management issues 
addressed in RAFT. Self-efficacy was no longer significant at 
2 years, possibly reflecting the dominance of the 22 general 
RA self-management items in the RASE score over time since 
RAFT, compared with the focused fatigue coping NRS (ie, a 
measurement issue).

strengths and limitations
The study’s external validity was strengthened by involving 
7 hospitals, 14 tutors, broad entry criteria and strong patient 
and public involvement. The pragmatic trial design accommo-
dated features of real clinical practice: natural variations in 
medication, fatigue, group size, session attendance and tutor 
availability. Collection of the primary outcome by telephone 
gave high return rates.

There was no control for social effects of RAFT groups: seven 
sessions of didactic information would not reflect usual care 
and likely incur high attrition. In the original RCT, patients 
reported benefit from interactions with other patients, but 
considered tutors more important, otherwise patients would 
have ‘pulled one another down’.44 Delay between screening 
and baseline assessment was inevitable while building cohorts 
for randomisation, and some patients no longer had eligible 
fatigue severity scores at baseline. However, RAFT still had an 
overall treatment effect, with a greater effect in baseline-eli-
gible participants. Delays would be shorter in clinical practice 
as only sufficient patients for a RAFT group need be recruited. 
Six RAFT patients requested a later course and had a fresh 
baseline assessment, collected after randomisation. Major 
medication changes might influence fatigue but changes were 
not different between arms and remission through optimal 
medication does not resolve problematic fatigue.45 We did 
not collect follow-up data on 25 patients who withdrew, but 
imputing missing data did not change the primary outcome 
analysis. RAFT patients were not asked to rate the usual care 
booklet.

Implications for research
Codelivery by a rheumatology professional and a patient 
(bringing experiential knowledge of RA fatigue) could be eval-
uated,46 as could delivery in physical long-term conditions 
with fatigue (multiple sclerosis, Parkinson’s disease) and the 
MCID for the BRAF-NRS Effect established.

Implications for healthcare
The CBA intervention was delivered by clinical rheuma-
tology nurses and occupational therapists, addressing the lack 
of rheumatology psychologists.12 Similar success has been 
demonstrated in multiple sclerosis fatigue.47 RAFT delivery 
by clinical teams was feasible: all planned RAFT courses were 
delivered, tutor absence was managed and patient atten-
dance high. Increasing group size to 8–10 patients would be 
feasible, as would including patients with other inflammatory 
rheumatic diseases and fatigue.48 49 Several RCT centres now 
deliver RAFT clinically.
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AbSTrACT
Objectives Here, we present the reported incidence 
rates of inflammatory bowel disease (iBD) in patients 
receiving treatment with secukinumab for psoriasis (PsO), 
psoriatic arthritis (Psa) or ankylosing spondylitis (as), in 
a pooled analysis of 21 clinical trials.
Methods Data from all patients who had received at 
least one dose of secukinumab were included. safety 
analyses were conducted to evaluate cumulative iBD 
rates as well as per-year rates, by indication. Crohn’s 
disease (CD), ulcerative colitis (UC) and iBD unclassified 
(iBDU) events were analysed using exposure-adjusted 
incidence rates (patient incidence rates per 100 patient-
years (PY)).
results a total of 7355 patients with a cumulative 
exposure of 16 226.9 PY were included in the pooled 
analysis. among 5181 patients with PsO, there were 
14 cases of UC, 5 cases of CD and 1 case of iBDU, with 
exposure adjusted incidence rates (eaiRs) of 0.13, 0.05 
and 0.01, respectively. Of these 20 cases, 14 were new-
onset. in 1380 patients with Psa, there were 3 cases 
of UC, 3 cases of CD and 2 cases of iBDU (eaiRs 0.08, 
0.08 and 0.05); 7 of these represented new-onset cases. 
among 794 patients with as, there were 4 cases of UC, 
8 cases of CD and 1 case of iBDU (eaiRs 0.2, 0.4 and 
0.1); 9 were new-onset cases. in the per year analysis, 
the eaiRs for each indication did not increase over time 
with secukinumab treatment.
Conclusions in this pooled secukinumab safety analysis 
of 7355 patients across 21 clinical trials, cases of iBD 
events (including CD, UC and iBDU) were uncommon.

InTrOduCTIOn
Psoriasis (PsO), psoriatic arthritis (PsA) and anky-
losing spondylitis (AS) are chronic immune-me-
diated inflammatory diseases (IMID) that show 
significant coheritability with inflammatory bowel 
disease (IBD). Patients with PsO, PsA and AS have 
a 1–4-fold increased risk,1–6 relative to the back-
ground population, of developing IBD (see online 
supplementary table S1). IBD comprises two prin-
ciple phenotypes, Crohn’s disease (CD) and ulcer-
ative colitis (UC). CD and UC are chronic disorders 
characterised by intermittent phases of remission 

and relapse of active inflammation7 and have symp-
toms including abdominal pain, diarrhoea and rectal 
bleeding. The risk architecture of PsO, PsA, AS and 
IBD is polygenic and often overlapping,8–11 which 
may explain aggregation of IMID with multiple 
phenotypes across different generations. Moreover, 
one half of all patients with spondyloarthritis have 
documented microscopic intestinal inflammation,12 
and of these, approximately 7% develop IBD that 
satisfy accepted diagnostic criteria.13

Key messages

What is already known about this subject?
 ► Secukinumab is a fully human monoclonal 
antibody that inhibits interleukin (IL)-17A and 
has shown significant efficacy in the treatment 
of psoriasis (PsO), psoriatic arthritis (PsA) and 
ankylosing spondylitis (AS).

 ► There is evolving evidence regarding the 
association of inflammatory bowel disease (IBD) 
(ulcerative colitis and Crohn’s disease) and IL-
17A inhibition.

What does this study add?
 ► This manuscript includes data from a 
large safety analysis (n=7355; cumulative 
exposure=16 2260.9) across 21 clinical trials, 
spanning up to 5 years of treatment for PsO 
and PsA and up to 4 years in AS. Additionally, 
available postmarketing safety surveillance data 
are also included.

 ► IBD events were uncommon with secukinumab 
treatment and the observed exposure adjusted 
incidence rates of IBD did not increase over 
time.

How might this impact on clinical practice or 
future developments?

 ► This manuscript adds clinically meaningful 
evidence regarding the observed incidence rates 
of IBD in patients with PsO, PsA and AS treated 
with secukinumab.

http://www.eular.org/
http://ard.bmj.com/
http://dx.doi.org/10.1136/annrheumdis-2018-214273
http://dx.doi.org/10.1136/annrheumdis-2018-214273
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-214273&domain=pdf&date_stamp=2019-03-11
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Dysregulation of mucosal cytokines, including interleukins 
(IL)-1 and IL-12, and tumour necrosis factor alpha (TNF),14 
promotes IBD pathogenesis. TNF antagonist therapy is effective 
and widely used for management of active CD and UC. Recently, 
IL-23 has been implicated in murine chronic intestinal inflam-
mation; genome-wide association studies of patients with CD 
suggest a central role for IL-23 gene variants in human disease.15 
Blockade of IL-12/IL-23 or IL-23 alone can improve CD.16–18 
Discrete from IL-12/IL-23 biology, several murine studies impli-
cate IL-17A in gastrointestinal homeostasis and tissue repair, 
rather than driving pathogenic inflammation as it does in PsO.19 
Thus, contrasting data inform the roles of IL-23 and IL-17A 
in gastrointestinal health and disease. In theory, inhibition of 
IL-17A may have dual effects, reducing inflammation, but also 
potentially impairing residual function of an already damaged 
epithelial barrier.20 21

Secukinumab, a fully human monoclonal antibody that 
inhibits IL-17A, has shown significant efficacy in the treatment 
of PsO, PsA and AS demonstrating rapid onset of action.22–27 
Detection of IBD has been reported in patients being treated 
with IL-17 inhibition.28–30 Herein, we comprehensively evalu-
ated the observed incidence rates of IBD in patients receiving 
treatment with secukinumab for a primary indication of PsO, 
PsA or AS. Specifically, we report the incidence of CD, UC and 
IBD-unclassified (IBDU) from a pooled database of 21 phase III/
IV clinical trials of secukinumab across the three indications and 
also review the postmarketing data from secukinumab periodic 
safety reports.

MeTHOdS
Analysis design and integrated data
Data were pooled from 21 randomised controlled clinical trials 
of secukinumab in PsO (14 phase III trials and 1 phase IV trial), 
PsA (3 phase III trials) and AS (3 phase III trials) indications (see 
online supplementary table S2 for details). An analysis of the 
entire secukinumab treatment period was performed on safety 
data pooled at the patient level from commencement date up to 
25 June 2017 (cut-off date of the latest periodic safety update 
report (PSUR)). Data from all patients who had received at least 
one dose of secukinumab (including non-responder placebo 
patients who, as per study protocol, were re-randomised to 
secukinumab treatment at the end of the placebo-controlled 
observation period) were included; this safety dataset is larger 
than the dataset used for typical efficacy analyses and thus incor-
porates a larger representative sample size. A separate safety 
analysis of short-term treatment (12–16 weeks) from the place-
bo-controlled phase of trials was also conducted. Similar to the 
entire treatment period analysis, data from all patients who 
had received at least one dose of secukinumab were included. 
Additionally, an analysis for risk difference meta-analysis was 
undertaken on the short-term (up to 12 and up to 16 weeks), 
placebo-controlled phase data for phase III trials (4 PsO trials 
(FIXTURE, ERASURE, FEATURE and JUNCTURE), 5 PsA 
trials (FUTURE1-FUTURE5) and 4 AS trials (MEASURE1-MEA-
SURE4)). Finally, postmarketing data are reported from the peri-
odic safety surveillance for secukinumab across the PSO, PsA and 
AS indications from December 2014 to June 2017.

Patients
A history of IBD was not an exclusion criterion in the secuk-
inumab PsO, PsA and AS studies. However, patients were 
excluded from the AS studies if they had active IBD or from the 
PsO and PsA studies if they had active ongoing inflammatory 

diseases other than PsO/PsA that might confound the evaluation 
of therapy. Patients who received placebo, and who did not meet 
prespecified response criteria, were switched to secukinumab 
at the end of the placebo-controlled observation period (Weeks 
12–24). Physician-reported IBD included cases of CD, UC and 
IBDU (all IBD related assessments were based on each physi-
cian’s clinical judgement, and no specific diagnostic procedures 
or criteria were mandated). Patients were questioned regarding 
adverse events (AEs) at each study visit, or AEs were volunteered 
by the patient during or between visits or through physical 
examination, laboratory tests or other assessments.

data analysis
Safety analyses were conducted to evaluate cumulative safety by 
indication as well as per-year safety by indication (Baseline to 
Year 1, Year 1 to Year 2 and so on). CD, UC and IBDU rates 
were analysed using exposure-adjusted incidence rates (patient 
incidence rates per 100 patient-years (PY)) over the entire 
secukinumab treatment period and for the postmarketing data 
analysis, while crude rates (n, %) were used in the short-term 
(placebo-controlled phase) analysis. All licensed and unlicensed 
(eg, 75 mg) doses of secukinumab were included in the analyses.

The Medical Dictionary for Regulatory Activities (MedDRA) 
V.20.0 was used to analyse AEs. A search was conducted for 
the reporting interval in the Novartis Safety Database (Argus). 
The following search criterion was used to retrieve cases: ‘IBD’ 
(narrow Novartis MedDRA query) as the high level term (or 
level 1 term), which includes ‘Crohn’s disease’ and ‘colitis ulcer-
ative’ and ‘inflammatory bowel disease’ as preferred terms (PTs) 
(or level 2 terms).

Exacerbations were defined as IBD events occurring in patients 
with a stated history of the disease at baseline. A history of IBD 
was physician-assessed based on patient history at baseline. 
New-onset cases of IBD were IBD events occurring in patients 
with no prior history of IBD at baseline.

In the risk difference meta-analysis, the following specific PTs 
were considered separately as risks: ‘Crohn’s disease’ for CD 
and ‘colitis ulcerative’ or ‘colitis’ for UC. The Mantel-Haenszel 
method of Greenland and Robins31 was used to estimate the abso-
lute rate difference for all studies combined, assuming a fixed 
effect model. The results of each meta-analysis are presented as 
a forest plot (see online supplementary figure S1).

reSulTS
The analysis included a total of 7355 patients with a cumulative 
secukinumab exposure of 16 226.9 PY pooled from 21 clinical 
trials and included data for up to 5 years for PsO and PsA and 
up to 4 years in AS. This included 5181 patients with PsO with 
a cumulative exposure of 10 416.9 PY, 1380 patients with PsA 
with a cumulative exposure of 3866.9 PY and 794 patients with 
AS with a cumulative exposure of 1943.1 PY.

baseline characteristics
Baseline characteristics are shown in table 1; approximately 
two-third of the PsO/AS cohort and approximately half of the 
PsA cohort were male with mean age ranging between 42 and 
49 years. Each cohort included a sizeable proportion of patients 
who had previously been exposed to TNF antagonists and who 
smoked, which are known risk factors for exacerbation and 
manifestation of CD, respectively.32–34 A previous exposure to 
TNF antagonists for primary disease (with inadequate response) 
was observed in 31.5% of the patients with PsA and 28.6% of 
the patients with AS, while 15.1% of the patients with PsO had a 
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Table 1 Selected baseline characteristics of the safety population

Parameter PsO cohort (n=5181) PsA cohort (n=1380) AS cohort (n=794)

Gender

 Female (n, %) 1743 (33.6%) 742 (53.8%) 265 (33.4%)

  Male (n, %) 3438 (66.4%) 638 (46.2%) 529 (66.6%)

Age, years, mean (SD) 45.7 (13.3) 48.8 (12.0) 42.4 (12.3)

Prior exposure (with inadequate response) to TNF antagonists, n (%) NA* 435 (31.5%) 227 (28.6%)

Prior exposure (with inadequate response) to biological therapy, n (%) 784 (15.1%) NA NA

Current smoker at BL, n (%) 1585 (30.6%) 262 (19%) 234 (30%)

Prior azathioprine use, n (%) 7 (0.1%) 15 (1.1%) 1 (0.1%)

*Specific data on prior TNF antagonist exposure is not available for the PSO cohort however 784 (15.1%) of these patients had a previous exposure with inadequate response to 
biologic therapies including TNF antagonists.
AS, ankylosing spondylitis; BL, baseline; CD, Crohn’s disease; PsA, psoriatic arthritis; PsO, psoriasis; UC, ulcerative colitis.

Table 2 EAIRs (95% CI) of IBD over the entire treatment period for patients taking any dose of secukinumab

PsO Studies
n=5181

PsA Studies
n=1380

AS Studies
n=794

Median exposure
(min–max), days

505.0 (1–1825) 1067.5 (8–1827) 981.5 (1–1530)

Total exposure, PY 10 416.9 3866.9 1943.1

Incidence, identified by standard definition (preferred term)

 CD, EAIR per 100 PY
 (95% CI)

0.05 (0.02 to 0.11) 0.08 (0.02 to 0.23) 0.4 (0.2 to 0.8)

 UC, EAIR per 100 PY
 (95% CI)

0.13 (0.07 to 0.23) 0.08 (0.02 to 0.23) 0.2 (0.1 to 0.5)

 IBDU, EAIR per 100 PY (95% CI) 0.01 (0.00 to 0.05) 0.05 (0.01 to 0.19) 0.1 (0.0 to 0.3)

EAIR data are displayed to two decimals where N>1000; if N<1000, then data are displayed to one decimal.
AS, ankylosing spondylitis; CD, Crohn’s disease; EAIR, exposure-adjusted incidence rate; IBD, inflammatory bowel disease; IBDU, IBD-unclassified; PY, patient-years; PsA, psoriatic 
arthritis; PsO, psoriasis; UC, ulcerative colitis.

previous exposure to biological therapies, including TNF antag-
onists. In the PsO, PsA and AS groups, respectively, 30.6%, 19% 
and 30% of patients were current smokers at baseline. Out of the 
5181 patients included in the PsO cohort, a history of either CD, 
UC or IBDU was reported in 15 patients (CD: 5 (0.1%); UC: 10 
(0.19%); IBDU: 0). The corresponding numbers in the 1380 PsA 
and 794 AS patient cohort were 8 patients (CD: 2 (0.14%); UC: 
2 (0.14%); IBDU: 4 (0.29%)) and 25 patients (CD: 5 (0.63%); 
UC: 3 (0.38%); IBDU: 17 (2.14%)), respectively.

Incidence rates of Ibd over the entire treatment period
The exposure adjusted incidence rates (EAIRs, per 100 PY) of 
IBD (CD, UC or IBDU) reported during treatment with any 
secukinumab dose are presented in table 2; the EAIRs of IBD 
events varied across indications from <0.1 to 0.4. There was no 
evidence of a dose-response relationship between secukinumab 
dose (150 mg vs 300 mg) and rates of reported IBD (see online 
supplementary table S3). EAIRs are presented on a by-year basis 
in table 3. The EAIRs for each PT and each indication did not 
increase over time.

Crude incidence rates (n) of IBD during study treatment are 
presented in table 4; here, data are presented as exacerbations of 
IBD (for patients with a previous history of IBD) or new-onset 
IBD (for patients without a prior history of IBD).

Over the entire safety period and across indications, there 
were 41 cases of IBD out of 7355 patients (0.56%) exposed 
across the three reported indications. In the PsO cohort, there 
were 14 cases of UC, 5 cases of CD and 1 case of IBDU, with 
EAIRs of 0.13, 0.05 and 0.01, respectively. Of these 20 cases, 
14 were new-onset. In the PsA cohort, there were three cases 
of UC, three cases of CD and two cases of IBDU (EAIRs 0.08, 

0.08, and 0.05); seven of these represented new-onset cases. In 
the AS cohort, there were four cases of UC, eight cases of CD 
and one case of IBDU (EAIRs 0.2, 0.4 and 0.1); of these, nine 
were new-onset.

The mean age (±SD) of the 41 patients who experienced an 
IBD event with secukinumab treatment was 46.1±14.9 years 
which is generally comparable to the mean age of the PsO 
(45.7±13.3), PsA (48.8±12.0) and AS (42.4±12.3) safety popu-
lations examined in this study (table 1). In addition, approxi-
mately two thirds of patients who experienced an IBD event 
were male (63.4%), which is in line with the greater propor-
tion of male patients in the overall safety population (~60%; 
table 1). Of the total 41 IBD cases observed in the analysis across 
the 3 indications, most (30, 0.41% of the total study population 
of 7355 patients) were new cases of which one patient relapsed 
during the study period. The other 11 (0.15% of the total study 
population) patients had a previous history of either IBD, CD or 
UC at baseline and experienced an exacerbation/relapse during 
the study. Among the patients with a history of, or new-onset 
IBD, 14 were discontinued from treatment; 11 of these were 
patients with new-onset IBD.

reported cases of Ibd during the placebo-controlled 
treatment period (up to 16 weeks)
The reported rates of CD and UC during the placebo-con-
trolled treatment period (from baseline up to 12–16 weeks) are 
presented in table 5. During this short-term period, there was 1 
case of UC and 1 case of CD among 2877 secukinumab-treated 
PsO patients (median exposure 84 days), no cases of UC or CD 
among 703 secukinumab-treated PsA patients (median exposure 
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Table 3 EAIRs (95% CI) of IBD by year for patients taking any dose of secukinumab

PsO PsA AS

CD UC IBDU CD UC IBDU CD UC IBDU

Year 1
N=5181

0.12 (0.04 to 
0.28)

0.17 (0.07 to 
0.34)

0.00 (0.00 to 
0.09)

Year 1
N=1380

0.08
(0.00 to 
0.43)

0.08
(0.00 to 
0.43)

0.08
(0.00 to 
0.43)

Year 1
N=794

0.7 (0.2 to 
1.6)

0.4 (0.1 to 
1.2)

0.1 (0.0 to
0.7)

Year 2
N=3268

0.00 (0.00 to 
0.14)

0.20 (0.06 to 
0.46)

0.00 (0.00 to 
0.14)

Year 2
N=1183

0.00 (0.00 to 
0.34)

0.09
(0.00 to 
0.52)

0.00 (0.00 to 
0.34)

Year 2
N=700

0.5 (0.1 to 
1.3)

0.0 (0.0 to 
0.6)

0.0 (0.0 to 
0.6)

Year 3
N=2246

0.00 (0.00 to 
0.20)

0.05 (0.00 to 
0.30)

0.00 (0.00 to 
0.20)

Year 3
N=948

0.3 (0.0 to 
1.0)

0.1 (0.0 to 
0.8)

0.1 (0.0 to 
0.8)

Year 3
N=557

0.2 (0.0 to 
1.3)

0.2 (0.0 to 
1.3)

0.0 (0.0 to 
0.9)

Year 4
N=1627

0.00 (0.00 to 
0.25)

0.07 (0.00 to 
0.38)

0.07 (0.00 to 
0.38)

Year 4
N=587

0.0 (0.0 to 
0.9)

0.0 (0.0 to 
0.9)

0.0 (0.0 to 
0.9)

Year 4
N=332

0.0 (0.0 to 
3.1)

0.0 (0.0 to 
3.1)

0.0 (0.0 to 
3.1)

Year 5
N=1210

0.00 (0.00 to 
1.22)

0.00 (0.00 to 
1.22)

0.00 (0.00 to 
1.22)

Year 5
N=290

0.0 (0.0 to 
3.1)

0.0 (0.0 to 
3.1)

0.0 (0.0 to 
3.1)

NA

Year 1: Week 0–52; Year 2: Week 52–104; Year 3: Week 104–156; Year 4: Week 156–208; Year 5: Week 208–260.
Data are displayed to two decimals where N>1000; if N<1000, then data are displayed to one decimal.
AS, ankylosing spondylitis; CD, Crohn’s disease; EAIR, exposure adjusted incidence rate; IBD, inflammatory bowel disease; IBDU, IBD-unclassified; NA, not available; PsA, psoriatic 
arthritis; PsO, psoriasis; UC, ulcerative colitis.

Table 4 Incidences of exacerbations/new-onset cases of IBD in patients with/without a history of IBD at baseline, respectively

PsO cohort (n=5181) PsA cohort (n=1380) AS cohort (n=794)

History of Ibd at baseline*

History of CD, n (%)† 5 (0.1%) 2 (0.14%) 5 (0.63%)

  Exacerbation of CD during study treatment, n 2 0 3

History of UC, n (%)† 10 (0.19%) 2 (0.14%) 3 (0.38%)

  Exacerbation of UC during study treatment, n 4 1 1

History of IBDU, n (%)† 0 4 (0.29%) 17 (2.14%)

  Exacerbation of IBDU during study treatment, n 0 0 0

new onset cases of Ibd‡

Total number of new-onset cases of CD, n (%)§ 3 (0.06%) 3 (0.22%) 5 (0.63%)

  Relapses, n 1 0 0

Total number of new-onset cases of UC, n (%)§ 10 (0.19%) 2 (0.14%) 3 (0.38%)

  Relapses, n 0 0 0

Total number of new-onset cases of IBDU, n (%)§ 1 (0.02%) 2 (0.14%) 1 (0.13%)

 Relapses, n 0 0 0

*A history of IBD was physician-assessed based on patient history at baseline.
†Medical history percentages are based on n.
‡New-onset cases of IBD were IBD events occuring in patients with no prior history of IBD at baseline.
§New-onset of AE percentages are based on n.
AS, ankylosing spondylitis; CD, Crohn’s disease; IBD, inflammatory bowel disease; IBDU, IBD-unclassified; PsA, psoriatic arthritis; PsO, psoriasis; UC, ulcerative colitis.

112 days) and 1 case of UC and 2 cases of CD among 394 secuk-
inumab-treated AS patients (median exposure 112 days). During 
this time, 323 patients were treated with etanercept as an active 
comparator (median exposure 84 days). Among these patients, 
there was 1 case of UC. The relative risks of developing CD or 
UC in short-term secukinumab studies are presented in online 
supplementary figure S1. Across the various forest plots, the risk 
for CD and UC did not increase when compared with placebo.

reporting rates of Ibd from postmarketing surveillance
The rate of reported IBD was also assessed as part of periodic 
safety surveillance for secukinumab and is provided in table 6. 
The cumulative, postauthorisation, non-clinical trial exposure to 
secukinumab exceeds 96 000 patient-treatment years covering the 
last five PSUR from December 2014 to June 2017, with the same 
data cut-off date of 25 June 2017. The cumulative rate of reported 
events per 100 PY remained stable at approximately 0.20, varying 
between 0.16 to 0.22 per 100 PY over multiple PSUR cycles.

dISCuSSIOn
In this large secukinumab safety analysis (n=7355; cumulative 
exposure=16 2260.9 PY) across 21 clinical trials, and spanning 
up to 5 years of treatment for PsO and PsA and up to 4 years 
in AS, cases of IBD were uncommon (<1%). There were 41 
(0.56%) observed cases of active IBD reported and of these, 30 
(0.41%) were new-onset cases. Furthermore, of the 48 (0.65%) 
patients with a history of IBD at baseline, 11 (0.15%) patients 
had an exacerbation during study treatment. The EAIR per 100 
PY exposures for CD, UC or IBDU ranged between 0.01 and 
0.13 in PsO, between 0.05 and 0.08 in PsA and between 0.1 and 
0.4 in the AS cohort. In the postmarketing safety surveillance 
analysis (cumulative exposure of >96 000 PY), the cumulative 
reporting rate of IBD remained stable at approximately 0.20 
reported events per 100 PY.

The incidence and prevalence of IBD are greater in patients 
with PsO, PsA and AS compared with the general population (see 
online supplementary table S1).1–6 Environmental risk factors 
associated with bowel inflammation, or relapse of existing IBD, 
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Table 5 Incidence of CD and UC in the short-term placebo-controlled treatment period

PsO studies
(Week 12)

PsA studies
(Week 16)

AS studies
(Week 16)

Any secukinumab 
(n=2877)

Placebo (n=793) Any secukinumab 
(n=703)

Placebo (n=300) Any secukinumab 
(n=394)

Placebo (n=196)

Median exposure (min–
max), days

84 (1–223) 84 (1–127) 112 (8–226) 112 (28–156) 112 (8–195) 112 (1–176)

CD, n (%) 1 (0.03) 0 0 1 (0.3) 2 (0.5) 0

UC, n (%) 1 (0.03) 0 0 1 (0.3) 1 (0.3) 0

AS, ankylosing spondylitis; CD, Crohn’s disease; PsA, psoriatic arthritis; PsO, psoriasis; UC, ulcerative colitis.

Table 6 Reporting rates for IBD in postmarketing experience from the secukinumab periodic safety update report

PSur date

26 December 2014–25 
June 2015

26 June 2015–25 
December 2015

25 December 2015–25 
June 2016

25 June 2016–25 
December 2016

25 December 2016–25 
June 2017

Cumulative rate

Cases (n) 4 12 37 46 93 195

Exposure (PY) 1838 7450 16 871 28 549 41 346 96 054

Reporting rate (per 100 PY) 0.22 0.16 0.22 0.16 0.22 0.20

IBD, inflammatory bowel disease; PSUR, periodic safety update reports; PY, patient-years.

include smoking, infections and high doses of NSAIDs used in AS 
therapy.34–37 Additionally, while TNF antagonist therapy is effec-
tive in treating CD and UC,38 previous failure of a TNF antag-
onist in PsO, PsA and AS populations has also been associated 
with exacerbations and less disease control.32 33 Approximately 
one-third of patients with IBD experience an exacerbation of 
disease within 12 months of withdrawal of TNF antagonist 
therapy.39 Active IBD may develop during TNF antagonist 
therapy for inflammatory rheumatic disease, mostly in patients 
with spondyloarthritis receiving etanercept, at a frequency 
of approximately 0.15%.40 In a study of the Food and Drug 
Administration Adverse Event Reporting System (FAERS), 443 
cases of de novo IBD and 43 cases of flares of existing IBD were 
reported in association with etanercept therapy,41 suggesting that 
IBD should be suspected by the treating physician in patients 
receiving etanercept who develop GI symptoms, particularly 
CD. This has also been observed in a clinical trial where etaner-
cept was found to be an ineffective therapy for active CD.42

In the present study, almost one-third of all patients with PsA 
and AS were previously exposed (with inadequate response) to 
TNF antagonist treatments; previous biological exposure was 
also apparent in the PsO cohort, but rates were lower (15.1%). 
Each cohort also included a sizeable patient population of 
current smokers (~30% in the PsO and AS cohorts and 19% in 
the PsA group). The roles played by current smoking and prior 
TNF antagonist therapies in contributing to IBD in secukinum-
ab-treated patients, however, are unclear at this time.

The EAIR of IBD reported during treatment with any secuki-
numab dose over the entire treatment period varied across indi-
cation from <0.1 to 0.4/100 PY. In the per year analysis, EAIRs 
of IBD ranged from 0.0 to 0.7/100 PY. These IBD rates appear 
to be within the range of expected background IRs (per 100 PY) 
of CD and UC among patients with PsO, PsA and AS, which are 
approximately 0.1 in patients with PsA, 0.3 in PsO and 0.7 in 
AS.5 43 44 In an analysis of 72 phase II–IV adalimumab clinical 
trials, including 23 735 patients representing 36 404.6 PY of 
exposure, rates of IBD events ranged from <0.1 to 0.8/100 PY 
across therapeutic indications.45 It should be noted that there are 
limitations to any direct comparison of IBD rates in adalimumab 
clinical trials with those of therapies not indicated to treat IBD. 

It should also be noted that IBD events were not adjudicated in 
the current secukinumab analysis.

In line with the reported background incidence of IBD, the 
observed EAIR of CD was slightly higher among patients with AS 
(0.4) compared with patients with PsO (0.1) and PsA (0.1) in the 
present study (table 2). Rates of UC were generally comparable 
across indications and ranged from 0.1 to 0.2. Genetic/genomic 
data to further elucidate these findings are not available.

Studies using IL-17 inhibitors for the treatment of PSO, 
PsA and AS have previously reported both exacerbations and 
new-onset cases of IBD.28 46 A small (n=59) phase II proof-of-
concept study found that secukinumab was ineffective in treating 
patients with moderate to severe CD. Disease activity worsened 
in 6/39 (15.4%) patients assigned to active treatment and there 
were more serious infections in the treatment group compared 
with those receiving placebo.28 Conclusions from this study 
are limited by its study design, statistical methods, imbalance 
in baseline characteristics and small sample size. Study patients 
randomised to secukinumab had numerically greater disease 
duration (12.2 years vs 10.3 years), previous bowel surgery 
(48.7% vs 15.0%), previous TNF antagonist therapy exposure 
(17.9% vs 0.0%) and prior antibiotic use (17.9% vs 5.0%) 
compared with placebo-treated patients. Also, patients received 
a higher dose of secukinumab (10 mg/kg) than that approved 
for PsO and PsA (300 mg).28 Nevertheless, further clinical 
development in the general population of patients with CD has 
not been pursued. IBD has also been reported in patients with 
PsO receiving ixekizumab, another IL-17A blocker, in which 
CD and UC cases were uncommon (<1%).30 In another study 
using brodalumab, an IL-17 receptor blocker, a disproportionate 
number of cases of worsening CD was noted in patients with 
active CD and no evidence of clinically meaningful efficacy was 
reported.29 It should be, however, noted that brodalumab acts 
by blocking the IL-17 receptor and, hence, may have a broader 
effect on bowel inflammation when compared with secukinumab 
and ixekizumab, which only target IL-17A. Caution is recom-
mended when prescribing IL-17 inhibitors to patients with active 
IBD in the special warnings section of the summary of product 
characteristics for secukinumab and these patients should be 
followed closely.
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In the current study, the EAIRs for CD, UC and IBDU did not 
appear to increase over time through 5 years of secukinumab 
treatment in patients with PSO and PsA or through 4 years of 
secukinumab treatment in patients with AS. This is consistent with 
previously reported long-term secukinumab data, which demon-
strated that the safety profile of secukinumab remains favourable 
through 5 years of PsO treatment with no increases in yearly AE 
rates.47 Similarly, postmarketing surveillance data from the secuk-
inumab PSUR indicates that the overall reporting rates for IBD, 
including CD and UC, were stable over five PSUR cycles (Dec 
2014–June 2017) and occurred infrequently. Also, in the separate 
short-term placebo-controlled treatment period (12–16 weeks), 
CD and UC occurred infrequently with secukinumab.

Studies from the three licensed indications of secukinumab (PsO, 
PsA and AS) only were included in the present analysis. However, 
additional secukinumab phase III trials have been undertaken 
in patients with rheumatoid arthritis (RA) and phase II trials in 
uveitis.48–51 In three RA studies (n=1430) and in three uveitis 
studies (n=274), there were no reported cases of IBD among 
secukinumab-treated patients. The absence of IBD cases in RA 
clinical trials is particularly important to note as, unlike in patients 
with PsO, PsA and AS, patients with RA are typically not consid-
ered at the same increased risk of IBD.52 Likewise, a considerable 
overlap has been described between genetic risk architectures of 
AS, PsO and CD,53 54 but not between RA and CD.

An interesting point of discussion is whether the aetiology of 
IBD coinciding with PsO, PsA or AS, respectively, is the same as in 
general IBD. IBD is an extremely polygenic disease with a diverse 
range of pathophysiologies that are probably related to the indi-
vidual genetic distortions in the patient.55 Genetic risk architec-
ture in IBD, however, relates to the specific intestinal phenotype.56 
While a surprisingly large overlap has been seen in genetic risk 
factors between populations of patients with an isolated diagnosis 
of IBD (CD in particular) and those with PsO or AS,53 54 very little 
is known about individuals who develop both diseases, who most 
likely represent a specific aetiology and pathophysiology common 
to both diseases. This could explain why IL-17 blockade may not 
be effective in patients with active CD, but does not appear to be 
a risk factor in individuals developing CD as a comorbidity in PsA, 
PsO and AS. This area will represent an important area for future 
research with respect to both specific (genetic) aetiopathology and 
therapeutic behaviour.

Of the 7355 patients with PsO, PsA and AS included in the 
current study, 48 (0.65%) had a previous history of IBDU/CD/UC. 
This baseline rate of IBD incidence does appear to be generally 
lower than rates of IBD previously reported among patients with 
PsO (0.2%–1.6%),57 58 PsA (3.8%),59 and AS (6.6%–8.5%).59 60 
This may be explained by the exclusion of patients with active 
ongoing IBD in the AS studies or patients with active ongoing 
inflammatory diseases other than PsO/PsA that might confound 
the evaluation of therapy in the PsO and PsA studies, respectively. 
The strength of this report is the fact that the analysis is under-
taken in a large patient population pooled from 21 clinical trials 
across multiple indications and is complemented with substantial 
postmarketing surveillance data. The use of exposure-adjusted 
incidence rates also enhances the robustness of the results by 
adjusting for disease duration. Long-term comparative registry 
data are needed to further examine the role of IL-17 inhibition on 
the incidence of IBD.

COnCluSIOn
In this large safety analysis of 7355 patients across 21 clinical trials, 
events of CD, UC and IBDU were uncommon with secukinumab 

treatment. The observed EAIRs for these three disease designations 
did not increase over time with secukinumab treatment.
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Key messages

What is already known about this subject?
 ► Increased risk of cardiovascular mortality, 
mainly arterial events (myocardial infarction 
and stroke), has been widely demonstrated in 
inflammatory diseases, including ankylosing 
spondylitis (AS).

 ► There is limited evidence on the risk of venous 
thromboembolism (VTE) including deep venous 
thrombosis (DVT) and pulmonary embolism (PE) 
inpatients with AS.

What does this study add?
 ► Using a large general population of patients 
with newly diagnosed AS, we demonstrated a 
53% and 63% increased risk of VTE and DVT, 
respectively. The risk of PE was increased by 
36%, but this was not statistically significant.

 ► Our time-trend analysis suggested the highest 
risk was in the first year after AS diagnosis 
(threefold) but this did not achieve statistical 
significance.

How might this impact on clinical practice or 
future developments?

 ► Clinicians should have an increased awareness 
of this rare but potentially life-threatening 
complication.

 ► Future studies will be needed to identify 
patients at higher risk for this preventable 
complications. Moreover, further research 
should assess the potential role of treatment on 
the risk of VTE is needed.

AbSTrACT
background Venous thromboembolism (VTe), including 
pulmonary embolism (Pe) and deep venous thrombosis 
(DVT), can be life threatening. an increased frequency of 
VTe has been found in inflammatory conditions. To date, 
evidence assessing whether this risk is also greater in 
patients with ankylosing spondylitis (as) is scarce.
Methods Using the provincial British Columbia, Canada 
healthcare database that encompasses all residents 
within the province, we conducted matched cohort 
analyses of incident Pe, DVT and overall VTe among 
incident cases of as and compared them with individuals 
randomly selected from the general population without 
as. We calculated incidence rates (iRs) of VTe and 
multivariable analyses after adjusting for traditional risk 
factors using Cox models.
results among 7190 incident cases of as, 35 
developed Pe and 47 developed DVT. iRs of Pe, DVT and 
overall VTe per 1000 person-years for patients with as 
were 0.79, 1.06, 1.56 compared with 0.40, 0.50, 0.77 
in the control cohort. Corresponding fully adjusted HRs 
(95% Ci) of Pe, DVT and VTe were 1.36 (0.92 to 1.99), 
1.62 (1.16 to 2.26) and 1.53 (1.16 to 2.01), respectively. 
The risks of Pe, DVT and VTe were highest in the first 
year of diagnosis with HR (95% Ci) of 2.88 (0.87 to 
9.62), 2.20 (0.80 to 6.03) and 2.10 (0.88 to 4.99), 
respectively.
Conclusions These findings demonstrate an increased 
risk of VTe in the general as population. This risk appears 
the most prominent in the first year after diagnosis.

InTroduCTIon
Venous thromboembolism (VTE), which includes 
deep venous thrombosis (DVT) and pulmonary 
embolism (PE), is a life-threatening disease1–3 with 
an estimated 1-year mortality rate exceeding 20%.3 
Several studies have demonstrated an increased risk 
of VTE among patients with chronic inflammatory 
and autoimmune diseases.4–10

Ankylosing spondylitis (AS) is a chronic inflam-
matory arthritis that characteristically affects the 
spine. A number of studies have demonstrated 
an increased risk of cardiovascular and overall 
mortality in patients with AS11–14 but there is a 
paucity of literature on the incidence of VTE in 
this population. Previous reports are based on case 
reports15–17 and hospital administrative data,18–20 
limiting generalisability. To the best of our knowl-
edge, only one population-based study using the 
Swedish National Patient Register has assessed the 
risk of VTE in patients with AS and found a 50% 

increased risk of VTE in patients with AS when 
compared with the general population.21

The aim of this study was to evaluate the risk of 
incident VTE among patients with newly diagnosis 
of AS in a general population context. Moreover, 
we explored the impact of time trends on the risk 
of VTE during follow-up.

MeTHodS
data source
Universal healthcare coverage is available for all 
residents of British Columbia, Canada (population 
~4.5 million). Population Data BC captures all 
provincially funded healthcare services data since 
1990, including: all outpatient medical visits,19 
hospital admissions and discharges,20 interven-
tions,19 investigations,19 demographic data,22 
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cancer registry23 and vital statistics.24 Furthermore, Population 
Data BC encompasses the comprehensive prescription drug 
database PharmaNet,25 which includes all dispensed medications 
for all BC residents since 1996. Several other studies have been 
successfully conducted using Population Data BC databases.26–31

Study design
Using Population Data BC, we conducted matched cohort anal-
yses of incident PE, DVT and both outcomes combined (VTE) 
among incident cases of AS (AS cohort) and compared them 
with individuals randomly selected from the general population 
without AS (comparison cohort). The comparison cohort was 
created by matching up to 10 individuals without AS to each AS 
case based on age, sex and calendar year of study entry.

Incident as cohort
An incident AS cohort included individuals diagnosed for the 
first time between January 1996 and December 2012 with no 
previous recorded history or diagnosis of AS in the preceding 
6 years. Patients with AS were defined based on the following 
algorithm: ≥2 International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM) codes for AS 
(ICD-9-CM 720.X) and/or ICD-10 code M45.X, ≥2 months 
apart but within a 2-year period. Codes were counted either 
from outpatient physician visit or hospitalisation with AS in the 
primary position.

Ascertainment of Pe and dVT
Incident VTE cases were defined with a recorded ICD-9-CM (PE: 
415.1, 673.2 or 639.6, DVT: 453) or ICD-10-CM (PE: O88.2 
or I26; DVT: I82.4 or I82.9) code during the follow-up and a 
prescription for anticoagulants (heparin, enoxaparin, warfarin, 
Coumadin or similar agents) 1 month prior or 6 months after 
a VTE diagnosis. Patients with a previous ICD-9-CM code 
for VTE prior to entry into the cohort were excluded as well. 
Previous studies have demonstrated that these definitions have a 
positive predictive value of 94%.32

Assessment of covariates
Relevant covariates were recognised risk factors for VTE 
including alcoholism, hypertension, sepsis, varicose veins, 
inflammatory bowel disease, trauma, fracture, surgery, health-
care utilisation and medications such as glucocorticoids, 
hormone replacement therapy, contraceptives and cyclooxy-
genase 2 inhibitors.33 All covariates were assessed in the year 
prior to cohort entry (index date). The Charlson’s Comorbidity 
Index for administrative data34 35 was also calculated in the year 
before prior to cohort entry.

Cohort follow-up
Patients who met the inclusion and exclusion criteria from 1 
January 1996 to 31 December 2012 were followed until they 
either developed an outcome, died, disenrolled from the health 
plan (ie, left the province; approximately 1% per year), or until 
follow-up ended, whichever occurred first.

Statistical analysis
We compared baseline characteristics between the AS and 
comparison cohorts. We identified incident cases of PE and 
DVT during the follow-up period and calculated incidence rates 
(IRs) of PE and DVT, both individually and in combination (ie, 
VTE), per 1000 person-years. We estimated the cumulative inci-
dence of each event accounting for the competing risk of death 

by using the SAS macro CUMINCID and graphically presented 
these results.36 Furthermore, we used Cox proportional hazard 
regression models to assess the risk of PE and DVT associated 
with AS after adjusting for covariates. We entered covariates one 
at a time into the Cox models in a forward selection according 
to each confounder’s impact on the HR relative to the HR in the 
model selected in the previous step. Cut-off for the minimum 
important relative effect at each step was set to 5%.37 In order 
to evaluate the impact of duration of AS (ie, follow-up time after 
AS diagnosis), we estimated the HR yearly for the first 5 years. 
We used SAS V.9.3 (SAS Institute) for all analyses and we calcu-
lated 95% CIs for all HRs. Also, all p values were two sided.

We performed two sensitivity analyses. First, we estimated 
the cumulative incidence of each event accounting for the 
competing risk of death.38 We also determined the potential 
impact that a hypothetical unmeasured confounder might have 
on our estimates of the association between AS and the risk of 
VTE.39 We simulated unmeasured confounders, with their prev-
alence ranging from 10% to 20% in the AS and control cohorts, 
and ORs, ranging from 1.3 to 3.0 for the associations between 
the unmeasured confounder and both PE/DVT or VTE and the 
exposure (AS).

role of funding
The funding sources had no role in the design, conduct or 
reporting of the study, or the decision to submit the manuscript 
for publication.

No personal identifying information was made available as 
part of this study. Procedures were in compliance with British 
Columbia’s Freedom of Information and Privacy Protection Act.

reSulTS
baseline characteristics
The overall cohort included 7190 incident AS and 71 900 
age-matched, sex-matched and entry-time-matched compar-
ison cases with a mean follow-up time of 6.2 years for all three 
outcomes. Baseline characteristics of these two cohorts are 
summarised in table 1. Compared with the comparison cohort, 
the AS cohort had more comorbidities at baseline (hypertension, 
sepsis, inflammatory bowel disease, fractures, surgery), higher 
use of medications, (glucocorticoids, hormone replacement 
therapy, oral contraceptive use, aspirin, cyclooxygenase 2 inhibi-
tors) and higher resource utilisation (number of outpatient visits 
and hospitalisation) and higher Charlson’s Comorbidity Index 
scores.

Association between a diagnosis of As and incident VTe
The IR per 1000 person-years was higher in the AS cohort for 
PE, DVT and VTE (0.79, 1.06, 1.56, respectively) compared 
with the comparison cohort (0.40, 0.50, 0.77, respectively) 
(table 2 and figure 1). The corresponding fully adjusted HRs for 
AS versus control were 1.36 (0.92 to 1.99), 1.62 (1.16 to 2.26) 
and 1.53 (1.16 to 2.01) for PE, DVT and VTE, respectively.

The adjusted risks of PE, DVT and VTE were highest in the 
first year after diagnosis with a greater than twofold increased 
risk, however, the CIs overall included one and therefore were 
not statistically significant (table 3). The relative risk (RR) 
appeared to remain relatively stable in subsequent years. When 
the total follow-up period was analysed, risks of DVT and VTE 
were significantly increased whereas risk of PE was not, with a 
fewer number of events than DVT.

Sensitivity analysis
The HR for DVT and VTE remained significant when a simu-
lated confounder with a 20% prevalence and OR of 1.3 was used 
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Table 1 Characteristics of ankylosing spondylitis (AS) and 
comparison cohorts at baseline

Variable*
AS
n=7190

non-AS
n=71 900 P value

Age, mean (SD) 45.79 (15.6) 45.78 (15.62) 0.959

Female 3501 (48.7) 35 010 (48.7) 1.000

Obesity 31 (0.4) 197 (0.3) 0.027

Alcoholism with liver disease 71 (1) 574 (0.8) 0.098

Hypertension 1091 (15.2) 10 222 (14.2) 0.028

Sepsis 12 (0.2) 61 (0.1) 0.039

Varicose veins 57 (0.8) 510 (0.7) 0.420

Inflammatory bowel disease 225 (3.1) 241 (0.3) <0.001

Trauma 14 (0.2) 147 (0.2) 1.000

Fractures 126 (1.8) 837 (1.2) <0.001

Surgery 74 (1) 395 (0.5) <0.001

Charlson Comorbidity Index, 
mean (SD)

0.49 (0.94) 0.23 (0.83) <0.001

Glucocorticoids 1154 (16.1) 2422 (3.4) <0.001

Hormone replacement therapy 377 (5.2) 2484 (3.5) <0.001

Oral contraceptives 401 (5.6) 3371 (4.7) 0.001

Aspirin 79 (1.1) 613 (0.9) 0.039

Cyclooxygenase-2 inhibitors 1391 (19.3) 1834 (2.6) <0.001

Hospitalised 1489 (20.7) 8838 (12.3) <0.001

No of outpatient visits, mean 
(SD)

16.78 (14.18) 7.63 (10.13) <0.001

Values are N (percentages) unless otherwise noted.
*All variables were calculated in the year before prior to cohort entry.

Table 2 Relative risk of incident pulmonary embolism (PE) and 
deep venous thrombosis (DVT) according to ankylosing spondylitis 
(AS) status

AS
n=7190

non-AS
n=71 900

PE 7165 71 775

 Cases, N 35 177

 Incidence rate/1000 person-years 0.79 0.40

 Age, sex, entry-time-matched Cox HR (95% CI) 1.95 (1.36 to 2.81) 1.00

 Glucocorticoid-adjusted age, sex, entry-time-
matched Cox HR (95% CI)

1.60 (1.09 to 2.34) 1.00

 No of outpatient visit-adjusted age, sex, entry-
time-matched Cox HR (95% CI)

1.56 (1.08 to 2.26) 1.00

 Fully adjusted age, sex, entry-time-matched HR 
(95% CI)*

1.36 (0.92 to 1.99) 1.00

DVT 7159 71 726

 Cases, N 47 218

 Incidence rate/1000 person-years 1.06 0.50

 Age, sex, entry time-matched Cox HR (95% CI) 2.19 (1.60 to 3.00) 1.00

 Glucocorticoid-adjusted age, sex, entry time-
matched Cox HR (95% CI)

2.00 (1.44 to 2.78) 1.00

 No of outpatient visit-adjusted age, sex, entry 
time-matched Cox HR (95% CI)

1.71 (1.23 to 2.36) 1.00

 Fully adjusted age, sex, entry-time-matched HR 
(95% CI)*

1.62 (1.16 to 2.26) 1.00

Venous thromboembolism 7143 71 638

 Cases, N 69 336

 Incidence rate/1000 person-years 1.56 0.77

 Age, sex, entry-time-matched Cox HR (95% CI) 2.06 (1.59 to 2.68) 1.00

 Glucocorticoid-adjusted age, sex, entry-time-
matched Cox HR (95% CI)

1.83 (1.39 to 2.40) 1.00

 No of outpatient visit-adjusted age, sex, entry-
time-matched Cox HR (95% CI)

1.66 (1.27 to 2.16) 1.00

 Fully adjusted age, sex, entry-time-matched HR 
(95% CI)*

1.53 (1.16 to 2.01) 1.00

*Fully adjusted models include the following selected covariates: Glucocorticoid use and 
number of outpatient visits. We entered covariates one at a time into the Cox models in a 
forward selection according to each confounder’s impact on the HR relative to the HR in the 
model selected in the previous step. Cut-off for the minimum important relative effect at 
each step was set to 5%.

but lost significance when the OR was increased to 3.0 (table 4). 
The HR for PE which has fewer event was only significant in the 
unadjusted results and the competing risk of death-Cox model.

Primary analysis is the fully adjusted model; subdistribution 
models are adjusted for the same covariates as the primary anal-
ysis in addition to age and sex; simulated confounder models 
included additional covariates per the selection algorithm

dISCuSSIon
In this large population-based study, we have demonstrated that 
AS is associated with an increased risk of VTE. Though patients 
with AS had an increased prevalence of known risk factors of 
VTE, this effect remained significant even after adjustment for 
these baseline factors. Overall, there appeared to be a 50% 
increase in risk of VTE with a larger effect seen in DVT than in 
PE. After analysing this effect over time, there appeared to be a 
higher risk in the first year after diagnosis, although this stratifi-
cation did not attain statistical significance.

An increased risk for VTE has been demonstrated in other 
inflammatory arthritis including psoriatic arthritis and rheuma-
toid arthritis with similar point estimates to ones observed in 
this current study.4–7 9 40 41 Furthermore, initiation of a biolog-
ical disease-modifying antirheumatic drug (DMARD) seems to 
be associated with an increased short-term risk of VTE when 
compared with initiation of a non-biological DMARD.42 
However, this has not been consistently demonstrated by 
others.43 Several previous studies have analysed the risk of VTE 
in AS with contrasting conclusions. A Chinese study assessed the 
risk of VTE in AS compared with OA patients undergoing total 
hip arthroplasty.44 Though the authors did not find a statistical 
significant difference, there were a number of issues with their 
study including a small sample size (n of AS cases=48) and an 
inappropriate control group with large differences in age, hyper-
tension and body habitus between the two groups. Another study 

from Johannesdottir et al20 used the Danish National Patient 
Registry to identify patients with autoimmune conditions among 
patients with a history of VTE. Similarly, they did not find a 
statistical difference after adjustment of classic VTE risk factors 
among patients with AS, due to their very small sample size of 
20 patients with AS. Finally, Bengtsson et al used the Swedish 
National Patient registry to also demonstrate a 50% increased 
risk of VTE in patients with AS.21

Two previous inpatient studies of patients with AS drew similar 
conclusions to ours.18 19 A nationwide Swedish study18 19 found 
an over fourfold increase in VTE in the first year of follow-up 
although this risk lost statistical significance in subsequent years. 
The study by Ramagopalan et al18 19 had also demonstrated an 
almost twofold increase in VTE overall. As both studies were 
drawn from hospital-based data, these results may not be gener-
alisable to the entire AS population as hospitalised patients 
with AS may have more severe disease potentially resulting in 
a selection bias. As such, generalisability of these study findings 
to patients who do not require hospitalisation remained unclear. 
Our population-based study that included both outpatient and 
inpatient cases of AS was able to address this question and the 
risk estimates should be generalisable.

In our time-trend analyses on the risk of VTE, we found that 
the highest risk was on the first year after the AS diagnosis, 
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Figure 1 Cumulative incidence for venous thromboembolism 
(upper Panel), pulmonary embolism (middle Panel) and deep venous 
thrombosis (bottom Panel) in the 7190 cases with incident ankylosing 
spondylitis (AS) compared with the 71 900 age-matched, sex-matched 
and entry-time-matched non-AS subjects.

Table 3 Age-adjusted and sex-adjusted HRs for PE, DVT or both 
(VTE) in AS according to follow-up period

Time after 
diagnosis

Pe
Hr (95% CI)

dVT
Hr (95% CI)

VTe
Hr (95% CI)

<1 year 2.88 (0.87 to 9.62) 2.20 (0.80 to 6.03) 2.10 (0.88 to 4.99)

<2 years 1.66 (0.75 to 3.67) 1.39 (0.63 to 3.09) 1.40 (0.75 to 2.63)

<3 years 1.46 (0.81 to 2.63) 1.36 (0.73 to 2.54) 1.34 (0.83 to 2.18)

<4 years 1.74 (1.05 to 2.90) 1.63 (0.99 to 2.68) 1.63 (1.09 to 2.44)

<5 years 1.55 (0.96 to 2.51) 1.46 (0.92 to 2.32) 1.47 (1.01 to 2.12)

Total follow-up 1.36 (0.92 to 1.99) 1.62 (1.16 to 2.26) 1.53 (1.16 to 2.01)

DVT, deep venous thrombosis; PE, pulmonary embolism; VTE, venous 
thromboembolism.

however, our results did not achieve statistical significance due 
to the wide 95% CI. This suggests a possible power issue given 
that VTE is a rare outcome. An alternative explanation for the 
early increased risk of VTE in AS may be related to the reduced 
numbers of susceptible individuals over time or less likely a 
detection bias.

Virchow’s triad of hypercoagulability, endothelial dysfunction 
and venous stasis provides a framework for theoretical explana-
tions of this increased risk. The chronic production of C reac-
tive protein (CRP) and inflammatory cytokines such as tumour 
necrosis factor α and IL-6 may result in a hypercoagulable state.45 
Additionally, some studies of patients with AS have demon-
strated elevations in E-selectin, MCP-1 and (soluble vascular 
adhesion molecula-1 (sVCAM-1)46 suggesting possible endothe-
lial dysfunction. Furthermore, there have been some conflicting 
data with regard to impaired endothelial function as measured 
by flow-mediated vasodilation, common carotid intima–media 
thickness and aortic pulse-wave velocity45 in patients with AS. 
Finally, many patients with AS have restricted mobility due to 
both pain from disease activity and the sequelae of previous 
inflammation resulting in spinal fusion. It seems apparent; 
however, that the relative risk of VTE in AS appears less severe 
than that observed in systemic lupus erythematosus (SLE), poly/
dermatomyositis and systemic vasculitides.4–6 Additionally, as 
there is no ICD-9 or 10 code for non-radiographic axial spondy-
loarthritis, it is possible patients were misclassified as having AS 
rather than the broader term axial spondyloarthritis. This may 
explain the high female prevalence in our population.

