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Therapeutic innovation in adult-onset 
Still’s disease (and other rare 
inflammatory disorders): how to secure 
evidence-based medicine?
Philippe Guilpain,1,2,3 Alain Le Quellec,1,2 
Alexandre Thibault Jacques Maria1,2,3

Adult-onset Still’s disease (AOSD) is a rare 
inflammatory disorder with heteroge-
neous clinical presentation and unspecific 
features (spiking fever, pharyngitis, 
arthritis, skin rash with elevated acute 
phase reactants).1 Its diagnosis is one of 
exclusion, and necessitates ruling out 
many other conditions, notably neoplastic 
and infectious ones. Based on clinical 
experience and literature, a ‘dichotomous 
view’ of AOSD is emerging, with two 
distinct AOSD clinical subtypes, poten-
tially requiring distinct treatments1 2: a 
non-Mendelian autoinflammatory disease 
with pre-eminent systemic symptoms and 
intense inflammatory state, sometimes 
associated with life-threatening complica-
tions such as reactive haemophagocytic 
lymphohistiocytosis, and a rheumatic 
disease with pre-eminent chronic polyar-
thritis and possibly destructive polyar-
thritis with lower inflammatory state. 
Currently, this ‘dichotomous view’ is not 
only supported by clinical observations, 
but also by findings on cytokine profiles 
and responses to biotherapies in some 
refractory patients.2 Indeed, inter-
leukin  (IL)-1β,  IL-6  and  IL-18 would  be 
associated with ‘systemic AOSD’, whereas 
tumour  necrosis  factor  alpha  (TNF-β), 
interferon gamma (IFN-β) and IL-8 would 
be of greater involvement in ‘rheumatic 
AOSD’.3–6 Of note, this dichotomous 
approach remains controversial and the 
choice of biologics (targeting ‘appropriate’ 
cytokines) is still empirical in refractory 
patients. One could hope that cytokine 

monitoring provides information towards 
a personalised approach. However, such 
immunobiological tools are technically 
difficult to develop for daily practice and 
remains phantasmagorias even though 
they would be very useful at the time when 
several biotherapies are already success-
fully used or are under evaluation in clin-
ical trials (https:// clinicaltrials. gov/).

In Annals of the Rheumatic Diseases, 
Gabay et al report the results of a multi-
centre, open-label study evaluating the 
safety and efficacy of the recombinant 
IL-18-binding  protein  (IL-18BP),  tade-
kinig alfa, in patients with difficult-to-
treat AOSD.7  IL-18 was  indeed  reported 
increased in patients with AOSD and 
systemic onset juvenile idiopathic arthritis. 
This work provides the first demonstra-
tion of the therapeutic benefits obtained 
with IL-18BP in AOSD. Hence, this study 
represents a proof-of-concept suggesting 
that  IL-18  inhibition  could  be  a  thera-
peutic option in this systemic inflamma-
tory disease, with a reasonably acceptable 
safety profile. Actually, the drug appears 
mildly efficient, in a subgroup of incom-
pletely controlled and moderately severe 
AOSD. So, at this stage, tadekinig may 
represent an interesting tool for some 
patients with AOSD. One could hope 
that  IL-18  blockade  would  provide 
greater benefit in a subgroup of patients 
with systemic form of AOSD rather than 
articular forms (herein recruited for this 
study). Thus, further trials are required to 
establish  IL-18BP at  its  true place within 
therapeutic armamentarium.

Undoubtedly, the current study suffers 
from several methodological limitations 
(including lack of control group, small 
number of included subjects and unbal-
anced groups of patients). These limita-
tions are linked both to the open-label, 
uncontrolled, design of the study and 
also to the rarity and heterogeneity of 
AOSD. This is usual in AOSD and should 
not limit the scientific interest of physi-
cians for new biologics in this condition. 

Efficacy of anti-IL-1 agents (ie, anakinra8 
and canakinumab9) was demonstrated 
in randomised controlled trials (RCT) 
in systemic-onset juvenile idiopathic 
arthritis, which is usually considered as 
the juvenile equivalent of AOSD. Since 
then, canakinumab10–12 and anakinra13–19 
accumulated demonstration of their effi-
cacy in case reports or series on AOSD, 
but not in RCT. At the end of a chase, 
both biologics obtained authorisation, 
which allows more easily their beneficial 
use for some patients. At this point of 
discussion, the therapeutic innovation and 
the great interest exhibited by pharmaceu-
tical industry in this rare disease should 
be commended. However, rare diseases 
(such as AOSD) may also be economical 
niches for industrials, and this represents 
a risk for trials (and drug development) of 
being insufficiently relevant to the goals of 
patient’s management.