Our study has a few limitations. Inherent to all observa-
tional studies is the risk of unidentified potential confounders. 
We adjusted for all known risk factors for VTE available in the 
data; however, some risk factors, such as body mass index and 
smoking history, were not available in the database. Additionally, 
non-steroidal antiinflammatory drugs (NSAIDs) are one of the 
mainstay of therapies for AS and over-the-counter use of these 
medications could not be accounted for. With any administrative 
database, there is a degree of uncertainty regarding the accuracy 
of ICD codes for AS. Previous studies assessing the diagnostic 
accuracy of ICD-9-CM billing codes compared with rheuma-
tologist chart diagnosis demonstrated the use of one code for 
spondyloarthritis had a sensitivity of 91% and specificity of 
99%.32 The diagnostic algorithm used in our study was more 
stringent requiring at least two codes for AS over a 2-year period 
or one code in addition to a hospitalisation for AS. However, it 
is possible that misclassification could still occur, but this would 
be a conservative bias where the observed effect would be biased 
towards the null hypothesis.

Our study has several strengths including the large dataset 
encompassing almost the entire population of BC. The vast 
majority of BC residents are covered through the public health-
care system resulting in comprehensive data with minimal loss 
of follow-up. Because these data include information from both 
inpatient and outpatient settings as well as primary care and 
specialist records, the entire spectrum of disease is likely to be 
captured allowing for generalisation to the AS population as a 
whole. Our use of a strict case definition for both incident AS 
and VTE enhances the accuracy of our findings. Furthermore, 
our administrative database includes detailed information on 
patients including medications, imaging investigations, cancer 
and other demographic data allowing us to adjust our analysis 
for multiple confounders.

In conclusion, we have reported an increased risk of VTE in 
AS in this general population-based study. These results expand 
on the findings of previous studies that implicate AS with 
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Table 4 Sensitivity analyses, HR (95% CI)

outcome Primary analysis
Competing risk of 
death-Cox model

Simulated confounder 
10%/or=1.3

Simulated confounder 
10%/or=3.0

Simulated confounder 
20%/or=1.3

Simulated 
confounder 20%/
or=3.0

PE 1.36 (0.92 to 1.99) 1.48 (1.01 to 2.08) 1.35 (0.92 to 1.99) 1.09 (0.73 to 1.61) 1.36 (0.92 to 2.00) 1.01 (0.68 to 1.50)

DVT 1.62 (1.16 to 2.26) 1.70 (1.23 to 2.33) 1.62 (1.16 to 2.26) 1.34 (0.95 to 1.88) 1.62 (1.16 to 2.27) 1.19 (0.84 to 1.68)

VTE 1.53 (1.16 to 2.01) 1.62 (1.24 to 2.10) 1.52 (1.16 to 2.00) 1.25 (0.94 to 1.65) 1.51 (1.15 to 1.99) 1.11 (0.84 to 1.47)

DVT, deep venous thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism.

vascular disease and add to the importance of controlling this 
inflammatory disease. Our results have important implications 
for people with AS and their treating physicians. These results 
call for awareness of this complication, increased vigilance and 
preventive intervention by controlling the inflammatory process 
or by anticoagulation in a high-risk AS population. Future inves-
tigation should clarify the relative contributions of treatment to 
the risks of PE and DVT in AS. Future studies should clarify if 
certain subsets of the AS population are at higher risk such as 
those with elevated CRP, bone marrow oedema on MRI or rapid 
radiographic progression of spinal fusion. These studies should 
also assess whether treatment of the inflammatory process can 
reduce the risk of VTE in AS.
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AbSTrACT
Objective To explore the independent contribution of 
individual-level and country level socioeconomic status 
(sEs) determinants to disease activity and physical 
function in patients with spondyloarthritis (spa).
Methods data from the cross-sectional, multinational 
(n=22 countries worldwide) comospa (comorbidities 
in spa) study were used. contribution of individual sEs 
factors (gender, education) and country of residence to 
ankylosing spondylitis disease activity score (asdas) 
and Bath ankylosing spondylitis Functional index 
(BasFi) was explored in multilevel regression models, 
adjusting for clinical and demographic confounders. 
next, the additional effects of national macroeconomic 
indicators (gross domestic product [gdp], Human 
development index, healthcare expenditure and gini 
index) were explored. The mediating role of uptake of 
biologic disease-modifying antirheumatic drugs between 
education or gdp and asdas was explored by testing 
indirect effects.
results in total, 3370 patients with spa were included: 
65% were male, with a mean age of 43 (sd 14), asdas 
of 2.0 (sd 1.1) and BasFi score of 3.1 (sd 2.7). in 
adjusted models, patients with low education and female 
patients had an oR of 1.7 (95% ci 1.3 to 2.2) and an 
oR of 1.7 (95% ci 1.4 to 2.0), respectively, of having 
asdas ≥2.1. They also reported slightly worse function. 
large country differences were observed independent 
of individual sEs and clinical confounders. patients 
from less sEs developed countries have worse asdas, 
while patterns for BasFi were insignificant. Uptake of 
biologicals did not mediate the relationship between 
individual-level or country-level sEs and disease activity.
Conclusions individual-level and country-level health 
inequalities exist also among patients with spa. Women 
and lower educated persons had worse disease activity 
and somewhat worse physical function. While patients in 
less socioeconomically developed countries had higher 
disease activity, they reported similar physical function.

InTrOduCTIOn
Health is known to be influenced by a number of 
factors, including a complex interplay of personal 
determinants as well as the socioeconomic and 
physical environment of the individual.1–3 In an 
era in which demand for healthcare is increasing, 
but where at the same time austerity measures are 
taken to control budgets worldwide, alarming gaps 

in health among persons from different socioeco-
nomic background become even more apparent.2–4 
Inequalities have been observed in different popu-
lations at the individual, national and international 
levels, and across different measures of health, 
such as occurrence of disease, mortality and health 
outcomes.1 5 6 In rheumatoid arthritis (RA), previous 
studies observed inequalities across country-level as 
well as individual-level socioeconomic factors.7–12 
A recent international study concluded that lower 
educated and older patients (individual-level 
factors), as well as those living in less wealthy coun-
tries (country-level factors, measured by the gross 

Key messages

What is already known about this subject?
 ► Socio-economic inequalities at individual and 
country level have been documented in many 
diseases.

 ► In rheumatoid arthritis (RA), the lower accessto 
costly innovative biologic disease -modifying 
anti-rheumatic drugs (bDMARDs) was 
suggested to be a possible pathway linking 
lower socio-economic status (SES) to higher 
disease activity.

What does this study add?
 ► Individual-level (female gender, low education) 
and country-level socio economic health 
inequalities exist among patients with 
spondyloarthritis.

 ► In SpA, the uptake of bDMARDS does not 
mediate the relationship between lower SES 
and higher disease activity.

 ► While patients in less socio economically 
developed countries have higher disease 
activity, they report similar physical function 
(adjusted for diseaseactivity).

How might this impact on clinical practice or 
future developments?

 ► Objective and subjective disease outcomes may 
exhibit different patterns depending on the 
socio-economic context of the patient.

 ► The identified socio-economic inequalities 
indisease activity in patients with SpA are a call 
for a consolidated action of all stake holders.

http://www.eular.org/
http://ard.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-214259&domain=pdf&date_stamp=2019-03-11
http://ard.bmj.com/
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domestic product [GDP]), had higher disease activity even after 
adjusting for relevant clinical confounders; however, individu-
al-level and country-level factors did not reinforce each other.11 
When further exploring possible causes of inequities, studies in 
RA confirmed that lower access to costly innovative biologic 
disease-modifying antirheumatic drugs (bDMARDs) could be a 
possible pathway linking lower socioeconomic status (SES) to 
higher disease activity.13

Despite reasonable documentation of socioeconomic inequal-
ities and inequities in RA, it is not known whether differences in 
health outcomes across individual-level or country-level socio-
economic factors also exist in patients with spondyloarthritis 
(SpA). Furthermore, although in European countries eligibility 
criteria for initiating treatment with bDMARDs in SpA are more 
homogeneous across countries compared with RA,13 14 uptake of 
bDMARDs in SpA in specialised centres across the globe has been 
demonstrated to vary importantly.15 In this view, it is of interest 
to investigate outcomes in patients with SpA in relation to socio-
economic factors and to additionally explore the role of uptake 
of biologicals in (possible) differences in outcomes. COMOrbid-
ities in SpA (COMOSPA) is an international cross-sectional study 
involving 22 countries from across the world and offers a unique 
opportunity to explore individual-level and country-level socio-
economic differences in disease outcomes, as well as the role of 
uptake of bDMARDs on this relationship.

The objective of this study was (1) to explore independent 
associations between individual-level and country-level socioeco-
nomic determinants with disease activity and physical function 
in patients with SpA, and (2) if existent to investigate whether 
the relationship between country wealth and disease activity is 
mediated by uptake of medication, more specifically bDMARDs.

MeTHOdS
Study design and data collection
Data from a cross-sectional, multinational (22 countries), obser-
vational, multicentre COMOSPA study were used. Consecutive 
patients visiting rheumatologists from different participating 
centres were invited to enrol in the study if they were at least 18 
years of age, had been diagnosed with axial or peripheral SpA 
according to their rheumatologist, and were able to understand 
and complete the questionnaires that were administered. Patients 
additionally fulfilling the Assessment of SpondyloArthritis 
international Society SpA classification criteria were included 
in this study.16 17 Data were collected between January 2013 
and September 2014. All local ethics committees approved the 
COMOSPA study protocol and all patients gave their informed 
consent on participation.18

Outcomes
The Ankylosing Spondylitis Disease Activity Score (ASDAS—C 
reactive protein [CRP]-based) and Bath Ankylosing Spondylitis 
Functional Index (BASFI) were the study outcomes. The ASDAS 
is a widely used disease activity measure consists of the patient’s 
assessment on a 0–10 Numeric Rating Scale (NRS) of overall 
back pain, duration of morning stiffness, global assessment of 
disease activity, overall peripheral pain/swelling and CRP.19 20 
ASDAS was explored as a continuous variable, as well as dichot-
omised into inactive disease or moderate disease activity (ASDAS 
<2.1) versus high or very high disease activity (ASDAS ≥2.1).21 
BASFI is a self-reported measure of physical function and consists 
of 10 questions scored on a 0–10 NRS, of which the first 8 ques-
tions evaluate activities related to functional anatomical limita-
tions due to the course of this inflammatory disease and the final 

2 questions evaluate the patient’s ability to cope with everyday 
life. The average of the 10 questions represents the total score.22

Variables of interest and potential confounders
Data on socioeconomic factors (gender, level of educational 
achievement [primary, secondary or university]), age, disease 
duration (since diagnosis, in years), lifestyle characteristics 
(smoking status [past, current, never smoked]), weight (kg) 
and height (cm) were collected. Body mass index (BMI) was 
computed and patients were classified into underweight (BMI 
<18.5), normal weight (18.5 ≥ BMI <25), overweight (25 < 
BMI ≤30) and obese (BMI >30).23 24 Furthermore, data on 
current biological therapy (yes vs no) and physician-diagnosed 
past and current comorbidities were collected, namely pres-
ence of ischaemic cardiovascular disease (myocardial infarction, 
stroke), cancer (colon, skin, lung, breast and uterus for women, 
prostate for men, and lymphoma), gastrointestinal diseases 
(diverticulitis, ulcers), infections (hepatitis), lung disease (chronic 
obstructive pulmonary disease and asthma) and psychiatric disor-
ders (depression). Based on this information, the Rheumatic 
Disease Comorbidity Index (RDCI) was computed.25 26 This 
includes respiratory diseases, myocardial infarction, hyperten-
sion, diabetes, depression, ulcers or other gastrointestinal mani-
festations, fractures, and cancer. As information on fractures was 
not collected, these were not included in the index, resulting in 
a possible score range between 0 and 8. Similarly, the presence 
of physician-diagnosed past or current extra-articular manifes-
tations (EAM) was collected, comprising uveitis, psoriasis and/
or inflammatory bowel disease, bamboo spine, and the presence 
of radiographic sacroiliitis as defined by the modified New York 
(mNY criteria); human leukocyte antigen (HLA)B27 positivity 
was also recorded.

Country-level factors explored were the country of residence, 
world region (Africa, Europe, Asia, North America and South 
America), GDP and healthcare expenditure (HCE) per capita, 
Human Development Index (HDI) (composite statistic of life 
expectancy, education and income per capita indicators,27 with 
four ranks available, namely very high [the best ranking possible], 
high, medium and low), and Gini index of income inequality 
(range from 0 [absolute equality] to 100 [absolute inequality]). 
Information on GDP and HCE per capita (in international 
dollars, that is, adjusted for purchasing power parity to ensure 
comparability between countries) was extracted from the online 
database of the International Monetary Fund for 2013.28 HDI 
was extracted from United Nations Development Programme 
(UNDP) and Gini from UNDP and World Bank, for the most 
recent year available.29 30 GDP, HCE and Gini were classified 
as low, medium and high based on tertile distribution, with the 
lowest tertile corresponding to low GDP, HCE and Gini, respec-
tively (table 1 and online supplementary table S1).

Statistical analysis
Multilevel linear and logistic regression models were computed, 
as appropriate, with ASDAS (both continuous and dichotomised 
at ≥2.1; distinguishing high and very high disease activity from 
inactive disease and moderate disease activity) and BASFI (only 
linear regression) as dependent variables. Country of residence 
was included as a random effect. Model fit was assessed using 
likelihood ratio (LR) test versus linear regression (cut-off p value 
of 0.05), and Snijders and Bosker R-squared for the two-level 
linear regression models was computed.31 Age, gender and 
education were the independent variables of interest at the 
individual level. Models were adjusted for potential clinical 

https://dx.doi.org/10.1136/annrheumdis-2018-214259
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confounders, namely axial involvement (vs peripheral only), 
presence of EAM, disease duration, BMI, comorbidities (RDCI), 
HLA-B27 positivity and current pharmaceutical therapy. The 
model with BASFI was additionally adjusted for ASDAS, bamboo 
spine and the presence of radiographic sacroiliitis. The factors 
that showed a significant association with the outcome (p<0.10) 
or that were potential confounders in the relationship between 
the main variables of interest and the outcome were retained in 
the final model. Models were built on complete cases.

Next, the following country-level variables were added to 
the model, in separate models—(1) GDP (low vs high); (2) HDI 
(medium vs [very] high); (3) HCE (low vs high); (4) Gini index; 
or (5) region (Asia, n=5 countries; Africa, n=2; Europe, n=10; 
North America, n=2; and South America, n=3)—to investi-
gate the contribution of socioeconomic welfare to differences 
in ASDAS and BASFI. Cross-level interactions between coun-
try-level factors with the individual-level factors of education, 
age and gender were investigated. Where interactions were 
significant (a priori defined as p<0.10), stratified analyses were 
performed.

Finally, the potential mediating role of current uptake of 
bDMARDs in the relationship between individual SES (educa-
tion being the proxy) and/or country SES GDP and ASDAS was 
explored by testing indirect effects. For the computation of the 
indirect effects, the product of coefficients approach was used 
and the percentile bootstrap CIs were calculated.32 The statis-
tical software Stata V.13 was used.33

reSuLTS
In total, 3370 patients with axial or peripheral SpA from 22 
countries (35–286 subjects/country) were included (table 1 and 
online supplementary tables S1 and S2). The mean age was 
43 years (SD 14) and 66% of the patients were male. Twelve 
per cent of the patients (n=421) had primary education as the 
highest level of educational achievement, 44% had a secondary 
education diploma and the remaining 43% were university grad-
uates. Of all included patients, 12% (n=415) had only periph-
eral involvement. The mean ASDAS was 2.0 (SD 1.1), ranging 
from 1.4 (1.0) in Spain to 2.8 (1.1) in Morocco; 1387 (44%) of 
patients had ASDAS ≥2.1, ranging across countries from 23% 
(South Korea) to 72% (Germany). The mean BASFI score was 
3.1 (2.7), and ranged from 1.7 (2.1) in South Korea to 4.8 (2.6) 
in Germany. On average, patients had an RDCI of 0.7 (1.1). Five 
per cent (China) to 78% (Belgium) of patients in each country 
were currently treated with bDMARDs.

relationship between individual socioeconomic and clinical 
factors and ASdAS and bASFI
Independent of the outcome, lower education and female gender 
were always significantly associated with worse health status in 
the multivariable models. Patients with only primary education 
had higher ASDAS (β=0.3 [95% CI 0.2 to 0.4]), higher odds of 
having ASDAS ≥2.1 (OR 1.7 [95% CI 1.3 to 2.2] and a higher 
BASFI score (β=0.6 [95% CI 0.3 to 0.8]) compared with patients 
with university education. Women had higher ASDAS (β=0.2 
[95% CI 0.1 to 0.3]), 1.7 higher odds (95% CI 1.4 to 2.0) of 
having ASDAS ≥2.1 and had a higher BASFI score (β=0.4 [95% 
CI 0.3 to 0.6]). The effect of age was not large (approximately 
−0.1 and +0.2 for ASDAS and BASFI scales, respectively, for a 
10-year age difference). Smoking and obesity were also always 
associated with worse ASDAS and BASFI (table 2). Those patients 
who were currently treated with a bDMARD had a lower ASDAS 
(β=−0.2 [−0.3 to −0.1]) and a somewhat higher BASFI (β=0.3 

[0.1 to 0.4]), but importantly treatment status did not confound 
the associations between SES and the outcome.

differences in ASdAS and bASFI between countries and 
regions
Large country differences were observed independent of indi-
vidual socioeconomic and clinical factors. When predicting an 
ASDAS for a male patient with axial involvement, 43 years old, 
with a secondary education, normal BMI, one comorbidity, 
non-smoker and ASDAS of 1.98 (average values in the sample), 
differences in ASDAS for such patient between the countries 
would range between 1.4 (1.2 to 1.6) (Spain) and 2.7 (2.5 to 
3.0) (Morocco) (figure 1A). For BASFI, these differences would 
be between 1.7 (1.4 to 2.1) (China) and 3.8 (3.5 to 4.2) (Russia) 
(figure 1B). Among the five world regions, after controlling 
for between-country differences, patients in African countries 
still had substantially higher ASDAS compared with all other 
regions. When BASFI was the outcome, patients from Asia 
scored consistently lower than the other four regions (table 2 
and online supplementary table S3). A significant interaction 
between gender and region has been observed when ASDAS 
was the outcome, and stratified results revealed that the largest 
differences (0.46–0.50 higher for women on ASDAS scale) were 
present in Africa and South America, while no differences or 
substantially smaller differences (0.20) were seen in Asia, North 
America and Europe (table 3).

Further exploration of the country differences in the regres-
sion analyses revealed that patients from countries with low GDP 
had slightly higher ASDAS (0.2 [−0.1 to 0.5]) and higher odds 
for an active disease (≥2.1) (OR 1.5 [0.9 to 2. 5]). The differ-
ence between patients living in countries with medium and high 
HDI versus very high HDI was slightly more pronounced and 
statistically significant for both continuous (0.4 [0.1 to 0.6]) and 
dichotomized ASDAS (OR 1.8 [1.1 to 3.0] to have high disease 
activity). Such patterns were, however, not observed for BASFI 
as none of the country macroeconomic indicators showed signif-
icant association with the outcome. Gini or HCE did not show 
a significant relationship with any of the outcomes (table 2 and 
online supplementary table S3). Two-level model with country 
random effect always showed better fit even in the presence of 
one of the macroeconomic indicators (LR test vs linear regres-
sion p<0.001). The highest R-squared (the largest proportion 
of variability explained) was observed in models with HDI and 
region for ASDAS (continuous) as outcome, and for the model 
with region when BASFI was the outcome (online supplemen-
trary table S4). No significant interactions between any of the 
macroeconomic indicators and individual age, gender or educa-
tion were observed.

uptake of bdMArds in the relationship between individual-
level and country-level SeS with ASdAS
Mediation analyses did not reveal a mediating role of uptake of 
bDMARDs in the relationship between SES and disease activity. 
Current uptake of bDMARDs had negligible (<3%) mediating 
role in the relationship between lower individual-level (educa-
tion) or country-level (GDP) SES and higher ASDAS.

dISCuSSIOn
In this multinational study, individual socioeconomic factors 
were found to be independently associated with disease activity 
and functional disability in patients with SpA. Patients with 
low education had consistently worse scores on both disease 
outcomes, and women were more likely to have high disease 
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Table 2 Associations of individual-level and country-level socioeconomic factors with disease activity (ASDAS) and physical function (BASFI)

Independent variables ASdAS β (95% CI)* Or of having ASdAS ≥2.1 (95% CI)* bASFI β (95% CI)*

n=3085£ n=3085£ n=3075£

Age (years) −0.01 (−0.01 to 0.00) 0.99 (0.98 to 0.99) 0.01 (0.01 to 0.02)

Gender (female vs male) 0.21 (0.13 to 0.29) 1.70 (1.43 to 2.01) 0.42 (0.27 to 0.56)

Education

 University education Ref Ref Ref

 Secondary education 0.23 (0.15 to 0.31) 1.52 (1.27 to 1.80) 0.37 (0.23 to 0.52)

 Low education 0.32 (0.20 to 0.44) 1.66 (1.29 to 2.20) 0.55 (0.33 to 0.78)

Rheumatic Disease Comorbidity Index (0–8) 0.17 (0.13 to 0.20) 1.40 (1.29 to 1.52) 0.36 (0.30 to 0.43)

Body mass index

 Normal weight Ref Ref Ref

 Underweight 0.13 (−0.09 to 0.35) 1.38 (0.86 to 2.22) 0.34 (−0.05 to 0.73)

 Overweight 0.10 (0.02 to 0.18) 1.19 (0.99 to 1.43) 0.06 (−0.08 to 0.22)

 Obesity 0.21 (0.11 to 0.32) 1.66 (1.33 to 2.08) 0.30 (0.11 to 0.49)

Axial involvement (vs peripheral only) 0.03 (−0.08 to 0.15) 1.28 (0.99 to 1.65) 0.56 (0.35 to 0.76)

Bamboo spine (yes vs no) – – 0.97 (0.73 to 1.22)

ASDAS – – 1.51 (1.44 to 1.57)

Smoking (now or ever vs never smoked) 0.10 (0.03 to 0.18) 1.21 (1.02 to 1.42) 0.14 (0.01 to 0.27)

GDP (low vs medium and high) 0.22 (−0.07 to 0.51) 1.49 (0.91 to 2.45) 0.25 (−0.25 to 0.75)

Alternative macroeconomic indicators and region†

HDI (high and medium vs very high) 0.35 (0.07 to 0.64) 1.84 (1.13 to 3.00) 0.24 (−0.32 to 0.79)

Region

 Asia Ref Ref Ref

 Europe 0.15 (−0.18 to 0.47) 1.30 (0.73 to 2.32) 0.73 (0.28 to 1.18)

 Africa 0.62 (0.12 to 1.12) 2.91 (1.21 to 7.03) 1.07 (0.38 to 1.76)

 North America −0.17 (−0.70 to 0.36) 1.02 (0.39 to 2.64) 1.01 (0.26 to 1.75)

 South America 0.08 (−0.36 to 0.53) 1.50 (0.68 to 3.33) 1.31 (0.69 to 1.94)

Healthcare expenditure (low vs medium and high) 0.19 (−0.11 to 0.49) 1.44 (0.87 to 2.39) 0.18 (−0.35 to 0.71)

Gini index (medium and high vs low) −0.07 (−0.49 to 0.26) 0.91 (0.53 to 1.57) 0.10 (−0.47 to 0.67)

Results from multilevel multivariable linear and logistic regression analyses. £Approximately 8% of cases had missing on one or more variables and thus not included in the 
model.
*Estimates with p<0.05 are highlighted in bold.
†GDP, HDI, region, HCE and Gini index estimates are derived from three separate models. Coefficients for individual covariates are derived from a model with GDP; only minor 
differences were observed in individual covariates between the three models.
ASDAS, Ankylosing Spondylitis Disease Activity Score; BASFI, Bath Ankylosing Spondylitis Functional Index; GDP, gross domestic product; HCE, healthcare expenditure; HDI, 
Human Development Index; Ref, reference.

activity and report worse physical function. Notably, the effect 
on both outcomes was statistically significant but of moderate 
magnitude (especially for BASFI differences being less than 1 
point on a 0–10 scale), and expectedly with most pronounced 
differences in dichotomised ASDAS. Strikingly, substantial 
variations in both outcomes were observed among countries, 
where a patient with similar personal demographic and clinical 
characteristics (set at average values in the sample) would, for 
example, have a predicted ASDAS in a range of 1.4 (Spain) to 2.7 
(Morocco). BASFI score for such patient would range between 
1.7 in China and 3.8 in Russia.

Differences in outcomes by education and gender have been 
previously observed in RA and other musculoskeletal diseases, as 
well as in other groups of patients.7 8 34 In Comorbidities in RA 
(COMORA), a similar study as the current but including patients 
with RA from 17 countries, large differences between countries 
in the Disease Activity Score-28 have been observed, and disease 
activity was also consistently higher in lower income countries. 
Clearly, the relationship between socioeconomic determinants 
and disease outcomes in patients with SpA follows the same 
pattern; however, the absolute differences seem smaller, within 
the limits that we know exist in such a comparison.

When trying to understand the variation among countries in 
ASDAS and BASFI through country-level indicators of socioeco-
nomic development, very different patterns were observed for 
both outcomes. While in low GDP societies (vs high GDP) and 
societies having medium or high level of human development 
(vs very high) disease activity was somewhat higher, and patients 
from low GDP country had on average 1.5 higher odds of having 
high disease activity (ASDAS ≥2.1), no difference on physical 
function (BASFI) according to GDP or HDI or any other coun-
try-level socioeconomic indicator considered was observed. This 
means that the country variation in BASFI (after adjusting for 
disease activity) cannot be explained by country-level macro-
economic indicators. On this line, it was insightful to observe 
that world region, likely more reflective of common sociocul-
tural traits than macroeconomic indicators, was associated 
with variations in BASFI. Patients in Asian countries reported 
relatively less difficulties with physical function compared 
with other regions. The role of world region in the experience 
of health reinforces our earlier observation in RA that shared 
cultural factors are likely to play an additional role in explaining 
differences in health outcome patterns.35 Future research should 
also consider the cultural, contextual and personality factors in 
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Figure 1 Predicted ASDAS and BASFI per country. Confidence interval CI includes uncertainty about fixed and random effects. Prediction for an 
average patient (male, 43 y.o., secondary education, normal BMI, RDCI=1, axial involvement, non-smoker (both models), and ASDAS=1.98 (mean 
population value) and no bamboo spine(only for model with BASFI as an outcome)) across countries with different level of socio-economic welfare 
(GDP) and human development index (HDI). Extra articular manifestations and HLA-B27 positivity (in both models) and the presence of radiographic 
sacroiliitis (in BASFI model only) were not significant nor confounders in the final model and were therefore not retained. AR, Argentina; ASDAS, 
Ankylosing Spondylitis Disease Activity Score; BASFI - Bath Ankylosing Spondylitis Functional Index; BE, Belgium; CA, Canada; CH, China; CO, 
Colombia; DE, Germany; EG, Egypt; ES, Spain; FR, France; GDP, Gross Domestic Product; MA, Morocco; MX, Mexico; IT, Italy; JP, Japan; KR, South Korea; 
NL, the Netherlands; PT, Portugal; RU, Russia; SG, Singapore; TR, Turkey; TW,Taiwan; UK, United Kingdom; US, United States.

Table 3 Association between gender and ASDAS across regions (stratified analyses following the statistically significant interaction between 
gender and region)

Gender (female vs male)* Asia europe Africa north America South America

ASDAS β (95% CI) −0.02 (−0.20 to 0.15) 0.20 (0.10 to 0.30) 0.51 (0.27 to 0.75) 0.08 (−0.27 to 0.43) 0.46 (0.17 to 0.75)

Estimates with p<0.05 are highlighted in bold.
*Model adjusted for age, education, Rheumatic Disease Comorbidity Index, body mass index, axial involvement and smoking.
ASDAS, Ankylosing Spondylitis Disease Activity Score.

patient-reported disease measures,36 such as BASFI or subjective 
components of ASDAS.

Importantly, most of individual and country/region factors 
did not reinforce each other; that is, patients with lower SES in 
wealthier countries do not have worse outcomes compared with 
low SES patients in less wealthy countries. Notable exception 

was that the effect of gender on ASDAS was different across 
world regions, with the largest adverse effect in women observed 
in South America and Africa as compared with small or no 
difference in other three regions. While no firm conclusions can 
be drawn from this exploratory analysis, it is plausible to suggest 
that some country or regional characteristics—system or cultural 
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factors or social support in place—can increase or mitigate the 
socioeconomic gaps. Content validity of the outcomes across 
regions (ie, differential item bias in the BASFI by gender across 
countries) or presence of unmeasured effect modifiers cannot be 
excluded.

Attempting to understand the potential causes of inequalities 
in ASDAS by countries’ wealth and development, differences in 
the uptake of innovative biologic drugs might offer an explana-
tion.15 Of note, a similar study in RA showed that the uptake 
of bDMARDs played a (small) mediating role in the relation-
ship between socioeconomic disadvantage and disease activity 
in patients with RA.11 However, our data did not confirm that 
the uptake of biologic treatments explained (part of) the rela-
tionship between low socioeconomic welfare and ASDAS. A 
potential explanation for a less pronounced mediating effect of 
tumour necrosis factor uptake in the relation between GDP and 
outcome might be the higher acceptance of the treatment guide-
lines in SpA and the availability of more and cheaper alternatives 
(eg, methotrexate) to treat active RA. Therefore, other reasons 
should be also considered, such as better access to informa-
tion and secondary prevention including exercise and physical 
therapy. It is worth mentioning that this study did not collect 
any data on specific measures of access to drugs, such as overall 
price, clinical criteria that regulate initiation of biologicals, 
private insurance or out-of-pocket payments, and only explored 
the actual update of biologic treatment in the available sample 
of patients.

Of note, the association between HDI and ASDAS was stronger 
and more consistent compared with the relationship with GDP 
or HCE, allowing to speculate that the reasons for inequalities 
should not be searched in wealth but in the development of 
populations. However, it should be noted that even HDI fails 
to capture aspects such as sustainability, inequalities, poverty, 
empowerment or access and quality of healthcare, and thus is 
likely not sensitive enough to capture the whole complexity and 
diversity of a country’s socioeconomic and cultural environment.

To our knowledge, this is the first international study that 
explored the socioeconomic factors in relation to disease 
outcomes in SpA. It is a large-scale, multinational study that 
collected data from an impressive number of patients and 
allowed analyses of both individual-level and country-level 
factors. Notwithstanding, this study also has many limitations. 
First, studies like COMOSPA cannot guarantee a representative 
sample of patients with SpA in participating countries, and it is 
possible that optimally treated group in each country is over-rep-
resented as participating centres were mainly tertiary centres 
specialised on SpA. In principle rheumatologists were asked 
to include consecutive patients in order to (at least partially) 
overcome this potential known problem; however, we cannot 
exclude that sampling procedures account for part of the differ-
ences between countries. Furthermore, data on many relevant 
confounders such as SES factors (eg, income and poverty, health 
beliefs and coping, immediate living environment such as neigh-
bourhood SES37 38) that can further explain the observed differ-
ences in disease activity and physical function were not collected, 
and their potential contribution to the outcomes remains to 
be explored in future studies. Cross-sectional design carries 
inherent biases for causality assessment and increases variability 
in outcome assessment.

An important methodological question remains, namely 
whether assessing the effect of GDP or HDI (these two indica-
tors also overlap to a certain extent) in multilevel models with 
country being a cluster variable does not lead to overadjustment 
and thus underestimate the true effect we are interested in. We 

should also recognise that in the absence of official thresholds 
for GDP classification, the GDP categories used in the current 
study were based on statistical tertiles and thus inherently 
defined by the available sample of countries. Proxies to cultural 
aspects (such as expectations, experiences stress, support from 
family) as well as to access and quality of care should be likely 
looked for to capture the country-level patterns; however, we 
are not aware of existence of such country-level indicators up to 
date. Further, the number of countries (n=22), although impres-
sive from a logistic and world representation perspective, can in 
statistical terms be a limiting factor in the power of the analysis 
to detect country-level predictors of the outcome. This means 
that our results would be an underestimation of the reality, with 
differences possibly being even larger both across countries and 
particularly across countries with different socioeconomic back-
ground. Furthermore, the outcome measures used in this study 
have not been proven sensitive to cultural and socioeconomic 
factors. Notwithstanding, our analyses suggest a large influence 
by such factors that cannot be ignored when interpreting data 
from trials and international comparisons. Last but not least, the 
single-assessment, cross-sectional design hinders any conclusions 
about the direction of associations. Longitudinal studies are 
imperative to explore these patterns over time.

In conclusion, large country-level differences in disease 
outcomes among patients with SpA were seen, and they could be 
only partly explained by GDP, HDI or region of residence. Indi-
vidual-level socioeconomic inequalities were also pronounced, 
disfavouring women and low educated persons. At the same 
time, while patients in less developed countries had higher objec-
tively measured disease activity, they overall reported to have 
a similar physical function (after adjusting for disease activity). 
Our findings point at socioeconomic inequalities in disease 
activity in patients with SpA and call for a consolidated action of 
all stakeholders to take those into account.
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AbSTrACT
Objectives certain gut bacterial families, 
including Bacteroidaceae, Porphyromonadaceae and 
Prevotellaceae, are increased in people suffering from 
spondyloarthropathy (spa), a disease group associated 
with IL23R signalling variants. To understand the 
relationship between host interleukin (il)-23 signalling 
and gut bacterial dysbiosis in spa, we inhibited il-23 
in dysbiotic ZaP-70-mutant sKG mice that develop 
il-23-dependent spa-like arthritis, psoriasis-like skin 
inflammation and crohn’s-like ileitis in response to 
microbial beta 1,3-glucan (curdlan).
Methods We treated sKG mice weekly with anti-il-23 
or isotype mab for 3 weeks, rested them for 3 weeks, 
then administered curdlan or saline. We collected faecal 
samples longitudinally, assessed arthritis, spondylitis, 
psoriasis and ileitis histologically, and analysed the 
microbiota community profiles using next-generation 
sequencing. We used multivariate sparse partial least 
squares discriminant analysis to identify operational 
taxonomic unit (oTU) signatures best classifying 
treatment groups and linear regression to develop a 
predictive model of disease severity.
results il-23p19 inhibition in naïve sKG mice 
decreased Bacteroidaceae, Porphyromonadaceae 
and Prevotellaceae. abundance of clostridiaceae 
and lachnospiraceae families concomitantly 
increased, and curdlan-mediated spa development 
decreased. abundance of enterobacteriaceae and 
Porphyromonadaceae family and reduction in 
lachnospiraceae Dorea genus oTUs early in disease 
course were associated with disease severity in affected 
tissues.
Conclusions Dysbiosis in sKG mice reflects human spa 
and is il-23p19 dependent. in genetically susceptible 
hosts, il-23p19 favours outgrowth of spa-associated 
pathobionts and reduces support for homeostatic-
inducing microbiota. The relative abundance of specific 
pathobionts is associated with disease severity.

InTrOduCTIOn
Spondyloarthritis (SpA) encompasses a group of 
clinically and genetically related rheumatic condi-
tions including ankylosing spondylitis (AS), psori-
atic arthritis, reactive arthritis and inflammatory 
bowel disease (IBD)-associated arthritis, charac-
terised by arthritis of spine, entheses and periph-
eral joints, psoriasis, Crohn’s disease (CD) and/or 

ulcerative colitis. While human leucocyte antigen 
(HLA)-B27 is the strongest genetic association for 
development of AS, additional contributory loci 
(eg, IL23R, IL12B, JAK2, STAT3, TYK2, CARD9) 
are involved in microbial defence and interleukin 
(IL)-23/IL-17 signalling.

IL-23 is pivotal to SpA pathogenesis in patients 
and animal models. Besides antigen presentation, 
dimers of HLA-B27 promote endoplasmic reticulum 
stress and IL-23. IL-23 is increased in the serum and 
supernatant of cultured peripheral blood mononu-
clear cells of patients with SpA, and terminal ileum 
IL-23 expression is upregulated in patients with AS 
with subclinical gut inflammation.1 2 Since ~70% of 
patients with AS have subclinical intestinal inflam-
mation,3 it is proposed that intestinal IL-23 affects 
local intestinal responses and the development of 
entheseal and joint disease. In clinical trials, anti-
IL-23p19 mAb improves control of plaque psori-
asis.4–9 Anti-IL-12/23p40 is approved for psoriasis, 
psoriatic arthritis and CD.10 11

The gut microbiota is dysbiotic in patients with 
SpA and rodent models of SpA. The bacterial fami-
lies Porphyromonadaceae, Lachnospiraceae, Rumi-
nococcaceae, Rikenellaceae and Bacteroidaceae 
were more abundant in ileal biopsies of patients 

Key messages

What is already known about this subject?
 ► There is dysbiosis including Bacteroidaceae, 
Porphyromonadaceae and Prevotellaceae 
in human spondyloarthropathy, in which 
interleukin (IL)-23 signalling is increased.

What does this study add?
 ► In genetically susceptible SKG hosts, IL-23p19 
favours outgrowth of spondyloarthritis (SpA)-
associated pathobionts and reduces support for 
homeostatic-inducing microbiota. The relative 
abundance of specific pathobionts is associated 
with subsequent pathology.

How might this impact on clinical practice or 
future developments?

 ► Potentially reversible expansion of disease-
associated gut microbiota may signpost 
preclinical susceptibility to SpA.

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0002-0518-8386
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with AS than healthy controls, while Ruminococcus and Bacte-
roides spp were enriched in faecal samples.12 13 Faecal abundance 
of the Bacteroides genus was increased in paediatric patients with 
SpA.14 15 IgA-coated Escherichia coli, similar to adherent-inva-
sive E. coli pathotype, was enriched in patients with CD with 
SpA (CD-SpA) compared with patients with CD without SpA.16 
Moreover, colonisation of germ-free mice with CD-SpA E. coli 
induced Th17 responses, and increased the severity of colitis or 
arthritis in disease-susceptible IL-10-deficient or K/BxN mice, 
respectively.16 Prevotella, Parabacteroides, Bacteroides and Akker-
mansia spp were increased in the caecum of HLA-B27 transgenic 
Lewis and Fischer rat strains with SpA.17–19 Prevotella copri was 
associated with new-onset rheumatoid arthritis (RA), and germ-
free SKG mice colonised with human faecal microbiota from 
patients with RA, dominated by Prevotellaceae, increased intes-
tinal Th17 cells and developed arthritis with zymosan.20 21 SKG 
mice have a mutation in ZAP70 (W163C) that reduces T cell 
signalling and the capacity for microbial control: mice develop 
IL-23-dependent SpA-like disease in response to microbial beta-
1,3-glucan (curdlan) or zymosan under specific-pathogen-free 
(SPF) conditions. Naïve SKG mice display faecal dysbiosis, 
with enrichment in Gram-negative bacteria, and constitutively 
express ileal Il23. Furthermore, curdlan-induced ileal goblet 
cell depletion is IL-23p19 dependent, indicating that IL-23p19 
disrupts ileal barrier function.22 23 Thus, germ-free mice are 
protected from ileitis and lack ileal Il23 expression. Further-
more, cohousing with BALB/c mice suppresses ileitis in curd-
lan-treated SKG mice. These data indicate that homeostatic 
species or neutralisation of IL-23p19 is gut protective. However, 
it is unclear how host IL-23p19 impacts the stability of such 
species and whether IL-23p19 could be manipulated in at-risk 
individuals to restore homeostasis. Since naïve SKG mice at risk 
of future SpA have dysbiosis but remain healthy until adminis-
tration of curdlan, we investigated the influence of IL-23p19 on 
gut bacteria and disease susceptibility.

MeTHOdS
Mice, IL-23 neutralisation and disease induction
SKG mice, originally obtained from S Sakaguchi (University of 
Kyoto), were maintained in SPF at The University of Queensland 
Translational Research Institute Animal Facility.

Thirty-two female SKG mice with mean age of 11 weeks (±SD 
2.7 weeks) were rehoused so that mice from different litters and 
ages were spread evenly across treatment groups. Rehoused mice 
equilibrated for 2.5 weeks before commencing the treatment 
regimen. At the experimental endpoint each treatment group 
consisted of two cages of four mice. Mice were administered 60 µg 
murine IgG1 anti-murine IL-23p19 or 60 µg murine IgG1 isotype 
control mAb (Eli Lilly, Indianapolis) intraperitoneal weekly for 3 
weeks (days 0, 7, 14). After a rest period, disease was induced on 
day 34 by one intraperitoneal injection of 3 mg curdlan, derived 
from Alcaligenes faecalis var myxogenes (Wako Chemicals). 
Control mice received the same antibody regimen and one intra-
peritoneal injection of 200 µL saline on day 34. Two independent 
experiments were conducted.

Serum anti-IL-23 mAb levels
Serum was stored at −80°C until shipment on dry ice. Serum anti-
IL-23 mAb levels were determined by ELISA at Eli Lilly.

Additional methods for histological preparation and scoring, 
faecal sample collection, DNA extraction, amplicon sequencing, 
sequence processing and statistical analysis are provided in the 
online supplementary methods.

reSuLTS
IL-23 neutralisation in dysbiotic SKG mice prevents SpA 
development
Administration of anti-IL-23p19 mAb to SKG mice 1 day before 
or 3 weeks after curdlan significantly suppresses arthritis and ileitis 
severity.22 24 To test whether IL-23p19 drives dysbiosis in SKG 
mice in preclinical SpA and the impact of IL-23p19 suppression 
on disease development, we treated naïve SKG mice with anti-
IL-23p19 or isotype mAb weekly for 3 weeks, rested them for 3 
weeks, then administered curdlan or saline control (figure 1A). 
We collected faecal and serum samples longitudinally, and tissue 
samples at cull (online supplementary figure 1). Serum levels of 
anti-IL-23p19 dropped significantly during the washout between 
day 19 and day 33, and dropped further between day 33 and 
day 65/66 (figure 1B). Administration of anti-IL-23p19 mAb 20 
days prior to curdlan significantly reduced histological severity of 
ileitis, psoriasis-like skin inflammation, ankle joint arthritis and tail 
spondylitis compared with mice administered control isotype mAb 
(figure 1C–J). These data indicate that IL-23 inhibition in naïve 
SKG mice prevents the development of curdlan-induced SpA-like 
disease.

IL-23p19 promotes faecal dysbiosis in SKG mice
To assess the dependence on IL-23p19 of the characteristic dysbi-
osis of naïve SKG mice,23 we compared the faecal microbiota 
composition in mice before curdlan administration (combined 
baseline, day 21 and day 34 isotype or anti-IL-23p19 treated), 
using multivariate sparse partial least squares discriminant anal-
ysis (sPLS-DA)25 to discriminate time of analysis and treatment 
groups. The effect of cage as potential confounder was assessed 
with principal component analysis across all time points to deter-
mine whether cage constituted a major source of variation (online 
supplementary figure 2), and with a multivariate redundancy anal-
ysis to test for the interaction between cage and treatments across 
all time points (permutation F-test p=0.21, 1000 permutations). 
Neither analysis showed a cage effect.

Figure 2 displays the overall impact of isotype, anti-IL-23p19 
mAb and curdlan on microbial taxa within faecal samples, grouped 
by treatment, over time; the relative abundance percentages can 
be found in online supplementary table 1, and the faecal microbial 
taxa of all the mice at all time points can be found in online supple-
mentary figure 3. While the relative abundance of the Bacteroides 
genus was ~5% at baseline (day 0), relative abundance increased in 
isotype-treated mice at day 49 after curdlan (~8%) compared with 
anti-IL-23p19-treated mice (~3%); these trends were maintained 
at day 61 after curdlan. Combined day 21 and day 34 operational 
taxonomic unit (OTU) abundance in anti-IL-23 and isotype mAb 
treatment groups separated from baseline, contributed by sPLS-DA 
component 1 (figure 3A,B), while component 2 separated anti-
body treatment groups (figure 3A,C). An OTU signature distin-
guished anti-IL-23p19 and isotype-treated groups at days 21 and 
34 (figure 3D,E,G,H). Details on the importance and stability of 
each OTU within the OTU signatures are in online supplementary 
table 2. OTUs of the Clostridiales order were over-represented at 
days 21 and 34 in mice treated with anti-IL-23p19 while OTUs of 
the Bacteroidales order were over-represented after isotype treat-
ment (figure 3F,I). The OTU signature within the Bacteroidales 
order was most pronounced in isotype-treated mice at day 21, and 
includes Bacteroidaceae, Porphyromonadaceae and Prevotellaceae 
family members (figure 3F,I). Data from the bar plots (figure 3) are 
tabulated in online supplementary table 3. Ruminococcaceae family 
members were also over-represented in isotype-treated mice at day 
21. The anti-IL-23p19 OTU signature within the Clostridiales
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Figure 1 Neutralisation of IL-23 prevents SpA in curdlan-treated SKG mice. Female SKG mice were treated with anti-IL-23p19 or isotype mAb 
weekly for 3 weeks then rested for 3 weeks. On day 34, mice received intraperitoneal curdlan or saline. Faecal and serum samples were collected 
longitudinally. At the endpoint, paraffin-embedded tissue sections were H&E stained. Experimental timeline (A). Analysis of serum anti-IL-23p19 
mAb levels (B). The lower limit of detection for the anti-IL-23p19 ELISA is 1 ng/mL. Histological scores and representative stained sections (left panel: 
anti-IL-23 mAb+curdlan, right panel: isotype mAb+curdlan) for ileum (C, D), ear skin (E, F), ankle joint (G, H) and tail joint (I, J), respectively (n=8 per 
group). *P<0.05; **P<0.01; ****P<0.0001 (analysis of variance (ANOVA) with Tukey’s multiple comparison test (B), Mann-Whitney test (C, G, I) or 
unpaired t-test (E)), mean±SEM. Scale bars=500 µm (D, H), 200 µm (F) and 1000 µm (J). IL, interleukin.

order includes Clostridiales family not defined (FND), Clostridi-
aceae and Lachnospiraceae family members. The anti-IL-23 mAb 
OTU signature also contains S24-7 family members, although at 
decreased proportions, and Rikenellaceae family members on day 
21. Thus, IL-23p19 neutralisation in the host environment affects

the microbiota, favouring Clostridiales over Bacteroidales, indi-
cating that dysbiosis in naïve SKG mice is IL-23p19 dependent. 
As Bacteroidaceae, Porphyromonadaceae and Prevotellaceae have 
been associated with human SpA or animal models of SpA, and 
some Clostridiales members have immune regulatory functions, 

http://ard.bmj.com/
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Figure 2 Microbial taxa plots of the total sum scaling (TSS)-normalised relative abundance of the top genera in faecal samples merged 
by treatment group. Microbial taxa are plotted for each treatment group at the time points shown. The percentages can be found in online 
supplementary table 1. Day 0 (n=16 mice per group) indicates baseline microbiota composition prior to treatment. Microbial taxa plots of the TSS-
normalised relative abundance of the top genera in the faecal samples of all the mice at all time points can be found in online supplementary figure 
3. FND, family not defined; GND, genus not defined.

these data further suggest that IL-23p19 neutralisation suppresses 
outgrowth of SpA-associated pathobionts, favouring homeostat-
ic-inducing microbiota.

Curdlan alters the faecal microbiota composition
We assessed the effect of curdlan or saline on days 49 and 61 in 
the context of prior treatment with isotype or anti-IL-23p19. The 
isotype+curdlan group clustered separately from all other groups 
by multivariate analysis on days 49 and 61 (yellow dots, figure 4A,B 
and online supplementary figure 4). On day 49 among isotype-
treated mice, 25 OTUs contributed to the curdlan signature, 
including 68% Bacteroidales, of which 24% were Bacteroidaceae 
and S24-7 (six OTUs each) and 12% were Porphyromonadaceae 
(three OTUs) family members (figure 4C). The three Porphyro-
monadaceae family members were Parabacteroides spp. On day 49 
among isotype-treated mice, 21 OTUs contributed to the saline 
signature, including 81% Bacteroidales, all of which were S24-7 
family members (online supplementary figure 4).

IL-23 neutraliation alters the faecal microbiota composition 
in response to curdlan
The anti-IL-23-treated saline and curdlan groups clustered 
together on day 61 as well as on day 49, although less tightly 
(figure 4A,B). At days 49 and 61, the OTU signature of the 
anti-IL-23 mAb+curdlan group is dominated by Clostridiales, 
including Clostridiales FND, Clostridiaceae and Lachnospira-
ceae family members, as well as a small proportion of Lactoba-
cillaceae (figure 4C,D). Data from the bar plots (figure 4) are 
tabulated in online supplementary table 3. These data indicate 
that preclinical IL-23p19 neutralisation suppresses SpA devel-
opment and induces a persistent shift in the faecal microbiota 
composition, suppressing bacteria associated with SpA-like 
disease in response to curdlan.

Changes in OTU abundance over time were explored with a 
linear mixed model, as previously described.26 Semisupervised 
hierarchical clustering ordered time relative to anti-IL-23p19 
treatment (days 21 and 34) and curdlan (days 49 and 61). 
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Figure 3 Multivariate sparse partial least squares discriminant analysis (sPLS-DA) of microbiota community profiles after IL-23 neutralisation. Day 0 
and combined days 21 and 34 microbiota profile after antibody treatment (A), and the OTU signature contributing to component 1 (B) or component 
2 (C). Day 21 (D) or 34 (G) microbiota profile after antibody treatment. Corresponding OTU signature on day 21 of component 1 (E), and the 
proportion of component 1 OTUs at the Family taxa level (F), and on day 34 component 1 (H), and the proportion of component 1 OTUs at the Family 
taxa level (I). Length of the bars indicates the importance and contribution of the OTU in the signature to define each sPLS-DA component, colour 
indicates the treatment group in which the OTU is mostly abundant (based on median normalised counts). Details on the importance and stability 
of each OTU within the OTU signatures are available in online supplementary table 2. Ellipse plots with respect to treatment groups at the 0.95 
confidence level are represented. Data tabulated in online supplementary table 3. FND, family not defined; IL, interleukin; OTU, operational taxonomic 
unit.

Anti-IL-23p19 significantly reduced the abundance of 10 OTUs 
over time, of which eight are Bacteroidales, including three 
Bacteroidaceae, three Porphyromonadaceae and two S24-7 
family members (figure 5A). A further seven OTUs significantly 
increased over time, six of which are Clostridiales and one 
Bifidobacterium (figure 5A). In contrast after isotype mAb, 15 
OTUs significantly increased, all of which are Clostridiales, and 

11 OTUs significantly decreased, 10 of which are Bacteroidales 
(all S24-7) and one Coriobacteriaceae, over time (figure 5B).

OTus indicative of clinical severity after IL-23 neutralisation 
alone or with early-onset disease
Given that IL-23p19 drives dysbiosis in SKG mice in preclinical 
SpA and anti-IL-23p19 mAb suppresses disease development, we 
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Figure 4 IL-23 neutralisation alters the faecal microbiota composition in response to curdlan. Anti-IL-23 and isotype mAb treatment in combination 
with curdlan or saline at day 49 (A) or day 61 (B), and the proportion of OTUs selected by sparse partial least squares discriminant analysis (sPLS-DA) 
on component 1 (discriminating isotype+curdlan) and component 3 (discriminating anti-IL-23+curdlan, not shown) at day 49 (C) or day 61 (D) at 
the Family taxa level (data available in online supplementary table 3). Ellipse plots with respect to treatment groups at the 0.95 confidence level are 
represented. FND, family not defined; IL, interleukin; OTU, operational taxonomic unit.

fitted a linear model on the OTU data including positive and 
negative contributors, from time points prior to disease onset 
(day 21) and 2 weeks after curdlan (day 49) to obtain a micro-
biota-based disease association score. We identified OTUs asso-
ciated with final histological score for ankle joint, tail (spine), 
ileum and skin (table 1); for example, in the ankle, Enterobacte-
riaceae were positively associated with arthritis with a p value of 
0.01. Disease severity at ankle and spine was highly correlated 
(r=0.8259, p<0.0001) and the associated OTUs at each time 
point are the same for each tissue site. Remarkably, abundance 
of the same Enterobacteriaceae OTU 1109844 predicts disease 
severity at all time points and in all tissues except the ileum, and 
the abundance in Lachnospiraceae Dorea OTU 400739 at day 
21 is inversely associated with disease severity for ankle, tail and 
ileum (table 1). Rikenellaceae OTU 1067143 is associated with 
skin disease at day 21 and also with ankle and tail arthritis at day 
49, after administration of curdlan. Ileitis is associated with two 
S24-7 OTUs at day 21, and with a Porphyromonadaceae OTU 
at day 49.

dISCuSSIOn
After curdlan treatment under SPF conditions, SKG mice 
develop an IL-23-dependent SpA-like disease, involving spine 
and peripheral joints.22–24 Il23a is constitutively overexpressed 
in SKG ileum, and local production increases after curdlan as 
ileitis develops.22 23 Furthermore, microbes are essential for 
SpA-like disease development in SKG, as arthritis severity is 
reduced and ileitis absent when SKG mice are housed under 
germ-free conditions.23 Severity of ileitis was reduced in SKG 
mice cohoused with wild-type BALB/c mice, suggesting that 
transfer of protective microbes can modulate disease severity.23 
We show here that IL-23p19 alters the microbiota composition 
in genetically at-risk SKG mice and drives the dysbiosis associ-
ated with future SpA development in response to the curdlan 
inflammatory trigger. This dysbiosis favours abundance of 
pathobionts from Bacteroidaceae and Porphyromonadaceae 
families, including Parabacteroides spp, over Clostridiales. 
Furthermore, curdlan administered to hosts in which IL-23p19 
was neutralised fails to induce disease. Indeed, consistent with 
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Figure 5 Longitudinal changes in OTUs in mice treated with anti-IL-23 or isotype. Semisupervised hierarchical clustering with Euclidean distance 
and Ward linkage showing OTU abundance (y-axis) longitudinally after either anti-IL-23 (A) or isotype mAb (B), at baseline (day 0), after antibody 
treatment (days 21 and 34), and after curdlan (days 49 and 61 (x-axis)). OTUs were identified with a linear mixed effect model where p values were 
adjusted for multiple testing using false discovery rate: see online supplementary methods. IL, interleukin; OTU, operational taxonomic unit.

our previous observations in cohoused mice, the abundance of 
certain OTUs in faeces during the preclinical dysbiotic phase, 
including Enterobacteriaceae OTU 1109844 and Lachnospira-
ceae Dorea OTU 400739, was associated with the likelihood of 
future inflammatory pathology.

Our data indicate that signatures of OTUs reflecting the balance 
between disease-promoting pathobionts and disease-suppressive 

homeostatic bacteria can serve as predictive biomarkers of 
disease severity or risk in SKG mice. Reduced microbial diver-
sity is a feature of microbiota composition in many diseases, 
including the SpA subtype psoriatic arthritis, and IBD, the pathol-
ogies of which the SKG model best resembles, as well as the 
juvenile idiopathic arthritis subtype, enthesitis-related arthritis 
(ERA). Reduced diversity may allow pathobionts to outgrow, 
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Table 1 OTUs at day 21 or day 49 predictive of tissue histology score at the experimental endpoint (day 65/66)

Tissue day OTu Id estimate Se P value

Taxonomy

Order Family Genus

Ankle 21 530 502 1.089 0.623 0.108395 Bifidobacteriales Bifidobacteriaceae Bifidobacterium

R2=0.881 1 109 844 0.776 0.255 0.011134 Enterobacteriales Enterobacteriaceae –

Adj R2=0.838 400 739 −0.601 0.224 0.021199 Clostridiales Lachnospiraceae Dorea

CV R2=0.818 295 384 −0.946 0.723 0.217459 Bifidobacteriales Bifidobacteriaceae Bifidobacterium

(Intercept) 5.304 0.545 0.000001

Ankle 49 1 109 844 0.937 0.391 0.037577 Enterobacteriales Enterobacteriaceae –

R2=0.854 331 013 0.721 0.279 0.027084 Clostridiales Ruminococcaceae Ruminococcus

Adj R2=0.810 1 067 143 0.600 0.267 0.048661 Bacteroidales Rikenellaceae –

CV R2=0.726 (Intercept) 4.726 1.047 0.001116

Tail 21 1 109 844 0.704 0.271 0.025000 Enterobacteriales Enterobacteriaceae –

R2=0.881 530 502 0.608 0.663 0.379000 Bifidobacteriales Bifidobacteriaceae Bifidobacterium

Adj R2=0.838 295 384 −0.391 0.770 0.622000 Bifidobacteriales Bifidobacteriaceae Bifidobacterium

CV R2=0.500 400 739 −0.488 0.238 0.065000 Clostridiales Lachnospiraceae Dorea

(Intercept) 4.812 0.581 0.000005

Tail 49 1 109 844 0.715 0.382 0.090918 Enterobacteriales Enterobacteriaceae –

R2=0.793 331 013 0.622 0.272 0.045418 Clostridiales Ruminococcaceae Ruminococcus

Adj R2=0.732 1 067 143 0.436 0.261 0.126217 Bacteroidales Rikenellaceae –

CV R2=0.571 (Intercept) 4.240 1.023 0.001996

Ileum 21 214 699 3.833 1.123 0.005148 Bacteroidales S24-7 –

R2=0.691 345 126 3.265 1.993 0.127245 Bacteroidales S24-7 –

Adj R2=0.614 400 739 −1.625 0.921 0.103035 Clostridiales Lachnospiraceae Dorea

CV R2=0.421 (Intercept) 7.155 1.908 0.002768

Ileum 49 851 323 2.526 0.596 0.002171 Bacteroidales Porphyromonadaceae Parabacteroides

R2=0.915 193 620 2.141 0.897 0.040695 Clostridiales – –

Adj R2=0.877 277 388 1.705 0.916 0.095601 Clostridiales Ruminococcaceae Oscillospira

CV R2=0.797 579 293 −3.964 1.454 0.023371 Clostridiales Ruminococcaceae –

(Intercept) 7.750 1.092 0.000057

Ears 21 1 109 844 1.206 0.215 0.000157 Enterobacteriales Enterobacteriaceae –

R2=0.899 1 067 143 0.995 0.297 0.006550 Bacteroidales Rikenellaceae –

Adj R2=0.863 519 290 0.241 0.110 0.051565 Bifidobacteriales Bifidobacteriaceae Bifidobacterium

CV R2=0.696 326 732 −0.455 0.169 0.020922 Clostridiales – –

(Intercept) 5.366 0.570 0.000001

Ears 49 1 109 844 1.379 0.298 0.000940 Enterobacteriales Enterobacteriaceae –

R2=0.876 345 862 0.592 0.287 0.066224 Clostridiales – –

Adj R2=0.839 334 751 0.323 0.138 0.041583 Clostridiales Lachnospiraceae –

CV R2=0.701 (Intercept) 6.610 0.725 0.000004

R2, adjusted (Adj) R2 and cross-validated (CV) R2 from linear models are shown.
OTU, operational taxonomic unit.

contributing to inflammatory pathology.14 27 For example, clin-
ical isolates of CD-SpA-associated adherent invasive E. coli drive 
mucosal Th17 responses, and exacerbate arthritis and IBD in 
mouse models.16 Ruminococcus gnavus, a gut commensal with 
known proinflammatory role and association in IBD, was more 
abundant in faecal samples from patients with SpA compared 
with patients with RA and healthy controls. R. gnavus was most 
abundant in patients with SpA with a history of IBD.28 Abundance 
of R. gnavus was also increased in patients with SpA compared 
with matched healthy siblings.28 Akkermansia muciniphila was 
increased in faecal samples from a subgroup of children with 
ERA, and Bacteroides drove the clustering of a second ERA 
subgroup by principal coordinates analysis.14 Patients with ERA 
had decreased abundance of Faecalibacterium prausnitzii, which 
has known anti-inflammatory properties.14 R. gnavus and A. 
muciniphila both have the ability to degrade mucin, thereby 
disrupting the epithelial barrier.28 29 The IL-23-mediated epithe-
lial barrier disruption in curdlan-treated SKG mice may occur 

similarly, in part due to outgrowth of mucolytic pathobionts. 
Indeed, ileal Il23a transcripts were microbiota dependent and 
curdlan-induced goblet cell loss was both microbiota and IL-23 
dependent in SKG mice.23 30 Thus, microbe-driven host IL-23 
perpetuates a hostile environment for commensals, permitting 
outgrowth of pathobionts and depleting the host environment 
of protective goblet cell mucin, IgA and antimicrobial peptides.

To explore the potential predictive ability of the OTUs, we 
used a linear regression model to interrogate the relationship 
between OTU abundance, prior to and early after disease trigger, 
and histological disease severity scores for ileitis, psoriasis-like 
skin inflammation, ankle arthritis and spondylitis of the tail. In 
this study, increased abundance of Enterobacteriaceae family 
OTU 1109844 before (day 21) and after curdlan (day 49) was 
associated with the severity of peripheral and axial arthritis and 
psoriasis-like disease at the experimental endpoint. Similarly, 
in the phase 2 CERTIFI study of anti-TNF refractory patients 
with CD, decreased abundance of an Escherichia/Shigella OTU 
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and increased abundance of a Faecalibacterium OTU at base-
line were predictive of remission 6 weeks after treatment with 
anti-IL-12/23p40.31 Since disease-associated adherent invasive 
E. coli is more abundant in CD-SpA, Enterobacteriaceae might 
be useful to identify genetically susceptible humans at greatest 
risk of developing SpA or to monitor those individuals after 
commencing treatment.

Ileitis was associated with increases at day 21 in two S24-7 
OTUs, and at day 49 in a Porphyromonadaceae OTU. Further-
more, abundance of Lachnospiraceae Dorea genera OTU 
400739 at day 21 was negatively associated with disease severity 
in ankle, tail and ileum at the endpoint. Similarly, an increase in 
Dorea longicatena was observed in patients with IBD in remis-
sion 6 months after ileocolonic resection for CD, while increased 
Porphyromonadaceae were observed in patients with recurrent 
disease.32 In the current studies, all of the Porphyromonadaceae 
within the OTU signature of the curdlan and isotype groups at 
days 21 and 49 are Parabacteroides spp, and the Porphyromona-
daceae OTUs decreasing over time with anti-IL-23p19 are also 
Parabacteroides spp. Of note, the altered Schaedler flora (ASF) 
contains one Parabacteroides sp, and colonisation of germ-free 
SKG mice with ASF followed by curdlan is sufficient to induce 
arthritis and ileitis.23 These data highlight the important balance 
between Dorea and Parabacteroides in ileocolonic CD in human 
and Crohn’s-like ileitis in SKG mice.

There are limitations to this study. SKG mice have increased 
Th17 compared with wild-type BALB/c mice.33 Since it is 
likely that arthritis is mitigated at least in part by suppression 
of IL-23-mediated Th17,30 it will be important in future work 
to determine the direct impact of IL-17 inhibition on dysbiosis 
in this model. Further, IL-23p19 mAb levels remained high in 
serum at the time of curdlan administration, and to determine 
whether correction of dysbiosis was sufficient to inhibit arthritis 
development, we would need a longer washout before curdlan, 
and to compare curdlan responsiveness of germ-free mice recol-
onised with microbiota from SKG mice treated with isotype or 
anti-IL23p19 mAb.

SKG mice are an ideal model in which to study the natural 
history of individuals genetically at risk for SpA and their inflam-
matory and microbial response to an inflammatory trigger. 
Vertebral, entheseal, peripheral joint, skin and small intestinal 
pathologies are all suppressed by treatment with anti-IL-23p19 
when delivered with curdlan, similar to the response in human 
psoriatic arthritis and Crohn’s-associated arthritis. Our data in 
this mouse model indicate that the ratio of Bacteroidales/Clos-
tridiales is increased in the presence of IL-23, of which members 
of both families could contribute to host inflammation. In human 
subjects, it is more difficult to obtain true predisease faecal or gut 
biopsy samples in order to monitor long-term clinical outcomes. 
However, our data suggest that predictive biomarkers of SpA 
severity may be clinically achievable and could be useful to guide 
trials of various agents that might reverse dysbiosis, as illustrated 
here in SKG mice for anti-IL-23p19.
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Key messages

What is already known about this subject?
 ► The spectrum of drug-induced lupus constantly 
evolves with that of the pharmacopoeia.

What does the study add?
 ► This study enables the identification of 118 
drugs associated with drug-induced lupus, 
among which 42 have not been previously 
reported as linked.

How might this impact on clinical practice or 
future developments?

 ► The list of suspected drugs may improve the 
recognition of this constantly evolving disease.

AbSTrACT
Objective drug-induced lupus (dil) is an idiosyncratic 
side effect of treatments in which symptoms overlap 
with those of systemic lupus erythematosus (slE). The 
spectrum of dil constantly evolves with that of the 
pharmacopoeia. Here, we used VigiBase, the WHo 
global individual case safety reports (icsRs) database, to 
identify the main drugs associated with dil.
Methods We analysed all icsRs classified as ’systemic 
lupus erythematosus’ according to the medical 
dictionary for drug Regulatory activities term (preferred 
term level) in VigiBase. The drugs considered in the 
analysis were those not used to treat slE, with a 
positive lower end of the 95% credibility interval for the 
information component (ic025) ≥0, an indicator value for 
disproportionate Bayesian reporting.
results a total of 12 166 dil icsRs were identified 
using VigiBase. From those, 8163 icsRs reporting on 
118 suspected drugs with ic025 ≥0 were extracted. The 
median age at dil onset was 49 years and the female 
to male sex ratio was 4.3. The median delay between 
start of suspected treatment and dil occurrence was 
172 days. dil was reported as serious adverse event in 
55.4%. among the 118 suspected drugs, 42 had not 
been previously reported in association with dil. The 
drugs associated with the highest number of dil cases 
were infliximab, adalimumab, etanercept, procainamide 
and hydralazine.
Conclusion This study enables the identification of 118 
drugs associated with dil. The list of suspected drugs 
may prove useful to physicians when confronted with 
potential dil cases.
Trial registration number ncT03480529.

InTrOduCTIOn
Since a first report in 1945, more than 90 drugs 
have been associated with drug-induced lupus (DIL), 
an idiosyncratic side effect of treatments in which 
symptoms overlap with those of systemic lupus 
erythematosus (SLE). It has been estimated that up to 
10% of systemic SLE cases are drug-induced, which 
approximates to 15 000–30 000 cases per year in the 
USA.1 2 There are no definite criteria for DIL, but 
most authors agree on the following definition: (1) 
sufficient and continuing exposure to the drug, (2) 
at least one symptom compatible with SLE, (3) no 
history suggestive of SLE before starting the drug and 
(4) resolution of symptoms within weeks or months 
after discontinuation of the putative drug.1 The 

pathogenesis of DIL remains largely unknown, but 
appears to involve both genetic predispositions3 as 
well as interindividual variations in drug metabolism.4 
The five main classes of drugs that can be associated 
with DIL are (1) antiarrhythmic drugs such as procain-
amide and quinidine, (2) antihypertensive agents such 
as hydralazine, captopril or acebutolol, (3) antimicro-
bials agents such as minocycline or isoniazid, (4) anti-
convulsants such as carbamazepine or phenytoin, and 
(5) immunomodulators such as interferon alpha or 
more recently antitumour necrosis factor (anti-TNF) 
agents. Previous studies have shown that the risk of 
DIL varies across different medications. The drugs at 
the highest risk5 are procainamide (with a 20% inci-
dence per year) and hydralazine (with a 5%–8% risk 
per year of treatment), but these drugs are rarely used 
nowadays. Also, the strength of available evidence for 
DIL is not the same for each drug.5 DIL has similar-
ities to spontaneous SLE, but there are some differ-
ences in clinical and immunological features as well 
as in the frequency of those features. Distinguishing 
DIL from SLE is important because the prognosis of 
drug-induced lupus erythematosus is usually good 
when the drug is withdrawn.5 Moreover, patients 
with DIL typically present with arthralgia or arthritis, 
myalgia, serositis, fever and rash, while renal and 
neurological involvements are less common than in 
SLE.6 The immune profile is also different between 
DIL and SLE. Approximately 90% of DIL cases have 
positive anti-nuclear antibodies (ANAs in a homoge-
neous pattern, but antihistone antibodies are positive 
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Table 1 List of the 118 drugs associated with drug-induced lupus in VigiBase, by decreasing IC025

Substance IC025 Substance IC025 Substance IC025

Procainamide 7.48 Golimumab 1.22 Interferon beta-1b 0.48

Hydralazine 6.63 Esomeprazole 1.21 Alendronic acid, colecalciferol 0.47

Aesculus extract 4.98 Flecainide 1.18 Riociguat 0.45

Minocycline 4.75 Epoprostenol 1.17 Selexipag 0.45

Ethosuximide 4.60 Estrogens conjugated, 
medroxyprogesterone

1.16 Tocilizumab 0.45

Quinidine 3.43 Folic acid 1.15 Electrolyte solution 0.44

Infliximab 3.39 Desoximetasone 1.12 Phenelzine 0.44

Tocainide 3.32 Macitentan 1.11 Lansoprazole 0.43

Acebutolol 3.06 Treprostinil 1.11 Perphenazine 0.40

Corticotropin 2.92 Romiplostim 1.09 Estrogens 0.37

Phthalylsulfathiazole 2.79 Etanercept 1.07 Fluoxetine 0.37

Labetalol 2.57 Celiprolol 1.00 Anastrozole 0.36

Penicillamine 2.55 Propafenone 0.97 Cevimeline 0.36

Methyldopa 2.53 Ethinylestradiol, etonogestrel 0.94 Bisoprolol, hydrochlorothiazide 0.35

Propylthiouracil 2.45 Hepatitis a vaccine, hepatitis B vaccine 0.88 Chlorpromazine 0.33

HHR 2.40 Oxybate sodium 0.87 Medroxyprogesterone 0.31

Terbinafine 2.33 Hydrochlorothiazide, telmisartan 0.83 Pindolol 0.31

Sulfasalazine 2.29 Alendronic acid 0.81 Cinnarizine 0.29

Disopyramide 2.24 Hydrochlorothiazide, triamterene 0.81 Vaccines 0.27

Carbamazepine 2.07 Interferon beta-1a 0.79 Blood substitutes and perfusion solutions 0.26

Hepatitis b vaccine 1.96 Pravastatin 0.78 Omeprazole 0.26

Ambrisentan 1.95 Lamotrigine 0.77 Valproic acid 0.25

Dihydralazine 1.91 Ticlopidine 0.77 Cyproterone, ethinylestradiol 0.21

Lovastatin 1.72 Hydrochlorothiazide, methyldopa 0.75 Captopril 0.20

Bosentan 1.70 Oxprenolol 0.75 Imiquimod 0.17

Primidone 1.68 Eculizumab 0.70 Isotretinoin 0.16

Adalimumab 1.66 Atenolol 0.65 Teriparatide 0.15

Thiamazole 1.60 Fluvastatin 0.60 Diltiazem 0.14

HPV vaccine 1.59 Interferon alpha 0.60 Nitrofurantoin 0.13

Certolizumab pegol 1.58 Pregabalin 0.60 Cetirizine 0.12

Carteolol 1.52 Altizide, spironolactone 0.58 Interferon alpha-2b 0.11

Oxcarbazepine 1.52 Rofecoxib 0.58 Denosumab 0.07

Practolol 1.41 Gemfibrozil 0.54 Alprenolol 0.06

Abatacept 1.40 Mexiletine 0.54 Fosinopril 0.04

Propranolol 1.40 Prazosin 0.54 Simvastatin 0.03

Lyme disease vaccine 1.39 Isoniazid 0.52 Carbimazole 0.01

Leflunomide 1.38 Ethinylestradiol, levonorgestrel 0.51 Nomegestrol 0.01

Estrogens conjugated 1.35 Griseofulvin 0.51

Mesalazine 1.27 Iloprost 0.51

Phenytoin 1.24 Efalizumab 0.48

Felbamate 1.22

HHR, hydralazine; hydrochlorothiazide; reserpine.

in more than 75% of patients with DIL versus approximately 
20%–83% in SLE,7–9 although the antihistone antibodies in DIL 
primarily target the histones H2A-H2B, while the H1 and H2B 
subunits are targeted in idiopathic SLE.10 Antidouble-stranded 
DNA antibodies are rarely observed in DIL except when induced 
by interferon alpha and anti-TNF.11

One striking observation is that the relative incidence of DIL 
from various treatments will depend on the extent to which those 
are prescribed. Most drugs described as strongly linked to DIL are 
much less prescribed nowadays. The first case of DIL was reported 
in 1945 with sulfadiazine, while hydralazine DIL was first reported 
in 1953. Since then, pharmacopoeia has strongly evolved, and 
one could hypothesise that so has the spectrum of drugs that can 
induce DIL. Here, we used VigiBase, the WHO global individual 

case safety reports (ICSRs) database, which contains reports of 
suspected adverse drug reactions (ADRs) collected by national 
drug authorities in over 130 countries, to describe the main drugs 
associated with DIL, as well as the detailed characteristics of these 
cases. This detailed analysis of a large case safety report database 
offers a unique opportunity to improve our knowledge of this ever-
changing condition.-

MeTHOdS
data source
The study is based on ADRs reported within VigiBase, the WHO 
global deduplicated ICSR database.12 These reports originate from 
more than 130 country members of the WHO Programme for 
International Drug Monitoring. VigiBase13 contains more than 16 
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Table 2 Characteristics of individual case safety reports for drug-
induced lupus

Characteristics n (%) data availability, n (%)

Region reporting, n (%)

 Americas 5612 (64.7)
8161/8163 (99.9)  Europe 1999 (23)

 Oceania 306 (3.5)

 Asia 208 (2.4)

 Africa 36 (0.4)

Reporters

 Health professional 3820 (54.5) 7003/8163 (85.8) 

   Non-health professional 3183 (45.5)

Median delay between treatment and 
autoimmune AE (in days), median (IQR)

172 (35–610) 1721/8163 (21.1)

Seriousness of AEs 4521 (55.4) 8163 (100)

Death (directly related to DIL or not) 150 (1.8) 8163 (100)

AE, adverse event.

million deduplicated ICSRs submitted by national pharmacovig-
ilance centres since 1967. These reports originate from different 
sources such as healthcare professionals, patients and pharmaceu-
tical companies. The data used in this study come from a variety 
of sources. The likelihood of a causal relationship is not the same 
in all reports. The information does not represent the opinion of 
the WHO.

data assessment
This observational retrospective study (Monitoring the IMmU-
ological TOXicity of Drugs (MIMUTOX)) included all ADRs 
reported as ‘systemic lupus erythematosus’ according to the 
Medical Dictionary for Drug Regulatory Activities (MedDRA) 
term (preferred term [PT]) level) in VigiBase, between 1967 and 
19 March 2018. The drugs considered in the analysis were those 
notified as suspected treatments. Due to an expected coreporting 
(drugs used to treat SLE), the following drugs were not consid-
ered in the final drug by drug analysis: prednisone, corticoste-
roids, belimumab, mycophenolic acid, azathioprine, rituximab and 
hydroxychloroquine. Each report contains general administrative 
information (country of origin, date of reporting, reporter quali-
fication), patient characteristics (sex, age), drugs (drug characteri-
sation [coded according to the Anatomical Therapeutic Chemical 
classification system],14 indication for the drug, start and end dates, 
dosage regimen, route of administration), and reactions/events 
(reported terms, MedDRA classification terms, onset date, end 
date, seriousness, final outcome). When a given ICSR reported on 
several suspected or interacting drugs, those were considered to 
be separately declared lupus-suspected drug associations. A serious 
adverse event was defined as an adverse reaction that causes death, 
is life-threatening, requires hospitalisation (initial or prolonged), 
leads to persistent or significant disability, congenital anomaly, 
birth defect or to any other medically important conditions.

Statistics
For each drug (suspected treatment) associated with DIL in 
VigiBase, a case–non-case analysis was performed. This method 
compares the proportion of specific ADR reported for a single 
drug with the proportion of the same ADR for all other treatments 
in VigiBase. In this case–non-case study, the specific ADRs studied 
(DIL) were considered as cases and all other reports were considered 
as non-cases. For this, we extracted from VigiBase the information 
component (IC), an indicator value for disproportionate reporting 

that compares observed and expected values with drug-adverse 
effect combinations that have been reported more often than 
one would expect.15 16 The IC is computed as: IC=log2((Nobserved

+0.5)/(Nexpected+0.5)), where Nexpected=(Ndrug × Neffect) / Ntotal, with 
Nobserved being the actual number of case reports for the drug–effect 
combination; Nexpected the number of case reports expected for the 
drug–effect combination; Ndrug the number of case reports for the 
drug, regardless of effects; Neffect the number of case reports for the 
effect, regardless of drug; and Ntotal the total number of case reports 
in the database. We also report the IC025, which is the lower end 
of the 95% credibility interval for the IC. A positive IC025 value 
is the threshold used in statistical signal detection in VigiBase.13 
The extracted data are presented as median (25th–75th percen-
tile, IQR) or number (percentage). Analyses were performed using 
the JMP V.13 software (SAS Institute, Cary, North Carolina, USA). 
This methodology was previously used by our group for the study 
of other diseases such as drug-induced capillary leak syndrome.17 
For the calculation of the median delay between start of medica-
tion and DIL onset, we considered the 15th of the given month 
when the month but not the exact day was available. For each 
drug, we performed an evaluation of the association with DIL 
based on a Medline search using the international non-proprietary 
names of the drug and the medical subject headings (MeSH) term 
for SLE (‘Lupus Erythematosus, Systemic’). Evaluation for the risk 
of drug-induced DIL was based on literature data: high risk was 
considered when the risk of developing DIL was ≥10% per year, 
moderate risk was considered when the risk of developing DIL was 
<10% but ≥1% per year, low risk was considered when the risk 
of developing DIL was <1% but ≥0.1% per year, and very low 
risk was considered when the risk of developing a DIL was <0.1% 
per year.

Association of these drugs with DIL was categorised as follow: 
(1) definite: drugs definitely inducing DIL based on matched 
case–control studies18 19; (2) probable: drugs possibly inducing 
DIL based on reports in cohorts; and (3) possible: drugs possibly 
inducing DIL based on case reports (≤10 cases).

reSulTS
A total of 12 166 ICSRs of drug-induced SLE were identified using 
VigiBase. From those, we were able to identify 118 suspected drugs 
(see table 1 and online supplementary table 1) with significant 
pharmacovigilance signal (IC025 ≥0), which were reported in 8163 
ICSRs (in some cases, several suspected drugs resulting in several 
declared lupus-suspected drug associations were reported in the 
same ICSR).

The 8163 ICSRs were issued from 57 different countries (see 
table 2), mostly from the Americas (65%) and Europe (23%) (data 
available for 8161/8163 ICSRs, 99.9%). DIL occurred in women 
in 81.3% (female to male sex ratio=4.3) (data available for 7682 
ICSRs, 94.1%), and the median age at onset of DIL was 49 years 
(IQR: 35–61) (data available for 5681/8163 ICSRs, 69.6%). The 
median delay between the reported start of suspected treatment 
and DIL occurrence was 172 days (IQR: 35–610) (data available 
for 21.1% of ICSRs) (see table 2). DIL was reported as a serious 
adverse event in 4521 cases (55.4% of ICSRs).

Among the 118 suspected drugs (table 2), 76 (64.4%) had 
been previously reported in association with DIL in Medline (see 
online online supplementary table 1). Anti-TNF agents were the 
most frequent drug family reported as suspected (2793 declared 
lupus-suspected drug associations, 32.2%), followed by procain-
amide (6.0%) and hydralazine (5.1%). The drugs associated 
with the highest disproportional reporting were procainamide 
(IC025=7.48) and hydralazine (IC025=6.63). Those with the highest 
number of reported DIL cases were infliximab (n=1055 [12.2%], 
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Table 3 Median year (IQR) of reported DIL onset for each suspected drug, grouped by decades

1968–1987 1987–1997 1997–2007 2007–2017

Practolol (1976).
Oxprenolol (1977).
Aesculus extract (1976).
Hydralazine, hydrochlorothiazide, 
reserpine (1982).
Hydralazine (1983).
Procainamide (1985).
Alprenolol (1985).
Methyldopa (1985).

Disopyramide (1988).
Labetalol (1988).
Prazosin (1988).
Tocainide (1988).
Hydrochlorothiazide, methyldopa 
(1988).
Pindolol (1988).
Hydrochlorothiazide, triamterene 
(1989).
Quinidine (1989).
Dihydralazine (1989).
Mexiletine (1990).
Propranolol (1991).
Captopril (1992).
Phenelzine (1992).
Fluoxetine (1993).
Gemfibrozil (1993).
1Griseofulvin (1994).
Lovastatin (1994).
Penicillamine (1994).
Acebutolol (1995).
Chlorpromazine (1995).
Felbamate (1995).
Fosinopril (1995).
Cinnarizine (1996).
Nitrofurantoin (1996).
Carbamazepine (1997).
Ethosuximide (1997).
Celiprolol (1997).

Pravastatin (1998).
Altizide, spironolactone (1998).
Carteolol (1998).
Ticlopidine (1998).
Perphenazine (1999).
Valproic acid (1999).
Interferon alpha-2b (2000).
Minocycline (2000).
Phenytoin (2000).
Primidone (2000).
Atenolol (2001).
Bisoprolol, hydrochlorothiazide (2001).
Diltiazem (2001).
Flecainide (2001).
Isoniazid (2001).
Sulfasalazine (2001).
Carbimazole (2002).
Fluvastatin (2002).
Propafenone (2002).
Simvastatin (2003).
Estrogens (2005).
Estrogens conjugated (2005).
Estrogens conjugated, 
medroxyprogesterone (2005).
Medroxyprogesterone (2005).
Mesalazine (2005).
Terbinafine (2005).
Isotretinoin (2006).
Rofecoxib (2006).
Interferon alpha (2006).

Cyproterone, ethinylestradiol (2008).
Ethinylestradiol, levonorgestrel (2008).
Lamotrigine (2008).
Lansoprazole (2008).
Oxcarbazepine (2008).
Anastrozole (2009).
Efalizumab (2009).
Interferon beta-1b (2009).
Leflunomide (2009).
Propylthiouracil (2009).
Hepatitis b vaccine (2010).
Hydrochlorothiazide, telmisartan (2010).
Infliximab (2010).
Lyme disease vaccine (2010).
Imiquimod (2011).
Nomegestrol (2011).
Romiplostim (2011).
Thiamazole (2011).
Alendronic acid, colecalciferol (2011).
Cetirizine (2011).
Alendronic acid (2012).
Cevimeline (2012).
Esomeprazole (2012).
Hepatitis a vaccine, hepatitis b vaccine (2012).
Interferon beta-1a (2012).
Omeprazole (2012).
Calcium chloride, glucose, magnesium chloride, sodium 
chloride, sodium lactate (2013).
Ethinylestradiol, etonogestrel (2013).
HPV vaccine (2013).
Teriparatide (2013).
Bosentan (2014).
Etanercept (2014).
Iloprost (2014).
Certolizumab pegol (2014).
Pregabalin (2014).
Adalimumab (2015).
Ambrisentan (2015).
Blood substitutes and perfusion solutions (2015).
Denosumab (2015).
Eculizumab (2015).
Epoprostenol (2015).
Golimumab (2015).
Oxybate sodium (2015).
Treprostinil (2015).
Tocilizumab (2015).
Abatacept (2016).
Corticotropin (2016).
Macitentan (2016).
Desoximetasone (2017).
Folic acid (2017).
Phthalylsulfathiazole (2017).
Riociguat (2017).
Selexipag (2017).

Suspected drugs without available median reported onset years are not shown in the table.

IC025=3.39), adalimumab (n=926 [10.7%]; IC025=1.66), etaner-
cept (n=691 [8.0%], IC025=1.07), procainamide (n=518 [6.0%], 
IC025=7.48) and hydralazine (n=444 [5.1%], IC025=6.63). Based 
on the literature review, a relationship with DIL was considered 
definite for nine drugs (procainamide, hydralazine, minocycline, 
quinidine, isoniazid, terbinafine, methyldopa, dihydralazine and 
chlorpromazine), probable for 19 drugs and possible for 45 indi-
vidual drugs.

Analysis of the median year of reported DIL onset for each 
suspected drug (table 3) revealed profound changes in the spec-
trum of DIL, with most cases associated with procainamide 
(n=282/518, 54.4%) and hydralazine (n=336/444, 75.7%) being 

reported between 1967 and 1987, while 65.9% of ICSRs involving 
anti-TNFs such as infliximab (n=695/1055) were reported 
following 2007.

COnCluSIOnS
Here, we used VigiBase, the WHO global deduplicated ICSRs 
database, to describe the main drugs associated with DIL, as well 
as the detailed characteristics of these cases. We identified a total of 
12 166 ICSRs of SLE and from those 118 suspected drugs in 8163 
ICSRs) with significant pharmacovigilance signals.

The epidemiology of DIL is different from that of SLE. The 
median age at onset of DIL was 49 years (IQR: 35–61), which 
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is about two decades older than that of spontaneous SLE.20 
However, we observed a marked female predominance, close to 
what is observed in spontaneous SLE, which contrasts with previ-
ously published studies as those usually report a female to male 
sex ratio close to 1:1 (with some divergent data such as a 9:1 sex 
ratio in symptomatic procainamide-induced lupus5 21). This further 
underlines that the epidemiology of DIL has evolved with changes 
in pharmacopoeia and the typology of patients receiving suspected 
drugs.

The median delay between the reported start of suspected 
treatment and DIL occurrence was 172 days (IQR: 35–610) (see 
table 2), suggesting that DIL mostly appears after a few months 
and usually within the first 2 years of treatment with the suspected 
drug.

Among the 118 suspected drugs (table 2), 76 (64.4%) had been 
previously reported in association with DIL in Medline. DIL was 
considered definite for nine drugs (procainamide, hydralazine, 
minocycline, quinidine, isoniazid, terbinafine, methyldopa, dihy-
dralazine and chlorpromazine), probable for 19 drugs and possible 
for 45 individual drugs.5

The magnitude of drugs–DIL disproportionality association 
was the highest for procainamide (IC025=7.48) and hydralazine 
(IC025=6.63). This is an important finding because these are the 
two drugs associated with the highest risk of DIL in the literature, 
therefore confirming the reliability of our approach using a large 
pharmacovigilance database. One important fact is that the rela-
tive incidence of DIL from each agent depends on the extent to 
which a given drug is prescribed, which constantly changes with 
the evolution of pharmacopoeia. Anti-TNF agents were the most 
frequent drug family reported as suspected. The analysis of the 
median reporting years for each suspected drug shows a clear 
evolution of suspected drugs during the past decades. This further 
underlines that the constantly changing spectrum of DIL should 
be monitored continuously, and further validates the interest of 
our approach using the WHO international pharmacovigilance 
database, the biggest database of this kind with over 16 million 
deduplicated ICSRs.

The limitations of the study are largely inherent to its design. 
First of all, we currently lack a uniform set of criteria for the diag-
nosis of DIL, and the level of reported details available in VigiBase 
is limited. However, as mentioned earlier, several drugs identified 
in this analysis had been previously confirmed as associated with 
DIL (positive controls), which strongly strengthens the validity of 
our findings. Also, some cases of DIL may not be reported to the 
national drug authorities, and therefore not submitted to VigiBase. 
However, one main strength is that VigiBase aggregates ICSRs 
collected in over 130 countries, which enables better identification 
of adverse events and broader generalisation of our findings. This 
analysis of 12 166 ICSRs of DIL is the largest to date. Another 
limitation is that the use of the PT term ‘systemic lupus erythema-
tosus’ may have not fully capture all cases of drug-induced systemic 
lupus for some of which other terms of the MedDRA classifica-
tion may have been used. Finally, while a positive IC025 value is the 
threshold used in statistical signal detection in VigiBase,13 a causal 
relationship cannot be formally ascertained.

Altogether, this analysis of the WHO VigiBase database enables 
the identification of significant pharmacovigilance signals for more 
than 118 drugs associated with DIL. The detailed list of suspected 
drugs may prove useful to physicians when confronted with poten-
tial DIL cases. Altogether, these findings may help in improving the 
identification of this constantly evolving disease.
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AbSTrACT
Objectives systemic lupus erythematosus (sle) 
is an autoimmune disease that is characterised by 
autoantibody production and widespread inflammation 
damaging many organs. Previous genome-wide 
association studies (GWass) have revealed over 80 
genetic determinants of sle, but they collectively explain 
a fraction of the heritability, and only a few were proven 
in vivo for the involvement in sle. We conducted a 
meta-analysis of sle GWas in the Japanese population, 
followed by functional analyses of a susceptibility gene 
with use of mutant mice.
Methods We conducted a meta-analysis of two GWass 
comprising a total of 1363 cases and 5536 controls 
using the 1000 Genome Project data as an imputation 
reference. enrichment analyses for functional annotations 
were conducted. We examined Phospholipase D4 (Pld4) 
mutant mice to assess functional involvement of a 
genetic determinant.
results We found a total of 14 significant loci, which 
included rs2582511 in AHNAK2/PLD4 recently reported 
in a Chinese study and a novel locus of rs143181706 
in MAMLD1 (p=7.9×10−11 and 3.7×10–8, respectively). 
PlD4 risk allele was associated with anti-dsDna 
antibody production. enrichment analysis of genetic 
signals revealed involvement of a wide range of immune-
related cells and pathways. Pld4 mutant mice revealed 
remarkably low body weight. The mice demonstrated 
autoimmune phenotypes compatible with sle, including 
splenomegaly and lymphadenopathy, expansion of B 
cells and hypersecretion of BaFF and production of 
autoantibodies especially anti-nuclear antibody and anti-
dsDna antibody.
Conclusions  We found a novel susceptibility gene to 
sle. Pld4 mutant mice revealed autoimmune phenotypes 
suggesting functional involvement of PlD4 with the 
basics of sle.

InTrOduCTIOn
Systemic lupus erythematosus (SLE) is an autoan-
tibody-mediated autoimmune disease characterised 
by systemic organ involvement.1 A variety of auto-
antibodies including anti-nuclear antibody (ANA), 
anti-DNA antibody, anti-Ro antibody and anti-RNP 
antibody frequently accompany SLE.1 More than 
80% of the patients with SLE are young women 

at the onset of this disease.1 Severe organ damages 
include renal failure and central nervous system 
(CNS) lupus, both of which are sometimes fatal. 
Serologically, type I interferon, especially interferon 
alpha signature, is assumed to play critical roles in 
SLE.2 3 Elevated levels of B cell–activating factor 
of the TNF family (BAFF), cytokine activating 
B-cell expansion and functional proliferation are 
features of SLE.4 Belimumab, a monoclonal anti-
body targeting BAFF, was approved to be the first 
molecular target agent for SLE.4

Key messages 

What is already known about this subject
 ► Genetic studies, mainly genome wide 
association study (GWAS), for SLE so far have 
identified more than 80 susceptibility loci. 
However, a quite few of them have been shown 
their functional involvement in SLE in vivo.

What does this study add
 ► We conducted a meta-analysis of GWAS for SLE 
in Japanese population, and identified two new 
susceptibility genes, PLD4 andMAMLD1. PLD4 is 
a susceptibility gene to RA and SSc.

 ► PLD4 risk allele was associated withproduction 
of anti-dsDNA antibody, suggesting that 
PLD4 contributes to SLE pathophysiology by 
activating B cells.

 ► Pld4 mutant mice demonstrated autoimmune 
phenotypes corresponding to SLE, including 
the production of anti-nuclear antibody and 
pathology of nephritis.

How might this impact on clinical practice or 
future developments

 ► PLD4 is a causative gene shared by multiple 
human autoimmune diseases (RA, SSc, SLE) and 
seems to have a role in the general immune 
system beyond species.

 ► Since PLD4 biological function has not been 
fully elucidated, clarification of biology of 
PLD4 would deepen our understanding of 
autoimmune diseases and lead to development 
of new therapeutic strategies.

http://www.eular.org/
http://ard.bmj.com/
http://dx.doi.org/10.1136/annrheumdis-2018-214116
http://dx.doi.org/10.1136/annrheumdis-2018-214116
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-214116&domain=pdf&date_stamp=2019-03-11
http://ard.bmj.com/
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Figure 1 Manhattan plot of the meta-analysis. (A) Quantile–quantile plot of the meta-analysis is indicated. (B) P values are shown according to 
their chromosomal positions. The two loci we focused in detail are shown in red.

Although treatments are available for this autoimmune 
disorder, environmental and genetic components are associated 
with the onset of SLE and more research is required to develop 
additional comprehensive therapies. A previous study analysing 
104 monozygotic twins reported 24% concordance for SLE, 
much higher than that in rheumatoid arthritis (RA).5 Genetic 
components are estimated to explain about 44% to 66% of the 
onset of SLE.6 HLA is the strongest genetic component among 
the susceptibility loci.7 Previous genetic studies, mainly genome-
wide association studies (GWASs), have identified a total of 
more than 80 susceptibility loci to SLE,7–12 some of which were 
ethnic specific.7 However, these loci collectively explain a mere 
~24% of heritability and there are a number of yet-to-be-identi-
fied genetic loci.9 Furthermore, it is a challenge to narrow down 
a single causative gene and variant out of the candidate suscep-
tibility loci.

Despite identifying over 80 susceptibility loci to SLE, a few 
genes or variants were functionally examined for their associa-
tions with SLE pathophysiology.13

Expansion of subjects in a single population is an effec-
tive approach to identify susceptibility loci which is popu-
lation specific or difficult to be found through trans-ethnic 
meta-analysis due to different linkage disequilibrium (LD) 
structure or allele frequencies. In fact, previous Asian-spe-
cific approach seemed to be successful in uncovering genetic 
determinants for SLE.9 While so far there have been numerous 
GWASs conducted in European and Asian populations, there 
is only one GWAS from the Japanese population in which a 
total of six non-HLA loci were identified, five of which were 
shared by Europeans.7 To expand our knowledge of genetic 
background of SLE and its functional relevance, here we 
conducted a meta-analysis of the previous Japanese GWAS 
and a de novo GWAS. In addition, mutant mouse of Pld4, a 
susceptibility gene to SLE, was examined to get an insight of 
SLE pathophysiology.

MATerIAlS And MeTHOdS
Genetic association studies of Sle
Subjects
A total of 1363 cases and 5536 controls were recruited for 
this study. A detailed breakdown of the samples is shown in 
online supplementary table 1. We conducted a de novo GWAS 
composed of 474 case subjects and 2162 control subjects as the 
first set. We used the previous Japanese GWAS data as the second 
set composed of 889 cases and 3374 controls. All of the case 
subjects fulfilled the revised American College of Rheumatology 
criteria in 1997.14

Quality control
Criteria of quality control before imputation was decided for each 
set, the details of which are described in online supplementary 
table 2. Kinship was estimated in both studies by plink software. 
Principal component analysis (PCA) was carried out in each data 
set. Outliers of East Asian (EAS) cluster (online supplementary 
figure 1) and samples showing high degree of relatedness with 
other subjects were excluded. Subjects showing success rate less 
than 0.98 and 0.99 were excluded in sets 1 and 2, respectively. 

Imputation
The two GWAS data sets were imputed onto 1000 Genome 
project East Asian population panel p3v5 by use of minimach3 
software after phasing by shapeit2 software. After imputation, 
variants with Rsq less than 0.5 in either of the two studies were 
filtered out. We also constrained single-nucleotide polymor-
phisms (SNPs) with frequency more than 1% in controls to avoid 
false positives. As a result, a total of 7 110 910 variants remained 
for the subsequent analyses.

LD score regression
LD score regression analysis was conducted with the use of 
statistics of the meta-analysis using ldsc software.15 We assessed 

https://dx.doi.org/10.1136/annrheumdis-2018-214116
https://dx.doi.org/10.1136/annrheumdis-2018-214116
https://dx.doi.org/10.1136/annrheumdis-2018-214116
https://dx.doi.org/10.1136/annrheumdis-2018-214116
https://dx.doi.org/10.1136/annrheumdis-2018-214116
http://ard.bmj.com/
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Figure 2 PLD4 and MAMLD1 regions identified in the current study. Detailed plots surrounding the significant markers are shown for (A) PLD4 and 
(B) MAMLD1 regions.

intercept before and after LD score regression to estimate poly-
genic effects on SLE susceptibility.

Clinical information
Presence of autoantibodies in SLE, namely, anti-DNA antibody, 
anti-SSA antibody, anti-SSB antibody and anti-U1RNP antibody, 
were obtained from clinical charts. Since all of the subjects in set 
1 were derived from a single institution, clinical information was 
intensively analysed in set 1 to avoid data noises arising from 
different measurement methods.

Functional annotation and enrichment
Variants with significant associations were functionally anno-
tated with the use of Haploreg16 to evaluate enrichment of 
enhancer histone marks in significant variants or variants in LD 
with them.

LD estimation
LD between variants were estimated by plink software.17

Heritability estimate and partitioning heritability
Heritability explained by a single variant or a set of significant 
variants was calculated by liability threshold model assuming 
prevalence of SLE as 0.05%,1 the details of which are described 
elsewhere.18 Partitioning of heritability into cell groups or 
detailed cell types was conducted by ldsc software.15

Pathway analysis
Pathway analysis for the evaluation of important molecular 
networks based on genetic association results was conducted by 
using PASCAL software.19 We adopted the method to calculate 
gene scores by taking sum of all variants, not restricted to top 
variants, in gene regions into account.

http://ard.bmj.com/
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Statistical analysis for genetic studies
Logistic regression analysis was performed for this study, and 
the covariates for each GWAS are shown in online supple-
mentary table 2. Statistical analysis was conducted by plink1.9 
software or mach2dat software for sets 1 and 2, respectively. 
Meta-analysis was conducted with the use of the inverse-vari-
ance method assuming fixed effects by R statistical software. 
As for the X chromosome, we separately conducted association 
studies for men and women and combined the results in each 
set. Significant level was set as 5.0×10–8 for GWAS and 0.05 
for clinical phenotypes and mice study. To confirm a signifi-
cant association between a clinical phenotype and genotype, we 
further conducted a permutation test with 10 000 permutations 
by shuffling genotypes to take covariance structure among auto-
antibody positivity into account and obtained null distribution 
of the smallest p values.

In vivo study of Pld4
Mice and cells
BALB/c Pld4 thss/thss mutants were purchased from The Jackson 
Laboratory (JAX stock #012624) (BH, Submission, 2011). All 
animal studies used three to six female mice that are 12–15 weeks 
of age, repeated at least two times, unless otherwise indicated. 
All mice were maintained in a specific pathogen-free condition 
at Kyoto University, Japan. All experiments were approved by 
the Animal Care and Use Committee of the Institute for Kyoto 
University and were performed in accordance with the institu-
tional guidelines. For cell culture experiment, splenic CD19+ 
cells were isolated using mouse CD19 microbeads combined 
with MACS Column according to the manufacturer’s protocol 
(Miltenyi Biotec). The purity of CD19+ cells was typically 
85%–90%.

Confirmation of genotypes
DNA was extracted from tail or ear of mice and subjected to 
either Sanger sequencing or PCR followed by restriction digest 
by HpyCH4III enzyme. Details are described in online Supple-
mentary Methods.

Analysis of body weight and organs
Body weight was measured every week from birth for both 
mutant and heterozygous mice. Weights of fresh organs were 
compared between the two genotypes at 1 month after birth.

Antibodies, cell culture and flow cytometric analysis
Monoclonal antibodies used for the current study are described 
in online Supplementary Methods. For B-cell proliferation assay, 
the purified CD19+ cells were labelled with 5 µM carboxyflu-
orescein succinimidyl ester (CFSE) for 5 min at room tempera-
ture, then washed three times with phosphate buffered saline 
(PBS) containing 5% fetal calf serum (FCS) and cultured at a 
density of 1×106 cells/mL in RPMI 1640 supplemented with 
10% FCS, 50 mM β-mercaptoethanol, 2 mM glutamine, 100 U/
mL penicillin and 100 mg/mL streptomycin for 72 hours, in the 
presence or absence of goat anti-mouse IgM (Southern Biotec), 
lipopolysaccharide (LPS) (Sigma-Aldrich) and CpG oligodeoxy-
nucleotides (CpG ODN) 2395 (Miltenyi Biotec) at the indicated 
concentrations. The dividing cells were determined as the cells 
with reduced intensity of CFSE labelling measured by flow 
cytometry. All stained cells were analysed by FACSCalibur (BD 
Biosciences).

Histology and immunohistochemistry
For histology, every organ was fixed in 10% formalin, embedded 
in paraffin, and the sections were stained with hematoxylin and 
eosin (H&E) and Periodic acid-Schiff (PAS) stain. For immu-
nohistochemistry of the kidney, the organs were snap frozen in 
isopentane with dry ice, mounted in optimal cutting tempera-
ture (OCT) compound and stored at −80°C. Cryostat sections 
at 10 µm were cut and mounted on gelatin-coated histological 
slides. Sections were air dried and fixed with ice-cold acetone 
for 20 min. After blocking for non-specific staining with PBS 
containing 2% FCS, sections were incubated with FITC-conju-
gated anti-mouse IgG antibody for 60 min at 4°C and rinsed 
with PBS. For immunohistochemistry of the spleen, snap-frozen 
sections were fixed with ice-cold acetone for 5 min, washed with 
PBS, blocked with Blocking One (Nacalai Tesque, Japan) for 30 
min and then incubated with indicated antibodies for 60 min or 
streptavidin for 30 min at room temperature. All images were 
obtained by fluorescence microscope FSX100 (Olympus). All 
slides were prepared by the Center for Anatomical, Patholog-
ical and Forensic Medical Research, Kyoto University Graduate 
School of Medicine.

ELISA and cytometric bead array (CBA) assay
We quantified serum levels of BAFF by Mouse BAFF/Blys Quan-
tikine ELISA kit according to the manufacturer’s protocol (R&D 
Systems, USA). For determining concentration of serum immu-
noglobulin in mice, we used Mouse Immunoglobulin Isotyping 
Kit according to the manufacturer’s protocol (BD Biosciences).

ANA and anti-dsDNA antibody detection
We determined serum ANA by using ImmuGlo ANA Hep-2 
substrate according to the manufacturer’s protocol. For detec-
tion of anti-nuclear antibody towards mouse antigen, 5×105 
mouse embryonic fibroblast cells were plated on 24 flat-bottom 
well, culture dish and cultured overnight. Attached cells were 
fixed with 0.5% formaldehyde for 5 min, then permeated with 
0.01% Triton-X. After washing the cells, serially diluted sera 
were applied, followed by FITC-conjugated anti-mouse IgG 
secondary antibody. Titre of ANA was defined as the serum dilu-
tion at which fluorescence was no longer visible. For anti-dsDNA 
antibody, Mouse Anti-dsDNA ELISA Kit (Shibayagi, Japan) was 
used following the manufacturer’s instructions.

Gene expression analysis
We extracted total RNA from kidney and splenocyte using 
RNeasy mini kit (QIAGEN, Germany). A total of 1 µg of the 
RNA was reverse-transcribed into cDNA with High Capacity 
cDNA Reverse Transcription Kits (Applied Biosystems, USA). 
For the gene expression analysis of kidney, control glyceralde-
hyde-3-phosphate dehydrogenase and target cDNAs were ampli-
fied using SYBR green method. Details of primers are described 
in online Supplementary Methods. For splenocytes, mRNA 
expression of IL-6, IL-12b, TNF-α and IL-1b were obtained using 
TaqMan Gene Expression Assay (Applied Biosystems), according 
to the manufacturer’s protocol. We conducted real-time PCRs 
with the use of the ABI 7500 system (Applied Biosystems).

Statistical analysis for mice studies
SPSS software was used for analyses (IBM, USA). Welch’s t-test 
or Fisher’s exact test was carried out for statistical analysis using 
Prism V.6 software (GraphPad, USA). P values less than 0.05 
were considered significant.

https://dx.doi.org/10.1136/annrheumdis-2018-214116
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Table 1 Genetic associations with SLE susceptibility found in the current study

SnP Chr position Gene ref Alt

First set Second set Meta-analysis

Alt freq Case/
Cont P value

Alt freq Case/
Cont P value P value Or (95% CI)

Significant loci 

 rs2205959 1 173191371 TNFSF4 A G 0.36/0.29 5.1×10–6 0.34/0.29 1.3×10–7 3.4×10–12 1.39 (1.27 to 1.52)

 rs11889341 2 191943742 STAT4 C T 0.4/0.3 1.3×10–8 0.39/0.29 6.4×10–17 2.9×10–24 1.59 (1.45 to 1.73)

 rs796780915 6 32403397 HLA A AC 0.48/0.36 1.4×10–11 0.53/0.41 2.9×10–20 1.3×10–29 1.67 (1.52 to 1.82)

 rs9494895 6 138234778 TNFAIP3 C T 0.12/0.07 4.6×10–7 0.11/0.07 6.1×10–8 6.0×10–14 1.74 (1.51 to 2.01)

 rs11185602 7 50299077 IKZF1 A G 0.33/0.44 9.3×10–10 0.38/0.44 2.0×10–7 7.6×10–15 0.7 (0.64 to 0.76)

 rs77009341 7 75188681 HIP1 G C 0.04/0.03 0.0034 0.07/0.04 6.2×10–10 3.8×10–12 2.01 (1.65 to 2.44)

 rs2618480 8 11354107 BLK C T 0.22/0.29 1.5×10–5 0.22/0.29 1.2×10–8 1.6×10–12 0.7 (0.63 to 0.77)

 rs11101537 10 50076325 PCDH15, WDFY4 G T 0.46/0.39 4.3×10–5 0.46/0.41 1.9×10–5 4.2×10–9 1.3 (1.19 to 1.42)

 rs12576753 11 128304141 ETS1 C A 0.46/0.4 0.00036 0.48/0.39 8.7×10–10 1.8×10–12 1.36 (1.25 to 1.48)

 rs11055009 12 12817965 GPR19/CDKN1B T G 0.13/0.17 0.00063 0.13/0.18 1.9×10–6 8.8×10–9 0.69 (0.61 to 0.79)

 rs2582511 14 105416010 AHNAK2/PLD4 T C 0.30/0.38 2.1×10–6 0.33/0.38 5.6×10–6 7.9×10–11 0.73 (0.66 to 0.8)

 rs11117431 16 86015316 IRF8 A G 0.07/0.1 0.0014 0.07/0.11 7.6×10–7 1.3×10–8 0.62 (0.52 to 0.73)

 rs5998672 22 21966442 UBE2L3 G A 0.57/0.46 5.2×10–9 0.52/0.48 0.0014 1.2×10–9 1.30 (1.20 to 1.42)

 rs143181706 X 149673253 MAMLD1 C T 0.15/0.11 6.2×10–5 0.15/0.12 2.7×10–5 3.7×10–8 1.50 (1.30 to 1.74)

Suggestive loci 

 rs78382932 4 79831096 BMP2K T G 0.32/0.25 9.2×10–6 0.3/0.26 0.0032 4.4×10–7 1.28 (1.16 to 1.4)

 rs79566524 5 40461731 PTGER4 G GA 0.28/0.24 0.013 0.28/0.23 1.5×10–5 7.4×10–7 1.28 (1.16 to 1.41)

 rs526531 6 106570056 PRDM1 G A 0.37/0.33 0.011 0.4/0.34 2.6×10–5 8.6×10–7 1.25 (1.14 to 1.36)

 rs3735718 8 102704965 NCALD C T 0.22/0.15 1.4×10–6 0.18/0.16 0.020 1.0×10–6 1.33 (1.18 to 1.49)

 rs80022860 13 41568872 ELF1 G A 0.29/0.25 4.5×10–3 0.3/0.24 7.2×10–6 9.1×10–8 1.29 (1.18 to 1.42)

Alt, alternative allele; Alt freq, alternative allele frequency; Cont, control; Ref, reference allele; SLE, systemic lupus erythematosus; SNP, single-nucleotide polymorphism.

Table 2 Significant association between rs2582511 and anti-dsDNA antibody production in intracase analyses

Phenotype
number of positive 
subjects* (%)

rs2582511 rs143181706

Or† (95% CI) P value Or (95% CI) P value

Anti-dsDNA 245 (59.3) 1.52 (1.12 to 2.06) 0.0073 1.05 (0.71 to 1.54) 0.81

Anti-RNP 245 (57.6) 1.23 (0.92 to 1.66) 0.16 1.12 (0.77 to 1.63) 0.56

Anti-SSA 280 (65.1) 1.11 (0.82 to 1.51) 0.49 1.07 (0.72 to 1.57) 0.74

Anti-SSB 106 (32.0) 1.32 (0.92 to 1.9) 0.14 1.13 (0.72 to 1.78) 0.59

Permutation test P value

Smallest p value of the eight association studies 0.0475

Positive associations of all of the eight association studies 0.0060

*Subjects positive for antibodies in set 1. Subjects with information of the autoantibodies set as a denominator.
†OR of risk allele for systemic lupus erythematosus.

Results
A total of 1363 cases and 5536 controls in two GWASs were 
imputed for genome-wide SNPs using 1000 G p3v5 panel 
as reference. We conducted logistic regression analysis and 
combined the results by inverse-variance method to assess the 
overall significance.

As a result, there was no evidence for confounding bias 
leading to deviation of χ2 statistics from expectation across our 
data set (lambda=1.08, figure 1A). The HLA region showed the 
strongest signal (rs796780915, p=1.3×10−29). We identified a 
total of 13 non-HLA loci satisfying the GWAS significant level 
(table 1 and figure 1B). AHNAK2/PLD4 on chromosome 14, a 
susceptibility locus very recently reported in a Chinese study,20 
and MAMLD1 on chromosome X, a novel susceptibility locus, 
were identified (rs2582511, p=7.9×10−11 and rs143181706, 
p=3.7×10−8, respectively, table 1 and figure 1B). Both suscepti-
bility SNPs showed comparable effect sizes across the two studies 
(table 1). Conditioning on the top SNP in each region, we did 
not identify independent signals (p>0.08). Association with SLE 
was previously reported for the remaining 12 loci. We found 
two loci (BMP2K and PTGER4) showing suggestive associations 
(p≤1.0×10−6) which were not reported previously (table 1).