Medical necessities and economical 
strategies should not be opposing players 
and must act together to promote thera-
peutic innovation, a real challenge, partic-
ularly in rare diseases.20 21 Of course, 
the development of a new drug requires 
considering economical standpoints. In 
this complex interplay, the governing 
law of clinical trials should be carefully 
handled since it may represent a double-
edged sword for physicians. On the one 
hand, physicians should be in a position 
to provide precise and contemporary 
definitions of both disease and treatment 
goals, but on the other hand, they should 
not blindly and suddenly abandon their 
conception of disease (definitions of the 
disease, remission, refractory forms and 
so on) and change their practice without 
taking a critical distance. An example 
may be found within another inflamma-
tory disease, giant cell arteritis (GCA). 
Since decades, physicians are in search of 
steroid-sparing agents and also new drugs 
for refractory forms of GCA. Responding 
to this medical necessity, pharmaceutical 
industry recently provided new drugs 
such  as  tocilizumab,  an  IL-6  inhibitor.22 
Thus, tocilizumab proved to be effective 
in reducing vascular inflammation in GCA 
and should be useful in so many patients. 
Nevertheless, physicians should not forget 
the initial goal of therapy in this disease 
and ask themselves: how have we been 
managing steroids tapering in GCA since 
decades? Meeting how many real fail-
ures? And which risk for each individual 
patient?  Anti-IL-6  agents  may  be  great 
molecules, but do they represent a genuine 
revolution for every patient with GCA or 
only a subgroup? So, the question would 
be: which subgroup(s) to target?23–25 One 
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shall keep this perspective in mind when 
attempting to manage such diseases and 
before changing practice or the whole 
paradigm. Generally speaking, we should 
reconcile medical and economical necessi-
ties, in order to benefit from therapeutic 
innovation without overlooking the 
lessons from the past.

Indeed, an emerging problem could be 
a discrepancy between economical stand-
points and scientific objectives serving 
patients’ needs. So, the emerging question 
may become: ‘what really drives thera-
peutic innovation?’ The unpredictability 
and versatility of pharmaceutical industry 
in the last decades, mentioned by some 
authors,26 appears quite disconcerting 
both for physicians and patients and may 
contribute to a loss of confidence and 
eventually a distrust of industrial partners. 
In this context, the physicians, as well 
as the health authorities and managers, 
should be very careful with the results of 
trials and their applications in everyday 
practice.

This careful consideration of ‘evidence-
based medicine’ (EBM) is even more 
complex in AOSD, since recommenda-
tions are lacking and merely impossible to 
establish because of methodological limita-
tions inherent to this rare and heteroge-
neous disease.27 In order to summarise 
the peculiar challenge regarding AOSD, 
here are some issues: first, the definition 
of AOSD is vague, since it is not based 
on definite histopathological demonstra-
tion of tissue lesions, and leads to some 
uncertainty in diagnosis; second, in daily 
practice, diagnosis is based on criteria,2829 
which were developed for classifica-
tion; third, strong biomarkers are not 
available and even glycosylated ferritin 
appears a disappointing marker in prac-
tice30; fourth, prognostic scores (such as 
Pouchot’s  ‘systemic  score’)  remain  to  be 
validated in larger cohorts.31 32 So, what 
is the goal of therapy in AOSD and how 
to define a primary end-point in clinical 
trials? Since AOSD is very heterogeneous 
both in presentation and disease course, 
which subgroup of patients should be 
targeted? More precisely, we think it is very 
important to figure out which patients are 
treated in such trials. This may be quite 
difficult for readers and reviewers to find 
this information in the published studies. 
For instance, is the population made of 
‘rheumatoid’ or ‘systemic’ AOSD? What is 
the disease course: first flare? polycyclic or 
chronic articular disease? These questions 
are not anecdotal. A third of patients may 
experience one self-limited disease flare, 
which may sometimes be easily managed 
by non-steroidal anti-inflammatory drugs 

or corticosteroids.31 So, is it legitimate 
to develop new approaches for these 
patients? Should not we focus on refrac-
tory patients with AOSD, the one with 
true unmet medical need? Obviously, all 
these considerations may affect the rele-
vance of the results obtained from clin-
ical trials and one can easily imagine the 
hardness to transpose such results into 
everyday practice.