We further found evidence of genetic similarities between the 
current and previous studies. Our results contained 39 top SNPs 
previously reported as SLE susceptibility loci and not in table 1 
(we excluded susceptibility loci from Asian studies containing 
part of our results). Twenty-six of the 39 markers showed p 
values less than 0.05 and 37 out of the 39 shared risk alleles 
(online supplementary table 3), indicating strong genetic overlap 
across populations.

rs2582511 is a synonymous variant of AHNAK2 which encodes 
a nucleoprotein involved with calcium signalling and its role in 
carcinogenesis has been previously suggested.21 The LD block 
containing rs2582511 spanned 400 kb and contained AHNAK2 
and PLD4 which encodes a member of the phospholipase family 
without phospholipase D activity22 (figure 2A). rs143181706 is 
in an intronic region of MAMLD1. MAMLD1 is the only gene 
in the LD block containing rs143181706 (figure 2B) and is 
associated with genital development including hypospadias and 
gonadal dysgenesis.23

We further analysed whether rs2582511 and rs143181706 
are associated with clinical phenotypes of SLE. We found that 
rs2582511 risk allele was associated with increased positivity 
of anti-dsDNA antibody (nominal p=0.0073, table 2). We also 
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found that the risk alleles in the two SNPs showed positive 
associations (OR >1) with all of the autoantibodies analysed 
(permutation p=0.006, table 2), suggesting PLD4 works on 
B-cell hyperactivity.

When we calculated heritability explained by the two SNPs 
based on liability-scale threshold model, rs2582511 and 
rs143181706 explained 0.37% and 0.26% of heritability, 
respectively. A total of 5.7% of heritability was brought about by 
the 14 significant SNPs in the current study.

We found that significant non-HLA SNPs and their linked SNPs 
showed enrichment of enhancer histone marks in disease-rele-
vant cell types including B cells and NK cells by Haploreg (online 
supplementary table 4).

In order to assess polygenic effects on SLE susceptibility, 
we conducted LD score regression. Since we found a strong 
correlation between LD scores and χ2 values (online supplemen-
tary figure 2) and decreased intercept by LD score regression 
(from 1.086 to 1.04), yet-to-be-determined polygenic effects 
seem to underlie this disease. We then analysed whether herita-
bility enrichment considering polygenic effects was observed in 
specific cell groups. As a result, we found that haematopoietic cell 
groups showed strong enrichment of heritability (p=1.2×10−8; 
online supplementary figure 3). We further took advantage of 
LD scores of specific cell types and found strong enrichment of 
histone marks, especially H3K4me1, of immune-relevant cells 
including CD56+, CD3+, CD4+ memory and CD8+ memory 
cells (online supplementary table 5 and online supplementary 
figure 4).

In order to assess important molecular pathways supported 
by the genetic findings, we conducted pathway analysis using 
PASCAL software19 which takes non-significant signals into 
account. As a result, in addition to interferon (IFN) signalling 
pathway, other immune-related pathways showed significant 
associations (online supplementary table 6). It is interesting that 
some immune-related molecules, including IL-12 and IL-10, 
were pinpointed.

We further dig into the AHNAK2/PLD4 region. Previous 
Japanese cell-specific expression quantitative trait loci (eQTL) 
study did not pinpoint one of the two genes.24 We decided to 
focus on PLD4 gene for functional analysis rather than AHNAK2 
because of the following reasons. First, PLD2, a family member 
gene of PLD4, is a susceptibility gene to SLE in the European 
population.11 Second, PLD4 regulates kidney fibrosis in human 
and mice,25 which is a severe complication of SLE. Third, Pld4 
is dominantly expressed in immune-related organs and cells 
including B cells, monocytes and dendritic cells.26 Fourth, the 
previous GWAS meta-analysis of RA in the Japanese population 
showed a SNP in PLD4 as a top signal in this locus.27

Therefore, we have analysed the function of PLD4 using Pld4 
mutant mouse which was first identified and maintained in 
Jackson Laboratory. The mutant mice carry a single-nucleotide 
transition from G to T at position 114 001 632 (NCBI build 
37) which is a non-sense mutation, resulting in the introduction
of a premature stop codon at residue 46 of the 503 amino acid 
protein (figure 3A).

We compared mutant homozygous mice (mutant mice, m/m) 
with mutant heterozygous mice (w/m) in the characterisation anal-
ysis. As Jackson Laboratory reported (BH, Submission) mutant 
mice have revealed decreased weight in comparison with heterozy-
gous mice which became evident soon after birth (figure 3). Adult 
mutant mice showed marked splenomegaly and lymphadenop-
athy (figure 3C), inversely proportional to their body size, while 
the other major non-lymphoid organs were in proportion (online 
supplementary figure 5). Regarding the number of splenocytes, 

there was approximately 1.5-fold to 2-fold more in mutant mice 
compared with heterozygotes (figure 3D). Microscopic histo-
logical analyses revealed remarkable spontaneous formation of 
germinal centre in spleen and lymphoid organs in mutant mice 
(figure 3E, arrows; online supplementary figure 6), suggesting the 
involvement of Pld4 in immunological functions especially in the 
context of B-cell activities. All experiments were performed using 
female mice on the assumption that female was more prone to 
develop autoimmunity. However, small body and splenomegaly 
were observed in male homozygous mutant mice as well.

In order to characterise the lymphoid enlargement, we anal-
ysed the immune cell profile within lymphoid organs. Mutant 
mice bear more T and B cells in the spleen, but cell fraction was 
comparable (figure 4A). The T cells of mutant mice displayed an 
activated phenotype, shown as elevated percentage of CD69+ 
cells (figure 4A, right panel). Furthermore, the cell fractions of 
marginal zone B cells, macrophages and plasmacytoid dendritic 
cells, which is important for type I IFN secretion, were increased 
in mutant mice (figure 4B). These results collectively suggest 
that Pld4 mutant mouse has altered the homeostasis of lymphoid 
organs. Histologically, although most organs of mice 12–15 
weeks old showed normal appearance in H&E staining (online 
supplementary figure 7), some mutant homozygotes showed 
scattered infiltration of inflammatory cells within the liver 
(online supplementary figure 7).

Since expansion and activation of B cells were suggested in 
mutant mice, we analysed B cells in detail. The peripheral B-cell 
counts in the mutants were proportional to their small body at 
neonatal period (1 week of age). After 3 weeks of age, the cell 
numbers rapidly increased, exceeding the number observed in 
control mouse (online supplementary figure 8A). However, we 
did not find much difference in the percentage of proliferation 
of B cells in vitro between the two genotypic groups on anti-IgM, 
LPS, CpG ODN stimuli (online supplementary figure 8B). We 
found escalated percentage of germinal centre B cells and plasma 
cells (CD138+) in the mutant mice (figure 4C). We quantified 
serum levels of B cell–related molecules and identified hyper-
gammaglobulinemia and marked elevation of BAFF in mutant 
mice (figure 4C). We did not find class-specific increase in immu-
noglobulin (figure 4C), suggesting an expansion of plasma cells 
irrespective of class switch, and possibly, somatic hypermutation. 
We also found an increase of ANA and anti-DNA antibody in 
mutant mice (figure 4D).

Since splenomegaly, lymphadenopathy, hypergammaglobulin-
emia and the increase of ANA and anti-dsDNA antibody suggest 
B-cell autoimmunity, we assessed SLE-related phenotypes in the 
mutant mice. We surveyed immune deposition in kidneys in the 
two genotypic groups. We found PAS-positive deposition in the 
glomeruli of the mutant mice, but not in the heterozygous mice 
(figure 4E). Immunohistochemical staining revealed deposition 
of IgG and C3 in the glomeruli of the mutant mice (figure 4E). 
In addition, we found upregulation in the gene expression of 
proinflammatory cytokines (Il6, Il12b) in the spleen and inter-
feron signature in the kidney of mutant mice (Isg15, OAS2, 
Irf4 and Ifna) (online supplementary figure 9) (figure 4E, lower 
panel). On the contrary, we did not find a remarkable difference 
of urine protein adjusted for creatinine between the mutant mice 
and heterozygous mice (figure 4E), and no significant differences 
were observed regarding lifespan of mutant and heterozygous 
mice (data not shown).

Collectively, these findings in mice indicate Pld4 involvement 
in contributing to autoimmune phenotypes, especially in the 
production of antinuclear antibody, and immune complex–medi-
ated tissue injury.
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Figure 3 Pld4 mutant mice revealed remarkable splenomegaly and lymphadenopathy despite low weight. (A) Mutation in Pld4 mutant mice. 
Sanger sequencing results of w/w, w/m and m/m mice are indicated. (B) Pld4 mutant mice revealed low weight compared with heterozygous mice 
during the observed time period. Body size of both mice in the same scale is indicated in the upper panel. (C) Splenomegaly and lymphadenopathy 
in Pld4 mutant mice. Spleen, inguinal lymph node (iLN) and mesentric lymph node (mLN) are compared between m/w and m/m mouse at 15 weeks 
after birth. (D) Increased number of splenocytes in Pld4 mutant mice. Cell numbers of splenocyte are compared between w/w, w/m and m/m mice. (E) 
Spontaneous germinal centre formation in the spleen of Pld4 mutant mice. Representative microscopic images (H&E) of spleen of 15 weeks m/m and 
w/m mice (N=6). Arrowheads indicate enhanced germinal centre formation. *Indicates p values less than 0.01.

dISCuSSIOn
In the current study, we conducted a meta-analysis of GWAS for 
SLE in the Japanese population and identified a novel suscep-
tibility gene and another susceptibility gene which was very 
recently reported by a Chinese group. Involvement of PLD4 
in B-cell autoimmunity was supported by analysis using Pld4 
mutant mice.

To the best of our knowledge, the association of PLD4 and 
MAMLD1 with SLE in the current study had not been reported 
in Europeans or in Asian meta-analysis before late 2017. This 
suggests that heterogeneity exists in the same population group 
and that there are potential undetermined signals which are 
specific to a population. Apparently, trans-ethnic meta-anal-
ysis is a promising approach to find novel signals by leveraging 
increased sample sizes, but our results suggest the usefulness 
of GWAS in a single and relative uniform population. Taking 
advantage of the difference in LD structure and allele frequen-
cies between populations would be a promising approach to find 
novel susceptibility loci.

Our analysis also suggests many unknown variants with small 
effect sizes associated with SLE. Increase of sample sizes in a 
single population, Asian populations and trans-ethnic popula-
tions would lead to identification of novel signals. Our results 

also identified two suggestive loci as candidates of future repli-
cation studies.

The current analyses demonstrated promising pathways and 
immune cells which would serve as therapeutic targets. Designing 
clinical and basic experiments based on the list would be an effi-
cient approach for the development of novel treatment for SLE.

While we prefer PLD4 as a better candidate, AHNAK2, the 
adjacent gene in the same LD block, showed upregulated expres-
sion in murine lupus nephritis.20 There is also a possibility of 
a trans-eQTL effect of a variant beyond this LD block. Thus, 
further investigations are needed to pinpoint a mechanism of the 
association in this locus.

Mammalian PLD is known to be a major player in the regu-
lation of actin cytoskeleton, vesicle trafficking for secretion and 
endocytosis, and receptor signalling. Proteomics data suggest 
that human PLD4 is expressed in plasma, monocytes, B lympho-
cytes and natural killer cells. Within the cells, PLD4 seems to 
localise mostly to the ER and Golgi, as well as the nucleus. We 
previously reported that PLD4 is also associated with systemic 
sclerosis (SSc).28 Since previous studies have shown overlap-
ping susceptibility genes across multiple autoimmune disorders, 
PLD4 may have associations with a wide range of autoimmune 
diseases. rs2841280, a missense variant in PLD4, was suggested 
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Figure 4 Pld4 mutant mice demonstrate autoimmune phenotypes including production of anti-DNA antibody. (A) Pld4 mutant mice reveal 
increased T cells with expression of cell surface molecule of activated phenotype. (B) Pld4 mutant mice reveal increased follicular T cell (Fol), 
marginal zone T cell (MZ), macrophage and plasmacytoid dendritic cell (pDC). cDC, conventional dendritic cell. Cell numbers of fol, MZ (left 
panel), macrophages (middle panel) and pDC and cDC are compared between mutant mice and heterozygote mice. (C) Increased B cells and 
hypergammaglobulinemia and serum BAFF levels in Pld4 mutant mice. B cells in the spleen were analysed by flow cytometry to compare the numbers 
of germinal centre B cells (CD19+CD95+GL-7+) and plasma cells (B220dim CD138+). Serum concentration of various subclasses of immunoglobulin 
(age 14–15 weeks) was measured (N=5–9). Circulating BAFF levels were compared between m/w and m/m mice. (D) Autoantibody production in Pld4 
mutant mice. Higher levels of anti-dsDNA antibody (left panel) and anti-nuclear antibody (ANA) (right panel) are observed in Pld4 mutant mice. Mef 
cells were used for ANA quantification. (E) PAS-positive deposition and accumulated IgG and C3 were found in glomeluri in Pld4 mutant mice (upper 
panel). Interferon-signature genes were highly expressed in the kidney of Pld4 mutant mice (left lower panel). No proteinuria was observed in Pld4 
mutant mice (right lower panel). Mutant mice are indicated in dark closed circles or bars. Heterozygous mice are indicated in closed circles or bars. 
*Indicates p values less than 0.05. †Indicates p values less than 0.01.

as a candidate causative variant of SSc.28 This SNP is in LD with 
rs2582511 (top marker in this study) and showed a significant 
association in the current study (r2=0.71, p=3.3×10−9). These 
findings suggest that functional alteration of PLD4 due to confor-
mational change with or without change of PLD4 expression 
would lead to immunological abnormalities. A previous study 
using Pld4KO mice showed that Pld4 was expressed mainly in 
the marginal zone of spleen.22 The same group also showed that 
Pld4 is implicated in the proliferation and phagocytosis func-
tion of microglia in CNS.29 Collectively, these findings strongly 
indicate functional involvement of PLD4 in the development of 
autoimmunity through controlling functions of immune cells.

Based on the significant intracase association between PLD4 
risk allele and the production of anti-dsDNA antibody, the risk 
allele seems to contribute to SLE pathophysiology through 

activating B cells. Despite the lack of significant associations, the 
trend of the positive congruence between other antibodies and 
the PLD4 risk allele may support the hypothesis.

The Pld4 mutant mice revealed remarkably low birth weight 
and autoimmune phenotypes compatible with SLE, including 
splenomegaly, lymphadenopathy, expansion of B cells, hyper-
secretion of BAFF and production of autoantibodies especially 
ANA and anti-dsDNA antibody. Despite abnormal findings of 
renal tissues in the mutant mice, they did not show protein-
uria and short lives, suggesting that another genetic hit might 
be necessary to lead to lupus nephritis and renal phenotypes 
compatible with SLE.

Premature stop codon of Pld4 in the mutant would lead to 
truncated PLD4 protein. Since all the cells in the mutant mice 
harbour this gene mutation, our study could not clarify whether 
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the gene mutation has a direct effect on specific immune cell 
types or has resulted in indirect phenotypes due to mutations of 
non-haematopoietic cells. Despite the above limitation, taking 
into consideration that peripheral B-cell subpopulations but not 
B-cell precursors within the bone marrow (data not shown) were 
altered in mutant mice, Pld4 seems to affect peripheral matura-
tion or survival of B cells. Lineage-specific ablation of Pld4 or 
induction of the mutation would clarify cellular designation to 
phenotypes in mutant mice.

We have not elucidated the detailed mechanism into how 
the truncated Pld4 protein or lack of normal Pld4 itself could 
lead to low body weight and immune dysfunction especially 
for acquired immunity. The latest report revealed Pld4-de-
ficient mice demonstrated exaggerated TLR9 response and 
spontaneous inflammation.30 This dysfunction of immune 
system may at least partly explain phenotypes found in the 
current study.

Mammalian MAMLD1 encodes a mastermind-like domain 
containing protein. Human X-linked hypospadias type 2 is 
known to be caused by a loss-of-function mutation in this gene.23 
Due to lack of evidence of eQTL association and amino acid 
alteration of rs143181706 on MAMLD1, we could not infer 
how the variant and/or gene would contribute to SLE suscep-
tibility. Since MAMLD1 is associated with sex development, 
MAMLD1 association might be related to high frequency of 
women in patients with lupus. The positive associations between 
MAMLD1 risk allele and autoantibody production may suggest 
MAMLD1 function on B cells. Further in vivo analysis would 
clarify these points.

Taken together, we identified a novel susceptibility locus to 
SLE and conducted in vivo functional study of PLD4. These 
genes and encoding proteins may serve as candidates of cellular 
and molecular targets in SLE. Further increase of sample sizes 
in the study subjects for GWAS would uncover genetic suscepti-
bility loci to SLE. It would be interesting to develop mutant mice 
carrying multiple mutations of SLE-susceptibility genes.
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Key messages

 ► Lupus CD8+ T cells are characterised by 
significant methylation changes compared with 
normal CD8+ T cells. The HLA-DRB1 genetic 
locus is hypomethylated in lupus CD8+ T cells.

 ► We describe an HLA-DRB1+ CD8+ T cell subset 
that can be induced by IFNα in patients with 
lupus.

 ► CD8+ T cells in patients with lupus are 
epigenetically primed for HLA-DRB1 cell surface 
expression in type-I interferon environment.

 ► IFNα-induced HLA-DRB1 expression in lupus 
CD8+ T cells is dependent on CIITA and STAT1 
signalling.

 ► HLA-DRB1+ CD8+ T cells in lupus can stimulate 
autologous naïve CD4+ T cells in a manner 
dependent on HLA-DRB1 expression, providing 
a novel pathogenic role for CD8+ T cells in 
lupus.

AbSTrACT
Objective We examined genome-wide Dna 
methylation changes in CD8+ T cells from patients 
with lupus and controls and investigated the functional 
relevance of some of these changes in lupus.
Methods Genome-wide Dna methylation of lupus and 
age, sex and ethnicity-matched control CD8+ T cells was 
measured using the infinium MethylationePiC arrays. 
Measurement of relevant cell subsets was performed 
via flow cytometry. Gene expression was quantified by 
qPCR. inhibiting sTaT1 and CiiTa was performed using 
fludarabine and CiiTa siRna, respectively.
results lupus CD8+ T cells had 188 hypomethylated 
CpG sites compared with healthy matched controls. 
among the most hypomethylated were sites associated 
with HLA-DRB1. Genes involved in the type-i interferon 
response, including STAT1, were also found to be 
hypomethylated. iFnα upregulated Hla-DRB1 expression 
on lupus but not control CD8+ T cells. lupus and control 
CD8+ T cells significantly increased sTaT1 mRna levels 
after treatment with iFnα. The expression of CiiTa, a 
key interferon/sTaT1 dependent MHC-class ii regulator, 
is induced by iFnα in lupus CD8+ T cells, but not 
healthy controls. CiiTa knockdown and sTaT1 inhibition 
experiments revealed that Hla-DRB1 expression in lupus 
CD8+ T cells is dependent on CiiTa and sTaT1 signalling. 
Coincubation of naïve CD4+ T cells with iFnα-treated 
CD8+ T cells led to CD4+ T cell activation, determined by 
increased expression of CD69 and cytokine production, 
in patients with lupus but not in healthy controls. This 
can be blocked by neutralising antibodies targeting 
Hla-DR.
Conclusions lupus CD8+ T cells are epigenetically 
primed to respond to type-i interferon. We describe an 
Hla-DRB1+ CD8+ T cell subset that can be induced by 
iFnα in patients with lupus. a possible pathogenic role 
for CD8+ T cells in lupus that is dependent on a high 
type-i interferon environment and epigenetic priming 
warrants further characterisation.

InTrOduCTIOn
Systemic lupus erythematosus (SLE) is a chronic 
relapsing autoimmune disease characterised by the 
production of autoantibodies and multiple organ 
involvement. The aetiology of lupus is incom-
pletely understood; however, heightened interest 
in changes specific to the DNA methylome of 
lupus immune cells is emerging.1–8 Previous work 

examining differential DNA methylation in the T 
lymphocytes of patients with lupus has primarily 
been performed with CD4+ T cells.9 As lympho-
cytes are heavily involved in both the regulation 
and initiation of the immune response, investiga-
tion of DNA methylation changes in additional 
immunological cell types is of potential interest to 
further elucidate unknown components of lupus 
pathogenesis.

While the epigenetic landscape of CD8+ T cells 
in lupus has yet to be described, regulatory and 
functional changes of CD8+ T cells in lupus have 
been previously examined. Among total CD8+ T 
cells, patients with lupus with active disease have 
increased proportion of naïve CD8+ T cells and 
reduced proportion of effector CD8+ T cells.10 11 
Effector CD8+ T cells in patients with lupus have 
reduced effector functionality through altered cyto-
kine production, diminished suppressor function 
and decreased cytotoxic T cell activity.10 12 The 
cytokine profiles of lupus CD8+ T cells have been 
found to favour increased IL-12 and decreased IL-6 
production, thus resulting in dysregulation of the 
stimulatory and inhibitory roles of CD8+ T cells, 
respectively.12 In addition, CD8+ T cells in patients 
with lupus are characterised by reduced expres-
sion of signalling lymphocytic activation molecule 
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family member 7, which is a type I transmembrane glycopro-
tein receptor that promotes effector CD8+ T cell function.10 In 
contrast, Blanco et al reported that patients with systemic lupus 
erythematosus disease activity index (SLEDAI) scores of seven or 
greater had a diminished naïve CD8+ T cell population and an 
elevated effector CD8+ T cell population.13 CD8+ T cells are 
critical in blocking viral infections, which might trigger disease 
activation in lupus by increased type-I interferon production. 
Indeed, a pathogenic role for Epstein Barr virus infection in 
inducing lupus has been suggested, and linked to increased type-I 
interferon production, and more recently to genetic suscepti-
bility in lupus.14–18 As the role of CD8+ T cells in lupus remains 
incompletely understood and is likely dependent on currently 
unknown mechanisms, further examination of CD8+ T cell 
epigenetic changes in lupus could provide beneficial insight into 
this enigmatic disease.

In this study, we investigated genome-wide DNA methyla-
tion changes in CD8+ T cells of patients with lupus compared 
with age, sex and ethnicity matched healthy controls. Functional 
annotation analysis of genes hypomethylated in lupus CD8+ T 
cells, followed by functional studies, suggest that lupus CD8+ T 
cells are epigenetically primed to respond to interferon (IFN) α 
and overexpress HLA-DRB1.

MeTHOdS
Patients and controls
A total of 61 patients with lupus (mean±SEM age: 42.1±1.4; 
median age: 42 and age range: 20–66 years) and 46 healthy 
controls (mean±SEM age: 43.7±1.7; median age: 40 and age 
range: 23–65 years) participated in this study. All patients with 
lupus fulfilled the American College of Rheumatology classifi-
cation criteria for SLE.19 The mean SLEDAI score for patients 
with lupus involved in this study was 3.41 with a median of 
4 (range: 0–12). Patients with lupus on cyclophosphamide or 
methotrexate were excluded from participating in the study as 
these drugs cause changes in cell surface expression of activation 
markers in lymphocyte subsets and altered epigenetic patterns, 
respectively.20–22 All participants signed informed consent 
approved by the Institutional Review Board of the University 
of Michigan.

Sample collection and dnA extraction from isolated Cd8+ T 
cells
For DNA methylation studies, eight patients with lupus and 
eight healthy controls recruited from the University of Mich-
igan rheumatology clinics were matched by age (±5 years), sex 
and ethnicity (online supplementary table 1). Peripheral blood 
mononuclear cells (PBMCs) were extracted from whole blood 
via Ficoll-Paque PLUS density centrifugation (GE Healthcare 
Bio-Sciences). Total T cells were isolated using negative selec-
tion by magnetic bead separation with the Human Pan T cell 
Isolation II kit (Miltenyi Biotec). Flow cytometry sorting was 
used to isolate CD3+ CD56-TCRαβ+ CD8+ T cells using 
the following fluorophore-conjugated antibodies: APC anti-
human CD56 (clone: HCD56), FITC anti-human CD8a (clone: 
RPA-T8), Pacific Blue anti-human CD3 (clone: HIT3a) and PE 
anti-human alpha/beta-TCR (clone: IP26) (BioLegend), as previ-
ously described.23 DNA was extracted from CD8+ T cells using 
the DNeasy Blood and Tissue kit (Qiagen) and bisulfite converted 
with the EZ DNA Methylation kit (Zymo Research) for DNA 
methylation analysis. It is worth noting that TCRαβ+CD8+T 
cells constituted ~99% of CD8+ T cells in the peripheral blood 
of patients with lupus or controls.

differential dnA methylation and gene functional annotation 
analysis of Cd8+ T cells in patients with lupus
Methylation status of CD8+ T cells was measured by hybridising 
bisulfite-converted DNA to the Infinium MethylationEPIC Bead-
Chip array (Illumina). Methylation β values were calculated from 
raw intensity values using GenomeStudio Methylation module 
software (Illumina) after subtracting background, normalisation to 
control probes, error correction using the Illumina custom model 
and correction for false discovery rate. Group comparison and 
statistical significance were determined using  β = βSLE − βControl  
and  DiffScore = 10 × sgn

(
βSLE − βControl

)
× log10

(
P
)
 ,

respectively. Probes were filtered using the following criteria: 
|Δβ|≥0.10, DiffScore|≥22 (equivalent to an FDR-adjusted 
p≤0.01), detection p<0.05 and no single nucleotide polymor-
phism (SNP) within 10 bp of the 3’ end of the probe. Gene 
annotations for hypermethylated and hypomethylated probes 
were used as input for gene function annotation analysis using 
DAVID.24 Categories were restricted to molecular function and 
biological process gene ontologies and KEGG pathways and 
only annotations with a minimum gene number of 2, a modi-
fied Fisher’s exact p<0.1 and FDR≤5% were considered. Raw 
and processed DNA methylation data from patients and controls 
have been deposited in Gene Expression Omnibus (GEO acces-
sion number GSE123003).

IFn-α treatment and expression of HLA-drb1 on Cd8+ T cells
PBMCs were stimulated overnight in cell culture wells that were 
precoated with 10 µg/mL of anti-human CD3 (Clone: UCHT1) 
and 2.5 µg/mL of soluble anti-human CD28 (Clone: 28.2) (BD 
Biosciences) in T cell media (RPMI media with 10% fetal bovine 
serum and 2 mM L-glutamine) in the presence of 1000 U/mL 
IFNα 2B (Sigma-Aldrich). Culture media were then replaced and 
these cells were cultured for an additional 4 days with IFNα 
as this condition has been shown to produce peak HLA-DR 
expression on T cells.25 At the end of the incubation, PBMCs 
were stained with fluorochrome-conjugated antibodies for the 
cell-surface markers CD3, CD8a and HLA-DRB1. The detailed 
flow cytometry procedure and analysis is described below.

Coincubation of IFn-α treated Cd8+ T cells with naïve Cd4+ 
T cells
After extraction from whole blood through Ficoll-Paque PLUS 
density centrifugation (GE Healthcare Bio-Sciences), PBMCs 
were divided into three portions. The first portion was cultured 
in T cell media for 5 days without any stimulation and treat-
ment for naïve CD4+ T cell isolation using the Naïve CD4+ T 
Cell Isolation Kit II (Miltenyi Biotec), which allows for isolating 
untouched naïve CD4+ T cells. The second portion was stimu-
lated with anti-human CD3 and anti-human CD28 in the pres-
ence of 1000 U/mL IFN-α 2B (Sigma-Aldrich) overnight in T cell 
media. These cells were then cultured for an additional 4 days 
with IFNα. The last portion of the PBMCs was similarly stim-
ulated overnight with anti-human CD3 and anti-human CD28, 
and cultured for a total of 5 days, however, without IFNα treat-
ment. Under these culturing conditions, the per cent cell death 
(based on trypan blue staining) of the PBMCs was 7.97±2.38, 
9.53±4.55 and 9.22±5.51, in the portion for naïve CD4+ T 
cell isolation, IFNα-treated PBMCs and non-IFNα-treated 
PBMCs, respectively. At the end of the culture period, CD8+ T 
cells were isolated via the CD8+ T Cell Isolation Kit (Miltenyi 
Biotec), which isolates untouched TCRαβ+ CD8+ T cells. To 
examine whether IFNα-treated CD8+ T cells can stimulate 
naïve CD4+ T cells, the isolated CD8+ T cells with or without 
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IFNα treatment were incubated with naïve CD4+ T cells for 
20–22 hours in a 1:1 ratio. The cells were then stained with 
fluorochrome-conjugated antibodies for CD3, CD4 and CD69 
at a density of 2×104 cells per 1 uL of 1X phosphate-buffered 
saline (PBS). The percentage of CD4+ T cells bearing CD69, an 
early activation marker, was measured by flow cytometry for the 
CD3+ CD4+ T cells of both coincubation groups, as described 
below. For cytokine analysis, coculture of naïve CD4+ T cells 
and CD8+ T cells was carried out in T cell media containing 
0.1% FBS. Cytokines were measured using Bio-Plex Pro Human 
Cytokine 17-Plex Assay which includes MIP-1β, IL-6, IFNγ, IL-5, 
GM-CSF, TNF, IL-2, IL-1β, IL-13, IL-4, MCP-1, IL-8, IL-10, 
G-CSF, IL-7, IL-12 and IL-17. Cytokine levels were normalised 
to the total protein content and presented as pg/mg protein.

Coincubation of IFnα treated Cd8+ T cells with naïve Cd4+ T 
cells in the presence of anti-HLA-dr blocking antibody
PBMCs were isolated and divided into two groups. The first 
group was incubated in T cell media for 5 days and naïve CD4+ 
T cells were isolated. PBMCs in the second group were acti-
vated overnight with anti-human CD3 and anti-human CD28 
and treated with 1000 U/mL IFNα overnight. The media for 
the PBMCs were then replaced and the cells were treated with 
IFNα for an additional 4 days. At the end of the incubation 
period, untouched TCRαβ+ CD8+ T cells were isolated using 
the CD8+ T Cell Isolation Kit (Miltenyi Biotec) and split evenly 
into three groups: Anti-HLA-DR, isotype control and no anti-
body. Prior to use, the Fc portions of the LEAF Purified anti-
human HLA-DR Antibody and LEAF Purified Mouse IgG2a, κ 
Isotype Ctrl Antibody were degraded using the Pierce F(ab')2 
Preparation Kit (Thermo Fisher Scientific) to diminish non-spe-
cific binding of the Fc portion. The CD8+ T cells were treated 
with either 20 ug/mL of LEAF Purified anti-human HLA-DR 
Antibody (Clone: L243) or 20 ug/mL of LEAF Purified Mouse 
IgG2a, κ Isotype Ctrl Antibody (Clone: MOPC-173) (BioLegend) 
at 37°C for 1 hour, while the CD8+ T cells in the no antibody 
group were left untreated. The cells were then washed with PBS 
twice to remove any residual IgG. The CD8+ T cells from the 
three groups were then coincubated with naïve CD4+ T cells 
overnight. At the end, cells were stained with fluorochrome-con-
jugated antibodies for CD3, CD4 and CD69. The percentage of 
CD4+ T cells expressing CD69, an early activation marker, was 
measured by flow cytometry for the CD3+ CD4+ T cells for all 
coincubation groups.

Flow cytometry analysis
PBMCs were stained with fluorochrome-conjugated antibodies 
at a density of 2×104 cells per 1 uL of 1× PBS for 30 min on 
ice. The following fluorochrome-conjugated antibodies were used 
for flow cytometry antibody staining: FITC anti-human CD8a 
(clone: RPA-T8), APC anti-human CD69 (clone: FN50), APC/Cy7 
anti-human CD4 (clone: RPA-T4), Pacific Blue anti-human CD3 
(clone: UCHT1) and PE anti-human HLA-DRB1 (clone: NFLD.
D2). All fluorochrome-conjugated antibodies were purchased from 
BioLegend. PBMCs were fixed with 500 uL of Biolegend Fixation 
Buffer per 106 cells for 20 min at ambient temperature. The iCyt 
Synergy SY3200 Cell Sorter (Sony Biotechnology Inc.) was used in 
conjunction with WinList 9.0.1 software (Verity Software House) 
for flow cytometry sample processing and analysis, respectively. 
PBMCs were gated to select for CD3+ CD8+ HLA-DBR1+ T 
cells (online supplementary figure 1). The median fluorescence 
intensity (MFI) of PE anti-human HLA-DRB1 was measured 
for the CD3+ CD8+ T cell population and normalised to the 

background PE anti-human HLA-DRB1 MFI of the unstained 
PBMC population. The normalised MFI (nMFI) was determined 
by the following equation:  nMFI = PE MFIsample

PE MFIunstained control  .
26 FlowJo

version 10 was used to generate MFI histograms (FlowJo LLC).

STAT1 inhibition and CIITA knockdown
To examine the effect of STAT1 on IFNα-induced CIITA expres-
sion, CD8+ T cells isolated from lupus PBMCs were activated 
overnight with anti-human CD3 and anti-human CD28 while 
treated with 50 µM of the STAT1 inhibitor fludarabine for 48 
hours in the presence or absence of IFNα. Protein lysate was 
collected and the expression of phosphorylated STAT1 (Cell 
Signalling), STAT1 (Cell Signalling), HLA-DRB1 (Novus Biolog-
icals) and CIITA (Santa Cruz Biotechnology) was measured by 
Western blotting. β-actin (Sigma-Aldrich) was used as a loading 
control. Densitometry was analysed using ImageJ.27 In a sepa-
rate experiment, isolated CD8+ T cells from patients with lupus 
were transfected with control or CIITA siRNAs (400 nM, both 
from Dharamacon) using the Amaxa 4D- Nucleofactor system 
(Lonza). After transfection, CD8+ T cells were allowed to rest 
for 5 hours before replacing the culture media with fresh T cell 
media. The cells were then stimulated overnight with anti-CD3 
and anti-CD28 antibodies. After stimulation, the transfected 
CD8+ T cells were treated with or without IFNα for an addi-
tional 48 hours before RNA were collected. The mRNA levels of 
CIITA and HLA-DRB1 were measured by qPCR.

Quantitative real-time PCr
RNA was isolated with the Direct-zol RNA MiniPrep kit 
according to the manufacturer’s instructions (Zymo Researcg). 
The Verso cDNA Synthesis Kit (Thermo Fisher Scientific) was 
used along with reverse transcriptase PCR to produce the cDNA 
necessary for quantitative real-time PCR (qPCR). qPCR was 
done with Power SYBR Green PCR Master Mix (Thermo Fisher 
Scientific) and used along with human KiCqStart SYBR Green 
primers to measure mRNA expression of STAT1, CIITA (both 
from Sigma-Aldrich) and HLA-DRB1 (Qiagen). All gene targets 
were run in duplicates and normalised to β-actin. qPCR was run 
using either a ViiA 7 Real-Time PCR system or the ABI 7900HT 
instrument.

Statistical analysis
Graphpad Prism 7.0 was used for statistical analysis and creation 
of graphs. For comparing sample groups from the same subjects 
but with different cell culture treatments the paired, non-para-
metric Wilcoxon Test was used. For tests comparing the same 
treatment conditions but with different subjects the unpaired, 
non-parametric, Mann-Whitney Test was used. For correlation 
analysis, a Pearson correlation coefficient was used. For all statis-
tical tests, a significance cut-off of p<0.05 was used.

reSuLTS
dnA methylation changes in lupus Cd8+ T cells
In contrast to the reported global hypomethylation in lupus T 
cells28 and naïve CD4+ T cells,29 DNA methylation analysis 
of lupus CD8+ T cells revealed significant hypermethylation 
of 943 loci and hypomethylation of 188 loci compared with 
matched control CD8+ T cells (online supplementary table 2). 
Our data, however, agree with what was observed recently in 
lupus B cells, which showed predominant hypermethylation 
changes compared with controls.8 This discrepancy might be due 
to differences in metabolic control in different T cell subsets and 

https://dx.doi.org/10.1136/annrheumdis-2018-214323
https://dx.doi.org/10.1136/annrheumdis-2018-214323
http://ard.bmj.com/


522 Miller S, et al. Ann Rheum Dis 2019;78:519–528. doi:10.1136/annrheumdis-2018-214323

Systemic lupus erythematosus

Table 1 Top 25 hypomethylated and hypermethylated loci in lupus CD8+ T cells

Probe Id Δβ
Patient average 
methylation (β)

Control average 
methylation (β)

Genomic locus 
(chr:position) (hg19) diffScore Gene

cg11404906 −0.333 0.302 0.635 6:32551749 −337.887 HLA-DRB1

cg02453376 −0.330 0.402 0.732 1:152586240 −337.887 LCE3B

cg14392283 −0.319 0.445 0.765 8:144103587 −337.887 LY6E

cg10978274 −0.317 0.412 0.729 1:152572665 −337.887 LCE3C

cg10829391 −0.308 0.418 0.725 14:101069717 −337.887

cg09949906 −0.270 0.361 0.630 6:32552350 −250.225 HLA-DRB1

cg00293330 −0.266 0.340 0.606 1:152572678 −242.598 LCE3C

cg17748470 −0.252 0.421 0.674 11:4969161 −219.081 OR51A4

cg12393503 −0.252 0.473 0.725 3:172468831 −232.588

cg09139047 −0.247 0.462 0.709 6:32552042 −217.006 HLA-DRB1

cg16180556 −0.245 0.286 0.531 1:110230269 −204.564 GSTM1

cg21549285 −0.239 0.469 0.707 21:42799141 −201.317 MX1

cg26184673 −0.221 0.568 0.789 12:131520095 −201.400 ADGRD1

cg08822897 −0.215 0.348 0.564 11:64258103 −144.881

cg27244972 −0.212 0.418 0.630 21:47716529 −140.917 C21orf57

cg02484732 −0.207 0.361 0.569 6:56096198 −132.102 COL21A1

cg20684491 −0.204 0.555 0.758 1:25596433 −156.792

cg09234453 −0.199 0.375 0.575 6:18402672 −120.179 RNF144B

cg21158163 −0.198 0.681 0.879 20:59542578 −229.793

cg16361921 −0.198 0.384 0.582 5:106599492 −118.102

cg06650861 −0.197 0.379 0.576 4:169238926 −116.972 DDX60

cg01609658 −0.196 0.200 0.396 1:151694478 −143.422 RIIAD1

cg07815522 −0.194 0.480 0.675 3:122282157 −120.319 PARP9;DTX3L

cg24311634 −0.192 0.557 0.749 12:131519883 −134.197 ADGRD1

cg18220841 −0.188 0.344 0.531 16:88160246 −104.890

cg11102724 0.182 0.293 0.112 5:150619039 340.551

cg00256329 0.186 0.702 0.515 17:7 24 374 114.220 NXN

cg24432675 0.186 0.603 0.417 10:1505472 102.562 ADARB2

cg19214707 0.187 0.406 0.219 7:3157722 125.122

cg27246321 0.189 0.462 0.273 2:165924708 114.220

cg02419513 0.189 0.299 0.110 8:90255978 340.551

cg20083297 0.189 0.685 0.496 6:32528390 114.865 HLA-DRB6

cg09398595 0.190 0.751 0.561 14:98255618 340.551

cg24919907 0.193 0.799 0.606 14:98255601 340.551

cg14507403 0.196 0.550 0.355 7:97798005 115.218 LMTK2

cg11244641 0.207 0.591 0.384 2:241343025 340.551

cg06559318 0.207 0.728 0.521 6:32526260 340.551 HLA-DRB6

cg10123377 0.212 0.584 0.373 3:42387524 340.551

cg12022450 0.213 0.687 0.474 22:24353218 340.551

cg21787089 0.213 0.806 0.593 3:46484250 340.551 LTF

cg01427108 0.225 0.668 0.443 3:46484379 340.551 LTF

cg25755428 0.227 0.570 0.343 19:13875111 340.551 MRI1

cg14188831 0.233 0.299 0.066 1:25594523 340.551

cg09232555 0.236 0.508 0.272 8:11619866 340.551

cg22635523 0.239 0.682 0.443 6:32492390 340.551 HLA-DRB5

cg05176970 0.252 0.707 0.455 17:7 24 273 340.551 NXN

cg12108278 0.291 0.892 0.601 17:15789774 340.551

cg12340462 0.297 0.650 0.353 9:46141878 340.551

cg18213661 0.321 0.722 0.401 11:93681423 340.551

cg01005486 0.325 0.802 0.477 3:13246006 340.551

B cells as well as the availability of cofactors necessary for the 
DNA methylation machinery.30 The most hypomethylated CpG 
site in lupus CD8+ T cells was found within the major histo-
compatibility complex class II gene HLA-DRB1 (cg11404906; 
Δβ=−0.333) (table 1). Four other loci were hypomethylated in 

HLA-DRB1, two of which were also among the most hypometh-
ylated (cg09949906; Δβ=−0.270 & cg09139047; Δβ=−0.247). 
These loci are in or around exon 2 of HLA-DRB1 and a DNase 
I hypersensitivity cluster, suggesting a regulatory function in this 
genetic region (figure 1). We did not observe correlation between 

http://ard.bmj.com/
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Figure 1 Diagram depicting the HLA-DRB1 gene and the positions of the five CpG sites within HLA-DRB1 hypomethylated in lupus CD8+ T 
cells compared with normal healthy controls (each CpG site is shown with a red bar). The hypomethylated region overlaps with a known DNase 
hypersensitivity cluster, suggesting a regulatory potential. ‘HLA-DRB1’ and ‘DNase clusters’ tracks were retrieved from UCSC Genome Browser. DNase 
clusters represent regions of DNase I hypersensitivity as described in the ‘DNaseI hypersensitivity clusters in 125 cell types from ENCODE (V3)’ track.50 
Lower panel shows DNA methylation fractions on each of the CpG sites in patients and controls (mean±SEM). *P<0.01 after correction for multiple 
testing for all probes on the array.

DNA methylation levels in HLA-DRB1 and disease activity in 
patients with lupus, as measured by SLEDAI scores, although our 
sample size was not powered to examine such a correlation (data 
not shown). The most hypermethylated site in lupus CD8+ T 
cells was not associated with a gene (cg01005486; Δβ=0.325), 
but loci associated with HLA-DRB5 (cg22635523; Δβ=0.239) 
and HLA-DRB6 (cg06559318; Δβ=0.207 & cg20083297; 
Δβ=0.189) did have significantly higher methylation levels in 
lupus CD8+ T cells (table 1).

Genes involved in the type I interferon response were also 
found to be hypomethylated in lupus CD8+ T cells including 
the transcription factor STAT1 (cg00676801; Δβ=−0.150 
& cg14951497; Δβ=−0.138) and MX1 (cg21549285; 
Δβ=−0.239 and cg22862003; Δβ=−0.122) (table 1 and online 
supplementary table 2), both type I interferon-related genes 
that have previously been identified as being hypomethylated 
in several immune cell types in patients with lupus, including 
CD4+ T cells.1 This was supported by gene enrichment anal-
ysis, which revealed a predominance of gene ontology terms for 
interferon response and signalling: ‘interferon-gamma-medi-
ated signalling pathway’ (GO:0060333; p=1.41E–05), ‘defense 
response to virus’ (GO:0051607; p=7.56E–04) and ‘type I 
interferon signalling pathway’ (GO:0060337; p=2.72E–03) 
(online supplementary table 3). Antigen presentation was also 
a major theme that included ‘peptide antigen binding’ (GO: 
0042605; p=2.17E–04) and ‘antigen processing and presen-
tation’ (GO:0019882; p=1.76E–03) terms. KEGG pathways 
enriched in hypomethylated genes showed that ‘Cell adhesion 
molecules (CAMs)’ (KEGG:hsa04514; p=6.73E–05) was the 
most significantly enriched pathway among hypomethylated 
genes (online supplementary table 3). Several disease path-
ways were also enriched including autoimmune diseases like 

rheumatoid arthritis (KEGG:hsa05323; p=9.51E–04) and SLE 
(KEGG:hsa05322; p=4.44E–03) as well as viral infections 
(‘Influenza A’ KEGG:hsa05164; p=1.68E–03 and ‘Herpes 
simplex infection’ KEGG:hsa05168; p=2.10E–03). A pathway 
including glutathione S-transferase genes (GST) (‘Drug metabo-
lism – cytochrome P450’ KEGG:hsa00982; p=4.76E–03) was 
also enriched (online supplementary table 3). GSTs catalyse the 
conjugation of reduced glutathione to electrophilic compounds 
like xenobiotics and increase their solubility and excretion from 
the cell and reduce the toxicity of reactive oxygen species in the 
cell.31 The hypermethylated genes displayed broader functional 
annotation groups and did not show dominance of enriched 
pathways by HLA genes that were seen among hypomethylated 
genes (online supplementary table 3).

IFnα induces HLA-drb1 expression on Lupus Cd8+ T cells
HLA-DRB1 was robustly hypomethylated in lupus CD8+ T 
cells. We also observed hypomethylation in STAT1 and the inter-
feron-signalling pathway, which regulate MHC class II expres-
sion. Therefore, we sought to study the functional implications 
of these epigenetic changes by investigating the expression of 
HLA-DRB1 and the role of type-I interferon response in the 
CD8+ T cells of patients with lupus. Indeed, we found that 
both patients and controls possess a CD8+ HLA-DRB1+ T cell 
subset; however, the subset’s response to IFNα differs in patients 
with lupus. In lupus CD8+ T cells treated with IFNα, the 
expression of HLA-DRB1 was significantly elevated compared 
with untreated cells (p=0.02). In addition, when lupus CD8+ T 
cells were treated with IFNα, they expressed significantly more 
HLA-DRB1 on their surface than IFNα treated healthy control 
cells (p=0.04, figure 2A,B). Similarly, HLA-DRB1 expression, as 
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Figure 2 IFNα significantly increased HLA-DRB1 expression on lupus CD8+ T cells but not in healthy controls. (A) The percentage of CD8+ T cells 
expressing HLA-DRB1 in patients with lupus and healthy controls with and without IFNα, and a representative dot plot (B). nMFI data (C), and (D) 
representative histograms (MFI) from a patient with lupus and a healthy control with and without IFNα, showing increased HLA-DRB1 expression 
with IFNα on the cell surface of lupus CD8+ T cells. Results are presented as mean±SEM, and p<0.05 was considered significant. N=number of 
subjects. nMFI, normalised median fluorescence intensity.

measured by nMFI, was increased with IFNα treatment in lupus 
CD8+ T cells (p=0.04), but not in healthy controls (p=0.79, 
figure 2C,D). These data suggest that hypomethylation of HLA-
DRB1 epigenetically primes lupus CD8+ T cells for type-I inter-
feron dependent HLA-DRB1 overexpression.

STAT1 and CIITA are elevated in IFnα-treated lupus Cd8+ T 
cells
We observed hypomethylation of loci associated with STAT1 in 
lupus CD8+ T cells (online supplementary table 2). STAT1 and 
CIITA are both important regulators in the MHC-II expression 
pathway (online supplementary figure 2). For these reasons, we 
evaluated the expression of CIITA and STAT1 mRNA in lupus 
CD8+ T cells with and without IFNα treatment. STAT1 expres-
sion was elevated following IFNα treatment in both patients with 
lupus (p=0.02) and controls (p=0.02) (figure 3A). The expres-
sion of CIITA was induced by IFNα stimulation in lupus CD8+ 
T cells (p=0.03), however, not in healthy controls (figure 3B). 
These findings suggest a type-I IFN dependent mechanism for 
the increased expression of HLA-DRB1 on lupus CD8+ T cells 
possibly mediated through STAT1 and CIITA in a high type-I IFN 
environment.

To further confirm the involvement of STAT1 in IFNα-medi-
ated CIITA and HLA-DRB1 expression in lupus CD8+ T cells, 
STAT1 was blocked using an inhibitor (fludarabine) and the 
expression of CIITA and HLA-DRB1 was examined. As shown 
in figure 3C and online supplementary figure 3, IFNα signifi-
cantly increased CIITA, phosphorylated STAT1 and STAT1, 
while it increased HLA-DRB1 expression slightly. Comparing 
the levels of IFNα-induced HLA-DRB1 in this experiment 
and what was presented in figure 2, it appears that the effect 
of IFNα on HLA-DRB1 in CD8+ T cells relies on the pres-
ence of other cell types, as PBMCs and isolated CD8+ T cells 
were used in figures 2 and 3C, respectively. We also observed a 
positive correlation between STAT1 and HLA-DRB1 levels in 
these lupus CD8+ T cells (online supplementary figure 4) while 
no correlation was found between CIITA and HLA-DRB1. As 
expected, the addition of fludarabine downregulated both phos-
phorylated STAT1 and total STAT1. This subsequently led to 
downregulation of CIITA and HLA-DRB1. These data suggest a 
critical role of STAT1 in IFNα-HLA-DRB1 pathway. In a sepa-
rate experiment, we knocked down CIITA in lupus CD8+ T 
cells in the presence of IFNα and examined whether this affected 
the ability of IFNα to induce HLA-DRB1 expression. Indeed, 
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Figure 3 STAT1 and CIITA mRNA expression in CD8+ T cells. (A) IFNα treatment significantly increased STAT1 mRNA expression in CD8+ T cells 
from both patients with lupus and healthy controls. (B) IFNα treatment significantly increased CIITA mRNA expression in CD8+ T cells from patients 
with lupus but not healthy controls. (C) The effect of IFNα on CIITA, STAT1 and HLA-DRB1 can be blocked by fludarabine (Flud), a STAT1 inhibitor 
in CD8+ T cells from patients with lupus. Figure shown here is representative of seven patients. (D) CIITA knockdown in CD8+ T cells isolated from 
patients with lupus resulted in downregulation of IFNα-induced HLA-DRB1 expression. Results are presented as mean±SEM, and p<0.05 was 
considered significant. N=number of subjects.

CIITA knockdown resulted in downregulation of HLA-DRB1 in 
lupus CD8+ T cells (figure 3D). A 68.7%±16.2% knockdown 
of CIITA led to a 58.2%±28.4% reduction in HLA-DRB1 in the 
presence of IFNα.

Lupus Cd8+ T cells activate autologous naïve Cd4+ T cells in 
a type-I interferon and HLA-dr regulated manner
We showed that HLA-DRB1 and STAT1 are hypomethylated in 
lupus CD8+ T cells, which primes for increased HLA-DRB1 
cell surface expression in the presence of IFNα. To demonstrate 
if HLA-DRB1 overexpression on lupus CD8+ T cells has func-
tional consequences, we examined whether lupus CD8+ T cells 
have the ability to stimulate autologous naïve CD4+ T cells. 
IFNα treatment increased the ability of lupus CD8+ T cells to 
induce CD69 expression, which is an early marker for T cell 
stimulation, on autologous naïve CD4+ T cells (p=0.002), 
while it had non-significant minimal effect on CD8+ T cells 
from healthy controls (figure 4A,B). This difference in response 
resulted in significant elevation of the percentage of stimu-
lated CD4+ T cells after incubation with IFNα-treated CD8+ 
T cells from patients with lupus compared with those isolated 
from healthy controls (p=0.04). Similarly, significant elevation 
of CD69 expression, as measured by nMFI, on CD4+ T cells 

after coincubation with IFNα-treated lupus CD8+ T cells was 
also observed compared with IFNα-treated control CD8+ T 
cells (p=0.0004; Online supplementary figure 5). To further 
examine the effect of CD8+ T cells on naïve CD4+ T cell 
activation, we measured cytokine production in the CD4+/
CD8+ T cell coculture. Of the 17 cytokines measured, only 
5, including TNF, IFNγ, IL-8, MIP-1β and MCP1, were above 
detection limit (figure 4C). Elevated levels of cytokines were 
observed in lupus samples. IFNα-pretreatment of CD8+ T cells 
was unable to increase cytokine production in CD4+/CD8+ T 
cell coculture in healthy controls except for IFNγ, while IFNα 
increased TNF, MIP-1β and MCP1 production significantly in 
lupus T cells. All of these cytokines have been implicated in 
lupus pathogenesis.32–36

To determine if activation of naïve CD4+ T cells in the cocul-
ture experiments is dependent on HLA-DRB1 expression on 
IFNα-treated CD8+ T cells, we performed blocking experi-
ments using neutralising antibodies to HLA-DR. The increase in 
CD3+ CD4+ CD69+ T cells as a result of coincubation with 
IFNα-treated lupus CD8+ T cells was inhibited when CD8+ 
T cells were pretreated with anti-HLA-DR blocking antibody 
(figure 4D,E, p=0.03). These data suggest that IFNα-treated 
lupus CD8+ T cells are capable of stimulating autologous naïve 

https://dx.doi.org/10.1136/annrheumdis-2018-214323
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Figure 4 Effect of CD8+ T cells on activating autologous naïve CD4+ T cells. (A) Lupus and control CD8+ T cells, with and without IFNα, were 
cocultured with autologous naïve CD4+ T cells and the percentage of CD3+ CD4+ CD69+ T cells were evaluated. A representative dot plot is shown 
in panel (B). (C) Cytokine production from the CD8+/CD4+ T cell culture was analysed using Bio-Plex assay kit. (D) Blocking HLA-DR on IFNα-treated 
lupus CD8+ T cells abrogates costimulation of naïve CD4+ T cells compared with isotype IgG control. A representative dot plot of six independent 
experiments is shown in (E). Results are presented as mean±SEM, and p<0.05 was considered significant. N=number of subjects.

CD4+ T cells in a manner dependent on induced HLA-DRB1 
expression.

dISCuSSIOn
We performed a DNA methylation analysis in lupus CD8+ T 
cells and identified hypomethylation in CpG sites associated 
with HLA-DRB1 and STAT1 compared with healthy matched 
controls. Because Interferon/STAT1 signalling induces MHC 
class II expression and type-I interferon production is increased 
in patients with lupus, we hypothesised that demethylation in 
HLA-DRB1 and STAT1 might be associated with HLA-DRB1 
expression on lupus CD8+ T cells, especially in the presence of 
type-I interferon. Indeed, our data demonstrate HLA-DRB1 cell 
surface expression in a subset of CD8+ T cells that is expanded 
in lupus compared with healthy controls and that HLA-DRB1 

expression can be induced in the presence of type-I interferon 
in lupus but not control CD8+ T cells. These data suggest that 
epigenetic priming facilitates a type-I interferon-dependent over-
expression of HLA-DRB1 in lupus CD8+ T cells. We further 
show that lupus CD8+ T cells treated with type-I interferon can 
activate autologous naïve CD4+ T cells and that this activation 
is abrogated by preincubating lupus CD8+ T cells with HLA-DR 
blocking antibodies.

Both HLA-DRB1 and STAT1, which are hypomethylated in 
lupus CD8+ T cells, are two possible downstream gene targets 
of the JAK-STAT signalling cascade initiated by type-I IFN 
signalling (online supplementary figure 2).37–39 IFNα can upreg-
ulate the surface expression of HLA-DRB1 by first binding to 
an IFNα receptor on the cell surface and initiate the JAK-STAT 
signalling cascade that produces STAT1-STAT1 (STAT1-1) 
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homodimers and STAT1-STAT2 (STAT1-2) heterodimers.40 41 
STAT1-1 homodimers and STAT1-2 heterodimers translocate to 
the nucleus where they bind to the gamma-activated sequence 
(GAS) and allow for the expression of the class II transacti-
vator (CIITA) transcription factor; CIITA binds to the MHC-II 
enhanceosome which upregulates MHC-II expression.37–39 The 
canonical route taken for STAT dimerisation during a type-I IFN 
response is a STAT1-2 heterodimer binding to ISGF3, translo-
cating to the nucleus and binding to the interferon stimulated 
response element to initiate the antiviral response.40 However, 
as STAT1 homodimers binding to GAS are the typical path 
necessary for MHC-II expression, it is important to note that 
the type-I IFN response can also produce STAT1 homodimers 
and STAT1-2 heterodimers that can bind to GAS.37 41 42 In this 
study, we indeed demonstrated that type-I IFN stimulates STAT1 
expression in CD8+ T cells to a similar extent in both healthy 
controls and patients with lupus. However, the response in CIITA 
expression after type-I IFN treatment is what sets the controls 
and patients apart; CIITA was significantly elevated after IFNα 
treatment in lupus CD8+ T cells but not in healthy controls. 
This might potentially explain the higher HLA-DRB1 expression 
on lupus CD8+ T cells.

We also identified a subset of cell adhesion molecules differ-
entially methylated in lupus CD8+ T cells. SELL encodes the 
cell adhesion molecule L-selectin (Lymphocyte-selectin) and was 
hypomethylated at a single locus in our analysis (cg06816239; 
Δβ=−0.15), which was not identified in other genome-wide 
DNA methylation studies in lupus.9 L-selectin is vital to the 
ability of activated CD8+ T cells to traffic to tissues infected 
by viruses.43 Our analysis also revealed that a single CpG site 
in the 3’ untranslated region of SELPLG was hypermethyl-
ated in lupus CD8+ T cells (cg02520593; Δβ=0.17). PSGL-1 
(encoded by SELPLG) is a ligand for the P-selectin that plays a 
role in T cell tissue infiltration.44 PSGL-1 expression is associ-
ated with reduced TCR and IL-2 stimulatory activity in murine 
CD8+ T cells, leading to decreased cell survival and tumour 
cell killing.44 Despite the enrichment in cell adhesion molecules 
that was observed from the DNA methylation profiles, we did 
not observe any significant differences in cell adhesion between 
control and lupus CD8+ T cells in a T cell-endothelial cell assay 
(data not shown).

Previous studies investigating the role of CD8+ T cells in 
lupus have primarily focused on T cell cytotoxicity, autoan-
tibody production and cellular markers indicative of disease 
flares. Most reports showed defective cytotoxic responses in 
lupus CD8+ T cells, which has been suggested as a possible 
mechanism contributing to increased infection rates in patients 
with lupus.10 12 In addition, the conversion of CD8+ T cells 
into double-negative T cells has been suggested to compro-
mise cytotoxicity of CD8+ T cells in lupus.45 46 Other studies, 
however, suggest that patients with higher disease activity may 
have increased cytotoxic T cell activation and elevated propor-
tion of CD8+ T cells expressing granzyme B, perforin and 
HLA-DR.13 47 In our study, we did not detect DNA methylation 
changes in the gene loci encoding for perforin and granzyme B. 
In addition, other cytotoxic gene loci encoding for granzyme A, 
granzyme H, granzyme K, granzyme M and the genes encoding 
transcription factors eomesodermin (Eomes) and T-bet, which 
play key roles in CD8+ T cell differentiation, were also not 
differentially methylated between patients with lupus and 
controls. A recent study by Li et al using targeted delivery of 
a DNA methyltransferase inhibitor 5-azacytidine into CD4+ 
or CD8+ T cells points to the importance of cell type-specific 
modulation of DNA methylation in lupus pathogenesis and also 

emphasises the necessity of the presence of functional cytotoxic 
T cells in this disease.48

In summary, we describe DNA methylation changes in lupus 
CD8+ T cells at a genome-wide level and provide evidence that 
CD8+ T cells in lupus are epigenetically primed for HLA-DRB1 
overexpression in response to type-I IFN. It should be noted that 
clinical and molecular disease heterogeneity as well as differ-
ences in therapeutic experiences between patients are important 
factors that can potentially impact DNA methylation changes in 
this disease. CD8+ HLA-DRB1+ T cell subset is expanded in 
patients with lupus compared with healthy controls and can be 
induced by IFNα in lupus but not healthy control CD8+ T cells. 
In patients with lupus, CD8+ HLA-DRB1+ T cells can stimu-
late autologous naïve CD4+ T cells in a manner dependent on 
HLA-DRB1 expression. Our data link a higher type-I interferon 
environment in patients with lupus to a pathogenic CD8+ T 
cell subset, which can be potentially targeted by blocking type-I 
interferon response. These findings provide novel insights into 
possible pathogenic roles for CD8+ T cells in lupus and suggest 
an interaction between high type-I interferon environment in 
patients with lupus with epigenetic dysregulation in CD8+ T 
cells. Additional studies to evaluate if lupus-associated genetic 
variants within the HLA region influence DNA methylation 
patterns in the HLA-DRB1 locus, as has been recently reported 
in monocytes, are warranted.49
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AbSTrACT
background and objective systemic sclerosis (ssc) is 
a severe autoimmune disease, in which the pathogenesis 
is dependent on both genetic and epigenetic factors. 
altered gene expression in ssc monocytes, particularly 
of interferon (iFn)-responsive genes, suggests their 
involvement in ssc development. We investigated the 
correlation between epigenetic histone marks and gene 
expression in ssc monocytes.
Methods chromatin immunoprecipitation followed by 
sequencing (chiPseq) for histone marks H3K4me3 and 
H3K27ac was performed on monocytes of nine healthy 
controls and 14 patients with ssc. rna sequencing was 
performed in parallel to identify aberrantly expressed 
genes and their correlation with the levels of H3K4me3 
and H3K27ac located nearby their transcription start 
sites. chiP-qPcr assays were used to verify the role of 
bromodomain proteins, H3K27ac and sTaTs on iFn-
responsive gene expression.
results 1046 and 534 genomic loci showed aberrant 
H3K4me3 and H3K27ac marks, respectively, in ssc 
monocytes. The expression of 381 genes was directly and 
significantly proportional to the levels of such chromatin 
marks present near their transcription start site. Genes 
correlated to altered histone marks were enriched for 
immune, iFn and antiviral pathways and presented with 
recurrent binding sites for irF and sTaT transcription 
factors at their promoters. iFnα induced the binding 
of sTaT1 and sTaT2 at the promoter of two of these 
genes, while blocking acetylation readers using the 
bromodomain BeT family inhibitor JQ1 suppressed their 
expression.
Conclusion ssc monocytes have altered chromatin 
marks correlating with their iFn signature. enzymes 
modulating these reversible marks may provide 
interesting therapeutic targets to restore monocyte 
homeostasis to treat or even prevent ssc.

InTroduCTIon
Systemic sclerosis (SSc) is a severe autoimmune 
disease characterised by progressive and uncontrol-
lable fibrosis of the skin and visceral organs including 

the lungs, heart and kidneys causing morbidity and 
increased mortality.1 The aetiology of SSc is poorly 
understood and no preventive measures or curing 
therapy exists. Research on the onset and progression 

Key messages

What is already known about this subject?
 ► Monocytes isolated from patients with 
systemic sclerosis (SSc) present with an altered 
transcriptome profile, particularly in interferon 
(IFN)-responsive genes, however the underlying 
pathways responsible of these aberrances are 
unclear.

 ► Chromatin remodelling driven by histone 
modifications entails an important epigenetic 
factor regulating gene expression. Previous 
studies in SSc have only looked at single 
promoter or total changes of histone 
modifications.

What does this study add?
 ► Simultaneous analysis of genome-wide histone 
alterations and transcriptomics data in SSc 
identified that altered H3K4me3 and H3K27ac, 
epigenetically imprinting the activation of 
promoters and enhancers, are associated with 
aberrant gene expression in SSc monocytes.

 ► Alterations in histone acetylation and 
methylation are mostly associated to IFN-
related genes and are similar in all SSc subsets, 
including patients with early SSc, suggesting 
that these aberrant epigenetic marks may 
contribute to disease onset by initiating or 
sustaining this pathway.

How might this impact on clinical practice or 
future developments?

 ► Enzymes responsible for the deposition 
and maintenance of histone acetylation or 
methylation, or their binding partners, may 
provide interesting therapeutic targets to 
restore monocyte homeostasis to treat or even 
prevent SSc.

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0003-3401-1122
http://orcid.org/0000-0003-0859-2322
http://dx.doi.org/10.1136/annrheumdis-2018-214295
http://dx.doi.org/10.1136/annrheumdis-2018-214295
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-214295&domain=pdf&date_stamp=2019-03-11
http://ard.bmj.com/


530 van der Kroef M, et al. Ann Rheum Dis 2019;78:529–538. doi:10.1136/annrheumdis-2018-214295

Systemic sclerosis

Table 1 Demographics and clinical characteristics of patients included in the study

discovery cohort qPCr/ChIP-qPCr validation cohort

RNAseq/qPCR HC ncSSc lcSSc dcSSc HC eaSSc ncSSc lcSSc dcSSc

ChIPseq/ChIP-qPCR HC lcSSc dcSSc HC eaSSc ncSSc lcSSc dcSSc

n 9 6 11 7 19 13 27 22 17

7 9 6 5 4 4 3 3

Age (years) 53 (45–64) 43 (34–55) 58 (51–67) 63 (43–69) 50 (43–55) 74 (43–78) 59 (50–68) 63 (52–71) 49 (44–61)

53 (39–64) 58 (53–68) 64 (41–70) 44 (38–50) 54 (27–79) 55 (40–59) 76 (65–77) 46 (36–50)

Female, n (%) 5 (56) 5 (83) 8 (72) 3 (43) 17 (89) 13 (100) 27 (100) 21 (95) 13 (76)

4 (57) 6 (67) 2 (33) 5 (100) 4 (100) 4 (100) 3 (100) 3 (100)

ANA, n pos (%) – 6 (100) 10 (91) 7 (100) – 13 (100) 26 (96) 21 (95) 16 (94)

– 8 (89) 6 (100) – 4 (100) 4 (100) 3 (100) 3 (100)

ACA, n pos (%) – 3 (50) 6 (55) 1 (14) – 11 (59) 20 (74) 12 (55) 0 (0)

– 5 (56) 1 (17) – 4 (100) 3 (75) 3 (100) 0 (0.0)

Scl70, n pos (%) – 2 (33) 2 (18) 4 (57) – 1 (18) 1 (4) 8 (36) 10 (59)

– 1 (11) 3 (50) – 0 (0.0) 0 (0.0) 0 (0.0) 3 (100)

mRSS – 0 7 (2–9) 11 (7–18) – 0 0 4 (3–5) 9 (5–14)

– 7 (2–9) 11 (7–18) – 0 0 4 (2–8) 6 (2–26)

ILD, n (%) – 1 (17) 2 (18) 5 (71) – 0 2 (7) 6 (27) 12 (71)

– 2 (22) 4 (67) – 0 0 (15) 0 (29) 3 (100)

Disease duration – 3 (2–5) 10 (2–17) 8 (2–16) – – 8 (3–17) 21 (8–26) 8 (2–16)

– 4 (2–15) 9 (2–19) – – 7 (2–15) 17 (11–23) 13 (2–18)

Values reported indicate the number (n) of patients and the median for each parameter (IQR), if not otherwise indicated. Blue and White fields indicate features of patients of the 
same cohort analysed either with RNAseq/qPCR or ChIPseq/ChIP-qPCR, respectively.
ACA, anticentromere antibodies; ANA, antinuclear antibodies; HC, healthy controls; ILD, interstitial lung disease; Scl70, antitopoisomerase antibodies; dcSSc, diffuse cutaneous 
SSc; eaSSc, early SSc; lcSSc, limited cutaneous SSc; mRSS, modified Rodnan skin score; ncSSc, non-cutaneous SSc; pos, positivity.

of this deforming disease points at an early activation of circulating 
immune cells and their subsequent infiltration into the affected 
organs.2–5 The release of cytokines and chemokines by these cells 
can cause activation of endothelial cells and fibroblasts, resulting 
in deposition of excessive amounts of extracellular matrix.6–9 Later 
stages of SSc are often marked by irreversible skin fibrosis affecting 
the reticular dermis and subjacent adipose layer resulting in a 
largely acellular and atrophic skin.10 The mechanisms triggering 
this fibrotic response are still poorly understood. Preventing the 
activation and migration of immune cells could have beneficial 
effects on the disease prognosis or halt fibrosis onset.

Monocyte numbers are higher in patients with SSc in both the 
skin and circulation.5 Furthermore, SSc monocytes present with an 
increased expression of interferon (IFN)-dependent genes,11 12 an 
enhanced profibrotic phenotype13 and release larger amounts of 
proinflammatory mediators upon stimulation.14 Importantly, the 
expression of IFN-responsive genes in circulating immune cells 
and in the skin of patients with SSc correlates with the degree of 
skin fibrosis and the presence of severe clinical phenotypes.15–18 
Although the differences between healthy and SSc monocytes are 
well established, the underlying pathways causing their aberrant 
gene expression and activated phenotype as well as their impor-
tance in the onset of fibrosis and perpetuation of SSc are unknown. 
Unravelling these pathways could lead to the identification of 
novel therapeutic targets.

Genome-wide association studies (GWAS) have demonstrated 
that SSc susceptibility loci are linked to immune-related genes, 
indicating that immune system dysregulation is likely a driving 
force of SSc development.19 20 However, considering the low 
concordance rate of SSc in monozygotic twins (4.2%)21 it is clear 
that genetic factors account for a small percentage of the risk to 
develop SSc. Environmental influences altering epigenetic factors 
such as histone modifications, non-coding RNA and DNA methyl-
ation are thought to play a major role in SSc development.20

Histones are fundamental proteins that stabilise and store 
DNA in chromatin form. Post-transcriptional modifications 
of histones lead to structural changes of the chromatin, either 
allowing or repressing gene transcription. Trimethylation of 
lysine 4 of histone 3 (H3K4me3) indicates active promoters 
while acetylation on lysine 27 of histone 3 (H3K27ac) is found 
in active enhancer and promoter elements.22 23 Histone modifi-
cations in fibroblasts and B cells of patients with SSc have been 
implicated in their altered phenotype.20 However, the impor-
tance of epigenetic mechanisms underlying immune system 
dysregulation in SSc and their role in the development of fibrosis 
are unknown for most immune cell subsets including monocytes.

With the aim of investigating the potential for epigenetic 
targeting in SSc, we examined the association of altered histone 
modifications at gene promoters and enhancers with differential 
gene expression in SSc monocytes, using ChIPseq of H3K4me3 
and H3K27ac in parallel with transcriptome analysis.

MeTHodS And MATerIAlS
Study participants
Peripheral blood was drawn from patients with SSc as well as age 
and gender-matched healthy control (HC). Informed consent was 
obtained from all patients and healthy donors enrolled in the study 
at the University Medical Center Utrecht, the Maasstad Medical 
Center Rotterdam and the IRCCS Policlinico of Milan. All samples 
and clinical information were treated anonymously right after 
they were obtained. All patients with SSc fulfilled the American 
College of Rheumatology/European League Against Rheumatism 
(ACR/EULAR) 2013 classification criteria and were divided into a 
discovery and a validation cohort (table 1). All individuals in the 
discovery cohort were of European ancestry (self-reported and 
confirmed by principal component analysis (PCA) of genotyping 
data (not shown)). The discovery cohort was analysed by RNAseq, 
while ChIPseq experiments were conducted on a subset of patients 
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of the same cohort, according to sample availability. Patients 
with SSc were subdivided into limited cutaneous SSc (lcSSc) and 
diffuse cutaneous SSc (dcSSc) subsets on the basis of the extent 
of skin fibrosis (Leroy, J Rheumatol, 1988). Patients with non-cu-
taneous SSc met the 2013 ACR/EULAR criteria of SSc without 
having fibrosis at the time of recruitment. Patients with early SSc 
(eaSSc) presented with Raynaud’s phenomenon in combination 
with either typical nailfold videocapillaroscopy abnormalities or 
SSc-specific autoantibodies. Ongoing treatment regimen of the 
discovery cohort is reflected in the online supplementary table S4.

A detailed description of the methods and materials used for 
experiments can be found in the online supplementary data.

reSulTS
The transcriptome profile and distribution of the histone 
marks H3K4me3 and H3K27ac are altered in monocytes of 
patients with SSc
Consistent with previous literature based on microarray analysis,24 
RNAseq of monocytes from lcSSc (n=11), dcSSc (n=7) and HC 
(n=9) (table 1) demonstrated that the transcriptome of SSc mono-
cytes is markedly different from that of their healthy counterparts 
(online supplementary figure S1A). Upregulated genes were partic-
ularly enriched in pathways relevant for monocyte activation and 
pathways associated with SSc such as IFN response, cytokine/
chemokine signalling and intracellular immune activation path-
ways (online supplementary figure S1B). PCA revealed no strong 
transcriptomic differences between treated and treatment naïve 
patients (not shown).

To gain insights into factors underlying alterations in the tran-
scriptome profile, genome-wide screening of the level of H3K4me3 
and H3K27ac histone modifications was performed using ChIPseq 
analysis on a subset of subjects from the same cohort (lcSSc, n=9; 
dcSSc, n=6; HC, n=7) (table 1). Out of 13 860 H3K4me3 and 13 
364 H3K27ac peaks identified and localised within 20 kbp from 
the transcription start site (TSS) of a gene, 1046 and 534, respec-
tively, were differentially abundant in at least one group of patients 
with SSc compared with HC (figure 1A). 55.6% of the H3K4me3 
and 61.1% of the H3K27ac peaks were upregulated in patients 
with SSc.

Significant changes in the levels of H3K4me3 and H3K27ac 
mainly occurred in genomic regions containing promoters and 
promoter-flanking regions (figure 1B), indicating that altered 
histone marks in patients with SSc may affect the expression 
of neighbouring genes. To assess this hypothesis, variations in 
H3K4me3 and H3K27ac were paralleled with expression changes 
of genes in proximity of the peaks. Consistent with previous litera-
ture demonstrating the presence of these marks at active promoters 
and enhancers,25 increased levels of H3K4me3 and H3K27ac were 
significantly associated with the upregulation of nearby genes, 
while a decrease in these marks correlated with downregulated 
gene expression (figure 1C). These findings demonstrated that SSc 
monocytes carry alterations of the chromatin landscape in regions 
relevant for gene transcription that are associated with changes in 
gene expression

Variations in H3K4me3 and H3K27ac are associated with the 
increased expression of immune, IFn and antiviral response-
related genes
To identify genes whose expression is most strongly influenced 
by altered histone marks in SSc monocytes, the abundance of 
H3K4me3 and H3K27ac was directly correlated with the mRNA 
level of nearby genes. The expression of 302 and 114 genes was 

directly and significantly proportional to the amount of H3K4me3 
and H3K27ac near their TSS, respectively (figure 2A). For 35 genes, 
the expression was significantly correlated with both chromatin 
marks (figure 2A). Pathway enrichment analysis revealed that genes 
whose expression is correlated with increased histone marks are 
involved in immune regulatory processes identified as dysregulated 
by means of RNAseq, including IFN and antiviral-related pathways 
and signalling implicated in cell-to-cell communication (figure 2B). 
Genes correlating with decreased H3K4me3 or H3K27ac marks 
were not enriched in any pathways. Demonstrating the reproduc-
ibility of these findings, the association between the expression of 
two IFN-responsive genes (figure 2C), myxoma resistance protein 
1 (MX1) and cytidine/uridine monophosphate kinase 2 (CMPK2), 
and the altered levels of H3K27ac was validated in an additional 
cohort of patients with SSc (n=14) and healthy donors (n=5) by 
targeted ChIP-qPCR analysis (figure 2D,E). Most importantly, the 
upregulation of both the histone mark and gene expression was 
similar for all SSc subsets analysed (online supplementary figure 
S2), was not correlated to disease duration (not shown) and was 
also observed in patients with eaSSc (figure 2E). In summary, 
hyperactive promoters were reproducibly associated with genes 
involved in pathways altered in SSc monocytes and previously 
linked to SSc pathogenesis and severity, even before the onset of 
fibrosis.15 16

Genes with altered promoters in SSc monocytes are regulated 
by the STAT and IrF transcription factor families
The presence of H3K4me3 and H3K27ac near the TSS strongly 
correlates with transcription factor (TF) binding and gene expres-
sion.26 27 Prediction analysis for TF binding sites was performed 
on genomic sequences characterised by altered histone marks 
in SSc. As TF predominantly binds in DNAse-hypersensitive 
sites (DHS)28 the intersection of ChIPseq data with DHS tracks 
specific for CD14+ monocytes was used to conduct the analysis 
(figure 3A).

An enrichment of binding sites for IRF and STAT TF family 
members was found in both hypermethylated and hyperacetylated 
regions in SSc monocytes (figure 3B). Confirming this prediction, 
166 out of the 236 genes whose expression is correlated with 
increased histone mark deposition are reported to have a STAT 
or IRF binding site at their genomic locus (figure 3C). Ingenuity 
pathway analysis provided further evidence that the most rele-
vant upstream TFs driving the expression of upregulated genes 
in SSc monocytes are STAT and IRF family members (figure 3D). 
Consistently, 82% of the genes associated with increased histone 
marks significantly correlated with the expression of at least one 
IRF or STAT gene (online supplementary table S1) suggesting that 
these TFs can underlie the altered activation of gene expression 
observed in SSc monocytes, in association with variations in chro-
matin marks.

The significant correlation of MX1 expression with STAT1 and 
STAT2 identified in the sequencing was replicated by qPCR anal-
ysis in a validation cohort comprising 79 patients with SSc and 19 
HCs (figure 3E). A similar result was found for CMPK2 (online 
supplementary figure S3A). Most importantly, both STAT1 and 
STAT2 were enriched on the promoter of MX1 and CMPK2 in 
a proof-of-concept experiment where monocytes were stimulated 
with IFNα (figure 3F; online supplementary figure S3B). STAT1/2 
recruitment was paralleled by a similar level of induction in MX1/
CMPK2 expression (online supplementary figure S3C) demon-
strating the capability of STAT1 and STAT2 in regulating these 
IFN-responsive genes.
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Figure 1 H3K4me3 and H3K27ac marks are altered in monocytes of patients with SSc in genomic locations important for the regulation of gene 
expression. (A) The abundance of H3K4me3 and H3K27ac was quantified by means of ChIPseq at the genome-wide level using monoclonal antibodies 
recognising these specific histone modifications. The number (and percentage, %) of differentially expressed peaks (p<0.05) in each SSc group or 
between all SSc considered together versus healthy controls (HC) was identified as described in the Methods and materials section and represented 
by Venn diagrams. Upregulated (UP) and downregulated (DOWN) genes are represented in distinct groups. (B) Differentially expressed H3K4me3 
and H3K27ac peaks were intersected with regulatory elements annotated by ENCODE. Bar graphs indicate the percentage of peaks overlapping with 
previously annotated regulatory regions. (C) Genes were categorised into seven ranks according to the fold change in mRNA expression, from log2FC 
higher than 1 to lower than −1. The total amount of H3K4me3/H3K27ac peaks identified (all) or only those significantly higher (up) or lower (down) 
in patients with SSc compared with healthy donors was associated to the aforementioned categories of genes for all genes having their TSS within 
20 kbp from the peak. The ratio of upregulated genes over the downregulated genes for each group of peaks was normalised for the ratio observed 
in the (all) group and reported on the top of each bar. The χ2 test was used to assess significant differences in the distribution of up/downregulated 
genes when associated to differentially abundant peaks as compared with the total distribution (all). FC, fold change. **P<0.01; ***P<0.001. dcSSc, 
diffuse cutaneous SSc; FC, fold change; ns, not significant; SSc, systemic sclerosis; TF, transcription factor; TSS, transcription start site.
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Figure 2 Altered H3K4me3 and H3K27ac levels correlate with gene expression in SSc monocytes. (A) Venn diagram indicating the amount (and 
percentage, %) of genes whose expression is directly and significantly correlated to changes in the level of H3K27ac or H3K4me3 within 20 kbp of 
their transcription start site (TSS) (p<0.05). Only genes associated to peaks that were significantly altered (either ‘up’ or ‘down’) in patients with 
SSc versus healthy donors were considered. (B) Pathways significantly enriched on the combined list of genes correlated to significantly upregulated 
H3K27ac and/or H3K4me3 peaks within 20 kbp from their TSS. Pathways were grouped in those IFN related (black), leading to immune cell 
activation (white) and implicated in response to infection (grey). Bar graph represents the number of genes in each pathway, while dots indicate the 
corresponding enrichment p value after controlling for the false discovery rate (FDR) using the Benjamini–Hochberg (B&H) procedure. (C) Correlation 
of the expression of myxoma resistance protein 1 (MX1) and cytidine/uridine monophosphate kinase 2 (CMPK2) with the level of H3K27ac within 
20 kbp from the TSS in the discovery cohort. (D) RT-qPCR quantification of MX1 and CMPK2 expression in the ChIP-qPCR validation cohort. (E) ChIP-
qPCR analysis of H3K27ac at the promoter of MX1 and CMPK2 in the ChIP-qPCR validation cohort. Detection of H3k27ac at the promoter of prolactin 
(PRL) was used as a negative control. Data are expressed as enrichment percentage over input DNA, horizontal bars represent means. eSSc, early SSc; 
FC, fold change; HC, healthy controls; IFN, interferon; ncSSc, non-cutaneous SSc; SSc, systemic sclerosis.

Histone-modifying enzymes and bromodomain-containing 
proteins are associated with aberrant gene expression in 
patients with SSc
To further unravel those factors leading to altered histone marks 
and thus influencing gene expression in SSc monocytes, we used 
RNAseq data to retrieve the expression of 164 enzymes involved 
in the deposition of methylation and acetylation marks, such as 
histone methyltransferases, demethylases, histone acetyltrans-
ferase or deacetylases and acetylation readers such as bromo-
domain-containing proteins (online supplementary table S2).

The expression of 12 histone-modifying enzymes was altered 
in SSc monocytes compared with HC monocytes (online supple-
mentary figure S4A), including a signature possibly leading to 
an overall increased acetylation, namely the decreased expres-
sion of chromobox 4 (CBX4), Msx2-interacting protein (SPEN) 
and suppressor of variegation 3-9 homologue 1 (SUV39H1) that 
can result in a reduced histone deacetylation activity,29–31 and 
the increased expression of inhibitor of growth family member 
4 (ING4) that can enhance H3K27ac deposition32 (figure 4A). 
Importantly, the altered expression of these genes was also 
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Figure 3 H3K4me3 and H3K27ac peaks associated with upregulated genes overlap binding sites for transcription factors of the IRF and STAT 
family and overlap with their expression. (A) Example of overlap of the tracks for H3K4me3, H3K27ac as detected by ChIPseq and the DNAse 
hypersensitive sites (DHS) signal from the ENCODE/OpenChrom database (GSE32970). (B) List of the top 10 transcription factor binding sites enriched 
under DHS overlapping with H3K27ac or H3K4me3 peaks significantly altered in patients with SSc, versus a set of 10% randomly selected peaks 
from the DHS data set. The adjusted p values were obtained using Bonferroni correction. (C) Number of H3K27ac and H3K4me3 peaks correlated to 
upregulated genes in SSc monocytes that contain a STAT or IRF binding site annotated in the ENSEMBL regulatory build 76.56 STAT1 and STAT2 are 
also represented individually. (D) Upstream regulator analysis performed with ingenuity pathway analysis. Top 10 transcription factors predicted to 
regulate the genes whose expression correlated to altered levels of H3K4me3 and H3K27ac (p<0.1) within 50 kb from their transcription start site 
(TSS). (E) Correlation between the expression of MX1 with STAT1 and STAT2 in the discovery cohort based on RNAseq data (left panels) and the 
validation cohort according to qPCR analysis (right panels). (F) ChIP-qPCR quantification of STAT1 (top) and STAT2 (bottom) bound at the promoter of 
MX1 in monocytes cultured for 2 hours either with or without IFNα. Analysis of STAT binding at the promoter of PRL was used as a negative control. 
Data shown as a percentage of the input DNA, assayed in triplicate, error bars indicate SEM. FC, fold change; HC, healthy controls; IFN, interferon; 
MX1, myxoma resistance protein 1; PRL, prolactin; SSc, systemic sclerosis.
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Figure 4 Aberrant histone acetylation deposition and reading may be implicated in the altered transcriptome of SSc monocytes. (A) Expression 
levels of chromobox 4 (CBX4), Msx2-interacting protein (SPEN), suppressor of variegation 3-9 homologue 1 (SUV39H1) and inhibitor of growth 
family member 4 (ING4) quantified in the discovery cohort by RNAseq. (B) Induction of MX1 and CMPK2 gene expression upon stimulation of healthy 
monocytes with interferon-α (IFNα) for 2 hours in the absence or presence of JQ1, as quantified by means of qPCR analysis. CMPK2, cytidine/uridine 
monophosphate kinase 2; FC, fold change; HC, healthy controls; MX1, myxoma resistance protein 1; ncSSc, non-cutaneous SSc; SSc, systemic sclerosis.

detected in patients with SSc not yet presenting with skin fibrosis 
(figure 4A). Interestingly, treatment of healthy monocytes with 
IFNα led to a similar regulation pattern for the majority of 
histone-modifying enzymes altered in SSc monocytes (8 out of 12, 

online supplementary figure S4B,C), while after stimulation with 
ligands for TLR7 (3 M-055) or TLR8 (VTX-2337) this pattern 
was not observed (online supplementary figure S5). Addition-
ally, IFNα induced the deposition of acetylation on the promoter 
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of MX1 and CMPK2, two IFN-dependent genes found to be 
associated with increased acetylation in SSc monocytes (online 
supplementary figure S6). Using JQ1, a potent inhibitor of the 
BET family of bromodomain proteins that work as acetylation 
readers, we could inhibit the induction of both acetylation and 
expression of MX1 and CMPK2, validating the role of acetyla-
tion in the expression of genes found to be altered in SSc mono-
cytes (figure 4B). These results suggest that a disrupted control 
of histone acetylation in SSc monocytes may determine, at least 
partially, the variations observed in gene expression, including at 
the early disease stage. Additionally, modulation of acetylation 
reading could restore gene expression back to basal levels.

dISCuSSIon
SSc is a complex multifactorial autoimmune disease whose patho-
genesis is suggested to be orchestrated by genetic and epigenetic 
aberrances.20 33 As accumulating studies indicate the therapeutic 
potential of epigenetic targeting, we sought evidence for an 
epigenetic distortion underlying the transcriptome alterations of 
SSc monocytes, including the well-known type I IFN signature. 
This study reports for the first time in the field of SSc research a 
profile of two specific histone modifications at the genome-wide 
level. Combining ChIPseq data with publicly available data from 
ENCODE, we defined the presence of active enhancers and 
promoters, marked respectively by H3K27ac and H3K27ac plus 
H3K4me3, and verified that SSc monocytes are characterised 
by hypoactive and hyperactive regulatory elements. Consistent 
with the knowledge that histone modifications are key epigen-
etic factors in immune cells both in differentiation and activa-
tion processes,34 35 we demonstrated that altered chromatin 
marks, epigenetically imprinting the activation of promoters and 
enhancers, are associated with modified gene expression in SSc 
monocytes.

We demonstrated that, in SSc monocytes, alterations in the 
expression of genes, in particular those involved in pathways 
related to the IFN response and cytokine signalling, are associ-
ated with altered promoter and enhancer activity. Among these, 
two of the most significantly correlated genes were MX1 and 
CMPK2. The expression of MX1 and other IFN-dependent genes 
in the lesional skin of patients with SSc was reported to correlate 
with clinical features, such as the skin thickness,18 and coincides 
with the development of digital ulcers,16 a decreased lung func-
tion15 and a more severe phenotype associated with increased 
mortality.36 The altered expression of IFN-responsive genes is 
evident from the earliest stages of the disease and is suggested 
to contribute to the pathogenesis and progression of SSc.11 12 37 
Consistently, we observed that alterations in histone acetylation 
and methylation associated to IFN-related genes are similar in all 
SSc subsets and are also found in patients with eaSSc, suggesting 
they may contribute to disease onset by initiating or sustaining 
this pathway. As the IFN signature is not limited to monocytes, 
it is possible that the altered deposition of histone modifica-
tions at the promoters of IFN-responsive genes is a common 
feature of multiple cell types in SSc. Considering that increased 
histone acetylation and methylation levels have also been previ-
ously reported in other systemic autoimmune diseases, such as 
systemic lupus erythematosus,38–40 along with the presence of 
IFN signature, aberrant activation of promoters and enhancers 
may be a common occurrence in systemic autoimmunity.

Besides the association with IFN-responsive genes, increased 
H3K4me3 levels were correlated with the expression of inter-
leukin-8 (IL8) receptors CXCR1 and CXCR2 and the C-C 
chemokine receptor type 1 (CCR1) (online supplementary table 

S3). These receptors were directly linked to the transendothe-
lial migration of monocytes41 42 and their arrest to activated 
endothelium.43 These observations, along with the notion that 
monocytes/macrophages infiltrate the SSc skin, suggest that 
the enhanced migratory phenotype of SSc monocytes5 may be 
supported by the altered activity of the promoters of chemo-
kine receptor genes. Considering the role of monocyte infil-
tration as a potential trigger of fibrosis,44 these findings can be 
of utmost importance from the therapeutic perspective. Inter-
estingly, also five members of the activating-type Fc receptors 
for IgG family (FCGR1B, FCGR1C, FCGR2A, FCGR3A and 
FCGR3B) are hypermethylated near their TSS in SSc monocytes 
(online supplementary table S3). Though the role of Fc receptors 
in autoimmune diseases has not been fully elucidated, studies 
suggest that the uptake of immune complexes via Fc receptors 
leads to activation of toll-like receptor 7 or 9 and the production 
of cytokines such as IFN and IL8.45 46 Overall, these observa-
tions suggest that the altered histone acetylation and methylation 
levels observed in SSc monocytes have a broad impact on their 
transcriptome profile, particularly on genes linked to pathways 
known to impact monocyte biology and likely linked to disease 
pathogenesis.

Chromatin alterations are not directly responsible for the 
induced gene expression. The deposition of H3K27ac and 
H3K4me3 leads to chromatin unwinding, increasing acces-
sibility to TFs driving the expression of target genes.25 28 In 
hyperacetylated and hypermethylated regions in SSc, we identi-
fied a strong enrichment of binding sites for various STAT and 
IRF TFs. Additionally, the expression of STAT1 and STAT2 was 
significantly increased in SSc monocytes and their expression 
strongly correlated with genes containing their binding site 
near the TSS (online supplementary table S1), including MX1 
and CMPK2. Furthermore, the binding of STAT1 and STAT2 
to the promoters of MX1 and CMPK2 increased upon stimu-
lation with IFNα. This demonstrated that STATs are, at least 
partially, responsible for the altered expression of these genes in 
SSc monocytes and suggests that this causal relationship may be 
extended to other factors whose binding site is enriched under 
the altered chromatin marks. In line with these findings, the 
presence of IFNα and phosphorylated STAT1 in the affected 
skin of patients with SSc was previously shown47 and GWAS 
identified SSc-risk loci in regions encoding for various STAT 
and IRF TFs.48–52

Considering the importance of H3K27ac and H3K4me3 
chromatin marks in sustaining gene expression, proteins respon-
sible for the deposition and maintenance of these histone 
modifications and their binding partners may entail novel ther-
apeutic targets in SSc. Twelve of such enzymes were differen-
tially expressed in patients with SSc, potentially leading to an 
increased H3K27ac and/or H3K4me3 status, through different 
mechanisms.29–32 A consistent subset of such genes was also 
modulated, in the same direction, upon stimulation of healthy 
monocytes with IFNα. Consistently, IFNα induced the deposi-
tion of H3K27ac at the promoter of genes found altered in SSc 
monocytes. In the light of these results, we can speculate that 
exposure of monocytes to IFNα, possibly released by activated 
plasmacytoid DCs,45 53 represents one of the factors affecting 
chromatin modifiers/readers and H3K27ac deposition in SSc 
monocytes, thus ultimately establishing the type I IFN signature. 
Further investigations should be directed to unravel the patho-
genetic pathways contributing to increased H3K4me3, which we 
did not find to be modulated near the selected genes upon IFNα 
stimulation (not shown). In addition to altered soluble factors, 
as previously demonstrated in healthy condition,54 genetic 
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differences may also underlie the altered epigenetic landscape in 
patients with SSc.

Considering that the deposition of chromatin marks is revers-
ible, targeting histone-modifying enzymes could reprogramme 
the epigenetic imprinting of SSc monocytes and constitute a 
potential therapeutic strategy to revert their activated phenotype 
and block the development of fibrosis. This is particularly inter-
esting considering that these enzymes and the H3K27ac levels 
are already altered in patients before the onset of fibrosis. In a 
proof-of-concept experiment using IFNα-stimulated monocytes 
we demonstrated that interfering with acetylation readers, that 
is, by inhibiting the activation of the transcriptional machinery 
using JQ1, modulates both the acetylation and the expression of 
genes that are also dysregulated in SSc monocytes. The inhibi-
tion of bromodomain proteins with compounds similar to JQ1 
has previously shown clinical efficacy in in vitro and animal 
models for various autoimmune disorders.55

Taken together, as epigenetic targeting of the immune system 
holds great promise for the treatment of immune-mediated 
inflammatory diseases, our data justify further research on the 
role of chromatin modifiers as therapeutic targets in SSc. At the 
early stages of disease onset, such targeting could aim at disease 
interception.
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Key messages

What is already known on this topic?
 ► CD4+ Tcells with a Tfh phenotype can infiltrate 
the skin of SSc patients, and induce in vitro 
myofibroblast differentiation.

What this study adds?
 ► Circulating Tfh cells are increased in SSc and 
correlate with SSc severity.

 ► Tfh cells from patients with SSc induce B-cell 
differentiation into plasmablasts secreting Ig 
via IL-21 secretion with increased capacity than 
healthy controls.

 ► IL-21 or JAK1/2 blockade by ruxolitinib could be 
a promising strategy in the treatment of SSc.

How might this impact on clinical practice or 
future developments ?

 ► Clinical data with anti-JAK inhibition could be 
interessting in SSc patients

AbSTrACT
Objectives systemic sclerosis (ssc) is an autoimmune 
disease characterised by widespread fibrosis, 
microangiopathy and autoantibodies. Follicular helper 
T (Tfh) cells cd4+cXcR5+pd-1+ cooperate with B 
lymphocytes to induce the differentiation of plasmocytes 
secreting immunoglobulins (ig). circulating Tfh (cTfh) 
cells are increased in several autoimmune diseases. 
However, there are no data about cTfh cells and their 
interaction with B cells in ssc. The aim of this study was 
to perform a quantitative and functional analysis of cTfh 
cells in ssc.
Methods Using flow cytometry, we analysed cTfh cells 
from 50 patients with ssc and 32 healthy controls (Hc). 
in vitro coculture experiments of sorted cTfh and B cells 
were performed for functional analysis. igg and igm 
production were measured by Elisa.
results We observed that cTfh cell numbers are 
increased in patients with ssc compared with Hc. 
Furthermore, the increase in cTfh cells was more potent 
in patients with severe forms of ssc such as diffuse ssc 
and in the presence of arterial pulmonary hypertension. 
cTfh cells from patients with ssc present an activated 
Tfh phenotype, with high expression of Bcl-6, increased 
capacity to produce il-21 in comparison with healthy 
controls. in vitro, cTfh cells from patients with ssc 
had higher capacity to stimulate the differentiation of 
cd19+cd27+cd38hi B cells and their secretion of igg 
and igm through the il-21 pathway than Tfh cells from 
healthy controls. Blocking il-21R or using the JaK1/2 
inhibitor ruxolitinib reduced the Tfh cells’ capacity 
to stimulate the plasmablasts and decreased the ig 
production.
Conclusions circulating Tfh cells are increased in ssc 
and correlate with ssc severity. The il-21 pathway or 
JaK1/2 blockade by ruxolitinib could be a promising 
strategy in the treatment of ssc.

InTrOduCTIOn
Systemic sclerosis (SSc) is an autoimmune disease 
characterised by fibrosis of the skin and other 
organs, vascular impairment and deficient immune 
responses.1 Patients with SSc are classified into two 
groups depending on the extent of the skin involve-
ment: the limited cutaneous SSc (lSSc) with skin 
involvement limited to face and hands, and the 

diffuse SSc (dSSc) with skin involvement proximal 
to elbows and knees. dSSc is a rapidly progressing 
disorder with more frequent visceral involvement 
and increased mortality rates.2 The exact patho-
physiology of the disease is largely unknown and 
includes endothelial cell impairment, fibrosis and 
immune dysfunction. The CD4+ T cells are a major 
component of the infiltrate in the skin in the acute 
inflammatory stage of the disease.3 Peripheral T 
lymphocytes have increased expression of activa-
tion markers and secrete proinflammatory cyto-
kines that activate fibroblasts and plasma cells.4 B 
lymphocytes are also reported to play a predom-
inant role in SSc: autoantibodies are usually 
detected in the sera of patients with SSc5 and B-cell 
homeostasis is disturbed in SSc. Despite increased 
expression of activation markers (CD80, CD86 and 
CD95),6 SSc B lymphocytes secrete higher levels 
of the profibrotic cytokines IL-6 and TGF-β.7 The 
levels of the cytokine B-cell activating factor and 
a proliferation-inducing ligand implicated in B-cell 
survival are also increased in SSc serum and appear 
to be correlated with disease severity.8–10
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Table 1 Patients’ characteristics

Characteristics

Patients with 
SSc
(n=52)

Patients with 
dSSc
(n=15)

Patients with 
lSSc
(n=37)

Age (years) 61 (32–81) 59.5 (32–75) 61 (32–81)

Age at first non-Raynaud 
symptom (years)

48 (26–72) 42 (27–67) 49 (26–72)

Female sex n (%) 42 (81) 12 (73) 31 (84)

Disease duration (years) 12 (0–27) 12 (0–24) 10 (0–27)

European ethnicity n (%) 31 (64) 8 (53) 23 (69)

Skin involvement 

 Diffuse systemic sclerosis 
n (%)

15 (29) – –

 Limited systemic sclerosis 
n (%)

37 (71) – –

 Rodnan score 10 (0–36) 15 (10–36) 8.5 (0–27)

 Active digital ulcers n (%) 8 (16) 4 (27) 4 (11)

Pulmonary involvement 

 Interstitial lung disease n (%) 21 (40) 11 (73) 10 (27)

 Pulmonary arterial 
hypertension n (%)

5 (10) 3 (20) 2 (5)

 FVC (% of the predicted 
value)

103 (37–154) 75 (37–111) 106 (38–154)

 DLCO (% of the predicted 
value)

61 (14–98) 55 (23–82) 62 (14–98)

Other organ involvement 

 Joint involvement n (%) 6 (12%) 1 (7) 5 (14)

 Kidney sclerosis crisis n (%) 1 (2%) 1 (7) 0 (0)

  Heart impairment n (%) 1 (2%) 1 (7) 0 (0)

Laboratory data 

 BNP (mg/L) 34 (10–300) 39 (18–134) 34 (10–300)

  C reactive protein (mg/L) 1 (1–50) 8.9 (1–50) 1 (1–16)

Autoantibodies 

 Anti-centromeres n (%) 26 (50) 0 (0) 25 (71)

 Anti-Scl70 n (%) 11 (22) 5 (33) 7 (20)

 Anti-RNAPol3 n (%) 5 (10) 5 (33) 0

Values are medians with ranges and frequencies with percentages.
Anti-RNAPol3, anti-RNA polymerase 3 antibody; Anti-Scl70, anti-topoisomerase 
1 antibody; BNP, Brain natriuretic peptide; DLCO, Diffusing capacity for carbon 
monoxide; FVC, Forced vital capacity.

Follicular helper T (Tfh) cells are a subset of CD4+ T cells 
able to provide help to B cells to undergo proliferation, isotype 
switch and somatic hypermutation, resulting in long-lasting 
antibody responses.11 12 They are localised next to the germinal 
centre (GC) in secondary lymphoid organs and are characterised 
by their surface expression of C-X-C chemokine receptor type 
5 (CXCR5), inducible costimulatory (ICOS) and programmed 
death cell protein 1 (PD-1), by the expression of the tran-
scription factor B-cell lymphoma 6 (BCL-6) and the secretion 
of IL-21 and IL-4 cytokines.13–15 A circulating Tfh population 
(cTfh) has also been identified, which expresses CXCR5, PD-1 
and ICOS and can help B-cell differentiation into plasma cells 
via IL-21 secretion.16 Increased frequencies of cTfh have been 
reported in several autoimmune diseases such as rheumatoid 
arthritis, juvenile dermatomyositis, Sjögren’s syndrome and 
systemic lupus erythematosus.16–19 Several subtypes of cTfh have 
been described whose frequencies could be disturbed in autoim-
mune diseases.16 Recently, a pathologically expanded population 
of CXCR5−PD-1+CD4+ T cells called T peripheral helper cells 
has been identified in the synovium of patients with rheumatoid 
arthritis which could also promote plasma cell differentiation.20 
Furthermore, CD4+ T cells with a Tfh phenotype can infiltrate 
the skin of patients with SSc and induce in vitro myofibroblast 
differentiation.21 Thus, Tfh may play a predominant role in the 
pathophysiology of SSc disease and promote B-cell stimulation 
and activation favouring increased persistent inflammation. We 
performed a quantitative and functional analysis of the cTfh 
in patients with SSc in comparison with healthy controls. We 
demonstrate that cTfh are increased in SSc and correlated with 
disease severity. Moreover, cTfh from patients with SSc are more 
efficient than healthy controls to induce B-cell differentiation 
into plasma cells secreting IgG via the secretion of IL-21 cyto-
kine. Ruxolitinib, a JAK1/2 inhibitor, significantly reduced in 
vitro cTfh capacity to induce plasma cells and their IL-21 secre-
tion, suggesting that the JAK/STAT pathway blockade could be a 
potential therapeutic approach in SSc.

Patients and methods
Fifty-two consecutive patients with SSc (median age 61 years 
(range, 32–81), 80% women) and 38 healthy controls (median 
age 53 years (range, 23–64), 46% women) were prospectively 
included in the study. All patients with SSc enrolled in this 
study were followed at Saint-Antoine Hospital. All patients 
fulfilled the 2013 American College of Rheumatology/Euro-
pean League Against Rheumatism criteria for SSc.22 Patients 
with an associated autoimmune systemic disease, concomitant 
infectious disease or active neoplasm were excluded. None of 
the patients with SSc were receiving treatment with steroids or 
other immunosuppressive therapy at the time of the analysis. 
For each patient, the following data were analysed: age, gender, 
disease duration (from the date of the first non-Raynaud’s 
phenomenon), type of SSc (dSSc or lSSc), presence of active 
digital ulcers, presence of joint, heart, gastrointestinal and lung 
involvement, modified Rodnan skin score (mRss) and presence 
of pulmonary arterial hypertension. The lung involvement was 
defined as the presence of interstitial lung disease on high-res-
olution CT scan. Laboratory data included C reactive protein 
level, total lymphocyte count, plasma creatinine, urea, creati-
nine phosphokinase enzymes and antinuclear autoantibodies 
(anti-centromeres, anti-topoisomerase I, anti-PM-Scl, anti-RNA 
polymerase III autoantibodies). Characteristics of patients with 
SSc are depicted in table 1.

biological samples
Blood samples were collected in EDTA tubes (BD Biosciences, 
Le Pont de Claix, France). Healthy controls (HC) were obtained 
from healthy donors (‘Etablissement Français du Sang, Paris 
Saint-Antoine-Crozatier’). Peripheral blood mononuclear cells 
(PBMCs) were isolated with a standard gradient centrifugation 
procedure on a lymphocyte separation medium (Lymphosep 
separation media; Dutscher, Issy-les-Moulineaux, France).

Phenotype analysis by flow cytometry
After isolation, PBMCs were stained with the following fluoro-
chrome-conjugated antibodies: CXCR3 (CD183) FITC, CCR6 
PE-Vio770 (Miltenyi Biotec, Paris, France); CXCR5 (CD185) 
PE (eBioscience, ThermoFisher, Villebon, France); CD45RA 
ECD, PD-1 (CD279) PECY5.5, ICOS (CD278) APC, CD3 
AA750 (Beckman Coulter, Villepinte, France); CD45 BV510, 
CD4 BV650, HLA-DR BV786 (BD Biosciences, Rungis, France). 
For B-lymphocyte analysis, the following fluorochrome-conju-
gated antibodies were used: IgD FITC, CD21 BV450, CD45 
BV510, IL-21R APC (BD Biosciences); CD27 PE, CD24 ECD, 
CD38 PECY5.5, CD19 PC7 (Beckman Coulter); CD5 AA700 
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(Biolegend, Ozyme, Montigny-le-Bretonneux). T-lymphocyte 
and B-lymphocyte absolute numbers were determined using 
50 µL of whole blood from patients and HC using Trucount 
tubes (BD Biosciences). Samples were stained with the following 
antibodies: CD19 FITC, CD45 ECD, CD3 AA750 (Beckman 
Coulter) for 15 min and then incubated for 15 min with 450 
µL BD FACS Lysis Solution and subsequently analysed by flow 
cytometry. Compensation beads were used for compensation 
setting (VersaComp; Beckman Coulter). Cells were analysed on 
a Cytoflex flow cytometer (Beckman Coulter). Data were anal-
ysed using Kaluza V.5.1 software (Beckman Coulter).

Cell sorting
Total CD4+ T cells were isolated from PBMCs using a Magnisort 
Human CD4 T-cell negative selection kit (Invitrogen, Ther-
moFisher). T-cell purity was always more than 94%. CD4+ T 
cells were then stained with the following fluorochrome-con-
jugated antibodies: CXCR5 (CD185) PE (eBioscience), CD4 
Pacific Blue, PD-1 APC (Beckman Coulter). Tfh cells were 
defined as CD4+CXCR5+PD-1+ cells. Tfh cells, CD4+CX-
CR5−PD-1+ and CD4+CXCR5−PD-1− were sorted using a flow 
cytometer (FACS Aria III; BD Biosciences). B lymphocytes were 
isolated from PBMCs by a magnetic beads CD19+ positive selec-
tion kit (eBioscience). All sorted cell populations exhibited high 
purity (>90%).

Stimulation of Tfh cells
Sorted Tfh cells or non-Tfh CD4+ T cells from nine patients 
with SSC were cultured at 50 000 cells per well in 200 µL of 
RPMI 1640 medium (Eurobio, Courtaboeuf, France) supple-
mented with 10% fetal bovine serum (Gibco, ThermoFisher) 
and with phorbol 12-myristate 13-acetate (PMA, 50 ng/mL) and 
ionomycin (1 µg/mL) (Sigma-Aldrich, St. Louis, Missouri, USA). 
Supernatants were then collected after 36 hours of culture and 
IL-21 levels were measured by ELISA (IL-21 Human uncoated 
ELISA kit; ThermoFisher).

Coculture of T and b cells
Sorted Tfh cells, non-Tfh CD4+ T cells and purified CD19+ 
B cells were cocultured at 50 000 cells/well in 96-well plates 
(Starstedt) at a 1:1 ratio in 200 µL of TexMACS medium 
(Miltenyi Biotec) supplemented with gentamycine (Gibco) and 
0.1 µg/mL SEB (Toxin Technology, Sarasota, Florida, USA) from 
13 patients with SSc (3 dSSc and 10 lSSc) and 6 HC. Super-
natants were collected after 6 days of culture. For blocking 
experiments, 10 µg/mL recombinant Human IL-21 Fc Chimaera 
Protein (IL-21RFc) (R&D Systems, Lille, France), or 10 µg/mL 
anti-IL6R-IgG1 (Roactemra, tociluzimab; Roche), or 0.1 µg/mL 
ruxolitinib (InvivoGen, San Diego, California, USA) were added 
in the culture. The total IgG and IgM levels were measured in 
coculture supernatants by ELISA (IgG Total Human uncoated 
ELISA kit and IgM human uncoated ELISA kit; ThermoFisher) 
according to the manufacturers’ instructions.

rT-PCr analyses
RNA extractions from eight patients with SSc (n=3 dSSC and 
n=5 lSSc) and six HC were performed using RNeasy Mini kit 
(Qiagen, Cergy Pontoise, France). RNA was subjected to reverse 
transcription (High Capacity RNA-to-cDNA Master Mix; Ther-
moFisher) and quantified by real-time quantitative PCR using 
commercially available primer/probes sets (Assay-On-Demand; 
ThermoFisher Scientific): GAPDH (Hs99999905_m1), IL-21 
(Hs00222327_m1), BCL-6 (Hs00153368_m1), CXCL13 

(Hs00757930_m1), BLIMP-1 (Hs00757930_m1). Real-Time 
PCR were performed on a 7500 Fast Dx Real-Time PCR Instru-
ment (ThermoFisher Scientific). Relative expression for the 
mRNA transcripts was calculated using the ∆∆Ct method and 
GAPDH mRNA transcript as reference.

Statistical analysis
Data are expressed as means±SD, medians with ranges and 
numbers with their frequencies. The χ2 test or Fisher test was 
used to compare qualitative values according to distribution and 
the Student t-test, Mann-Whitney U test or Wilcoxon test for 
continuous quantitative variables. The Pearson test was used to 
determine the correlation between variables. All analyses were 
performed using GraphPad Prism V.5.0 (GraphPad Software, 
San Diego, California, USA). A p value <0.05 was considered as 
statistically significant.

reSulTS
Circulating Tfh cells are increased in SSc and express high 
levels of Pd-1 and activation markers
We analysed circulating Tfh (cTfh) cells in the blood of 50 
patients with SSc and 32 healthy controls by flow cytometry. The 
cTfh cells were defined as CD4+CXCR5+PD-1+ cells among 
CD4+ T cells. The gating strategy used to identify cTfh cells is 
represented in figure 1A. The percentage and absolute numbers 
of cTfh cells among CD4+ T cells were significantly increased 
in patients with SSc as compared with HC (mean 7.2±3.6% vs 
4.4±1.5% (p<0.0001) and 69.1±38.9 cells/µL vs 33.2±19.2 
cells/µL (p<0.0001), respectively) (figure 1B,C).