Anyhow, we physicians have to promote 
research and innovation. We also have to 
convince health authorities of the neces-
sity of innovative drugs. Trials are useful 
and provide demonstration. Considering 
ethical aspects, we also owe patients to 
develop innovative strategies to cure the 
most refractory forms of AOSD. In that 
sense,  IL-18BP  may  be  such  an  alterna-
tive therapeutic option for some patients 
with difficult-to-treat disease. So, even if 
the study by Gabay et al is not perfect and 
may appear methodologically controver-
sial, we should be delighted by the devel-
opment of new effective drugs in AOSD. 
However, considering the above-men-
tioned comments, it is very uncertain 
that the required further studies testing 
IL-18BP  in  AOSD  will  be  conducted 
by industrials. Targeting a subgroup of 
patients within AOSD niche may not be 
a good strategy for them. We physicians 
do not know much about that. Industrials 
and we stem from very different places, 
but we are partners, acting for the devel-
opment of therapies. As already claimed 
by many others, we should work together 
while keeping in mind the potential 
sponsorship bias associated with indus-
trial funded trials. Beyond this common 
assumption, we could obviously provide 
something very useful for the relevance 
of future trials in AOSD, that is, method-
ological recommendations. Consequently, 
we should combine efforts at national 
and international levels to develop inde-
pendent institutional research in AOSD 
and better apprehend this multifaceted 
disease. Only one such advance will allow 
us to improve the relevance of trials and 
further secure EBM in this rare entity, and 
thus refine the use of innovative drugs in 
everyday practice.
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Extraintestinal translocation of microbes  
and tissue specificity in rheumatic 
musculoskeletal disease (RMD): its more than 
a gut feeling

Millions of micro-organisms populate our orifices from the 
moment we are born until we die. The microbiome represents 
the totality of micro-organisms that coexist with us rather 
peacefully and which we acquire purposefully from our 
environment. Health is associated with a balance between 
commensal and pathogenic microbes, which control the intes-
tinal barrier integrity through the production of mucus and 
lipid metabolites, such as short-chain fatty acids. In the case 
of a disbalance (dysbiosis), leakage of these microbial products 
negatively affects the immune system, thereby contributing 
to a chronic proinflammatory state or worse, cancer. Accu-
mulating evidence implicates the microbiota to a plethora of 
diseases among which rheumatological musculoskeletal disease 
(RMD).

For instance, the idea that the microbiota is associated 
with the development of rheumatoid arthritis (RA) has 
been put forward by several investigators, many of those 
who have sought the link to intestinal microbes.1–3 On a 
different take, the oral microbiota, more specifically the 
presence of Porphyromonas gingivalis, in patients with RA 
with accompanying periodontitis has been linked to the 
presence of anticitrullinated protein antibodies.4 In addi-
tion, dendritic cells from patients with RA were reported 
to have a blunted response towards Porphyromonas gingi-
valis further supporting the notion of an altered systemic 
immune response to microbiota in RA.5 More recently, the 
proposed relation between the microbiota and RMD has been 
extended to systemic sclerosis (SSc) and primary Sjogrens  
syndrome (pSS).6 7

Hitherto, all these studies associate gut and/or oral dysbi-
osis to pathology—most likely due to the altered produc-
tion of metabolites associated by the altered microbiota. 
However, this puts us with a conundrum, as such postulate 
does not explain why patients with RA, SSc or pSS present 
with symmetrical arthritis, organ fibrosis and exocrine gland 
dysfunction, respectively.

The paradox mentioned above is, however, challenged by a 
recent study by Manfredo Vieira et al published in Science.8 
In this study, the authors hypothesised that the loss of the 
gut barrier function leads to translocation of pathobionts 
to organs, thereby leading to autoimmunity. The authors 
focused on systemic lupus erythematosus, given the rela-
tionship between disease pathology, excessive signalling of 
RNA-sensing Toll-like receptor (TLR7) and the presence of a 
type I IFN signature in the majority of patients. Lupus prone 
(NZW × BXSB)F1 mice, at 16 weeks of age, showed marked 
bacterial growth in the mesenteric veins, mesenteric lymph 
nodes and liver, followed by the presence in the spleen as well 
2 weeks later. Subsequent 16S sequencing revealed transloca-
tion of Enterococcus gallinarum to the livers of these mice. 
Mortality, lupus-related autoantibodies and autoimmune 
manifestations were relieved in these mice after oral admin-
istration or vancomycin or ampicillin. The authors provide 
multiple molecular mechanisms on how E. gallinarum induces 
pathology in these mice, for instance via upregulation of 
Enpp3, a protein known to increase plasmacytoid dendritic 

cells considered key cells in lupus via the production of 
type I IFNs9 10 as well as activation of the aryl hydrocarbon 
receptor, a known innate antimicrobial defence mechanism 
potentially via the induction of IL-17 producing T cells.11 
Importantly, longitudinal stool samples from patients with 
systemic lupus erythematosus (SLE) showed increased levels 
of albumin and calprotectin, reflective of impaired gut 
barriers function as seen in the lupus prone mice. Moreover, 
E. gallinarum was readily detected in the livers of patients 
with SLE and patients with autoimmune hepatitis sharing 
autoimmune features with the former, and most of these 
patients showed increased serum levels of antibody titres 
directed against E. gallinarum. In line with these observa-
tions, the same group published a concurrent study in Science 
Translational Medicine showing that commensal orthologs 
of the autoantigen Ro60 trigger autoimmunity as observed  
in SLE.12