We also evaluated the CXCR5−PD-1+CD4+ T cells and we 
observed that their number was also significantly increased in 
patients with SSc in comparison with HC: 128±79.4 cells/µL 
versus 77±60 cells/µL; p=0.001 (figure 1D). We then analysed 
the three major subsets of Tfh cells in human blood as previously 
described by Morita et al,16 namely Tfh1, Tfh2 and Tfh17 subsets 
which are characterised by their different expression of CXCR3 
and CCR6 (figure 1A). As shown in figure 1E, the percentages 
of Tfh1 cells CXCR3+CCR6−, Tfh2 cells CXCR3−CCR6− and 
Tfh17 CXCR3−CCR6+ cells did not differ in patients with SSc 
in comparison with healthy controls.

PD-1 signalling on Tfh cells promotes the selection and the 
survival of GC B cells, and regulates formation of long-lived 
plasma cells via interaction with the ligand PD-L1 on B cells. 
We evaluated the level of expression of PD-1 on Tfh cells from 
patients with SSc. High expression of PD-1 (PD-1high) or inter-
mediate expression (PD-1int) by Tfh cells were defined according 
to the PD-1 intensity as shown in figure 1F. We observed that 
the frequencies of CD4+CXCR5+PD-1high cells were signifi-
cantly increased in patients with SSc as compared with healthy 
controls (1.6±0.95% vs 1.1±0.6%; p=0.01) and for CD4+CX-
CR5+PD-1int cells (4.9±2.31% vs 3.2±0.96%; p=0.003) 
(figure 1G). The CD4+CXCR5+PD-1high Tfh cells have an 
increased expression (MFI) of ICOS (mean 4984±2716 vs 
7845±3187; p<0.0001) and of HLA-DR (mean 10 590±5525 
vs 14 560±8466; p=0.023) as compared with CD4+CX-
CR5+PD-1int cells (figure 1H,I). Thus, cTfh cells are increased 
in patients with SSc and express higher levels of PD-1 and other 
activation markers, such as ICOS and HLA-DR.

Circulating Tfh are increased in severe subtypes of SSc
We then analysed the proportions of cTfh according to SSc 
characteristics and subtypes. As expected, median Rodnan scale 
was significantly different in patients with dSS compared with 
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Figure 1 Expansion of cTfh cells in the blood of patients with systemic sclerosis (SSc). (A) Gating strategy to identify cTfh and Tfh subsets by flow 
cytometry. (B) Frequencies of cTfh within CD4+ T cells in patients with SSc (n=50) and in healthy controls (HC) (n=32). (C) Absolute numbers of cTfh 
cells in patients with SSc (n=50) and in HC (n=24). (D) Absolute numbers of CXCR5−PD-1+CD4+ cells in patients with SSc and in HC. (E) Frequencies 
of cTfh subsets (Tfh1, Tfh2, Tfh17) within Tfh cells in patients with SSc and in HC. (F) Identification of PD-1hi Tfh by flow cytometry. (G) Frequencies of 
PD-1hi Tfh cells (left panel) and CXCR5+PD-1int CD4+ cells (right panel) among CD4+ T in SSc and HC. (H) Expression of inducible costimulatory (ICOS) 
mean fluorescence intensity (MFI arithmetic mean) by PD-1hi and PD-1int cells in SSc. (I) Expression of HLA-DR MFI arithmetic mean by PD-1hi and PD-
1int cells in SSc. Data represent the mean with SD; *p<0.05, **p<0.01, ***p<0.001 by Mann-Whitney U test.

lSSc (p=0.0002) (table 1). We observed that cTfh cells were 
significantly expanded in the severe dSSc as compared with 
lSSc (9.3±4.9% vs 6.3±2.7%; p=0.04) (figure 2A). Only cTfh 
CXCR5+PD-1+ but not CXCR5−PD-1+CD4+ T cells were 
significantly increased in patients with dSSc (figure 2B). Circu-
lating Tfh cell frequencies were also increased in patients with 
pulmonary arterial hypertension (13.4±5.8% vs 6.2±2.2%; 
p=0.003) (figure 2C). However, we did not observe differences 
in the proportions of cTfh in patients with active digital ulcers 

(p=0.053) or interstitial lung disease (figure 2D,E). Interest-
ingly, cTfh frequencies correlated positively with mRSS scale 
(r=+0.33; p=0.023), but no correlation of Tfh cells and mRSS 
was observed when patients with dSSc and lSSc were analysed 
separately, probably because of the higher mRSS values in dSSc 
(figure 2F). The cTfh cell frequency did not correlate with C reac-
tive protein levels, brain natriuretic peptide, diffusing capacity 
for carbon monoxide, forced vital capacitylevels, the presence of 
scleroderma renal crisis and other organ involvements (data not 
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Figure 2 Circulating Tfh cells are increased according to disease severity. (A) Frequencies of cTfh among CD4+ T cells in limited cutaneous systemic 
sclerosis (lSSc) and in diffuse SSc (dSSc). (B) Frequencies of CXCR5−PD-1+CD4+ cells among CD4+ T cells in lSSc and in dSSc. (C) Frequencies of 
cTfh among CD4+ T cells in patients with SSc with or without pulmonary arterial hypertension (PAH). (D) Frequencies of cTfh among CD4+ T cells in 
patients with SSc with or without active digital ulcers. (E) Frequencies of cTfh among CD4+ T cells in patients with SSc with or without interstitial lung 
disease (ILD). (F) Correlation between frequencies of cTfh among CD4+ T cells and modified Rodnan skin score (mRSS) scale (A–E). Data represent the 
mean with SD; *p<0.05, **p<0.01, ***p<0.001 by Mann-Whitney U test. (F) Spearman test for patients with SSc (left panel), dSSc and lSSc (middle 
and right panel, respectively). ns, not significant.

shown). These data suggest that cTfh frequencies are increased 
in the severe dSSc subtype.

Circulating Tfh cells express Il-21 and induce plasma cell 
differentiation through Il-21
The cTfh cells are able to induce differentiation of naive B cells into 
plasma cells through IL-21 secretion.16 20 As cTfh are increased in 
patients with SSc, we evaluated the frequency of plasma cells in 
these patients, which were defined as CD19+CD27+CD38hiIgD− 
B cells in SSc and HC (figure 3A). The frequencies and absolute 

numbers of CD19+CD27+38hiIgD− plasma B cells were not 
statistically different in patients with SSc and in HC (figure 3B). 
However, cTfh cell frequencies and numbers positively correlated 
with frequencies and numbers of CD19+CD27+38hiIgD− plasma 
B cells (r=+0.38; p=0.006) in patients with SSc, whereas no 
significant correlation was found in HC (figure 3C). Circulating 
CXCR5−PD-1+CD4+ T-cell numbers (r=+0.37; p=0.025) and 
frequencies (r=+0.514; p=0.0005) also positively correlated 
with CD19+CD27+CD38hiIgD− plasma B cells in patients with 
SSc, whereas no correlation was found for HC (figure 3D).
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Figure 3 Circulating Tfh cells frequencies correlates with plasmablasts (PB) in systemic sclerosis (SSc). (A) Gating strategy to identify circulating 
B-cell subsets. PB were defined as CD19+CD27+CD38hiIgD− cells by flow cytometry. (B) Absolute numbers and frequencies of PB in SSc (n=50) and 
in healthy controls (HC) (n=24). (C) Correlation of PB and cTfh frequencies in SSc and in HC. (D) Correlation of PB and CXCR5−PD-1+CD4+ T-cell 
frequencies in SSc and in HC. (B) Data represent the mean with SD, *p<0.05, **p<0.01, ***p<0.001 by Mann-Whitney U test. (C–D) Spearman test. 
ns, not significant.

We further explored the functional capacity of cTfh from 
patients with SSc. We first characterised the expression of the 
transcription factor BCL-6 required for Tfh differentiation and 
B-cell help23 24 and Blimp-1 which antagonises BCL-6.25 We 
analysed by RT-PCR the expression of BCL-6 and Blimp-1 in 
sorted CXCR5+PD-1+CD4+ and CXCR5−PD-1−CD4+ T cells 
from patients with SSc and HC. As shown in figure 4A, for 
patients with SSc, BCL-6 expression was significantly higher in 
cTfh cells CXCR5+PD-1+CD4+ than in CXCR5−PD-1−CD4+ 
T cells (p=0.016), whereas Blimp-1 expression was not signifi-
cantly different (p=0.55) (figure 4B). In addition, cTfh cells 
from patients with SSc also expressed higher BCL-6 than 
CXCR5−PD-1+CD4+ T cells (figure 4A). In contrast, cTfh cells 
from HC did not express differently BCL-6 nor BLIMP1 than 
CXCR5−PD-1−CD4+ T cells (figure 4A and B). Then, we anal-
ysed the expression of IL-21 and CXCL-13 cytokines by cTfh 
and CXCR5−PD-1− CD4+ T cells. Sorted cTfh from patients 
with SSc expressed higher transcriptional levels of IL-21 than 
CXCR5−PD-1−CD4+ T cells (p=0.03) (figure 4D), and this 
increase was not observed for cTfh cells from HC (p=0.06) 

(figure 4D). In patients with SSc and HC, cTfh cells expressed 
significantly higher transcriptional levels of CXCL-13 than 
CXCR5−PD-1+CD4+ T cells (p=0.008 and p=0.02 for patients 
with SSc and HC, respectively) (figure 4C), whereas we did not 
detect any CXCL-13 expression by CXCR5−PD-1−CD4+ T cells 
(data not shown). cTfh cells from patients with SSc expressed 
significantly higher IL-21 than cTfh from HC (260±232 vs 
100±0; p=0.02) (figure 4E).

In order to determine the capacity of cTfh cells from patients 
with SSc to induce plasmablast differentiation, sorted cTfh were 
cocultured with autologous CD19+ B cells. The proportion of 
CD19+CD27+CD38hi plasmablasts was determined by flow 
cytometry after 6 days of coculture with cTfh cells (figure 5A). 
In the cocultures of cells from patients with SSc, we observed a 
significant increase of plasmablasts from B cells cocultured with 
cTfh cells as compared with B cells cocultured with non-Tfh 
CXCR5−PD-1−CD4+ T cells (41.9±16.0% vs 7.1±5.6%; 
p<0.0001) (figure 5B) or B cells alone. The levels of total IgG 
and IgM were measured by ELISA in the supernatants of CD19+ 
B cells cocultured with cTfh and non-Tfh cells. IgG and IgM 
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Figure 4 BCL-6 and IL-21 are increased in cTfh from patients with systemic sclerosis (SSc). (A–B) Quantification of the expression of the 
transcription factor Bcl-6 (A) and Blimp-1 (B) in blood CD4+ T cells by reverse transcription PCR (RT-PCR) (n=8 patients with SSc, n=6 healthy controls 
(HC)). (C–D) RT-PCR analysis of chemokine CXCL13 (C) and cytokine IL-21 (D) and in blood CD4+ T cells from patients with SSc (n=7 for IL-21 
experiment and n=8 for CXCL13) or HC (n=6). (E) RT-PCR analysis of cytokine IL-21 in cTfh or CXCR5−PD-1+ CD4+ T cells from patients with SSc (n=6) 
or HC (n=6). (A–E) Data represent mean with SD, *p<0.05, **p<0.01, ***p<0.001 by Wilcoxon test. ns, not significant.

concentrations were significantly increased in cTfh and B-cell 
cocultures as compared with non-Tfh CXCR5−PD-1−CD4+ 
T-cell and B-cell cocultures (2384±2510 ng/mL vs 190±287 ng/
mL; p<0.0001) and (4592±3191 ng/mL vs 1315±1436 ng/mL; 
p=0.005), respectively (figure 5C,D). Also, CXCR5−PD-1+CD4+ 
T cells induced higher plasmablast frequencies and IgG produc-
tion than CXCR5−PD-1−CD4+ T cells (p=0.01 and p=0.0004, 
respectively) (figure 5B–C). Finally, CXCR5+PD-1+CD4+ T Tfh 
cells were more efficient than CXCR5−PD-1+CD4+ T cells in 

promoting IgM secretion (p=0.01) (figure 5D). In the cocultures 
of cells from HC, the same results were observed for plasmab-
last frequencies and Ig production (figure 5B–D). Interestingly, 
cTfh cells from patients with SSc were more efficient to induce 
plasmablasts and IgG or IgM production in comparison with 
healthy controls (figure 5B–D).

Altogether, these data suggest that cTfh from patients with SSc 
are fully functional in promoting plasmablast activation and Ig 
production.
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Figure 5 Plasmablast (PB) cell frequencies and Ig secretion are increased in Tfh coculture with B cells. (A) Identification of PB by flow cytometry 
after 6 days of Tfh and B-cell cocultures, one representative example of patient. (B) Frequencies of PB after Tfh and B-cell cocultures or B-cell culture 
alone by flow cytometry (n=13 patients with systemic sclerosis (SSc), n=6 healthy controls (HC)). IgG (C) and IgM (D) in supernatants of coculture by 
ELISA (n=13 patients with SSc, n=6 HC). (B–D) Black bars represent patients with SSc, white bars represent HC. Data represent mean with SD, Mann-
Whitney U test. ns, not significant.

Il-21 blockade and JAK1/2 inhibition suppress the cTfh cells’ 
ability to induce plasma b-cell proliferation and Ig secretion
Since IL-21 support the expansion of plasmablasts induced by 
cTfh, we performed blocking experiments of the IL-21 signal-
ling pathway. Thus, cTfh sorted from the blood of patients with 
SSc were cocultured with autologous B cells in the presence 
of recombinant IL-21RFc or in the presence of ruxolitinib, a 
JAK1/2 inhibitor which can affect CD4+ T-cell proliferation and 
inflammatory cytokine production.26

After 6 days of cTfh and B-cell coculture with IL-21RFc 
from patients with SSc, plasmablast cell frequency significantly 
decreased (38.4±19.6% without IL-21RFc vs 13.2±13.8% 
with IL-21RFc; p=0.002) (figure 6A). In addition, a signif-
icant decrease of IgG (2821±3051 ng/mL vs 508±616 ng/
mL; p=0.004) (figure 6B) and IgM secretion (4592±3191 ng/
mL vs 962±978 ng/mL; p=0.0003) (figure 6C) was observed 
with IL-21RFc in cTfh and B-cell cocultures from patients with 
SSc. IL-21 blocking also reduced plasmablast cell frequencies 
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Figure 6 cTfh cells promote plasmablast (PB) cell differentiation and Ig secretion through IL-21 that can be inhibited by ruxolitinib in patients with 
systemic sclerosis (SSc). (A) PB cell frequencies in Tfh-cell and B-cell cocultures in the presence of IL-21RFc (n=12 patients with SSc, n=6 healthy 
controls (HC)), or with anti-IL-6R (tocilizumab) (n=8 patients with SSc, n=6 HC). (B) IgG concentration in supernatants of Tfh and B-cell cocultures 
with or without IL-21RFc (n=11 patients with SSc, n=5 HC). (C) IgM concentration in supernatants of Tfh and B-cell cocultures with or without IL-
21RFc (n=11 patients with SSc, n=5 HC) or anti-IL-6R (n=7 patients with SSc, n=5 HC). (D–F) PB frequencies, IgG and IgM levels in supernatants after 
Tfh-cell and B-cell cocultures with or without ruxolitinib (n=6 patients with SSc, n=6 HC). (G) Cytokine IL-21 production by CD4+ T cells after phorbol 
12-myristate 13-acetate and ionomycin stimulation with or without ruxolitinib (n=9 patients with SSc). (A–G) Data represent mean with SD, *p<0.05, 
**p<0.01***p<0.001 by Mann-Whitney U test. ns, not significant.

and IgM production in cocultures of Tfh and B cells from HC 
(figure 6A–C). We also assessed the role of IL-6 in plasmablast 
expansion induced by cTfh. IL-6 has been previously reported to 
be highly secreted by B cells in SSc7 and able to stimulate IL-21 
production by CD4+ T cells.27 The addition of tocilizumab, an 
anti-IL-6 receptor monoclonal antibody, to CD19+ B and Tfh 
cell cocultures did not significantly reduce the frequency of 
plasmablasts (figure 6A) or their secretion of IgM (figure 6C) in 
patients with SSc and in HC.

The addition of ruxolitinib, a JAK1/2 inhibitor, to CD19+ 
B cells and cTfh cocultures from patients with SSc resulted in 
a significant decrease of plasmablast expansion (44.4±7.8% 
vs 4.7±2.9%; p=0.0007), of IgG (1568±937 ng/mL vs 
56.8.6±75.7 ng/mL; p=0.02) and IgM secretions (4575±2447 
ng/mL vs 105±132 ng/mL; p=0.002) (figure 6D–F). Similarly, 
in cTfh and B-cell cocultures from HC, the addition of ruxoli-
tinib resulted in a significant reduction of plasmablast frequen-
cies, IgG and IgM productions (figure 6D–F). The addition of 
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IL-21RFc or ruxolitinib to CXCR5−PD-1+CD4+ T-cell and 
CD19+ B-cell cocultures from patients with SSc also reduced the 
plasmablast cell differentiation and IgG secretion (online supple-
mentary figure 1).

Thus, these results indicated that ruxolitinib could affect 
plasmablast differentiation and their capacity to secrete immu-
noglobulins. In order to determine if ruxolitinib can directly 
impact the IL-21 production by cTfh, we stimulated in vitro 
cTfh from patients with SSc by PMA and ionomycin in the 
presence of ruxolitinib. We observed that IL-21 levels in the 
supernatants of activated cTfh were significantly reduced 
by ruxolitinib (3033±1419 pg/mL vs 1455±1101 pg/mL; 
p=0.013). Conversely, IL-21 secretion by CXCR5−PD-1+CD4+ 
was not affected by the presence of ruxolitinib (figure 6G). Taken 
together, these results demonstrate that cTfh from patients with 
SSc can drive the expansion of plasma cells and immunoglobulin 
production, which can be successfully inhibited by IL-21 neutral-
isation with ruxolitinib.

dISCuSSIOn
Autoimmune diseases are usually characterised by increased 
autoantibody production which can result in organ dysfunction 
through various mechanisms, such as increased apoptosis, recruit-
ment of inflammatory cells or direct cytotoxicity. This increased 
production of autoantibodies can result from a tolerance break-
down during the B-cell development28 or be the consequence 
of somatic mutation and aberrant selection into the GCs.29 
Tfh cells are crucial immune regulators of B-cell activation and 
differentiation and recently cTfh have been implicated in several 
autoimmune diseases such as lupus erythematosus, Sjogren’s 
syndrome and rheumatoid arthritis. Moreover, cTfh frequencies 
have been shown to correlate with disease severity and levels 
of autoantibodies.17–19 In SSc, B cells can secrete various auto-
antibodies that correlate with disease subtypes, disease severity 
and prognosis. Thus, several studies showed that B-cell homeo-
stasis was altered in SSc; however, the precise mechanisms of 
B-cell excessive maturation remain understudied. In this study, 
we performed the functional analysis of Tfh cells from patients 
with SSc and analysed their interaction with B cells. First, we 
demonstrate that cTfh are increased in SSc and are correlated 
with disease severity. Indeed, the cTfh frequencies were signifi-
cantly increased in patients with SSc with dSSc subtypes, which 
are characterised by more aggressive disease outcome and 
increased mortality. cTFH cells were also increased in patients 
with pulmonary arterial hypertension which represents a severe 
and life-threating complication of SSc. The skin progression, 
as represented by the mRSS scale, is one of best predictors of 
disease activity in SSc, and the Tfh cell frequency is significantly 
correlated with the mRSS in our study. Further studies would be 
needed to analyse the cTfh cell frequencies and their functional 
capacity in patients under treatment who respond in particular 
with skin improvement. We did not analyse cTfh correlation 
with autoantibody levels in the serum of patients with SSc as 
ELISA tests used to detect autoantibodies provided only qualita-
tive data, and more than 80% of patients with SSc were positive 
for autoantibodies in the serum. Another subset of CD4+ T cells, 
which can also stimulate plasma B-cell differentiation, has been 
recently described in rheumatoid arthritis and characterised as 
CXCR5−PD-1+CD4+ peripheral helper T cells. The T follicular 
helper-like cell frequencies were similar to HC, and these cells 
did not correlate with SSc severity. The CXCR5−PD-1+ CD4+ 
peripheral helper T cells were expanded in the synovium of 
patients with rheumatoid arthritis20 and tissular Tfh cells have 

been shown to infiltrate the skin of patients with SSc.21 The 
increased frequencies of cTfh cells that we observed in patients 
with SSc could be related to overall increased Tfh cells in blood 
and tissues, or represent Tfh cell homeostasis disturbance with 
increased levels of circulating cells. Few studies have analysed 
circulating or tissue-infiltrating Tfh cell frequencies and homeo-
stasis in SSc. Two studies described increased ICOS+ T cell in 
the skin of patients with SSc30 31 and one recent study showed 
that CD4+ICOS+PD-1+CXCR5+ Tfh cells infiltrate the skin of 
patients with SSc. Moreover, the presence of Tfh cells in the 
skin was correlated with clinical disease and dermal fibrosis.21 
These CD4+ICOS+PD-1+CXCR5+ Tfh cells from SSc were able 
to induce dermal fibroblast differentiation into myofibroblasts 
in vitro.21 In a murine model of graft-versus-host disease, SSc 
ICOS+ Tfh cells were increased and neutralisation of IL-21 or 
the administration of an anti-ICOS antibody prevented clin-
ical dermal fibrosis.21 In our study, we observed that cTfh cells 
expressing high levels of PD-1 also expressed high levels of 
ICOS.

We showed that cTfh cells from patients with SSc had an 
increased expression of the transcriptional factors BCL-6, and of 
CXCL13 and IL-21 cytokine. These factors are associated with 
B-cell interaction, suggesting that these cTfh are able to coop-
erate with B cells. BCL-6 is a the master regulator of Tfh cells.14 
This observation is in line with previous studies, showing that 
only Tfh cells from germinal centres (GC Tfh) expressed BCL-6, 
whereas BCL-6 expression is not detected in blood cTfh.16 32 
Thus, our observation of the increased expression of BCL-6 in 
cTfh from patients with SSc together with the higher expression 
of IL-21 suggest that cTFh from patients with SSc may have a 
phenotype of effector cells, in contrast to the resting phenotype 
of cTfh from HC which do not express BCL-6.

Using cocultures with B cells, we show that Tfh from patients 
with SSc were fully functional and more efficient to induce 
plasmablast differentiation and their IgG and IgM secretion than 
cTfh from HC. This higher capacity could rely on the higher 
IL-21 expression. The IL-21 cytokine is known to be a potent 
plasma cell inducer33–35 and IL-21R is highly expressed in the 
skin of patients with SSc.36 37 In a murine model of bleomycin-in-
duced fibrosis, increased IL-21 production from CD4+ T cells 
was correlated with dermal fibrosis and lung fibrosis.38 More-
over, IL-21 could induce fibrosis through activation of CD8+ T 
cells.39 The CD4+ T cells secreting IL-21 sorted from synovial 
fluid of patients with rheumatoid arthritis induce the produc-
tion of MMP-1 and MMP-3 by a fibroblast-like synoviocyte 
that promotes joint inflammation, further supporting a role for 
IL-21 beyond the regulation of B-cell response.40 We demon-
strated that IL-21 is highly secreted by cTfh from patients with 
SSc and blocking Il-21R significantly reduced Tfh cells’ capacity 
to induce plasmablast cells.

Blocking proinflammatory cytokines such as IL-17, TNFα 
or IL-6 with monoclonal antibodies has been successfully used 
to treat several immune diseases such as psoriasis,41 rheuma-
toid arthritis or ankylosing arthritis.42 However, the cytokine 
neutralisation strategy presents some limitations: some patients 
did not respond sufficiently or presented secondary treatment 
failure because of drug immunogenicity.43 The targeting of the 
Janus Kinase pathway has been recently experimented because 
the JAK signalling pathway is associated with various cytokine 
receptors.22 Ruxolitinib is a JAK1 and JAK2 antagonist, which 
inhibits intracellular signalling of multiple proinflammatory 
cytokines including IL-21.44 IL-21 expression has been signifi-
cantly reduced by ruxolitinib in a rodent model of rheuma-
toid arthritis.45 In graft-versus-host disease, ruxolitinib showed 
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promising results in patients with steroid-refractory disease46 
and is currently being tested in prospective studies in rheuma-
toid arthritis, psoriasis, myositis and graft-versus-host disease. 
Treatment with ruxolitinib reduced skin and pulmonary fibrosis 
in bleomycin-induced pulmonary fibrosis and in adTBR-in-
duced dermal fibrosis.47 We report that ruxolitinib inhibits the 
cTfh capacity to secrete IL-21 and decrease the proportions of 
plasmablasts induced by cTfh cells in vitro, similarly to IL-21R 
blockade.

The molecular events leading to the expansion of cTfh in 
patients with SSc have not been explored. Human cTfh cell 
differentiation and expansion pathways are not actually well 
established. IL-12 produced by activated dendritic cells could 
promote human Tfh cell differentiation.48 Other cytokines such 
as IL-6 and IL-21 could contribute to Tfh cell differentiation, 
inducing BCL-6 expression by CD4+ T cells.15 Recently, plas-
macytoid dendritic cells have been involved in SSc pathogenesis 
via the aberrant expression of TLR-8. One can speculate that 
plasmacytoid dendritic cells could contribute to Tfh cell expan-
sion by increasing proinflammatory cytokine production in the 
context of SSc.49 STAT-3 is the major transducer of IL6-R and 
IL-21R on T and B cells.50 51 In addition, IL-21 activates B cells 
via the JAK–STAT signalling pathway.52 53 STAT3 regulates IL-21 
expression by CD4+ T cells and is important for Tfh differen-
tiation.17 54 Furthermore, an increased expression of phosphor-
ylated STAT3 has been reported in skin biopsies from patients 
with SSc.55 The mechanism of Tfh cell inhibition by ruxolitinib 
could be the inhibition of STAT-3 phosphorylation,45 which will 
modulate the proinflammatory cytokine receptor expression on 
T and B cells.

In conclusion, circulating Tfh cells are increased in SSc and 
correlate with severe SSc, notably in dSS subtypes. cTfh from 
patients with SSc present an activated phenotype and induce 
B-cell differentiation into plasmablasts secreting Ig via IL-21 
secretion. IL-21 or JAK1/2 blockade by ruxolitinib could be a 
promising strategy in the treatment of SSc.
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Key messages

What is already known about this subject?
 ► Wnt16 induces the cartilage anabolism by 
inducing lubricin expression through buffering 
the canonical Wnt activity and results in 
beneficial effects on cartilage matrix integrity.

What does this study add?
 ► Our study demonstrates the role of Wnt16 that 
inhibits chondrocyte hypertrophy in skeletal 
development.

 ► Our study demonstrates that Wnt16 
inhibits cartilage catabolism by suppressing 
chondrocyte hypertrophy during osteoarthritis 
(OA) process through the planar cell polarity 
(PCP)/JNK-mTORC1-PTHrP cascade.

 ► Our study indicates the crosstalk between 
Wnt16-PCP/JNK pathway and PTHrP, mediated 
by mTORC1.

How might this impact on clinical practice or 
future developments?

 ► Our preclinical study and analysis of clinical 
specimens suggested that Wnt16 may be 
a novel potential therapeutic target for OA 
prevention and treatment.

AbsTrACT
Objectives Wnt16 is implicated in bone fracture 
and bone mass accrual both in animals and humans. 
However, its functional roles and molecular mechanism 
in chondrocyte differentiation and osteoarthritis (oa) 
pathophysiology remain largely undefined. in this study, 
we analysed its mechanistic association and functional 
relationship in oa progression in chondrocyte lineage.
Methods The role of Wnt16 during skeletal 
development was examined by Col2a1-Wnt16 transgenic 
mice and Wnt16fl/fl;Col2a1-Cre (Wnt16-cKo) mice. oa 
progression was assessed by micro-cT analysis and 
osteoarthritis research society international score after 
anterior cruciate ligament transection (aclT) surgery 
with Wnt16 manipulation by adenovirus intra-articular 
injection. The molecular mechanism was investigated in 
vitro using 3D chondrocyte pellet culture and biochemical 
analyses. Histological analysis was performed in mouse 
joints and human cartilage specimens.
results Wnt16 overexpression in chondrocytes in mice 
significantly inhibited chondrocyte hypertrophy during 
skeletal development. Wnt16 deficiency exaggerated 
oa progression, whereas intra-articular injection of 
Ad-Wnt16 markedly attenuated aclT-induced oa. 
cellular and molecular analyses showed that, instead of 
β-catenin and calcium pathways, Wnt16 activated the 
planar cell polarity (PcP) and JnK pathway by interacting 
mainly with aP2b1, and to a lesser extend ror2 and 
cD146, and subsequently induced PTHrP expression 
through phosphor-raptor mTorc1 pathway.
Conclusions our findings indicate that Wnt16 activates 
PcP/JnK and crosstalks with mTorc1-PTHrP pathway 
to inhibit chondrocyte hypertrophy. our preclinical study 
suggests that Wnt16 may be a potential therapeutic 
target for oa treatment.

InTrOduCTIOn
Adult tissues commonly recapitulate the molecular 
regulations that occur during embryonic develop-
ment on injury.1 2 In osteoarthritis (OA), charac-
terised by articular cartilage degeneration, synovial 
inflammation and osteophytes formation,3 4 a series 
of events of chondrocyte breakdown is also sequen-
tially observed, similar to the process of endo-
chondral ossification in skeletal development.5 
Chondrogenesis, endochondral ossification and 
joint homeostasis are precisely regulated by the 
interplay of several signalling pathways including 
the Wnt pathway, which has been widely implicated 
in these developmental processes.6 In addition, 

many pathological features of OA are associated 
with Wnt and Wnt-related molecule dysregulation.7

During skeletal development, Wnt16 contributes 
concomitantly with Wnt4 and Wnt14 in synovial 
joint induction.8Wnt16 expression in perichon-
drium and periosteum is found during mouse 
limb development.9 Knockout of Wnt16 in mouse 
results in thinner cortical bone and reduced bone 
strength.10 These show the important roles of 
Wnt16 in endochondral bone formation.

In adult individuals, Wnt16 expression is dramat-
ically upregulated soon after cartilage injury or 
in OA onset.11 In addition, Wnt16-deficient mice 
develop severe OA because of reduced lubricin 
and increased chondrocytes apoptosis.12 Notably, 
it has been reported that Wnt16 inhibits excessive 
canonical Wnt activation to maintain β-catenin 
homeostasis and preserve normal chondrocytes 
phenotype.12 The inhibition of canonical Wnt 
activity by Wnt16 suggests a potential participa-
tion of non-canonical Wnt pathways due to their 
reciprocal inhibition relationship.13 Here, we 
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investigated the molecular mechanisms of Wnt16 in chondrocyte 
differentiation and how it functioned during OA pathogenesis.

resulTs
Wnt16 inhibits chondrocyte hypertrophy and mineralisation
We first generated Col2a1-Wnt16 transgenic mice overex-
pressing Wnt16 in all chondrocytes and osteoblast progenitor 
cells. The size of the Col2a1-Wnt16 transgenic mice skeleton 
was slightly smaller than that of wild-type (WT) embryos 
(figure 1A). Both forelimbs and hindlimbs were notably shorter. 
Endochondral ossification was remarkably lower in transgenic 
mice as indicated by significantly less Alizarin red staining. The 
Col2a1-Wnt16 growth plate was much shorter but thicker, 
with less hypertrophic chondrocytes (figure 1B). The columnar 
chondrocyte region was lost in transgenic group and most cells 
were maintained as rounded and disordered that resembled to 
resting chondrocytes. These results suggest that Wnt16 over-
expression either affects chondrocyte proliferation or regulates 
the positioning and rearrangement of columnar chondrocytes. 
In the transgenic growth plates, the chondrocyte proliferation 
rate was slightly reduced (online supplementary figure 1A,B). 
BrdU-positive cells in WT columnar regions were flattened and 
discoid, while chondrocytes from transgenic growth plates were 
still maintained as rounded shape. Primary chondrocytes from 
WT mice treated with recombinant Wnt16 in vitro showed no 
significant proliferation difference (online supplementary figure 
1C,D). In addition, chondrocyte apoptosis was also not affected 
(online supplementary figure 1E,F). Our results suggest that 
Wnt16 regulates the transformation of disordered resting chon-
drocytes into organised columns of proliferative chondrocytes, 
without disrupting cell proliferation and apoptosis.

When analysing endochondral bone formation, we found 
that Col2a1 expression was strongly expressed throughout the 
entire transgenic growth plates (figure 1C). However, cells in 
WT diaphysis were Col2a1 negative but expressed hypertro-
phic marker Col10a1. In contrast, no Col10a1 was detected in 
transgenic group. In addition, Ihh expression in prehypertrophic 
domains was reduced in transgenic growth plates and the two 
prehypertrophic domains were much closer. Both Mmp13 and 
Mmp9 expressions were lower, which are markers for terminally 
differentiated hypertrophic chondrocytes and chondroclasts, 
respectively. Consistent with the Alizarin red staining, Runx2, 
Osx and Osteocalcin were significantly lower and their expres-
sion domains were also smaller (figure 1D). Collectively, our 
results indicate that Wnt16 overexpression inhibits both chon-
drocyte hypertrophy and osteoblast differentiation during endo-
chondral ossification in vivo.

Next, we performed micromass culture using chondroprogen-
itor cells isolated from WT embryos. Cartilage nodule number 
formation was comparable to control group at day 5 (figure 1E). 
However, at day 13 post-treatment, Wnt16 treatment caused 
a less distinct boundary of cartilage nodules. At day 21, less 
mineral deposition was observed and the delay of chondrocyte 
maturation became more obvious at day 28 (figure 1E). Consis-
tently, QRT-PCR analysis using both micromass samples and 
primary chondrocytes showed remarkable reduction of chon-
drocyte maturation marker expressions Col10a1, Ihh and Runx2 
(figure 1F,G). In addition, when Ad-Wnt16 adenovirus was 
intra-articularly injected to 2-week-old WT mice, ectopic Wnt16 
expression induced significantly thicker articular cartilage at 4 
weeks as compared with that of control group (figure 1H). Alto-
gether, our data indicate that Wnt16 inhibits chondrocyte hyper-
trophy and maturation both in vivo and in vitro.

To further explore the role of Wnt16 during endochondral 
bone formation in vivo, we generated Wnt16fl/fl;Col2a1-Cre 
(Wnt16-cKO) mutant mice (online supplementary figure 2). 
Surprisingly, no obvious developmental skeletal phenotype was 
observed (online supplementary figure 3A). The cortical and 
trabecular bone parameters, the femur length and mechanical 
parameters were comparable to that of age-matched littermates 
(online supplementary figure 3B–D). No observable phenotype 
was noticed around joint regions at age of 12 and 24 weeks 
(online supplementary figure 4A,B). However, the subchondral 
bone remodelling rate was significantly increased at 1 year old. 
The articular cartilage was progressively thinner than that of the 
WT mice starting at 24 weeks and became very obvious by 1 
year of age (online supplementary figure 4C). Correspondingly, 
Wnt16 expression was also significantly decreased in WT artic-
ular cartilage (online supplementary figure 4D). These results 
suggest that Wnt16 is implicated in articular cartilage homeo-
stasis during ageing.

The Wnt16-cKO mice develop severe OA after anterior 
cruciate ligament transection surgery
Next, we tested if Wnt16 plays a role in articular cartilage 
homeostasis. First, we examined Wnt16 expression in human 
specimens. While the cartilage integrity was relatively normal 
in the lateral femoral condyle (LFC) of the OA specimen, the 
medial femoral condyle (MFC) was significantly degraded 
(online supplementary figure 5A–D). Concordantly, the expres-
sion of WNT16 was upregulated in the degraded articular carti-
lage region (online supplementary figure 5E–G). These results 
suggest that Wnt16 is implicated in the regulation of artic-
ular cartilage integrity in humans and is highly relevant in OA 
pathogenesis.

To further investigate the role of Wnt16 during OA progres-
sion, we examined its expression in the anterior cruciate 
ligament transection (ACLT) model. Wnt16 expression was 
significantly increased as early as 2 weeks after surgery in the 
WT mice, and its expression maintained at a high level up to 
8 weeks (figure 2A). When analysing the OA phenotypes, the 
Wnt16-cKO mice showed more severe OA characteristics than 
that of age-matched WT mice as shown by increased subchon-
dral bone remodelling rate (figure 2B), upregulated MMP13 
and Col10a1 expression (figure 2C), and deteriorated articular 
cartilage integrity together with elevated Osteoarthritis Research 
Society International grade and score (figure 2D,E) Wnt16-cKO 
mice developed more severe synovitis as shown by thickened 
synovium, upregulated F4/80 expression and higher synovitis 
score 4 weeks after ACLT surgery (figure 2F,G). These data 
suggest that Wnt16 plays a protective role in OA progression.

Manipulation of Wnt16 expression by intra-articular injection 
regulates AClT-induced OA progression
To examine the role of Wnt16 specifically in OA progression, we 
intra-articularly injected Ad-Wnt16 adenovirus (online supple-
mentary figure 6) into knee joints of the WT mice after ACLT 
surgery. We found that all the OA parameters were significantly 
attenuated with Wnt16 overexpression as compared with that 
of vector control (online supplementary figure 7). By contrast, 
Ad-Wnt16-shRNA group displayed more severe OA, similar 
to that of the Wnt16-cKO mice (figure 2). Moreover, the OA 
phenotypes of the Wnt16-cKO mice were significantly attenu-
ated and rescued by Ad-Wnt16 injection (online supplementary 
figure 8). Altogether, our data indicate that Wnt16 attenuates 
cartilage degradation under OA condition.
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Figure 1 Wnt16 inhibits chondrocyte hypertrophy and mineralisation in vivo and in vitro. (A) Skeletal preparation of wild-type and Col2a1-Wnt16 
transgenic embryos at E15.5 as stained by Alizarin red and Alcian blue. Arrows indicate the mineralied tissues of endochondral ossification. Scale 
bar=2 mm. (B) Safranin O staining of representative paraffin sections of the femora of the embryos at E15.5. The black boxes depict regions of 
higher magnification of the hypertrophic zone of the growth plate as shown on the right. (C, D) 35S in situ hybridisation of tibia sections hybridised 
with labelled riboprobes of (C) chondrocyte markers and (D) osteoblast markers at E15.5. The length of endochondral ossification zone is labelled by 
white double head arrows. (E) Representative images of micromass culture using chondroprogenitor cells isolated from embryonic limb buds at E12.5 
and stained with Alcian blue, Alizarin red and von Kossa, respectively, on day 5, day 13, day 21 and day 28 with Wnt16 (500 ng/mL) treatment. (F, 
G) Gene expression analysis of hypertrophic markers using micromass samples in (F) and (G) primary chondrocytes isolated from WT newborn mice
after Wnt16 (500 ng/mL) treatment in vitro. ***P<0.001 versus the control group using Student’s t-test. (H) Safranin O and fast green staining of 
representative frozen sections of articular cartilage 2 weeks after vector or adenovirus-Wnt16 (Ad-Wnt16) intra-articular injection to 2-week-old WT 
mice. Double head arrows depict the thickness of the articular cartilage. Statistical analysis of the thickness of articular cartilage is shown on the right. 
***P<0.001 versus the vector group with Student’s t-test (n=10 mice per group). Scale bar=100 µm. FL, forelimb; HL, hindlimb; WT, wild type.
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Figure 2 The Wnt16fl/fl;Col2a1-Cre mutant mice develop severe osteoarthritis (OA) after anterior cruciate ligament transection (ACLT) surgery. 
(A) Immunofluorescence (IF) analysis of Wnt16 expression in wild-type (WT) mice during OA progression after ACLT surgery. *P<0.01; ***P<0.001 
versus the 0 W time point, one-way analysis of variance (ANOVA) with Tukey post hoc test (n=10 mice per time point). Scale bar=50 µm. (B) Micro-
CT analysis of subchondral bone remodelling during ACLT-induced OA progression in WT mice and the Wnt16fl/fl;Col2a1-Cre (Wnt16-cKO) mice. The 
subchondral bone remodelling rate was evaluated by histomorphometric parameters including trabecular number (TbN), trabecular thickness (TbTh), 
trabecular space (TbSp) and the ratio of bone volume to tissue volume (BV/TV). *P<0.05; **p<0.01; ***P<0.001 versus the WT mice group, two-way 
ANOVA with Tukey post hoc test (n=10 mice per group per time point). Scale bar=500 µm. (C) Immunohistochemistry (IHC) staining of representative 
paraffin sections of MMP13 and Col10a1 expression in articular cartilage of Wnt16-cKO and WT mice. ***P<0.001 versus the 0 W time point in the 
same group; ###P<0.001 versus the WT mice group at the same time point, two-way ANOVA with Tukey post hoc test (n=10 mice per group per time 
point). Scale bar=50 µm. (D) Articular cartilage morphology is shown by Safranin O and fast green stained frozen sections. (E) OA evaluation was 
performed by Osteoarthritis Research Society International (OARSI) grade and OARSI score. *P<0.05; **P<0.01; ***P<0.001 versus WT mice group, 
two-way ANOVA with Tukey post hoc test (n=10 mice per group per time point). Scale bar=100 µm. (F) Synovitis is shown by H&E staining and IHC 
staining of F4/80 expression. Higher magnification is depicted by yellow boxes. Scale bar=50 mm (top, yellow), 50 µm (bottom, black). (G) Statistical 
analysis of synovitis score. ***P<0.001 versus WT mice group, Student’s t-test (n=10 mice per group).
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Figure 3 Wnt16 activates the planar cell polarity (PCP)/JNK pathway in chondrocyte lineage. (A) 35S in situ hybridisation of tibia sections of wild-
type (WT) and Col2a1-Wnt16 transgenic embryos hybridised with labelled riboprobes of Wnt16 and Lef1, a transcriptional readout of canonical 
Wnt pathway. White arrowheads indicate the expression of Wnt16 at the perichondrium. (B) Gene expression of canonical Wnt pathway markers in 
primary chondrocytes with indicated treatment as shown. Cells were isolated from femoral heads, femoral condyles and tibial plateau of WT newborn 
mice at P1 and treated with Wnt3a and Wnt16 recombinant protein alone or both for 24 hours. Relative mRNA levels detected by QRT-PCR assay. 
Fold change relative to a vector control is shown. *P<0.05; ***P<0.001 versus the control group, one-way analysis of variance (ANOVA) with Tukey 
post hoc test (n=3). (C) Topflash luciferase assay was measured with Topflash reporter plasmid and Renilla together and treated with Wnt3a (50 ng/
mL), Wnt5a (50 ng/mL), Wnt16 (50 ng/mL) or not treated as indicated for 12 hours by Dual-Glo luciferase assay system. (D) Western blot analysis of 
β-catenin accumulation in primary chondrocytes treated with Wnt3a, Wnt5a and Wnt16 for 6 or 24 hours. (E) NFAT luciferase activity was measured 
in 293 T cells transfected with the nFAT reporter plasmid and treated with Wnt3a or Wnt16. (F) Western blot analysis of CaMKII phosphorylation level 
in primary chondrocytes treated with Wnt16 at the indicated time point. (G) Wnt16 induces the ATF2 luciferase activity and was analysed in 293 T 
cells transfected with ATF2 reporter plasmid and Renilla together and treated with Wnt5a or Wnt16. ***P<0.001 versus the control group, one-way 
ANOVA with Tukey post hoc test. (H) Western blot analysis of total and phosphorylated JNK in primary chondrocyte treated with Wnt16 for indicated 
time point.
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Figure 4 Wnt16 interacts with Ror2, CD146 and AP2b1 but not Vangl2 or Ryk. (A, B) The interaction between Wnt16 and Ror2/CD146 was 
determined by Co-immunoprecipitation (Co-ip) in 293 T cells transfected with Myc ligands and Flag receptors for 48 hours. The ligand-receptor 
complexes were immunoprecipitated from cell lysates with anti-FLAG (A) or anti-Myc (B), followed by immunoblotting (IB) analysis with antibodies to 
Myc-labelled ligands and FLAG-labelled receptors. (C) Western blot analysis of Vangl2 phosphorylation was performed in 293 T cells transfected with 
Myc ligands and HA-Vangl2, identified by running phos-tag SDS-PAGE gel (Wako, Wako Pure Chemical Industries, JP). (D, E) Analysis of the association 
between Wnt16 and Ryk. IB for the indicated proteins after Co-ip for the FLAG tag (D) or Myc tag (E) from whole-cell lysates (input) of 293 T cells 
transfected with Myc ligands, HA-Vangl2 and FLAG-Ryk, respectively. (F) Co-ip assay for interaction between Wnt16 and AP2b1 in HEK293T cells. (G) 
Western blot analysis of total and phosphorylated JNK after AP2b1 overexpression. (H) Immunofluorescence resonance energy transfer (immuno-
FRET) analysis of the interactions between Wnt16 and CD146/Ror2/AP2b1, respectively, in HeLa cell line. Scale bar=50 µm. (I) Statistical analysis 
of the percentage of positively cotransfection cells (n=30 pictures per group). (J) Statistical analysis of FRET ratio after photobleaching (n=10 
experiments per group).

Wnt16 activates planar cell polarity/JnK pathway in 
chondrocytes
It has been reported that Wnt16 regulates joint development 
through the canonical Wnt pathway.14 Thus, we examined the 
expression of Lef1, a transcriptional readout of canonical Wnt 
pathway in growth plates of Col2a1-Wnt16 transgenic mice. 

Surprisingly, Lef1 expression was comparable to that of the 
WT mice while Wnt16 was ectopically expressed (figure 3A). 
Furthermore, when primary chondrocytes were treated with 
Wnt16, no obvious induction of the canonical Wnt pathway 
target genes such as Axin2, Tcf4 and Lef1 was observed while 
Wnt3a, a well-known canonical Wnt ligand, significantly 
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Figure 5 Wnt16 inhibits chondrocyte hypertrophy through planar cell polarity (PCP)/JNK-mTORC1-PTHrP cascade. (A) Immunofluorescence 
(IF) analysis of green fluorescent protein (GFP) shows the adenovirus infection efficiency of the 3D pellet primary wild-type (WT) chondrocytes 
culture for 2 weeks with or without JNK inhibitor SP600125 (SP), or mTOC1 inhibitor rapamycin (Rapa). IF analysis of Wnt16 expression on frozen 
sections. Safranin O staining of frozen sections shows the cell morphology. IF analysis of Col10a1 expression on frozen sections. IF analysis of PTHrP 
expression on frozen sections. Scale bar=100 µm. (B–F) QRT-PCR analysis of PTHrP downstream targets Nkx3.2 (B) and Zfp521 (C), PTHrP upstream 
regulators Gli1 (D), Gli2 (E) and Ihh (F) expression in the 3D pellet culture for 2 weeks. *P<0.05; ***P<0.001 versus the control or Ad-Wnt16 group 
(as labelled in the figures), one-way analysis of variance (ANOVA) with Tukey post hoc test (n=8 pellets per group). (G) Western blotting analysis of 
the expression of PTHrP, RUNX2 and Wnt16 in the 3D pellet culture for 2 weeks. (H) Western blotting analysis of the expression of mTORC1 activity 
marker, phosphorylated S6 (p-S6) in the 3D pellet culture for 2 weeks. (I) QRT-PCR analysis of the expression of two subunits of mTORC1, Raptor and 
mTOR, after 2 weeks of 3D pellet culture. (J) Western blotting analysis of the two phosphorylated sites of Raptor, Ser863 and Ser792, after 2 weeks 
of 3D pellet culture. (K) Western blotting analysis of PTHrP, p-S6 phosphorylated Raptor at sites of Ser863 and Ser792 under AP2b1 overexpression. 
(L) Co-immunoprecipitation (Co-ip) analyses of the interaction of JNK and Raptor in chondrocytes. (M) Fluorescence resonance energy transfer (FRET) 
analyses of the interaction of JNK and Raptor in chondrocytes. Scale bar=50 µm. (N) Statistical analysis of FRET ratio after photobleaching (n=10 
experiments per group for FRET ratio analysis). (O) The p-Raptor (ser863) expression under JNK-siRNA treatment. (P) Western blotting analysis of 
hedgehog signalling components under treatment of JNK-siRNA and Raptor-siRNA. (Q) PTHrP expression under treatment of Raptor-siRNA, IHH-
siRNA, Gli1-siRNA and Gli2-siRNA, respectively. WCL, whole cell lysate.
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Figure 6 PTHrP is positively regulated by Wnt16 in vivo during osteoarthritis (OA) progression. (A) Immunohistochemistry (IHC) and statistical 
analyses of p-S6, GLI1, IHH and PTHrP expression in lateral femoral condyle (LFC) cartilage and medial femoral condyle (MFC) cartilage of clinical 
specimens from patients with OA after total knee replacement surgery. ***P<0.001 versus LFC cartilage (n=15 per group). Scale bar=75 µm. (B) IHC 
and statistical analyses of p-S6, Gli1, Ihh and PTHrP expression in articular cartilage of wild-type (WT) mice and Wnt16fl/fl;Col2a1-Cre (Wnt16-cKO) 
mice. ***P<0.001 versus the 0 W time point in the same group; ###P<0.001 versus WT mice group at the same time point, two-way analysis of 
variance (ANOVA) with Tukey post hoc test (n=10 mice per group per time point). Scale bar=50 µm. (C, D) Statistical analyses of p-S6, Gli1, Ihh and 
PTHrP expression in articular cartilage after Wnt16 manipulations by Ad-Wnt16 or Ad-Wnt16-shRNA intra-articular injection in WT mice (C), and Ad-
Wnt16 intra-articular injection in e mice (D). ***P<0.001 versus the 0 W time point in the same group; ##P<0.01; ###P<0.001 versus WT mice group 
at the same time point, two-way ANOVA with Tukey post hoc test (n=10 mice per group per time point). (E) Schematic diagram of Wnt16 regulation 
in the maintenance of cartilage integrity. Wnt16 activates JNK by interacting with Ror2, CD146 and AP2. The phosphorylated JNK activates mTORC1 
through Raptor phosphorylation at Ser863. Subsequently, the activated mTORC1 induces PTHrP expression through its regulators Gli1 and Gli2, and 
PTHrP inhibits chondrocyte hypertrophy to protect cartilage from degradation.
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induced their expressions (figure 3B). To further validate these 
observations, we examined the activity of Topflash reporter by 
luciferase assay (figure 3C). Our results showed that only Wnt3a 
significantly induced Topflash luciferase activities but not Wnt16 
nor Wnt5a, a classical non-canonical Wnt pathway ligand. In 
addition, Wnt16 treatment did not enhance β-catenin stability 
in primary chondrocytes (figure 3D). These data suggest that 
Wnt16 activates the non-canonical pathway instead of the 
canonical pathway in chondrocytes.

To distinguish which non-canonical pathway mediates Wnt16 
signalling, we used NFAT15 and ATF216 luciferase reporters to 
examine Ca2+ and planar cell polarity (PCP) pathway activation 
respectively in primary chondrocytes (figure 3E–H). Wnt16 
treatment did not show any induction of NFAT luciferase activ-
ities, similar to that of Wnt3a treatment (figure 3E). In addi-
tion, phosphorylated CaMKII was not induced upon Wnt16 
treatment (figure 3F). In contrast, ATF2 luciferase activities were 
significantly induced (figure 3G) and phosphorylated JNK was 
greatly enhanced (figure 3H). Altogether, our data suggest that 
Wnt16 regulates chondrocyte differentiation through the PCP 
pathway, which is consistent with the disordered resting chon-
drocytes phenotype observed in the Col2a1-Wnt16 transgenic 
mice during chondrocyte hypertrophy (online supplementary 
figure 1A).

Wnt16 interacts with ror2, Cd146 and Ap2b1 but not Vangl2 
or ryk
To further explore how Wnt16 activates the PCP pathway, we 
examined the interactions of Wnt16 with known PCP compo-
nents. Co-immunoprecipitation (Co-ip) analysis showed that 
Wnt16 interacted with PCP components Ror2 and CD146, 
respectively, similar to that of Wnt5a (figure 4A,B). However, in 
contrast to Wnt5a, Vangl2 expression was not able to potentiate 
the binding of Wnt16 with Ror2 or CD146. In addition, the 
overall binding affinity of Wnt16 to Ror2 and CD146 was much 
weaker compared with that of Wnt5a. Phosphor-tag gel experi-
ments also revealed that phosphorylated Vangl2 was not induced 
by Wnt16, but Wnt5a showed marked activation (figure 4C). 
Ryk, another common component of PCP pathway, showed no 
interaction with Wnt16 (figure 4D,E). Collectively, our results 
indicate that Wnt16 interacts with PCP components Ror2 and 
CD146 for JNK activation, but independent of Vangl2 and Ryk, 
which is different from the typical Wnt5a-induced PCP pathway.

To identify the intracellular components interacting with 
Wnt16 that results in JNK activation, we overexpressed Wnt16 
by lentiviral infection (online supplementary figure 9A–C) and 
performed mass spectrometry for proteomic analysis (online 
supplementary figure 9D). We found that Wnt16 associated 
with several membranous proteins, including AP2b1, Rab35 and 
ZO-1 (online supplementary table 1). AP2, with AP2b1 as its 
subunit, is an adaptor complex for clathrin-mediated endocy-
tosis, which is a process that capacitates a variety of molecules 
to transfer into cytoplasm from membrane upon ligand–receptor 
interactions.17 Co-ip analysis showed that Wnt16 was associ-
ated with AP2b1 (figure 4F). Furthermore, overexpression of 
AP2b1 simultaneously with Wnt16 enhanced phosphorylated 
JNK as compared with Wnt16 alone (figure 4G). Immunoflu-
orescence resonance energy transfer (immuno-FRET) analysis 
further confirmed the close proximity and physical interaction 
of Wnt16 with AP2b1 (figure 4H). We further statistically anal-
ysed the cotransfection efficiency (figure 4I) and FRET ratio 
(figure 4J), respectively. Positive FRET results were observed for 
Wnt16-CD146, Wnt16-Ror2 and Wnt16-AP2b1 interactions 

respectively. Collectively, our results indicate that Wnt16 inter-
acts with Ror2, CD146 and Ap2b1.

Wnt16 inhibits chondrocyte hypertrophy through PCP/JnK-
mTOrC1-PTHrP cascade
Next, we investigated how Wnt16 activated PCP pathway 
to regulate chondrocyte differentiation and hypertrophy. We 
performed a 3D pellet culture using primary chondrocytes from 
WT mice together with Wnt16 manipulations. The activity of 
PCP/JNK and its regulator, mTORC1,18 was examined by treat-
ment with respective inhibitors SP600125 (SP) and rapamycin 
(Rapa), respectively. The infection efficiency of Wnt16 manip-
ulation was confirmed by green fluorescent protein expression 
(figure 5A). Wnt16 was slightly expressed in vector control 
group and barely expressed in Ad-Wnt16-shRNA group, while 
strongly expressed in Ad-Wnt16 group. Further treatment of 
SP or Rapa did not affect Wnt16 expression. Ad-Wnt16-shRNA 
induced obvious chondrocyte hypertrophy as shown by cell 
morphology and Col10a1 expression. By contrast, Ad-Wnt16 
significantly inhibited chondrocyte hypertrophy. Interestingly, 
the effects of Ad-Wnt16 were relieved by either SP or Rapa 
treatment (figure 5A). These data indicate that PCP/JNK and 
mTORC1 mediate the effects of Wnt16 in inhibiting chondro-
cyte hypertrophy.

PTHrP signalling is one of the main pathways in regulating 
chondrocyte hypertrophy during skeletal development.19 We 
found that PTHrP expression was significantly diminished 
by Ad-Wnt16-shRNA, while increased in Ad-Wnt16 infected 
samples (figure 5A). However, Wnt16-induced PTHrP expres-
sion was significantly diminished by either SP or Rapa treat-
ment. QRT-PCR analysis showed that PTHrP downstream 
targets Nkx3.2 and Zfp521 were both induced by Ad-Wnt16, 
while cotreatment with SP or Rapa suppressed their expres-
sions (figure 5B,C). The upstream regulators of PTHrP, Gli1 
and Gli218 were regulated by Wnt16 manipulation, SP and Rapa 
(figure 5D,E). Ihh is a regulator of Gli1 and Gli2, and a crucial 
component of Ihh-PTHrP negative feedback loop for regulating 
chondrocyte hypertrophy.20 Surprisingly, Ihh expression was 
not affected by Wnt16 manipulation, SP nor Rapa (figure 5F). 
These data suggest that Gli1 and Gli2, instead of Ihh, participate 
in Wnt16-induced PTHrP expression. Western blotting analysis 
also consistently showed the roles of Wnt16 in inhibiting chon-
drocyte hypertrophy as shown by the expression of RUNX2 and 
PTHrP, respectively (figure 5G). Collectively, our results indi-
cate that Wnt16 inhibits chondrocyte hypertrophy by inducing 
PTHrP expression through PCP/JNK and mTORC1.

To further dissect the mechanistic relationship between 
the Wnt16-PCP/JNK pathway and mTORC1, we examined 
p-S6 levels. We found that the mTOC1 activity as measured 
by p-S6 expression was inhibited by the JNK inhibitor SP, 
indicating that mTOC1 is downstream and regulated by JNK 
pathway (figure 5H). However, the mRNA expression of two 
crucial mTORC1 subunits, Raptor and mTOR, was not influ-
enced by Wnt16 manipulations, SP or rapamycin (figure 5I). 
Next, we examined two classic phosphorylated sites of Raptor. 
We found that Raptor phosphorylation at ser863, instead of 
ser792, was greatly induced by Wnt16 but reduced by either SP 
or Rapa treatment (figure 5J). In addition, overexpression of 
AP2b1 further enhanced Wnt16-induced Ser863 p-Raptor, p-S6 
and PTHrP expression (figure 5K). Co-ip and immuno-FRET 
analyses showed that endogenous JNK physically associated 
with endogenous Raptor (figure 5L–N). JNK-siRNA treatment 
reduced the phosphorylation level of Raptor (ser863) induced 
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by Wnt16 (figure 5O). Gli1 and Gli2, but not IHH, were 
induced by Ad-Wnt16, but decreased by JNK-siRNA or Raptor-
siRNA (figure 5P). Ad-Wnt16 induced p-Raptor and p-S6 was 
decreased by Raptor-siRNA, but not IHH-siRNA, Gli1-siRNA 
nor Gli2-siRNA (figure 5Q). Ad-Wnt16-induced PTHrP expres-
sion was decreased by Raptor-siRNA, Gli1-siRNA or Gli2-siRNA, 
but not IHH-siRNA. These data showed that PTHrP expression 
triggered by Wnt16 in primary chondrocytes was regulated by 
Raptor, Gli1 and Gli2, but not IHH. Altogether, our data indi-
cate that mTORC1 is regulated by Wnt16-PCP/JNK, and Wnt16 
inhibits chondrocyte hypertrophy through PCP/JNK-mTORC1-
PTHrP cascade.

PTHrP is positively regulated by Wnt16 in vivo during OA 
progression
To demonstrate that PTHrP and its regulators are responsible 
for regulating cartilage integrity under OA condition, we exam-
ined p-S6, Gli1, Ihh and PTHrP expression in articular cartilage 
of clinical specimens and mouse samples with Wnt16 manipula-
tions. The p-S6, GLI1 and PTHrP expression was significantly 
reduced in human MFC cartilage as compared with the intact 
unloading LFC cartilage (figure 6A). However, IHH expression 
was significantly upregulated in MFC compared with that in 
LFC. After ACLT surgery, p-S6, Gli1 and PTHrP expression was 
significantly reduced both in WT and Wnt16-cKO mice, and their 
expressions were significantly lower in the Wnt16-cKO mice as 
compared with that of the WT mice (figure 6B). Ihh was signifi-
cantly upregulated after ACLT surgery, and no significant differ-
ence was observed between WT and Wnt16-cKO mice. Similarly, 
Wnt16 manipulations by Ad-Wnt16 or Ad-Wnt16-shRNA 
intra-articular injection in WT mice (figure 6C), and Ad-Wnt16 
intra-articular injection in Wnt16-cKO mice (figure 6D) also 
showed consistent results. Collectively, our data indicate that 
mTORC1 and PTHrP in cartilage are positively regulated by 
Wnt16 during OA progression.

dIsCussIOn
Many developmental biology studies support the pathological 
and preclinical explorations attributed to the reactivation of 
developmental signalling pathways in adult organisms which 
often leads to pathological alterations, including OA.5 Our 
study supports this model by revealing Wnt16’s inhibitory role 
in chondrocyte hypertrophy in both skeletal development and 
OA pathology, and demonstrates its mechanistic role mediated 
through PCP/JNK-mTORC1-PTHrP cascade (figure 6E). Two 
mechanisms of OA protection were previously described: induc-
tion of cartilage anabolism versus inhibition of cartilage catab-
olism.21 A study focused on the first mechanism (induction of 
anabolism) suggests that Wnt16 maintains the phenotype of 
articular cartilage by inducing lubricin expression through the 
canonical Wnt activity, and results in beneficial effects on carti-
lage matrix integrity.12 Here, we revealed another role of Wnt16 
on the latter mechanism in inhibiting cartilage catabolism. We 
found that Wnt16 inhibits chondrocyte hypertrophy through 
the PCP/JNK-mTORC1-PTHrP cascade. The homeostasis 
between beneficial and harmful process is crucial for healthy 
cartilage, and Wnt16 regulates both processes to maintain carti-
lage homeostasis and integrity.

A well-balanced Ihh-PTHrP negative feedback loop is 
important for skeletal development.22 Cartilage-specific PTHrP 
knockout mice exhibited much more severe cartilage degrada-
tion,23 while ectopic PTHrP expression inhibited collagen X 
expression.24 These studies indicate the importance of PTHrP in 

cartilage maintenance.25 However, the molecular regulation of 
PTHrP in articular cartilage is still unclear. Here, we showed that 
mTORC1 is a crucial mediator bridging PCP/JNK pathway and 
PTHrP expression through p-Raptor (Ser 863). During skeletal 
development, mTORC1 initiates chondrocytes prehypertrophy 
but its inactivation is required for terminal hypertrophy.26 27 
Rapamycin attenuates OA partly through inhibiting mTORC1 
to promote chondrocytes autophagy.28 However, rapamycin 
also reduces ADAMTS5 and inflammation score. Cartilage-spe-
cific deletion of mTOR upregulated autophagy and protected 
cartilage.29 As a common component for both mTORC1 and 
mTORC2, deficient of mTOR impedes both complexes simul-
taneously. Thus, the specific role of mTORC1 in OA was not 
directly shown by these studies. Indeed, mTORC1 protects 
cartilage and is also reported previously.30 31 An expanded prehy-
pertrophic zone and hypertrophic zone with decreased hyper-
trophic markers in hyperactive mTORC1 mice was observed in 
the epiphysial plate.27 32 A similar phenotype was also observed 
in the vertebral disc of hyperactive mTORC1 model.33 The 
abnormal epiphysial plate led to retarded postnatal skeleton 
development in two hyperactive mTORC1 models.27 33 These 
studies together with our work indicate that mTORC1 signifi-
cantly inhibits chondrocytes hypertrophy. Here, we showed that 
mTORC1 is considered as a key mediator between PCP/JNK 
pathway and PTHrP, but the exact function of mTORC1 and 
its regulation pattern in adult articular cartilage merits further 
investigation. In conclusion, our work suggests that Wnt16 may 
be a potential therapeutic target for OA.

Detailed experimental procedures are provied in the online 
supplementary materials and methods.
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Key messages

What is already known about this subject?
 ► Time-dependent biases, that is, immortal time 
bias (ITB) and time-lag bias (TLB), are biases 
observed in time-to-event analyses. If present, 
they can distort study results by inflating the 
benefits of a drug in terms of higher efficacy or 
lower risk. These biases must be identified to 
avoid performing flawed analyses or wrongly 
interpreting the results of biased studies.

What does this study add?
 ► We found ITB or TLB in about one in six 
observational comparative effectiveness studies 
of rheumatology published in leading journals. 
A description of the main mechanisms leading 
to these biases in the field and a summary of 
the key points useful to identify and avoid them 
are provided.

How might this impact on clinical practice or 
future developments?

 ► A better recognition of such biases could help 
clinical researchers improve the quality of 
comparative effectiveness observational studies 
and clinicians critically appraise study results.

AbsTrACT
Objective To assess to what extent time-dependent 
biases (ie, immortal time bias (iTB) and time-lag bias 
(TlB)) occur in the latest rheumatology observational 
studies, describe their main mechanisms and increase the 
awareness on this topic.
Methods We searched pubmed for observational 
studies on rheumatic diseases published in leading 
medical journals in the last 5 years. only studies with 
a time-to-event analysis exploring the association of 
one or more interventional strategies with an outcome 
were included. Each study was labelled as free from 
bias, at risk of TlB, at risk of misclassified iTB if the 
period of immortal time was incorrectly attributed to 
an intervention group, or at risk of excluded iTB if the 
immortal time was discarded from the analysis.
results We included 78 papers. most studies were 
performed in Europe or north america (46% each), 
were not industry funded (62%) and had a safety 
primary outcome (59%). in total, 13 (17%) studies were 
considered at risk of time-dependent biases. among the 
studies at risk of iTB (n=8; 10%), in 5 (6%), waiting 
time to receive treatment was wrongly attributed to the 
treatment exposure group, which indicated misclassified 
iTB. Five (6%) studies were at risk of TlB: patients on 
conventional synthetic disease-modifying antirheumatic 
drugs (dmaRd; first-line drugs) were compared with 
patients on biologic dmaRds (second or third-line 
drugs) without accounting for disease duration or prior 
medication use.
Conclusions one in six comparative effectiveness 
observational studies published in leading rheumatology 
journals is potentially flawed by time-dependent biases.

InTrOduCTIOn
Time-dependent biases refer to a group of biases 
occurring in time-to-event analyses of observational 
studies. They include immortal time bias (ITB), 
referred to as ‘survivors treatment bias’1–4 or ‘guaran-
tee-time bias’,5 and time-lag bias (TLB).6 7 Both biases 
tend to inflate the benefits observed with a drug in 
terms of higher efficacy or lower risks.6 7

ITB occurs when the treatment exposure in a fixed-
time model is wrongly assigned or excluded from the 
analysis.1 8 Here we describe an example using obser-
vational data to assess whether total knee arthroplasty 
(TKA) in patients with advanced knee osteoarthritis 
is associated with better survival as compared with 
medical therapy alone. We have data from the diag-
nosis of severe osteoarthritis and the concomitant 
prescription of chronic medical treatment. Patients 

are eligible to undergo surgery. If patients are clas-
sified into ‘surgery’ or ‘medical therapy’ groups 
according to whether they had received surgery, the 
time between the diagnosis and surgery (figure 1, a) 
for the surgery group is immortal (‘free of events’) 
in the sense that they must have survived that time 
to be classified in this group. If this time is wrongly 
attributed to the surgery instead of medical therapy 
group (figure 1, a+b vs c), patients in the surgery 
group will benefit from this immortal time. This first 
case is reported as ‘misclassified ITB’.

A second case would be to follow-up surgery 
patients after they receive TKA (figure 1, b) and the 
medical therapy group after the diagnosis (figure 1, c). 
In this case, the time ‘free of events’ (immortal time) 
before surgery (figure 1, a) is no longer attributed to 
surgery patients (which is correct), but it is not even 
attributed to medical therapy patients (which is not 
correct) (figure 1, b vs c). The rate of events will be 
overestimated in the latter group. This is an example 
of ‘excluded ITB’.

Conversely, TLB is observed when patients at 
different disease stages are compared without taking 
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Figure 1 Illustration of mechanisms of immortal time bias (ITB). In misclassified ITB, the immortal time (box a) is wrongly assigned to the ‘surgery’ 
group (a+b vs c) and in excluded ITB, it is excluded from the analysis (b vs c).

Figure 2 Illustration of the time-lag bias.

into account disease duration, if the occurrence of the outcome 
of interest is potentially confounded by the disease duration itself. 
This bias can be observed, for example, in studies investigating 
patients taking first-line versus second-line or third-line drugs 
(figure 2).6 7

In 2004, van Walraven et al9 found time-dependent biases in 
about 10% of cohort studies published in leading medical jour-
nals and showed that correcting the biases could have qualita-
tively changed study conclusions in more than half of the studies. 
Since then, despite an increasing number of reports highlighting 

http://ard.bmj.com/
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Figure 3 Flow chart of study selection.

how these biases can undermine study results,1 6 8 10–17 no study 
has attempted to quantify and describe the main features of these 
biases in a specific medical domain.

Given the increasing number of registry and big database studies 
driving clinical decisions in rheumatic diseases,18 we aimed to assess 
to what extent time-dependent biases occur in the latest rheuma-
tology literature and describe their main mechanisms to increase 
awareness on this topic.

MATErIAls And METHOds
search strategy
Because we considered that this methodological review lacked 
an outcome of direct clinical relevance, we did not record the 
protocol on PROSPERO. We followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses guidelines.19 
We performed a search of MEDLINE via PubMed on 3 
September 2017 to identify rheumatology papers published in 
the five journals with the highest impact factors (according to 
Journal Citation Reports, Clarivate Analytics) in rheumatology 
(Annals of the Rheumatic Diseases, Arthritis & Rheumatology, 
Rheumatology (Oxford), Seminars in Arthritis and Rheumatism, 
Osteoarthritis and Cartilage) and general and internal medi-
cine (NEJM, Lancet, JAMA, BMJ, Annals of Internal Medicine). 
We used different terms referring to observational studies and 
survival analysis to obtain the highest sensitivity. The full search 
strategy is found in the online supplementary file.

Eligibility criteria
Types of studies. Observational studies exploring the effect of one 
or more interventional strategies on a time-to-event outcome. 
We excluded case–control studies, reviews, comments, edito-
rials, letters, meta-analyses, network meta-analyses and studies 
with a survival analysis not comparing two exposure groups.

Types of participants. Participants of any age having a rheu-
matic disease.

Types of interventions. Pharmacological or non-pharmacolog-
ical treatments.

Types of outcomes. We excluded studies with drug retention/
discontinuation as an outcome.

data collection
Two researchers (MI, CR) independently checked each title and 
abstract to exclude irrelevant articles and then independently 
examined the full-text articles to determine eligibility. Consensus 
was reached by discussion in case of disagreement. A third 
reviewer was available in case of unresolved disagreement. We 
documented the primary reason for exclusion of full-text articles.

data extraction and management
One author (MI) extracted the data by using a standardised 
form, and a second author (CR) checked the extracted data. 
Disagreements were discussed to reach consensus. The complete 
list of study characteristics extracted can be found in the online 
supplementary file. We considered primary outcome(s) labelled 
‘primary’ by authors or the first outcome presented in the Results 
section. A study was considered industry funded if the sponsor 
or one of the collaborators was industry.

Assessment of the risk of time-dependent biases
Each eligible full-text article was independently checked for the 
presence of time-dependent biases by two of the authors (MI, 
RP). The risk of ITB was evaluated according to the criteria 
proposed by Levesque et al8 consisting of the following six 

questions: (1) Was treatment status determined after the start 
of follow-up or defined using follow-up time? (2) Was the start 
of follow-up different for the treated and comparator group 
relative to the date of diagnosis? (3) Were the treatment groups 
identified hierarchically? (4) Were subjects excluded on the basis 
of treatment identified during follow-up? (5) Was a time-fixed 
analysis used?

Each study was then classified as free from ITB or at risk of 
ITB. Studies were classified at risk of misclassified ITB if the 
period of immortal time was incorrectly attributed to the treated 
group by a time-fixed analysis, or at risk of excluded ITB if the 
immortal time was excluded from the analysis (figure 1).8 9

A study was considered at risk of TLB if (1) two or more 
drugs prescribed at different disease stages were compared, (2) 
the study outcome was considered potentially confounded by 
disease duration, and (3) the analysis was not adjusted for disease 
duration or prior medication use. A drug was considered second 
line, third line, and so on according to statements by the authors 
or if the drug is known to be prescribed after failure of first-line 
treatments.20–25

Studies were definitively classified at risk of ITB/TLB only 
when consensus was reached. We provided a description of the 
main features of the studies at risk of bias, the biased analysis 
performed and information on which direction the bias could 
have modified study conclusions.

data analysis
Data are summarised as number (%) for qualitative variables 
and median (range) for continuous variables. Characteristics of 
biased and unbiased papers were compared by Fisher’s exact test 
or Mann-Whitney test, as appropriate.

rEsulTs
Among the 1029 records retrieved, 78 articles were selected 
(figure 3). Each study included a median of 6393 (range 49–341 
749) patients. The studies were mostly published in rheuma-
tology journals (n=71; 91%), were not industry funded (n=48; 
62%) and had safety primary outcomes (n=46; 59%) (table 1). 
Overall, 13 (17%) studies were considered at risk of time-depen-
dent biases: 8 (10%) were at risk of ITB and 5 (6%) were at risk 
of TLB. Factors found to be associated with the risk of time-de-
pendent biases were the continent of origin of the corresponding 
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Table 1 Main characteristics of the included studies at risk or not of immortal time bias (ITB) or time-lag bias (TLB)

Overall sample At risk of ITb or Tlb
not at risk of
ITb or Tlb P value*

Studies, n 78 (100) 13 (17) 65 (83)

Continent of corresponding author 0.002

 North America 36 (46) 2 (15) 34 (52)

 Europe 36 (46) 7 (54) 29 (45)

 Asia 6 (8) 4 (31) 2 (3)

Industry funded 30 (38) 3 (23) 27 (41) 0.349

Journal

  Annals of Rheumatic Disease 32 (41) – –

  Arthritis & Rheumatology 20 (26) – –

  Rheumatology 10 (13) – –

  Seminars in Arthritis and Rheumatology 7 (9) – –

  BMJ 5 (7) – –

  Osteoarthritis and Cartilage 2 (2) – –

  JAMA 1 (1) – –

  Lancet 1 (1) – –

Journal impact factor, median (IQR) 12.8 (6.9–12.8) 4.8 (4.8–12.8) 12.8 (6.9–12.8) 0.033

Data sources

 Registries/cohorts 57 (73) 11 (85) 46 (71)

 Administrative databases 21 (27) 2 (15) 19 (29)

Disease† 0.0002

 Inflammatory arthritides 51 (63) 6 (46) 45 (67)

 Osteoarthritis 12 (16) 0 (0) 12 (18)

 Connective tissue diseases 9 (11) 4 (31) 5 (8)

 Vasculitides 3 (4) 3 (23) 0 (0)

 Gout/hyperuricaemia 3 (4) 0 (0) 3 (4)

 Other 2 (2) 0 (0) 2 (3)

Intervention investigated† 0.317

 bDMARDs 41 (50) 6 (43) 35 (51)

 csDMARDs 13 (16) 5 (36) 8 (12)

 Analgesics/NSAIDs/corticosteroids 6 (7) 1 (7) 5 (7)

 Drugs for gout 3 (4) 0 (0) 3 (4)

 Other 19 (23) 2 (14) 17 (26)

Primary outcome 0.958

 Effectiveness 18 (23) 3 (23) 15 (23)

 Safety 46 (59) 7 (54) 39 (60)

 Survival 5 (7) 1 (8) 4 (6)

 Safety±effectiveness±survival 9 (11) 2 (15) 7 (11)

Total sample size, median (range) 6393 (49–341 749 602 (49–48 782) 6806 (75–341 749 0.131

Statistical analysis†

 Kaplan-Meier curves 32 (30) 6 (31) 26 (30)

 Time-fixed variable Cox regression 51 (48) 12 (63) 39 (45)

 Time-dependent variable Cox regression 16 (15) 0 (0) 16 (18)

 MSM 4 (4) 0 (0) 4 (5)

 Other 3 (3) 1 (6) 2 (2)

Adjustment for baseline confounders

 Propensity score 32 (41) 3 (23) 29 (45)

 Cox regression 34 (44) 7 (54) 27 (41)

 None 5 (6) 3 (23) 2 (3)

 Other 7 (9) 0 (0) 7 (11)

Data are expressed as number (%), if not otherwise specified.
*Comparison between studies at risk or not of TLB/ITB.
†More than one choice for each study.
bDMARD, biologic disease-modifying antirheumatic drug; csDMARD, conventional synthetic disease-modifying antirheumatic drug; MSM, marginal structural models; NSAID, non-steroidal anti-inflammatory drug.

author (p=0.002), the impact factor of the journal (p=0.033) 
and the disease investigated (p=0.0002) (table 1).

studies at risk of ITb
Eight (10%) studies26–33 were considered at risk of misclassi-
fied ITB and none were at risk of excluded ITB. Most of the 
studies at risk of ITB were published in journals with a median 

(IQR) impact factor of 4.8 (4.6–9.8), investigated treatment for 
systemic connective tissue diseases or vasculitis (n=7) and were 
non-industry funded (n=7). The statistical tools more commonly 
used were time-fixed Cox regression and Kaplan-Meier curves 
(table 2).

In studies with a hierarchical treatment exposure model 
(ie, treated vs untreated), misclassified ITB occurred when (1) 
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Table 3 Main features of the studies at risk of time-lag bias

Author, year disease Patients (n) Outcome drug exposure
statistical 
analysis

Control for 
baseline 
confounders

Hr or rr for primary 
outcome(s)*

Cordtz et al34 2016 IA 13 905 Virus-associated 
cancers

Ever or never 
bDMARD user

Cox regression Cox regression 0.9 (0.7–1.2) for ever versus 
never bDMARD users

Silva-Fernandez et al37 2016 RA 425 Malignancy 
recurrence

csDMARDs, TNFi, RTX Cox regression Cox regression 0.55 (0.35–0.86) for TNFi versus 
csDMARDs; 0.43 (0.10–1.80) for 
RTX versus csDMARDs

Kim et al36 2016 RA 44 534 High-grade cervical 
dysplasia and 
cervical cancer

csDMARDs, 
bDMARDs

Cox regression PS matching 1.32 (0.86–2.01) for bDMARDs 
versus csDMARDs

Arkema et al38 2015 RA 48 782 Tuberculosis 
infection

Ever or never 
bDMARD user

Cox regression Cox regression 4.4 (2.3–8.5) for ever versus 
never bDMARDs

Dreyer et al35 2013 IA 9696 Malignancy Ever or never TNFi 
user

Cox regression Cox regression 1.02 (0.80–1.30) for ever versus 
never TNFi users

*All results refer to adjusted analysis.
ARB, angiotensin II receptor blocker; bDMARD, biologic disease-modifying antirheumatic drug; csDMARD, conventional synthetic disease-modifying antirheumatic drug; IA, 
inflammatory arthritides; PS, propensity score; RA, rheumatoid arthritis; RTX, rituximab; TNFi, tumour necrosis factor inhibitor.

waiting time to receive treatment was accounted for in the treat-
ment group (n=5 studies)26 27 29 30 33; (2) treatment status was 
defined as cumulative dosage reached/number of treatments 
received (n=2 studies)28 32; and (3) treatment status was defined 
as at least one prescription dispensed (n=1 study).31 In all these 
cases, the hazard of the outcome was likely underestimated in 
the exposure group and overestimated in the comparator, which 
led to an exaggerated beneficial effect or a lowered risk of harms 
for the treated group.4 A description of mechanisms leading to 
bias and its potential effects on study results is found in table 2.

In an additional 12 studies, the authors investigated differ-
ences between a cohort of new users and a comparator cohort 
of prevalent user patients. Although (1) the start of follow-up 
was different between the two groups (start of treatment for 
treated patients, entry in the cohort for comparator), (2) treated 
patients had received the comparator drug before entry in the 
study, and (3) person-time on the comparator drug for treated 
patients was excluded from the analysis, we did not classify these 
studies at risk of excluded ITB because the exclusion of person-
time occurred in both treatment and comparison cohorts. Actu-
ally, patients who initiated the comparator drug and experienced 
an event of interest before being included in the cohort never 
entered the study, which led to underestimating the event rate 
also in this group. We checked with numerical simulations that 
no bias was induced by this design (data not shown).

studies at risk of Tlb
We considered 5 (6%) studies at risk of TLB: these studies 
compared the risk of cancer34–37 or tuberculosis38 development 
in patients treated with conventional synthetic disease-modi-
fying antirheumatic drugs (DMARD) versus biologic DMARDs. 
In four studies,34 35 37 38 the authors did not adjust for disease 
duration or past medication exposure, and in one study36 the 
two groups were propensity score matched but only for cumula-
tive steroid dose. Table 3 summarises the main features of these 
studies.

dIsCussIOn
We found ITB or TLB in about one in six observational studies 
of rheumatology published in leading journals. ITB was always 
due to ‘misclassification’ rather than ‘exclusion’ of the immortal 
time. TLB was observed when patients receiving conventional 
synthetic DMARDs were compared with those on biologic 

therapy without accounting for disease duration or previous 
drug intake.

Some examples taken from the papers included in the present 
review can help better identify ITB in published literature. A 
misclassification of the immortal time should be searched in the 
following cases. (1) When there is a waiting time between the 
start of follow-up (ie, time of diagnosis, entry in the cohort) and 
treatment initiation, and such time is incorrectly attributed to 
the exposed group. For example, in one of the studies classified 
at risk of ITB,29 patients were defined as tacrolimus ‘treated’ if 
they had received tacrolimus as maintenance therapy within 28 
days from the first immunosuppressor used to induce remission. 
Because follow-up started after the achievement of remission for 
both treated and untreated patients, the waiting time to receive 
tacrolimus, by definition ‘immortal’ for tacrolimus-treated 
patients, was wrongly attributed to this group, thereby poten-
tially conferring to tacrolimus a spurious protective advantage 
on relapse prevention. (2) When the exposure is handled as ‘ever’ 
or ‘never’ drug intake over follow-up. An example is one study30 
investigating the impact of traditional Chinese medicine on 
survival of patients with systemic lupus. The authors classified 
patients as traditional Chinese medicine ‘users’ or ‘never users’ if 
they had ever (or never) received such treatment within 3 years 
from study entry. In line with the previous example, the wrong 
attribution of the immortal time (from the start of follow-up to 
the introduction of treatment for ‘ever-treated’ patients) likely 
led to underestimating the rate of deaths in ‘treated’ patients 
and overestimating it in ‘untreated’ patients. (3) When a given 
duration of drug use or a given cumulative dose is required for 
a participant to be classified as exposed. In one study,28 patients 
were classified according to their cumulative dose of hydroxy-
chloroquine (<129 or ≥129 g) over the follow-up. Receiving 
more hydroxychloroquine was associated with a 74% reduc-
tion in risk of diabetes developing. Again, this apparent longer 
survival free from diabetes is at least in part an artefact of the 
wrong attribution of the immortal time to patients with higher 
hydroxychloroquine cumulative intake.

Moreover, even if we did not find any case of excluded ITB, 
attention should be paid to avoiding discarding the immortal 
time from the analysis (figure 1, b vs c).

Several methodological aspects should be considered when 
performing comparative effectiveness observational studies. In 
an ideal scenario, a treatment should be compared with another 
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having the same indications and that might be used interchange-
ably.39 However, if we want to compare drugs given at different 
disease stages (ie, patients on first-line vs second-line drugs), 
some points should be considered to avoid time-related biases, 
in particular TLB. First, different disease durations can be asso-
ciated with the outcome of interest. Second, if the exposure to 
a first-line treatment is associated with the development of the 
outcome, even if after a long period, the attribution of the event 
to the first-line or second-line drug becomes challenging. In 
this setting, statistical analyses taking into account latency time 
windows and disease duration are needed.7

This study has some limitations. First, the choice to select 
high-impact journals could have underestimated the presence of 
time-related biases in the literature. Second, despite we tried to 
maximise the sensitivity of our search, we could have missed 
studies not providing in the title or abstract the keywords used. 
Moreover, we could identify which direction the bias could have 
affected study results but not quantify its impact on point esti-
mates. Indeed, the potential impact of ITB on treatment effect 
estimates depends on the respective amounts of misclassified/
excluded and correctly classified person-time, as well as number 
of events. Methods to quantify the magnitude of ITB require 
those data being detailed.40 41 Unfortunately, none of the articles 
at risk of ITB presented all that information. We could antici-
pate that the choice of a 3-year waiting time to define treatment 
exposure in the study from Ma et al30 could have impacted more 
the estimation of the treatment effect than the choice to classify 
patients as receiving or not maintenance therapy within 28 days 
from the achievement of remission in the study from Kurita et 
al.29

In conclusion, time-related biases are common in the rheuma-
tology literature and can be avoided by using appropriate study 
designs and statistical analyses such as time-dependent Cox 
regression or landmark analysis.42 Attention should be paid to 
avoid a hierarchical treatment exposure based, for example, on 
(1) ‘ever’ or ‘never’ intake of the drug, (2) treated designation 
if the drug has been received for at least a given period, and (3) 
treated designation if a given cumulative dosage intake of the 
drug has been reached. Moreover, the comparison of groups of 
patients at different disease stages should consider differences of 
disease duration, if they are believed to potentially confound the 
study outcome. A better recognition of such biases could help 
improve study designs and the interpretation of published obser-
vational studies.
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Figure 1 Family tree, genetic sequencing results, proinflammatory cytokines and pyrin inflammasome activation in patients with homozygous 
p.S208T MEFV mutation. (A) The family tree shows the two affected male siblings and their unaffected sibling from the consanguineous marriage
of first cousins; segregation of the p.S208T MEFV variant is also shown. (B) Sanger sequencing chromatogram of MEFV gene aligned to reference 
sequence exon 2 of MEFV. Line indicates a homozygous mutation of MEFV at position c.623 (red dashed box) present in both affected patients (IV-1 
and IV-2) and heterozygous in parents (III-1 and III-2) and unaffected sister (IV-3). (C) Serum levels of interleukin (IL)-1β were elevated in IV-1 and 
IV-2 (median 0.26 pg/mL, range 0.16–0.44 pg/mL) compared with healthy controls (median 0 pg/mL, range of 0–0.08 pg/mL, p=0.005) and compared 
with their unaffected parents (III-2 and III-3), unaffected sibling (IV-3) all with WT/p.S208T MEFV genotype (median levels of 0.1 pg/mL, range of 
0.08–0.12 pg/mL, p=0.04). (D) Similar differences were observed for total IL-18 levels that were elevated in IV-1 and IV-2 compared with controls, 
p=0.01 and compared with III-1, III-2 and IV-3, p=0.05. (E) Monocytes from IV-1 and IV-2 constitutively expressed higher levels of FLICA (caspase-1) 
in response to lipopolysaccharide (LPS) (mean 398, SEM 84.63) compared with controls (mean 292.8, SEM 95.49, p=0.001) and when compared with 
heterozygotes for p.S208T MEFV mutation (mean 371.5, SEM 109.7, p=0.01). (F) There was an increased release of IL-1β in monocyte supernatants 
derived from IV-1 and IV-2 following LPS stimulation compared with healthy controls (p=0.001). No significant difference in IL-1β secretion was 
observed between healthy and patient monocytes after ATP and TcdB addition. (G) There was enhanced release of CCL5 in patient derived peripheral 
blood mononuclear cells (PBMC) stimulated with LPS (mean relative CCL-5 levels at 233, SEM 37.29 pg/mL) compared with controls (mean relative 
CCL-5 levels of 126.6, SEM 24.91 pg/mL, p=0.02). Similar differences were observed between groups in CCL-5 release in response to PMA/Ionomycin 
stimulation, p=0.001. Error bars represent medians and range or for in vitro experiments means+SEM for three biological replicates. P values by 
Student’s t-test or Mann-Whitney U test <0.05 were considered significant. CCL-5, C-C-motif chemokine ligand 5; FLICA, fluorochrome inhibitor of 
caspases; PMA, phorbol 12-myristate13-acetate.

Autoinflammation due to homozygous S208 
MEFV mutation

Heterozygous mutations in the MEFV gene disrupting the 
Serine-242 residue in the 14-3-3 binding motif of pyrin cause 
Pyrin-AssociatedAutoinflammation with Neutrophilic Derma-
tosis (PAAND).1–5 We now describe familial autoinflammation 
associated with homozygous Serine-208 mutations in MEFV, the 
second crucial phosphorylation site of the pyrin 14-3-3 binding 
domain.

Two Pakistani boys (IV-1 and IV-2; figure 1A) born of consan-
guineous parents presented aged 12 and 9 years old, respec-
tively, with a systemic autoinflammatory disease characterised 

by a remitting relapsing course over time. Both had recurrent 
fevers with elevated acute phase responses: C-reactive protein 
>100 mg/L (reference range (RR)<20); serum-amyloid-A 
>200 mg/L (RR <10); leucocytosis 92×109/L (RR 4–11; eosin-
ophils 82.4×109/L) and normalisation of these parameters 
in between fever attacks. Both had recurrent oral ulceration, 
intestinal inflammation, transient purpuric rashes (leucocyto-
clastic vasculitis on biopsy), lymphadenopathy (biopsy showed 
mixed lymphocytic, eosinophil infiltrate), hepatosplemonegaly, 
arthralgia and failure to thrive. Patient IV-2 developed pulmo-
nary nodular changes and had a history of sterile cutaneous 
neck abscess at age 5. They had normal complement function 
studies, immunoglobulin levels and negative autoantibodies. 
Bone marrow aspirate for IV-2 showed marked eosinophilia 
(81%) with normal morphology and no malignancy; lymphocyte 
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clonality studies were normal. Digital subtraction angiography 
and echocardiography were normal. Routine genetic screening 
for TNFRSF1A, MVK, NLRP3, MEFV exon 10 was wild type. 
Both patients partially responded to corticosteroids, but subse-
quently received treatment with cyclophosphamide, mycophe-
nolate mofetil, methotrexate, azathioprine and antitumour 
necrosis factor alpha therapy. Inflammatory attacks persisted 
despite these therapies.

Whole exome sequencing and homozygosity mapping 
(online supplementary text and table S1) identified a homozy-
gous mutation in exon 2 of MEFV comprising of a G–C substi-
tution at G623 leading to a serine to threonine substitution 
at amino acid position 208 (p.S208T) of the pyrin protein. 
The mutation segregated with disease in a recessive manner 
(figure 1B) and was not detected in 100 Pakistani healthy 
controls.

We observed elevated levels of circulating IL-1β in patients 
with homozygous p.S208T MEFV mutations compared with 
healthy controls, p=0.005 and heterozygotes for p.S208T 
MEFV (III-2, III-3, IV-3), p=0.04 (figure 1C). Similar differ-
ences between groups were seen for circulating IL-18, p=0.01 
(figure 1D). Levels of IL-18 binding protein were not elevated 
compared with controls, p=0.28 suggesting a contribution to 
autoinflammation from free IL-18.

Caspase-1 activation, measured as the relative change 
in fluorochrome inhibitor of caspases (FLICA)+ cells after 
stimulation with lipopolysaccharide (LPS), was significantly 
elevated in patient CD14+cells compared with controls, 
p=0.001 and with p.S208T MEFV heterozygotes, p=0.01 
(figure 1E). Healthy control monocytes did not produce 
significantly increased levels of mature IL-1β in response to 
LPS likely because of the requirement of a second signal for 
inflammasome activation to allow cleavage of pro-IL-1β into 
the mature secreted form. Treatment of healthy control mono-
cytes with LPS and ATP to activate the NLRP3 inflammasome 
and TcdB (toxin B-positive Clostridium difficile), to activate 
the pyrin inflammasome, resulted in high levels of IL-1β secre-
tion. In contrast, patient monocytes demonstrated increased 
spontaneous inflammasome activation, because LPS alone was 
sufficient to induce an increase in IL-1β secretion compared 
with controls, p=0.001 (figure 1F). No significant difference 
in IL-1β secretion was observed between healthy and patient 
monocytes after ATP and TcdB addition or DNA stimulation, 
indicating similar maximal activities between the dephosphor-
ylated wild-type alleles and the S208T alleles (figure 1F and 
online supplementary figure 1A). A similar trend was shown 
for IL-18 release, p=0.03 and with no significant differences 
seen with addition of ATP and TcdB, p=0.21. In patient cells, 
there was also increased spontaneous ASC speck formation 
following treatment with LPS±TcdB compared with control 
cells.

PBMC with homozygous p.S208T MEFV treated with LPS 
or phorbol 12-myristate13-acetate (PMA)/ionomycin released 
increased levels of C-C-motif chemokine ligand 5 (CCL5), 
a potent chemotactic agent for recruitment of eosinophils 
(p=0.02 and p=0.001, respectively, for comparison with 
controls, figure 1G). There were no differences in circulating 
serum CCL-5between patients and controls (p=0.87) possibly 
as our patients had already received several therapies with 
normalisation of eosinophil counts at time of sampling.

Another individual, a 2-year-old boy of Pakistani consanguin-
eous descent (online supplementary figure 1B/C for pedigree 
and Sanger sequencing) was further identified with a homozy-
gous p.S208C (c.A622T) MEFV mutation. He presented with 

a similar phenotype to the above family characterised by recur-
rent fevers and elevated acute phase responses, oral ulceration 
(dense eosinophilic infiltration on histology), peripheral blood 
eosinophilia and osteitis.

This is the first report of human disease associated with 
mutant S208 MEFV, affecting the 14-3-3 protein binding 
domain of pyrin and leading to constitutive inflammasome 
activation.

Strong experimental evidence from both animal studies and 
mutant S208 pyrin transfection experiments in human cell 
lines indicates a crucial role of this residue for pyrin protein 
function, with specific clear impact of S208 mutated pyrin 
on loss of 14-3-3 binding previously documented.2 Previous 
studies have suggested that the S208 mutated pyrin has less of 
an effect on inflammasome activation compared with mutated 
S242R pyrin, indicating a functional hierarchy of importance 
between these two phosphorylation sites.4 This may partly 
explain the recessive mode of inheritance of autoinflammation 
associated with mutant S208 MEFV in contrast to heterozy-
gous mutant S242R MEFV.

Hypereosinophilia has not been described in previous 
reports of PAAND. S208 mutated, constitutively activated 
pyrin could result in secondary hypereosinophilia as a result 
of CCL5 production driving eosinophil chemotaxis and/or via 
primary activation of eosinophils expressing mutated pyrin.6 
IL-1 blockade may be a successful treatment for these patients 
and is being considered at the time of writing.
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Table 1 Patients’ clinical features

Patients with CTD-ILDs (n=60)

Age (years) 53.0±13.2

Sex (female:male) 48:12

Duration of disease (years) 3.3±2.3

Diagnosis 

 RA, n (%) 11 (18.3)

 PSS, n (%) 14 (23.3)

 IIM, n (%) 13 (21.7)

 SSc, n (%) 9 (15.0)

 MCTD, n (%) 6 (10.0)

 MPA, n (%) 4 (6.7)

 UCTD, n (%) 2 (3.3)

 SLE, n (%) 1 (1.7)

HRCT pattern 

 NSIP, n (%) 43 (71.6)

 UIP, n (%) 10 (16.7)

 LIP, n (%) 3 (5.0)

 OP, n (%) 4 (6.7)

KL-6 serum level (U/mL) 798±763

B-Lines total no 201±113

Warrick score 16.7±5.7

CTD-ILD, connective tissue disease–associated interstitial lung disease; HRCT, 
high-resolution CT; IIM, idiopathic inflammatory myopathy; KL-6, Krebs von den 
Lungen-6; LIP, lymphocytic interstitial pneumonia; MCTD, mixed connective tissue 
disease; MPA, microscopic polyangiitis; NSIP, non-specific interstitial pneumonia; OP, 
organising pneumonia; PSS, primary Sjögren’s syndrome; RA, rheumatoid arthritis; 
SLE, systemic lupus erythematosus; SSc, systemic sclerosis; UCTD, undifferentiated 
connective tissue disease; UIP, usual interstitial pneumonia.

Imaging and serum biomarkers in connective 
tissue disease–associated interstitial lung 
diseases: correlation between lung ultrasound 
B-lines and KL-6 levels

B-Lines are a new sonographic hallmark of connective tissue 
disease–associated interstitial lung diseases (CTD-ILDs). Prom-
ising data have shown that B-lines are associated with high-res-
olution CT (HRCT), pulmonary function test and some clinical 
variables, expanding the armamentarium for screening of ILDs.1 
Krebs von den Lungen-6 (KL-6) antigen is a mucin-like, high 
molecular weight glycoprotein expressed on the surface 
membrane of alveolar epithelial cells Ⅱ and bronchiolar epithe-
lial cells, and increases following cellular injury and/or regen-
eration.2 Its role in patients with CTD-ILDs has been studied 
extensively, indicating KL-6 as a useful biomarker of lung 
fibrosis and severity of the disease.3 To the best of our knowl-
edge, the correlation between B-lines and serum KL-6 levels in 
CTD-ILDs has not been reported until now.

To investigate the relationship between these two markers, 
60 Chinese patients with CTD-ILDs were enrolled. Patients 

with a history of asthma, chronic obstructive pulmonary 
disease, lung cancer, occupational lung disease, radiation 
lung disease, heart failure, renal failure and pregnancy were 
excluded from the study. All patients underwent chest HRCT 
scan and lung ultrasound (LUS) examination (independently 
performed within 1 week). The Warrick score was used to 
assess radiographic severity and extent of ILDs. The total 
number of B-lines, denoting the degree of pulmonary fibrosis, 
was calculated by summing B-lines imaged on 50 scanning sites, 
as previously described.4 5 Serum KL-6 level was measured by 
chemiluminescent enzyme immunoassay in the study popula-
tion as well as in a control group of 47 age-matched healthy 
subjects.

Demographic and clinical features of patients are described 
in table 1. Patients with CTD-ILDs had higher values of 
serum KL-6 compared with controls (798±763 vs 203±80 U/
mL, p<0.001). A linear correlation was found between the 
number of B-lines and serum KL-6 levels (r=0.54, p<0.0001) 
(figure 1A), and the Warrick score and serum KL-6 levels 
(r=0.40, p<0.0001) (figure 1B). We confirmed the good 
positive correlation between B-lines and the Warrick score 
(r=0.76, p<0.0001) (figure 1C). B-Lines and KL-6 levels 
were also correlated to FEV1 (r=−0.58, p<0.0001 for B-lines; 
r=−0.46, p<0.01 for KL-6), FVC (r=−0.59, p<0.0001; 
r=−0.42, p<0.001) and diffusion capacity for carbon 
monoxide (r=−0.67, p<0.0001; r=−0.49, p<0.001).

This pilot study found for the first time that LUS B-lines are 
associated with serum KL-6 levels. Furthermore, B-lines were 
more strongly correlated with KL-6 than the Warrick score. A 
possible explanation is that B-lines may be more sensitive for 
detecting early change in ILDs (such as early alveolitis) than 
HRCT, which still remains the gold standard method for assessing 
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Figure 1 Correlation among the serum level of Krebs von den 
Lungen-6 (KL-6), B-lines score and Warrick score. (A) Correlation of the 
serum level of KL-6 and B-lines score; (B) correlation of the serum level 
of KL-6 and Warrick score; (C) correlation of B-lines score and Warrick 
score.

ILD. Previous data have shown that LUS is extremely sensitive 
for detecting ILD even in patients with very early systemic scle-
rosis.6 Additionally, elevated serum KL-6 as a sensitive biomarker 
can reflect early pulmonary epithelial cell injury, permeability7 
and alveolitis.8 A recent study also indicated that serum levels 
of KL-6 as a predictive factor could be used to identify the clin-
ical development of ILD before it is detected via classic imaging 
methods.9

In summary, we showed that LUS B-lines are positively 
correlated with the serum levels of KL-6. This finding suggests 

that a combined use of radiation-free imaging biomarkers and 
non-invasive serum biomarkers could be helpful in the assess-
ment of CTD-ILDs. In addition, given that some patients with 
asymptomatic or mild CTD-ILDs may not require therapy, 
serial monitoring of pulmonary changes is necessary, and 
B-lines and KL-6 could be potential surrogates for identi-
fying the development of ILD. Further large-scale, multi-
centre and prospective studies are warranted to confirm this  
finding.

Yukai Wang,1,2 Shaoqi Chen,3 Zhangzhang Lin,3 Guangzhou Du,4 
Jianqun Lin,1 Qisheng Lin,1 Huang Xiufeng,5 Guohong Zhang,6 
Daniel E Furst,7 Luna Gargani,8 Marco Matucci-Cerinic2

1Department of Rheumatology and Immunology, Shantou Central Hospital, Shantou, 
China
2Department of Geriatric Medicine, Division of Rheumatology AOUC, University of 
Florence, Florence, Italy
3Department of Ultrasound, The First Affiliated Hospital of Shantou University 
Medical College, Shantou, China
4Department of Radiology, Shantou Central Hospital, Shantou, China
5Department of Respiratory Medicine, Shantou Central Hospital, Shantou, China
6Department of Pathology, Shantou University Medical College, Shantou, China
7Division of Rheumatology, Department of Medicine, University of California at Los 
Angeles, Los Angeles, USA
8Institute of Clinical Physiology, National Research Council, Pisa, Italy

Correspondence to Dr Yukai Wang, Department of Rheumatology and 
Immunology, Shantou Central Hospital, Shantou, China;  stzxyywyk@ 126. com and Dr 
Shaoqi Chen, Department of Ultrasound, The First Affiliated Hospital of Shantou 
University Medical College, Shantou, China;  1036587183@ qq. com

Handling editor Josef S Smolen

Contributors YW, SC, LG, DEF and MM-C designed the study and wrote the 
manuscript. SC and ZL performed lung ultrasound. GD performed chest high-
resolution CT. GZ performed KL-6 analyses. XH performed pulmonary function test. 
JL and QL collected clinical information. All authors have read and contributed to the 
final text and also approved the submitted version.

Competing interests Luna Gargani received speaker honoraria from GE 
Healthcare and Glaxo-Smith-Kline.

Patient consent Obtained.

Ethics approval Approved by the Shantou Central Hospital Ethics Committee.

Provenance and peer review Not commissioned; externally peer reviewed.

© Author(s) (or their employer(s)) 2019. No commercial re-use. See rights and 
permissions. Published by BMJ.

YW and SC contributed equally.

To cite Wang Y, Chen S, Lin Z, et al. Ann Rheum Dis 2019;78:573–575.

Received 11 July 2018
Revised 26 September 2018
Accepted 6 October 2018
Published Online First 23 October 2018

Ann Rheum Dis 2019;78:573–575. doi:10.1136/annrheumdis-2018-214098

RefeRences
 1 Wang Y, Gargani L, Barskova T, et al. Usefulness of lung ultrasound B-lines in 

connective tissue disease-associated interstitial lung disease: a literature review. 
Arthritis Res Ther 2017;19:206.

 2 Ishikawa N, Hattori N, Yokoyama A, et al. Utility of KL-6/MUC1 in the clinical 
management of interstitial lung diseases. Respir Investig 2012;50:3–13.

 3 Prasse A, Müller-Quernheim J. Non-invasive biomarkers in pulmonary fibrosis. 
Respirology 2009;14:788–95.

 4 Gargani L, Doveri M, D’Errico L, et al. Ultrasound lung comets in systemic sclerosis: 
a chest sonography hallmark of pulmonary interstitial fibrosis. Rheumatology 
2009;48:1382–7.

 5 Gutierrez M, Salaffi F, Carotti M, et al. Utility of a simplified ultrasound assessment 
to assess interstitial pulmonary fibrosis in connective tissue disorders—preliminary 
results. Arthritis Res Ther 2011;13:R134.

http://dx.doi.org/10.1186/s13075-017-1409-7
http://dx.doi.org/10.1016/j.resinv.2012.02.001
http://dx.doi.org/10.1111/j.1440-1843.2009.01600.x
http://dx.doi.org/10.1093/rheumatology/kep263
http://dx.doi.org/10.1186/ar3446
http://ard.bmj.com/


575Ann Rheum Dis April 2019 Vol 78 No 4

Letters

 6 Barskova T, Gargani L, Guiducci S, et al. Lung ultrasound for the screening 
of interstitial lung disease in very early systemic sclerosis. Ann Rheum Dis 
2013;72:390–5.

 7 Inoue Y, Barker E, Daniloff E, et al. Pulmonary epithelial cell injury and alveolar-
capillary permeability in berylliosis. Am J Respir Crit Care Med 1997;156:109–15.

 8 Hant FN, Ludwicka-Bradley A, Wang HJ, et al. Surfactant protein D and KL-6 
as serum biomarkers of interstitial lung disease in patients with scleroderma. J 
Rheumatol 2009;36:773–80.

 9 Oguz EO, Kucuksahin O, Turgay M, et al. Association of serum KL-6 levels with 
interstitial lung disease in patients with connective tissue disease: a cross-sectional 
study. Clin Rheumatol 2016;35:663–6.

http://dx.doi.org/10.1136/annrheumdis-2011-201072
http://dx.doi.org/10.1164/ajrccm.156.1.9612043
http://dx.doi.org/10.3899/jrheum.080633
http://dx.doi.org/10.3899/jrheum.080633
http://dx.doi.org/10.1007/s10067-015-3167-8
http://ard.bmj.com/


575Ann Rheum Dis April 2019 Vol 78 No 4

Letters

Table 1 Demographic and clinical characteristics of patients with 
SSc and HC

SSc (n=40) HC (n=20)*

Age, mean±SD (years) 53.2±12.4 46.8±15.3

Male 3 (7.5%) 2 (10.0%)

Female 37 (92.5%) 18 (90.0%)

lcSSc subset 27 (67.5%) NA

dcSSc subset 13 (32.5%) NA

Disease duration, mean±SD 
 (years)†

6.3±4.4 NA

ANA 40 (100%) NA

ACA 21 (52.5%) NA

Antitopoisomerase I (Scl-70) 10 (25.0%) NA

DU‡ 17 (42.5%) NA

Early NVC pattern 9 (22.5%) NA

Active NVC pattern 17 (42.5%) NA

Late NVC pattern 14 (35.0%) NA

Interstitial lung disease§ 11 (27.5%) NA

Except where indicated otherwise, values are the absolute number and percentage 
of patients.
Patients were not on immunosuppressive medications, corticosteroids or other 
disease-modifying drugs. Before blood sampling, patients were washed out for 10 
days from oral vasodilating drugs and for 2 months from intravenous prostanoids.
*Healthy volunteer blood donors recruited from the University and Hospital staff.
†Disease duration was calculated since the first non-Raynaud’s symptom of SSc.
‡The presence of DU was recorded at the time peripheral blood was drawn.
§Determined by high-resolution CT scan.
ACA, anticentromere antibodies; ANA, antinuclear antibodies; dcSSc, diffuse 
cutaneous SSc; DU, digital ulcers; HC, healthy controls; lcSSc, limited cutaneous SSc; 
NA, not applicable; NVC, nailfold videocapillaroscopy; SSc, systemic sclerosis.

Decreased circulating lymphatic endothelial 
progenitor cells in digital ulcer-complicated 
systemic sclerosis

In systemic sclerosis (SSc), the main pathogenic scenario is 
represented by early endothelial cell injury and microvas-
cular desertification culminating into skin and internal organ 
fibrosis.1 Growing evidence suggests that impaired vascular 
repair and neovascularisation could be related to failure of 
both angiogenesis and endothelial progenitor cell (EPC)-
driven vasculogenesis.2

In SSc, the majority of studies are focused on the role of blood 
vessel dysfunction,1 2 while the involvement of the lymphatic 
microcirculation has attracted much less attention. Nevertheless, 
clinical and histological findings have shown that lesional SSc 
skin displays lymphatic circulatory abnormalities.3–5 These may 
be present since the earliest disease phases, when digital painless 
swelling (puffy fingers), due to the accumulation of protein-rich 
interstitial fluid (ie, oedema), is a clinical hallmark.3–5 Further-
more, in SSc reduced numbers of dermal microlymphatics have 
been correlated with development of digital ulcers (DU) and 
progression of cutaneous fibrosis.4 5

Postnatal lymphatic neovascularisation takes place through 
lymphangiogenesis (ie, the formation of novel lymphatic vessels 
from pre-existing ones) and lymphvasculogenesis. This last 
event stems from circulating bone marrow-derived lymphatic 
EPC (LEPC) that differentiate into mature endothelial cells 
expressing lymphatic-specific markers.6 On their surface, LEPC 
display CD34 and CD133, likewise their blood vascular coun-
terpart (ie, EPC), but they present vascular endothelial growth 
factor receptor (VEGFR)-3 (also called Flt4) instead of VEGFR-
2.6 Interestingly, an expansion of circulating LEPC has been 
recently shown in rheumatic diseases such as spondyloarthritis 
and primary Sjögren’s syndrome.7 8 As far as SSc is concerned, 
heterogeneous data have been reported on the numbers and 
functions of EPC,2 but no data are currently available on LEPC. 
Therefore, we investigated for the first time circulating levels 
of LEPC and their possible association with markers of disease 
severity in patients with SSc.

LEPC, defined as CD34+CD133+VEGFR-3+ cells,6 were 
quantified in 40 patients with SSc fulfilling the American 
College of Rheumatology/European League Against Rheu-
matism 2013 classification criteria9 and 20 age-matched and 
sex-matched healthy controls (HC). Population characteristics 
are summarised in table 1. Briefly, CD34+ cells were enriched 
from cryopreserved isolated peripheral blood mononuclear cells 
using the CD34 MicroBead Kit (Miltenyi Biotec) and stained 
with anti-CD34-FITC, anti-VEGFR-3-APC (both from Miltenyi 
Biotec) and anti-CD133-PE (BD Biosciences) antibodies or 
isotype-matched control IgG. At least 1000 events in the CD34+ 

enriched population gate (figure 1A) were acquired at low rate 
using a FACSCanto II flow cytometer and analysed using FACS-
Diva software (BD Biosciences).

The percentage of circulating LEPC in total CD34+ cells was 
not different between the whole SSc patient cohort (median 
49.9, range 10.2–68.9) and HC (median 51.5, range 22.7–65.1) 
(figure 1B). However, subgroup analysis revealed that LEPC were 
significantly decreased in SSc patients with DU (median 35.7, 
range 10.2–63.4) compared with either SSc patients without DU 
(median 55.7, range 21.5–68.9) or HC (p=0.014 and p=0.028, 
respectively) (figure 1C,D). On the contrary, no difference in 
circulating LEPC percentage was detected when comparing SSc 
patients without DU and HC (figure 1D). No significant asso-
ciation was found with the other patient clinicodemographic 
and laboratory parameters. Interestingly, the mean fluorescence 
intensity of VEGFR-3 was significantly lower on LEPC from SSc 
patients with DU than on those from SSc patients without DU 
and HC (both p<0.05) (figure 1E).

In summary, our study provides the first evidence that impair-
ment of lymphvasculogenesis may be an additional facet of 
SSc contributing to disease-related peripheral microcircula-
tory abnormalities. Indeed, SSc patients with DU specifically 
displayed low circulating LEPC which is in line with the previ-
ously reported association of decreased skin lymphatic vessel 
counts with DU.4 Besides the reduced LEPC numbers, the 
decrease in surface expression of VEGFR-3 might even suggest a 
defective lymphangiogenic/lymphvasculogenic function of these 
progenitors in SSc patients with DU. Limitations of this study 
are its cross-sectional nature, relatively low number of included 
patients and the fact that mechanistic investigations were not 
performed. Although our preliminary data suggest that LEPC 
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Figure 1 Reduced circulating levels of lymphatic endothelial progenitor cells (LEPC) in patients with systemic sclerosis (SSc) are associated with 
the presence of digital ulcers (DU). (A) Gating strategy used for the flow cytometric enumeration of LEPC in patients with SSc and healthy controls 
(HC). CD34+ cells were enriched from peripheral blood mononuclear cells, and the LEPC population was identified as CD34+CD133+ vascular 
endothelial growth factor receptor (VEGFR)-3+ in the CD34+ enriched population gate. Quadrants were set according to the fluorescence signal 
provided by the isotype controls. A representative CD133 versus VEGFR-3 flow cytometry plot from an HC is shown. (B) Percentages of circulating 
CD34+CD133+VEGFR-3+ LEPC in total CD34+ cells from HC (n=20) and the whole SSc patient cohort (n=40). Data are shown as dot plots with 
median. Each dot represents an individual. (C) Representative CD133 versus VEGFR-3 flow cytometry plots of a SSc patient without DU and a SSc 
patient with DU. (D) Percentages of circulating CD34+CD133+VEGFR-3+ LEPC in total CD34+ cells from HC (n=20), SSc patients without DU (n=23) 
and SSc patients with DU (n=17). Data are shown as dot plots with median. Each dot represents an individual. Mann-Whitney U test was used 
for statistical analysis. A two-sided p value <0.05 was considered significant. NS, not significant. (E) Mean fluorescence intensity of VEGFR-3 on 
circulating LEPC from HC (n=20), SSc patients without DU (n=23) and SSc patients with DU (n=17). Data are mean±SEM. Student’s t-test was used 
for statistical analysis. A two-sided p value<0.05 was considered significant.

may be linked to SSc-related peripheral vasculopathy severity, 
the potential predictive value of LEPC in DU-complicated SSc 
needs to be determined in a larger prospective study.
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Figure 1 Differences in 18F-FDG uptake between ‘positive’ segments of Warrick score >0 SSc patients, ‘negative’ segments of Warrick score >0 
SSc patients and ‘negative’ segments of Warrick score=0 SSc patients versus attended normalised control value (=1). 18F-FDG, 18-F fluoro-deoxy-d-
glucose; SSc, systemic sclerosis; SUV, standardised uptake value.

18F-fluorodeoxyglucose positron-emission 
tomography/CT and lung involvement in 
systemic sclerosis

Systemic sclerosis (SSc) early lung involvement (interstitial lung 
disease (ILD)) is characterised by ground glass opacities (GGO) 
at high-resolution CT (HRCT).1 2 The literature provides 
conflicting interpretations of GGO’s clinical significance,3–5 and 
whether it represents inflammation or early fibrotic changes 
is a dilemma. In fact, HRCT cannot discriminate between 
‘active inflammatory’ and ‘established fibrotic’ GGO.6 Instead, 
18-F fluoro-deoxy-d-glucose positron-emission tomography/
CT (18F-FDG-PET/CT) locates areas of increased metabolic 
activity,7 8 but no data on the ‘established fibrotic’ GGO meta-
bolic activity has been demonstrated yet. We aimed at evaluating 
if 18F-FDG-PET/CT scan may identify GGO inflammatory 
component in SSc-ILD.9

Seven patients with SSc (six females; mean age 59.56±9.15 
years, median disease duration 5 years) from the Rheuma-
tology Outpatient Clinic, University of Florence underwent 
a 18F-FDG-PET/CT to rule out the presence of a neoplasia 
for a lung nodule detected at chest HRCT. HRCT pulmonary 
segments were classified as ‘negative’ (normal morphology) and 
‘positive’ (presence of GGO), and the Warrick score was used 
to quantify ILD at HRCT.10 18F-FDG-PET/CT images were 
retrospectively analysed by two independent blinded nuclear 
medicine physicians, obtaining mean standardised uptake value 
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(mSUV) for regions-of-interest for each lung segment, using 
standard PET/CT scanner workstation tools. These values were 
normalised (nmSUV) by comparison with sex, age, height and 
weight-matched controls selected from a database of subjects 
with negative PET/CT scans and no thoracic and systemic 
diseases (reference value of 1). Clinical features (including 
smoking exposure), laboratory workup, chest echocardiography 
and pulmonary function tests were recorded.

All patients with SSc were non-smokers, and cancer (as 
assessed by PET/CT and follow-up HRCTs until August 2017), 
cardiac function abnormalities or increased systolic pulmonary 
artery pressure were ruled out.

In the four patients with a Warrick score=0, the lung segments 
were all ‘negative’ (group A) and had an nmSUV (mean 0.97; 
95% CI 0.93 to 1.01, p=0.14) which was not different to 
reference value of 1. In the three patients with Warrick score 
>0, a significantly higher nmSUV than reference value of 1 
was detected both for ‘positive’ (group C, mean 1.53; CI 1.42 
to 1.65, p<0.0001) and for ‘negative’ (group B mean 1.29; 
CI 1.22 to 1.37, p<0.0001) lung segments. Group C showed 
a 24% higher nmSUV than group B (CI 0.13 to 0.33, p<00 
001) (figure 1). Interestingly, lung segments of group B had a 
32% higher 18F-FDG uptake than in group A (CI 0.17 to 0.48, 
p<0.0001).

This preliminary study showed that morphologically ‘posi-
tive’ GGO segments present a clear 18F-FDG uptake, suggesting 
the existence of an increased metabolic activity of GGO. This 
18-FDG uptake could be potentially due to inflammation 
but could also be seen as a reflection of a concomitant active 
phenomenon due to underlying pathogenetic mechanisms (ie, 
high fibroblast activity).11

Although these data indicate that PET/CT may disclose an 
underlying inflammatory process not yet evidenced by HRCT, 
still it remains to be determined whether early parenchymal 
involvement may be identified before this is evident at HRCT. In 
fact, the metabolic activity observed in group B could be related 
to a lung SSc-related ‘impairment’ not detectable at HRCT, 
possibly representing a lung reaction to the disease, stronger 
in those subjects with some segments affected by GGO. In the 
future, the evolution of this specific metabolic activity could be 
verified with an HRCT follow-up. The fact that 18F-FDG PET/
CT might be useful to evaluate the response to treatment during 
follow-up of patients with SSc, as already used in oncology, 
remains a working hypothesis because the radiation load is a 
serious issue which could limit this approach. Further studies on 
a larger population are warranted to verify our data, preliminary 
results and possibly provide a prognostic significance of PET/CT 
positivity in patients with SSc.
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Figure 1 Ultrasound features in patients with hyperuricaemia. Dorsal longitudinal ultrasound of first metatarsophalangeal joints (MTP1) in 
(A) isolated hyperuricaemia and (B) hyperuricaemia with non-specific foot pain. The presence of double contour sign due to articular cartilage 
monosodium urate deposition (solid arrows) is shown in (C). Medial longitudinal ultrasound of MTP1 in (C) isolated hyperuricaemia and (D) 
hyperuricaemia with non-specific foot pain. The presence of tophus (double-headed arrow) and juxta-articular erosion (open arrow) over the medial 
surface of the first metatarsal is shown in (D). Greyscale images obtained using LogiqE9 at 15 MHz.

Urate-lowering therapy (ULT) reduces non-
episodic foot pain in patients who fail to meet 
ACR/EULAR 2015 gout classification criteria: an 
effect predicted by ultrasound and potential 
rationale for reclassification

Gout, which is caused by monosodium urate (MSU) deposi-
tion within joints in the presence of hyperuricaemia, is now the 
leading cause of inflammatory arthritis within developed coun-
tries.1 2 Despite recent observations that urate-lowering therapy 
(ULT) should be considered early to reduce disease chronicity, 
diagnosis is frequently delayed, leading to suboptimal clinical 
outcomes.2 3

The current American College of Rheumatology (ACR)/Euro-
pean League Against Rheumatism (EULAR) 2015 gout classifi-
cation entry criterion requires the history of a prior episode of 
swelling, pain or tenderness of a peripheral joint/bursa before 
confirmation either through MSU crystal identification in syno-
vial fluid or through achieving a score of >8 using a predefined 
scoring system of radiological, laboratory and clinical features. 
One such feature, a gout ‘episode’, is clearly defined both in 
terms of its intensity (joint erythema, tenderness, reduced/inhib-
ited walking ability) and duration (time to maximal pain from 
onset <24 hour; resolution to baseline <14 days).4

Emerging evidence that the joints of asymptomatic hyperuri-
caemic individuals contain MSU deposits and that alternative 
presentations of foot pain occur in hyperuricaemia suggests that 
preclinical and clinical phases may occur prior to a first episodic 
gout attack.5 6 This case–control study evaluated urate deposition 
in hyperuricaemic individuals not fulfilling the current gout clas-
sification criteria, as well as a potential therapeutic role for ULT.

Following informed consent, hyperuricaemic individuals 
with persistent, non-episodic foot pain (n=16, mean±SE, pain 
duration 28±8.7 months), not fulfilling ACR/EULAR 2015 

gout classification criteria, were compared with asymptomatic 
hyperuricaemic controls (n=15, online supplementary table 
S1). Ultrasound (US) of bilateral first metatarsophalangeal 
joints and features of MSU deposition including double contour 
(DC) sign, tophus and juxta-articular erosion were recorded. 
Cases only were treated with febuxostat 80 mg once daily for 3 
months. Serum urate, 24-hour and 7-day visual analogue score 
(VAS) 0–100 mm pain scales and the Manchester Foot Pain and 
Disability Index (MFPDI) were recorded before treatment and 
after 1 and 3 months.7 Statistical analysis was performed using 
SPSS V.25 software, mean and SE data shown.

DC sign, erosion and tophus occurred in 44%, 37% and 
37% of cases, respectively (figure 1). No US features of gout 
occurred in controls. No significant difference was seen in base-
line serum urate between cases (450±18 mg/dL) versus controls 
(426±7; p=NS). Serum urate in cases fell at 1 month (200±18; 
p<0.001) and 3 months (223±28; p<0.001). For cases, base-
line 24-hour pain VAS (65±4.9) reduced at 1 month (41±6.6; 
p=0.001) and 3 months (33±7.2; p<0.001) of ULT. The 7-day 
pain VAS (70±4.7) decreased at 1 month (44±7.1; p<0.001) 
and 3 months (38±8; P<0.001). MFPDI (25±2.1) decreased at 
1 month (21±2.9; p=0.019) and 3 months (17±2.8; p=0.012). 
When cases were grouped according to the presence (n=7) or 
absence (n=9) of DC sign on baseline US, no differences were 
observed for baseline pain scores (figure 2). Following ULT 
however, 24-hour pain VAS were significantly lower in DC 
positive patients at 1 month (26±8.4 DC positive vs 52±8.1 
DC negative; p=0.046) and 3 months (14.3±4.2 vs 49±9.8; 
p=0.009). The 7-day pain VAS were significantly lower in DC 
positive patients at 1 month (27±7.6 vs 57±9; p=0.011) and 3 
months (17.7±6.4 vs 56±10.6; p=0.01). No significant differ-
ences between DC positive and DC negative patients were seen 
in MFPDI or serum urate at 1 or 3 months of ULT.

These findings indicate that persistent, non-episodic foot pain 
in hyperuricaemia is both associated with US features of MSU 
deposition and is responsive to ULT. Symptomatic hyperuri-
caemia occurring prior to episodic gout therefore represents an 
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Figure 2 Baseline double contour (DC) sign is associated with a greater reduction in non-specific foot pain at 1 and 3 months. Patient reported (A) 
24-hour pain visual analogue score (VAS) (0–100 mm), (B) 7-day pain VAS (0–100 mm), (C) Manchester Foot Pain and Disability Scores (MFPDI) and 
(D) serum urate concentration (mg/dL) at 0–3 months compared between patients with baseline positive DC sign (black line, n=7) or negative DC sign 
(grey line, n=9). Mean and SE values shown.*P<0.05, significant difference compared with baseline, paired t-test. **P<0.05 significant differences 
between groups, independent samples t-test.

earlier or alternative disease presentation. Changes to the ACR/
EULAR classification criteria to include non-episodic foot pain 
in the presence of US features of gout may increase the sensitivity 
of disease classification at an early stage, leading to improved 
future treatment strategies and long-term outcomes.
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Switching from the bio-originators to biosimilar: 
is it premature to recommend this procedure?

We read with interest the recently published recommendations 
for the use of biosimilars in rheumatology practice.1 However, we 
have some concerns regarding recommendation 6 on the efficacy 
and safety of switching from the originator biologic to the respec-
tive biosimilar. Considering the strong impact of the European 
League Against Rheumatism recommendations on real-life clinical 
decisions, such recommendation seems not sufficiently supported 
by the evidence because available data do not allow to draw defin-
itive conclusion on the switching strategy. To date, the efficacy and 
safety of infliximab and etanercept biosimilars in substitution of 
the bio-originators have been assessed in four long-term extension 
reports following the blinded phase of the respective randomised 
controlled trials (RCTs),2–5 but the transposition of these results 
to the real-life practice seems rather questionable. Indeed, patients 
treated in the setting of real-world practice greatly differ from 
those enrolled in clinical trials, as suggested by an analysis from the 
German Rheumatoid Arthritis: Observation of Biologic Therapy 
(RABBIT)  registry showing that only 21%–33% of the included 
patients would have been eligible for RCTs.6 Also the results of the 
Norwegian Switch study (NOR-SWITCH) trial do not adequately 
support the switching strategy from infliximab originator (re-IFX) 
to infliximab biosimilar (bio-IFX) in patients with inflammatory 
rheumatic diseases because only 198 (41%) out of 481 enrolled 
patients had a rheumatic disorder, including 91 (18.9%) spondy-
loarthritis (SpA), 77 (16%) rheumatoid arthritis (RA) and 30 (6.2%) 
psoriatic arthritis (PsA).7 Consequently, the study lacks of statistical 
power with important repercussion on the clinical significance of 
the results in patients with SpA, RA and PsA. The Danish Nation-
wide Biologic  (DANBIO) registry reported data from a large series 
of 802 patients with RA, SpA and PsA who were switched from 
re-IFX to bio-IFX.8 No negative impact of bio-IFX on the disease 
activity was recorded, but the retention rate was significantly lower 
as compared with a historical cohort of patients receiving re-IFX 
(86.8% vs 83.4%; P: 0.03). Similar findings have been recently 
observed in other clinical series from Turkey.9

Data from the DANBIO registry on the switching from orig-
inator etanercept (re-ETN) to biosimilar etanercept (bio-ETN) 
were recently presented.10 At the end of the follow-up period, 
bio-ETN was withdrawn in 129 (8.3%) out of 1548 patients 
who were in clinical remission prior to the switching. Confirming 
the different clinical characteristics of patients treated in real-life 
practice, despite a shorter follow-up duration of 5 months, the 
percentage of withdrawals was higher than in the study of Emery 
and colleagues4 (5% over 48 weeks). In this sense, the paucity of 
data from real life and the absence of controlled trials suggest that 
also recommendation 7 (evidence level 5 and degree of recommen-
dation D)1 may be misleading for clinicians, who may be driven 
by health authorities to choices made only on an economic basis. 

To conclude, in our opinion, available data from real-world clin-
ical practice, somewhat conflicting with those of RCTs, seem to 
suggest that it is premature to formulate recommendations on the 
switching strategy from the bio-originator to its biosimilar.
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Response to: ‘Switching from the bio-originators 
to biosimilar: is it premature to recommend this 
procedure?’ by Cantini and Benucci

In their correspondence, Cantini and Benucci1 express their 
concern about the lack of real-life data supporting the switch 
from originator to biosimilar biological disease-modifying 
antirheumatic drugs, as recommended in the recently issued 
consensus-based recommendations.2 They argue that the Danish 
Nationwide Biologic (DANBIO) registry reporting real-life data 
showed a lower than expected retention rate after the switch to 
biosimilar infliximab (bio-IFX) and etanercept.3 4

Concerning bio-IFX, several other real-life studies have been 
published so far. One Dutch and one French open studies have 
examined real-life outcomes of the switch from originator to 
bio-IFX in patients with inflammatory rheumatic diseases.5 6 
Both studies revealed a bio-IFX retention rate between 72% and 
76%, which is lower than the expected originator IFX retention 
rate. Interestingly, the two studies reported that a significant 
proportion of patients stopping bio-IFX presented subjective 
complaints without any clinical sign of disease activity. In the 
French study, exclusion of the subgroup of patients presenting 
only subjective complaints (44% of dropouts) suppressed the 
difference in retention rate when compared with a historic 
cohort of original IFX (ori-IFX) treated patients. Finally, both 
studies allowed patients to switch back to ori-IFX. Patients 
presenting with subjective complaints were rescued by ori-IFX 
resumption, whereas those with objective symptoms were more 
likely to switch to another biologic.

These results strongly suggest that the lower retention rate 
after the switch is due to a nocebo effect,7 or an incorrect attri-
bution bias where a random flare-up is falsely attributed to an 
unrelated factor (eg, the switch).

To put it in other words, if 100 patients are switched from 
ori-IFX to bio-IFX, roughly 70% will continue the biosimilar, 
15% will present IFX failure with objective signs of activity (as 
expected without the switch) and 15% will develop subjective 
symptoms that can be rescued with ori-IFX resumption. Thus, 
one can see the glass half full or half empty. We prefer to see 
evidence that in case of switch, 70% of patients will remain 
treated with the biosimilar leading to substantial savings for the 
health system, and that the other 30% will switch back either to 
the originator or to another biologic.

We therefore fully support the task force guidelines including 
recommendation 6 stating that the switch from an originator 
biologic to its biosimilar appears safe and that this recommenda-
tion deserves a 1b level of evidence.

Biologics have changed the prognostic of patients with rheu-
matic diseases. However, this breakthrough has come with 
substantial costs that our health systems have difficulties to 
cope with. Biosimilar might be one of the solutions for this 
serious issue. In the UK, considering that IFX and etanercept 
are estimated to cost £408 million/year (€482 million) and 

that biosimilar prices are on average 20% lower than origi-
nator prices, a 70% biosimilar switch rate would account for 
savings of 81.6 million/year (€96.4 million).8

Biosimilars have, for now, consistently shown that a lower 
price does not equal a lesser quality. Continuous diffusion, 
pharmacovigilance and research around biosimilars will allow 
to address the remaining questions on their use and reassure 
patients and physicians about their safety.

Marc Scherlinger, Thierry Schaeverbeke

Department of Rheumatology, Centre Hospitalier Universitaire de Bordeaux, 
Bordeaux, France

Correspondence to Dr Marc Scherlinger, Department of Rheumatology, Centre 
Hospitalier Universitaire de Bordeaux, Bordeaux 33076, France;  
 marc. scherlinger@ chu- bordeaux. fr

Competing interests None declared.

Provenance and peer review Not commissioned; internally peer reviewed.

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2019. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

To cite Scherlinger M, Schaeverbeke T. Ann Rheum Dis 2019;78:e24.

Received 15 January 2018
Accepted 17 January 2018
Published Online First 26 January 2018

 ► http:// dx. doi. org/ 10. 1136/ annrheumdis- 2018- 213044 

Ann Rheum Dis 2019;78:e24. doi:10.1136/annrheumdis-2018-213021

RefeRences
 1 Cantini F, Benucci M. Switching from the bio-originators to biosimilar: is it premature to 

recommend this procedure? Ann Rheum Dis 2019;78:e23.
 2 Kay J, Schoels MM, Dörner T, et al. Consensus-based recommendations for the use of 

biosimilars to treat rheumatological diseases. Ann Rheum Dis 2018;77:165–74.
 3 Glintborg B, Sørensen IJ, Loft AG, et al. A nationwide non-medical switch from 

originator infliximab to biosimilar CT-P13 in 802 patients with inflammatory arthritis: 
1-year clinical outcomes from the DANBIO registry. Ann Rheum Dis 2017;76:1426–31.

 4 Glintborg B, Omerovic E, Danebod K, et al. One-year clinical outcomes in 1623 
patients with inflammatory arthritis who switched from originator to biosimilar 
etanercept - an Observational Study from the Danish Danbio Registry. ACR Meet. 
Abstr. 2017. http:// acrabstracts. org/ abstract/ one- year-clinical-outcomes-in-1623-
patients-with-inflammatory-arthritis-who-switched-from-originator-to-biosimilar-
etanercept-an-observational-study-from-the-danish-danbio-registry/ (accessed 25 Dec 
2017).

 5 Tweehuysen L, van den Bemt BJF, van Ingen IL, et al. Subjective complaints as the 
main reason for biosimilar discontinuation after open-label transition from reference 
infliximab to biosimilar infliximab. Arthritis Rheumatol 2018;70:60–8.

 6 Scherlinger M, Germain V, Labadie C, et al. Switching from originator infliximab to 
biosimilar CT-P13 in real-life: the weight of patient acceptance. Joint Bone Spine 2017. 
doi: 10.1016/j.jbspin.2017.10.003 [Epub ahead of print: 14  Nov 2017].

 7 Rezk MF, Pieper B. Treatment outcomes with biosimilars: be aware of the nocebo effect. 
Rheumatol Ther 2017;4:209–18.

 8 NHS Digital. Prescribing costs in hospitals and the community, England 2015/16. http:// 
digital. nhs. uk/ catalogue/ PUB22302 (accessed 8 Jan 2018).

Correspondence response

http://www.eular.org/
http://ard.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-213021&domain=pdf&date_stamp=2019-02-25
http://dx.doi.org/10.1136/annrheumdis-2018-213044 
http://dx.doi.org/10.1136/annrheumdis-2017-211937
http://dx.doi.org/10.1136/annrheumdis-2016-210742
http://acrabstracts.org/abstract/one-%20year-clinical-outcomes-in-1623-patients-with-inflammatory-arthritis-who-switched-from-originator-to-biosimilar-etanercept-an-observational-study-from-the-danish-danbio-registry/
http://acrabstracts.org/abstract/one-%20year-clinical-outcomes-in-1623-patients-with-inflammatory-arthritis-who-switched-from-originator-to-biosimilar-etanercept-an-observational-study-from-the-danish-danbio-registry/
http://acrabstracts.org/abstract/one-%20year-clinical-outcomes-in-1623-patients-with-inflammatory-arthritis-who-switched-from-originator-to-biosimilar-etanercept-an-observational-study-from-the-danish-danbio-registry/
http://dx.doi.org/10.1002/art.40324
http://dx.doi.org/10.1016/j.jbspin.2017.10.003
http://dx.doi.org/10.1007/s40744-017-0085-z
http://digital.nhs.uk/catalogue/PUB22302
http://digital.nhs.uk/catalogue/PUB22302
http://ard.bmj.com/


1 of 1Ann Rheum Dis April 2019 Vol 78 No 4

Additional comment to: ‘Switching from the bio-
originators to biosimilar: is it premature to 
recommend this procedure?’ by Scherlinger 
and Schaeverbeke

We are grateful to Scherlinger and Schaeverbeke for their reply 
to our letter.1

We would like to remind that in our letter we raised several 
concerns regarding the low grade of evidence supporting recom-
mendation 6 on the switching procedure, as reported in the 
recently published recommendations for the use of biosimilars 
in rheumatology practice.2 3 We believe that international recom-
mendations should be based on solid bases, and, as underlined 
in our letter, by analysis of the existing literature, the evidence 
of such strategy in terms of efficacy, safety, retention rate and 
also economic advantages is poor. In particular, the colleagues 
focus their remarks on reduced bio-etanercept and bio-inflix-
imab retention rates observed in the Danish Registry of Biologics 
(DANBIO) registry,4 5 suggesting that a consistent percentage of 
biosimilar interruption was related to the nocebo effect. In this 
sense, we have at least two considerations. First, the nocebo 
effect is a well-known phenomenon that may negatively influ-
ence the response to therapies. However, the clinical features 
of nocebo effect are complex, rather undefined, not supported 
by adequate controlled studies, and with unavailable validated 
classification/diagnostic criteria,6 thus making its borders rather 
foggy and difficult to address. Second, whatever the reason for 
the reduced retention rate, by contrast with the previous long-
term treatment with the originators (infliximab and etanercept 
mean treatment duration of 6.8 years and 5.2 years, respec-
tively), up to 30% of patients of DANBIO registry discontinued 
the biosimilar over a short-term follow-up.4 5 It should be kept 
in mind that the discontinuing patients were in clinical remis-
sion or low disease activity before switching, that is to say they 
exchanged a full glass with an empty glass.

Regarding the economic evaluation discussed by the 
colleagues,1 the possibility that biosimilars would be considered 
a solution for health systems in economic difficulty, with a saving 
of 81.6 million/year, in a substantial absence of specific cost-ef-
fectiveness studies, should be temporarily considered as specula-
tive. In previously mentioned studies, there emerged an efficacy 
loss ranging from 8.3% to 30%.4 5 In Italy the yearly price 
difference between biosimilar etanercept and the originator is 
€1 900.00 (€7 580.00 vs €9 480.00). Available data show that 
the treatment costs for patients switching from initial treatment 
during the first year of follow-up were higher than for patients 
who did not switch (€12 710.00 vs €11 332.00), with a differ-
ence of €1 378.00.7 The Incremental cost-effectiveness/qual-
ity-adjusted life year (ICER)/QALY of etanercept ranges from 
€15 315.00 when we consider direct and indirect costs, and up 
to €38 639.00 for direct costs only.8 No cost-effectiveness anal-
ysis data have been produced with SB4 biosimilar etanercept, but 
Yisaipu, another biosimilar of etanercept, in a model based on 
the PRESERVE study,9 had an estimated ICER of between $18 
324 and $40 333 with the best strategy and $12 735 when the 
dose is reduced to 25 mg in the first 9 months.10

If we consider the cost of the switch for ineffectiveness and 
adverse events and the indirect costs of worsening QALY, we 

believe that savings are weak and drug-free remission and 
biological dose down-titration therapeutic strategy are currently 
the best options to achieve cost savings.11
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Additional response to the correspondence: 
‘Switching from the bio-originators to 
biosimilar: is it premature to recommend this 
procedure?’ by Cantini and Bennuci

We read with great interest Cantini and Benucci’s response to 
our letter.1 However, we would like to add some points to the 
debate.

To date and to our knowledge, every single clinical trial inves-
tigating efficacy and safety of biosimilars in rheumatology using 
a double-blinded design has failed to report any clinical differ-
ence with the original biologic. The double-blinded controlled 
trial NOR-SWITCH as well as open-label extension studies such 
as PLANETRA investigating efficacy and safety of the switch 
from original to biosimilar infliximab also failed to report any 
difference.2 3 These studies unequivocally condone the grade 
1b recommendation 6 regarding the efficacy and safety of the 
switch published in the journal.4

Cantini and Benucci’s concern emerged from the Danish 
Biologic Registry (DANBIO), which reported a borderline 
significant lower retention rate at 1 year post-mandatory 
non-medical switch in the adjusted (but not the crude) anal-
ysis: 86.8% versus 83.4% (P=0.03).5 6 Analysis of the litera-
ture and the work we conducted has led us to believe that the 
lower retention rate of the biosimilar after a switch might not 
be due to the biosimilar itself but rather by patient perception 
together with the way health authorities and physicians handle 
the switch.7

In Denmark, a national consensus led to a non-medical switch 
of all patients without that patient (nor physician) had any say. A 
non-medical switch more frequently leads to negative outcomes 
than medical switch,8 and not taking into account patient opinion is 
more likely to be counterproductive. Interestingly, in a randomised 
study evaluating originator etanercept versus placebo in rheumatoid 
arthritis, 24 weeks’ clinical response was lower (71.4% of ACR20 
in the treated group) than in the study comparing originator and a 
biosimilar etanercept (86.7% and 93.3% ACR20, respectively).9 10 
This suggests that the eventuality of placebo treatment affects the 
efficacy of the verum treatment. We believe that similar mecha-
nisms are at play after offering the switch to a biosimilar. More 
work is needed to better understand patient perspective on biosim-
ilars and as to how to address the switch properly. Yet, this should 
not refrain physicians from offering the switch, maybe at first to 
selected patients.

Concerning the economic considerations, we politely disagree 
with our colleagues since the savings will be accomplished on the 
proportion of patients continuing the biosimilar, which is the large 
majority of patients: 83.4% in DANBIO and 72% in our study.5 7 As 
we discussed earlier,11 the expected drop-out patients will need to 
be switched to another biologic or targeted synthetic disease-mod-
ifying antirheumatic drug (bDMARD or tsDMARD). The small 
proportion of excess drop-out (which clinical characteristics were 
not detailed in DANBIO) are characterised by subjective symptoms 
and can be rescued by originator resumption.7 12 With this in mind, 
we hardly see how this strategy would not be generating signifi-
cant savings. As for the fact that dose tapering is a cost-effective 
strategy in rheumatic diseases, we totally agree with our colleagues. 
We would, however, like to add that dose tapering can also be 
conducted with biosimilars, thus generating even higher savings and 
turning a half-full glass into a full glass.
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Can ultrasound of the major salivary glands 
assess histopathological changes induced by 
treatment with rituximab in primary 
Sjögren’s syndrome?

With great interest we have read the recent publication by Fisher 
et al,1 entitled ‘Effect of rituximab on a salivary gland ultrasound 
score in primary Sjögren’s syndrome: results of the TRACTISS 
randomised double-blind multicenter substudy’ in which the 
authors demonstrated a significant improvement in total ultra-
sound score (TUS) after rituximab treatment compared with 
placebo at weeks 16 and 48 in 52 patients with primary Sjögren’s 
syndrome (pSS).

We and others have shown that treatment with rituximab, a 
chimeric anti-CD20 monoclonal antibody, affects the histopa-
thology of the salivary glands and results in a decrease in area 
of lymphocytic infiltrate in the labial and parotid glands.2–5 This 
reduction in infiltrated area, that is, up to 50%, is mainly caused 
by B cell depletion.2 Rituximab treatment also causes a signifi-
cant loss of germinal centres.2 Interestingly, rituximab treatment 
also leads to a significant restoration of the ductal epithelium 
glandular tissue itself. This is illustrated by a significant decrease 
in number and severity of lymphoepithelial lesions (LELs) in 
parotid gland tissue 12 weeks after rituximab treatment.2 6 The 
normalisation of the epithelium appears to be a direct conse-
quence of depletion of intraepithelial B cells.7

Significant improvement of the parotid gland ultrasound 
score of patients with pSS has been observed before in another 
randomised controlled trial (RCT) with rituximab, the Toler-
ance and Efficacy of Rituximab in Primary Sjogren's Syndrome 
(TEARS) study.8 This is an RCT with rituximab versus placebo, 
performed by a French group. Together with the improvement 
of the histopathology of the gland, it might not be a surprise 
that Fisher et al1 also observed a significant improvement in 
TUS. This newly developed scoring system is composed of five 
domains: echogenicity, consistency, definition, glands involved 
and hypoechoic foci size. In the study by Fisher et al1, the differ-
ence in TUS between rituximab and placebo-treated patients was 
only attributed to the ‘definition’ domain. This domain addresses 
the visibility of the salivary gland posterior border. Other studies 
have shown that this domain is hard to assess,1 9 which is also 
supported by the accompanying low interobserver reliability.10 11 
None of the other components showed a significant improve-
ment at weeks 16 and 48 after rituximab treatment in patients 
with pSS.1 In a previous study, we have shown that the presence 
of hypoechogenic areas is the most important component in the 
evaluation of pSS.12 Hypoechogenic areas contribute to several 
domains scored when using the ultrasound scoring system 
applied by Fisher et al,1 which include echogenicity, consistency 
and hypoechoic foci size. Although no significant improvement 
was found in these ultrasonographic components, there seems 
to be a tendency that the consistency domain does somewhat 
improve after rituximab treatment.1 On the basis of the observed 
histopathological changes seen in parotid glands after rituximab 
treatment, however, it might have been expected that more 
domains of the TUS would have been improved.

The question becomes now why Fisher et al,1 in our opinion, 
observe only minimal changes in ultrasound score after rituximab 
treatment. First, as long as we do not exactly know which histo-
pathological parameters in salivary glands are being measured 
by ultrasound, it is hard to understand the effects of treatment 
on the ultrasound scores. While in the TEARS study, a good 

association between focus score in the labial gland biopsy and 
their ultrasound score was found, our group found only fair to 
moderate associations between the Hocevar ultrasound score13 
and focus score in parotid and labial salivary gland biopsies, 
respectively.14 15 The focus score is not appropriate to measure 
the local effect of rituximab on the periductal lymphocytic infil-
tration.2 Moreover, a focus score does not reflect the size of the 
infiltrate and the inflamed area can be considerably reduced as 
a consequence of treatment, while the number of foci does not 
or only slightly decrease. Indeed, after rituximab treatment, the 
focus score was not altered, although there was a reduction in 
the size of the periductal infiltrate.2 Taking this limitation of the 
focus score into account, other measurements, such as the rela-
tive area of infiltrating CD45+ cells, the number of B cells/mm2 
of glandular parenchyma, the presence and stage of LELs as well 
as the presence of germinal centres, more accurately define the 
magnitude of the inflammatory status of the gland.2 Since these 
histopathological features are too small to be represented by the 
hypoechogenic areas, it is not surprising that only minor changes 
in TUS were observed by Fisher et al.1 Apparently, the change in 
the area of the inflammatory infiltrates might not be measured 
directly by the change in percentage of hypoechogenic areas seen 
on ultrasound.

Second, another possible explanation why no more domains 
of the TUS change after rituximab treatment is that TUS is not 
sensitive enough to detect the histopathological changes. The 
consistency component is scored on a categorical scale, based on 
the ultrasonographers’ estimate of the amount of hypoechogenic 
areas present. It is questionable whether the decrease in the glan-
dular area occupied by infiltrating cells is reflected by a similar 
change in the ultrasound image. In other words, it is uncertain 
whether the applied scoring system (TUS) is sensitive enough to 
detect this change. With only a few categories, there has to be 
a relative large change in the amount of hypoechogenic areas 
present in the ultrasonographic image of a particular salivary 
gland to result in a different score. Furthermore, with regard 
to the ultrasonographic scoring, there are some other points to 
keep in mind. For example, ultrasound scoring was done live, 
but for an unbiased evaluation, blinded scoring is warranted. In 
addition, as already pointed out by Fisher et al,1 the ultrasound 
devices between the different centres were not standardised and 
intraobserver and interobserver reliability were not assessed. 
This last point is particularly important since previously there 
was more inconsistency in scoring the severity of the ultraso-
nographic characteristics10 as used in the study of Fisher et al.1 
On the other hand, the ultrasonographers were able to reliably 
identify in which patients the ultrasonographic characteristics 
support the diagnosis of pSS.10

Finally, the most simple explanation for the minor TUS 
changes is that the TRACTISS study, a randomised double 
blind placebo controlled clinical TRial of Anti-B-Cell Therapy 
In patients with primary Sjögren's Syndrome, failed to meet its 
primary endpoint, that is, a change of 30% in oral dryness or 
fatigue on the visual analogue scale.8 Taking this into account, 
we should have been surprised if major differences in TUS were 
found. Another important point to mention is that in the TRAC-
TISS study,8 the effect of rituximab treatment on the histopa-
thology of the glandular tissue itself has not been studied, nor is 
any information given about how many patients had a positive 
salivary gland biopsy at the start of the study. Because of this, it 
is impossible to make a statement about whether or not the right 
subgroup of patients was included in the first place, to detect 
changes in TUS, as it appears that rituximab shows efficacy in a 
subgroup of patients with pSS.16
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In conclusion, rituximab treatment leads to significant 
improvements in histopathological characteristics of salivary 
gland biopsies. This improvement was not reflected by a similar 
improvement in the amount of hypoechogenic areas identified 
with ultrasound by Fisher et al,1 but this could be due to several 
reasons, that is, ultrasound is not sensitive enough to detect the 
histopathological differences or does not reflect the changes seen 
in the biopsies and the TRACTISS study was a negative study, 
perhaps due to the chosen inclusion criteria. In order to make 
a statement about whether or not ultrasound is the right tool 
to measure treatment effect, the sensitivity to change should be 
determined in positive clinical trials. At this point, the baseline 
histopathological characteristics of the parotid gland should be 
used to predict the effect of rituximab therapy and to help us to 
determine a personalised treatment approach.
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Response to: Can ultrasound of the major 
salivary glands assess histopathological 
changes induced by treatment with rituximab in 
primary Sjögren’s syndrome?

We thank Mossel and colleagues for their interest in our work.1 2 
They raise a number of limitations that we acknowledge and have 
discussed. In addition, we agree that an understanding of the 
pathology underlying the abnormal salivary gland ultrasound 
findings in Sjögren’s syndrome is an important objective to help 
establish the validity of this tool as a potential outcome measure 
in clinical trials. As both we and Mossel and colleagues discuss, we 
did not observe a difference in hypoechoic areas between rituximab 
and placebo. Similar hypoechoic areas can be observed in long-
standing postradiotherapy salivary glands where inflammatory cell 
infiltrate is variable and of a differing pattern.3–5 Furthermore, the 
pattern of hypoechoic areas on ultrasound in Sjögren’s syndrome 
is reminiscent of sialography findings which are characterised by 
contrast-defined changes that include destructive and cavitatory 
stages.6 Consequently, late-stage hypoechoic lesions may reflect 
potentially irreversible damage rather than ongoing inflammatory 
lesions. However, this would not explain the reported improvement 
in such hypoechoic lesions following rituximab in a single-centre 
substudy of the French Tolerance and Efficacy of Rituximab in 
Primary Sjögren’s Syndrome (TEARS) trial.7 Our total ultrasound 
score was designed some time ago,1 and prior to more recent 
consensus work,8 and we would not necessarily advocate this score 
above others for future studies. A greater number of categories for 
the number and sizing of hypoechoic lesions might offer greater 
sensitivity to change, be that an improvement or slowing of progres-
sion. However, creation of a larger yet reliable dynamic range for 
the measurement of hypoechoic lesions with such an operator-de-
pendent technique, in a multicentre study, may require some form 
of digital image analysis. Second, we also agree that salivary gland 
histopathology may offer a useful window on drug efficacy or lack 
thereof in clinical trials in Sjögren’s syndrome. We also advocate the 
need for standardisation and have argued that the focus score alone 
may be insufficient as an outcome measure,9 10 although this has yet 
be proved in the context of a drug that also clearly improves clinical 
manifestations in a double-blind multicentre study. Histology may 
also provide a means of predicting patients that might respond to B 
cell depleting therapies; such analyses are under way in the TRial of 
Anti-B-Cell Therapy In patients with primary Sjögren’s Syndrome 
(TRACTISS) biopsy substudy and it will be interesting to see if we 
can replicate the reported associations between B cell infiltration 
and response, whether positive or negative.11–13 However, prelim-
inary data from the ongoing histopathology analysis of TRACTISS 
also confirmed that no improvement in the focus score could be 
observed between the active and the placebo arm of the study. It 
will be of interest to correlate these findings with the baseline and 
post-treatment number and size of the hypoechoic areas observed at 
ultrasound. Although Mossel et al advocate the use of parotid histo-
pathology for such repeated measures,2 data from their own group 
suggest that the diagnostic value of parotid and minor salivary gland 
histopathology is very similar,14 with the exception that lymphoep-
ithelial lesions are more common in parotid glands compared with 
minor salivary glands. We would argue that minor salivary glands 
are far more commonly used as a routine diagnostic tool and are 
therefore more amenable for use in multicentre studies. Whether the 
reproducibility of histological measures, such as focus score, mean 
focus area and area of infiltration, differs between repeat biopsies 
of the parotid versus minor salivary glands is unknown but would 

help inform this debate. In conclusion, we agree with Mossel et al 
that further validation work on ultrasound as a potential outcome 
measure, and standardisation of histopathology, is both warranted 
and highly desirable.
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Detection of myositis-specific antibodies: 
additional notes

With great interest, we read the letters that have commented 
on the recent European League Against Rheumatism/American 
College of Rheumatology classification criteria for idiopathic 
inflammatory myopathies1 (IIMs) and ensuing discussions.2 3 This 
highlights how harmonising myositis-specific antibodies (MSA) 
testing methodologies is currently a hot topic of debate among 
laboratory specialists, clinicians and manufacturers.

I would particularly like to share our own immunology labo-
ratory experience by expanding on the letter entitled ‘Detection 
of myositis-specific antibodies: additional notes’ by M Mahler 
and M Fritzler4 with which we wholly agree.

Newer technologies, such as line immunoassays (LIA) and dot 
blots (DB), which provide greater sensitivity and rapid serolog-
ical diagnoses, have standardisation and specificity drawbacks, 
but the tight connection between autoantibodies and clinical 
phenotypes underline a great need for improving the test’s accu-
racy. The UK NEQAS external quality assessment reports show 
clearly how these technologies are steadily increasing in the last 
years, compared with alternative methods. Though it may seem 
proficiency testing programmes have shown consistent inter-
methods agreement results, the data results should be read care-
fully. Anti-Jo1 positive sera have been analysed very few times 
as this programme (UK NEQAS for antibodies to nuclear and 
related antigens) is not focused on anti-Jo1 detection but rather 
generalised to extractable nuclear antigen (ENA) specificities. 
Interestingly, there is a very new programme (‘Pilot UK NEQAS 
for Myositis Associated Antibodies scheme’) that will consider 
the anti-Jo1 antibodies in the ENA panel and the total MSA 
panel. Moreover, as sample selection was mostly limited to single 
donor serum from a patient with polymyositis, this provided a 
valid picture of diagnostic sensitivity rather than specificity.

In 2010, Ghirardello et al evaluated the accuracy of commer-
cial LIAs limited to a restricted panel of MSAs showing good 
global agreement with in-house immunoprecipitation (IP) and 
immunoblot methods (sensitivity: 47% vs 51%; specificity 69% 
vs 77%).5 On the other hand, recently, Cavazzana et al assessed 
the diagnostic accuracy of a new generation LIA by an enlarged 
panel including a wider spectrum of MSAs that thoroughly 
addressed the low specificity of LIA/DB methods compared with 
IP.6

Our own laboratory experience reflects how necessary the 
need to improve specificity performance is, mainly consid-
ering the advantages intrinsic to the method, that is,  easy to 
use and inexpensive and its increasing widespread use even in 
non-specialised laboratories. The sizeable increase in MSA tests 
has also led to inappropriateness in the IIMs field, similarly to 
other antinuclear testing in connective tissue diseases (CTDs). 
As a consequence, a false positive for MSA detection may have 
a considerable clinical impact: patient anxiety, misdiagnoses, 
misguided therapies and an unnecessary cascade of insights. 
Furthermore, a suspected false positive for a cancer-associated 
MSA (ie, anti-TIF1ϒ antibodies) may have ethical implications. 
The open question is: could an inappropriate request in these 
situations hide the predictive role of the MSAs? Only a strict 
patient follow-up and a better validation of the test will clarify 

this point, as there are few data on the predictive role of MSA 
in the literature.

Given the widespread new technologies and considering that 
today such a reliable test may allow us early diagnosis of aggres-
sive diseases like those in the IIMs group, it is the manufacturers’ 
and laboratory specialists’ duty to strictly validate the LIA/DB 
tests, especially with regard to more critical antigens, such as 
anti-SRP and anti-NXP2. Similarly we would like to point out 
that all critical issues mentioned can be applied to other LIA/DB 
panels related to other diseases, like scleroderma or other CTDs. 
We thank the authors for opening the discussion and hope that 
harmonising the process will improve autoimmunology labora-
tory work globally.
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Response to: ‘Detection of myositis-specific 
antibodies: additional notes’ by Infantino et al

We have with great interest read the response letter by Dr Infan-
tino and colleagues on testing of methodologies used for detec-
tion of myositis-specific antibodies (MSA), to be published in 
the Annals of the Rheumatic Diseases.1 The authors discuss the 
need for validation of methodologies used for identifying MSA. 
The discussion stems from the publication of the new classifi-
cation criteria for idiopathic inflammatory myopathies (IIM) 
‘2017 European League Against Rheumatism/American College 
of Rheumatology classification criteria for adult and juvenile 
idiopathic inflammatory myopathies and their major subgroups’ 
that include one MSA, the anti-Jo1 antibody.2

We agree with the authors that validation of the commercially 
available tests for MSA is of utmost importance and that this 
work should include all relevant stakeholders: clinicians, clin-
ical laboratories actually performing the analyses as well as the 
diagnostic industry. We also believe that harmonisation and stan-
dardisation of actual assay implementation should be part of this 
discussion. Related to this, we also fully agree with Mahler and 
Fritzler3 that the issue of internal antibody-specific controls and 
calibration of these assays should be addressed. Moreover, from 
a clinical point of view, we think that assay results should be 
interpreted in relation to longitudinally collected clinical data. 
The steering committee of the Euromyositis register has long 
been working on standardisation and systematic analyses of 
autoantibodies. Autoantibody data are recorded in the register 
( www. euromyositis. eu) along with clinical data, and will be an 
important source for a future update of classification criteria 
for IIM, as well as to increase our knowledge of associations 
between autoantibody positivity and clinical phenotype, disease 
progression and response to treatment. A prerequisite for the 
legitimacy of this work is the use of validated antibody assays. 
The line immunoassay has the advantage of being a fast and easy 
method that can be used routinely, but the new antibody spec-
ificities still need to be validated against immunoprecipitation 
and in relation to clinical cohorts with differential diagnoses. 
We therefore encourage all initiatives aimed at increasing our 
understanding of the role of MSA, as well as the accuracy of 
methods used for their detection. Inevitably, an international 
collaborative approach is needed. We believe that the Euromy-
ositis register, including more than 5000 patients with IIM and 

involving 23 clinics worldwide, provides an appropriate foun-
dation for this type of work, but will also need to include the 
manufacturers of the immunoassays in question.

We welcome collaborations with myositis experts in this work 
towards systematic and harmonised collection of autoantibody 
data in patients with IIM using validated immunoassays together 
with longitudinal clinical data.
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The role of temporal artery biopsy in patients 
with giant-cell arteritis is debated

Over a few decades, temporal artery biopsy (TAB) was 
regarded as the gold standard for diagnosis of giant-cell arte-
ritis (GCA). However, is it really necessary to use this inva-
sive test in all patients with GCA, particularly in those with 
typical clinical features of the disease? Can we replace TAB 
with imaging modalities, including ultrasound and [18F]-flu-
orodeoxyglucose positron emission tomography (PET), that 
are more sensitive and/or more readily available in many 
institutions? Dejaco et al said yes in the recently published 
European League Against Rheumatism recommendations for 
the use of imaging in large-vessel vasculitis in clinical prac-
tice.1 The authors suggested that in patients in whom there 
is a high clinical suspicion of GCA and a positive ultrasound, 
the diagnosis of GCA may be made without biopsy or further 
imaging. Other imaging modalities, that is, PET and/or MRI, 
are more valuable in patients with Takayasu-like GCA without 
cranial signs and symptoms. Noteworthy, the task force clearly 
emphasised that TAB should be performed in all cases, where 
GCA cannot be confirmed or excluded based on clinical, labo-
ratory and imaging results. Moreover, TAB should still be a 
preferred diagnostic test in the settings where expertise with 
imaging in GCA is questionable. Therefore, rheumatologists 
can choose the optimum first-line diagnostic strategy (ultra-
sound-guided or TAB-based) taking into account the available 
resources and expertise.

Apparently, not all experts will agree with a proposed diag-
nostic algorithm. In the other recent recommendations for the 
management of GCA published by the French Study Group 
for Large Vessel Vasculitis (GEFA), Bienvenu et al suggested 
that imaging of the temporal artery does not support the GCA 
diagnosis with as much certainty as TAB.2 In France, Doppler 
ultrasound is little used and has yielded mixed results,3 while 
MRI is more expensive and less available than ultrasound. 
However, the authors commented that no real consensus 
exists on the histological criteria defining GCA.

In the pivotal tocilizumab trial (GiACTA), the diagnosis 
of GCA was based on the results of TAB or on evidence of 
large-vessel vasculitis on imaging methods.4 A proportion of 
patients with GCA that was established by means of positive 
imaging were 46%. Apparently, the investigators who partic-
ipated in this important study used non-invasive modalities 
(ie, CT angiography, MR angiography or PET) not only for 
diagnosis of the large-vessel GCA, given a high occurrence of 
cranial symptoms in the eligible patients (79%). Noteworthy, 
protocol of GiACTA study did not define ultrasound as a 
confirmatory diagnostic test for GCA. The GiACTA trial led 
to the approval of tocilizumab for the treatment of GCA in 
the USA, the European Community and the UK. Therefore, 
the regulatory authorities have recognised the role of imaging 
modalities in the diagnosis of GCA.

In our opinion, the European League Against Rheumatism 
recommendations legitimise the existing clinical approach 
to the diagnosis of GCA in a real-life setting. A proportion 
of patients with TAB-positive GCA are usually very high in 
the published research articles. However, it seems to be a 
significantly lower in the routine clinical practice. Further-
more, the results of several studies suggest that TAB does not 
affect management in the majority of patients with suspected 
GCA,5 that is, in one series, 87% of biopsy-negative patients 
continued prednisolone therapy on clinical grounds.6

In our centre, we prefer to use PET as a second-line imaging 
modality in ultrasound-negative patients with suspected 
GCA.7 This method allows both to identify vasculitis of the 
large arteries and to rule out infections or tumours that can 
be associated with constitutional symptoms and laboratory 
findings typical for GCA. Moreover, PET may be helpful 
for monitoring of disease activity, though it is still unclear 
whether ongoing tracer uptake despite immunosuppressive 
treatment reflects low-grade inflammation or remodelling.1 
Disadvantages of PET that include high costs, radiation expo-
sure and possible diagnostic errors in the elderly patients with 
atherosclerosis should also be appreciated.

In patients with suspected Takayasu’s arteritis (TAK), the 
task force recommended to use MRI as the first imaging test to 
make a diagnosis. We agree with the authors that MRI is partic-
ularly valuable to investigate mural inflammation and/or luminal 
changes. However, ultrasound seems to have a similar diagnostic 
utility. In our own cohort, approximately 80% of 126 patients 
with TAK presented with stenosis of subclavian or carotid 
arteries that are easily accessible to ultrasound examination. 
Similar findings were obtained in the large cohort of Chinese 
patients with TAK (n=411).8 According to the recent meta-anal-
ysis, ultrasound had a lower pooled sensitivity than MRI (81% 
vs 92%) for TAK diagnosis. However, both methods had very 
high specificity of >90%.9

In summary, patients and many physicians will probably 
welcome new recommendations for the use of imaging in 
patients with GCA in clinical practice, given a possibility 
to avoid a burden associated with an invasive intervention. 
The potential cost savings should not also be disregarded, 
since ultrasound in all patients with suspected GCA has been 
reported as cost-effective compared with biopsy plus clinical 
judgement alone with a net monetary benefit of £485 (€~550/
US$~600) per patient.10 The recommendations did not 
intend to discredit the role of TAB in the diagnosis of GCA. 
However, we strongly agree with the task force that person-
alised approach to diagnosis may be implemented in different 
centres based on the available modalities and expertise.
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Response to: ‘The role of temporal artery biopsy 
in patients with giant cell arteritis is debated’ 
by Moiseev et al

Moiseev et al1 underlined the main message of the new European 
League Against Rheumatism (EULAR) recommendations for the 
use of imaging in large vessel vasculitis (LVV), namely the impor-
tance of imaging as a first-line test for the diagnosis of LVV.2 
The EULAR task force also emphasised that the recommenda-
tions should not be understood as a recommendation against 
performing temporal artery biopsy (TAB) in giant cell arteritis 
(GCA), rather a biopsy still has its place when there is diagnostic 
doubt after having performed imaging or when imaging is not 
available or not performed with sufficient expertise. When a 
diagnosis can be made on clinical grounds in conjunction with 
imaging, TAB is dispensable thus reducing burden to patients 
and saving costs to the society.3

One caveat is the unknown competency of rheumatol-
ogists, radiologists and other health professionals across 
different regions to acquire and interpret imaging results 
in LVV, thus potentially hampering the implementation of 
the new recommendations in clinical practice. In France for 
example, Doppler ultrasound is little used, as pointed out by 
the authors, leading to a limited endorsement of this technique 
by the French study group for LVV.4 In addition to adequate 
training, modern, high-quality equipment is needed to obtain 
valuable results. In the retrospective French experience, cited 
by the authors, colour Doppler ultrasound was conducted 
with a low-frequency probe (7.5 MHz) and consequently, 
only a 10%–17% sensitivity for the diagnosis of GCA has been 
obtained.5 This is much lower than the sensitivity of almost 
80% that can be achieved with modern 15–22 MHz devices.6

Moiseev et al state that they prefer a [18F]-fluorodeoxy-
glucose positron emission tomography (PET) scan over other 
modalities in patients with suspected GCA and negative ultra-
sound,1 given that many patients with GCA have extracra-
nial manifestations.7 8 This approach is in line with the new 
EULAR recommendations suggesting that patients with a high 
clinical probability of GCA and a negative ultrasound scan 
should undergo further diagnostic testing which might include 
other imaging or TAB.2 Availability, costs and radiation are 
disadvantages of PET, but a high local expertise with this tech-
nique may be an important factor driving towards the choice 
of this modality.

We also agree with Moiseev et al that ultrasound is a 
possible alternative to MRI in the diagnosis of Takayasu arte-
ritis (TAK) even though it provides only a limited access to 
the thoracic aorta.1 Consequently, ultrasound is presumed to 
have a lower sensitivity in the diagnosis of TAK compared with 
MRI.9 Many imaging studies in TAK are of small sample size, 
retrospective or cross-sectional design and low methodolog-
ical quality; hence, there is an urgent need for further research 
in the field.6

In summary, we appreciate the supportive letter from Moiseev 
et al and hope that imaging will be increasingly used for the 
diagnosis of LVV across Europe and the world.
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