Taken together, these studies provide strong rational 
for a change in the existing paradox where intestinal/oral 
microbiota elicit distal immunological effects by metabo-
lites such as short chain fatty acids. In contrast, these studies 
indicate that certain microbes might migrate to organs and 
tissues thereby potentially leading to immune reactions and 
possibly tissue-specific breach of tolerance or, in other words 
tissue-specific autoimmunity. In fact, this is in corroboration 
with earlier studies highlighting the presence of bacterial 
DNA in RA synovial tissues suggestive for early migration 
of microbes to the synovial compartment perhaps far before 
actual disease onset.13 14 There are, however, potential caveats 
to consider. For instance, the field of human development 
has witnessed a fundamental paradigm shift in the ‘sterile 
womb paradigm’ when several studies applied molecular 
techniques suggesting bacterial communities in the placenta 
and amniotic fluid.15 16 Today, several studies report evidence 
for this latter as extremely weak due to issues with regard 
to contamination of materials with bacteria, use of infe-
rior molecular techniques and lack of appropriate controls 
(reviewed in Ref.17). Moreover, although the experimental 
models in the papers discussed provide strong evidence for 
pathobiont translocation, the attempts to find support for 
this in men is merely suggestive as it does not deal with the 
big question to whether pathobiont translocation is cause 
or consequence. Also, the paradox proposed by the work of 
Manfredo Vieira et al focused primarily on the liver and does 
not discuss how E. gallinarum would get to the kidney and/
or skin, more usual locations or lupus involvement nor does 
it deal with the fact that in case of a general disturbance of 
barrier function species other than E. gallinarum would be 
involved. Last, several studies now provide evidence for the 
efficacy of faecal microbiota transplant (FMT) in multiple 
conditions. The FOCUS trial has reported a strong effect in 
patients with ulcerative colitis (n=81), 27% of the treated 
patients who received steroid-free remission compared with 
8% of the patients treated with placebo.18 It is thought that 
this is effect is mainly sorted through changes in the gut 
microbiome leading to changed local immunology and barrier 
function as well as a change in circulating immune-metab-
olites. It is harder to understand that the translocation 
of pathobionts that have led to autoimmunity is affected 
 by FMT.

Taking these potential caveats into account, it is still 
tempting to speculate that migration of microbiota to 
organs and tissues is disease-specific and dependent on 
host factors, including genetic susceptibility, environment 

Views on news

http://www.eular.org/
http://ard.bmj.com/
http://ard.bmj.com/


1703Radstake TRDJ. Ann Rheum Dis 2018;77:1702–1704. doi:10.1136/annrheumdis-2018-213974

Views on news

and smoking, thereby contributing to disease heteroge-
neity (figure 1). Such considerations are important for the 
rheumatologist, as many argue that shaping of the micro-
biome in disease is worth pursuing. Maybe one has to 
start in the diseased tissue rather than the gut—it is just a  
gut feeling.
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AbsTrACT
Objectives patients with difficult-to-treat rheumatoid 
arthritis (rA) remain symptomatic despite treatment 
according to current european League Against 
rheumatism (eULAr) management recommendations. 
these focus on early phases of the disease and 
pharmacological management. We aimed to identify 
characteristics of difficult-to-treat rA and issues to be 
addressed in its workup and management that are not 
covered by current management recommendations.
Methods An international survey was conducted 
among rheumatologists with multiple-choice questions 
on disease characteristics of difficult-to-treat rA. Using 
open questions, additional items to be addressed and 
items missing in current management recommendations 
were identified.
results 410 respondents completed the survey: 50% 
selected disease activity score assessing 28 joints >3.2 
or presence of signs suggestive of active disease as 
characteristics of difficult-to-treat rA; 42% selected 
fatigue; 48% selected failure to ≥2 conventional 
synthetic disease-modifying antirheumatic drugs 
(DMArDs) AnD ≥2 biological/targeted synthetic 
DMArDs; 89% selected inability to taper glucocorticoids 
below 5 mg or 10 mg prednisone equivalent daily. 
interfering comorbidities, extra-articular manifestations 
and polypharmacy were identified as important issues 
missing in current management recommendations.
Conclusions there is wide variation in concepts of 
difficult-to-treat rA. several important issues regarding 
these patients are not addressed by current eULAr 
recommendations.

InTrOduCTIOn
The European League Against Rheumatism 
(EULAR) recommendations and the American 
College of Rheumatology guidelines on manage-
ment of rheumatoid arthritis (RA) focus on early 
phases of the disease and on pharmacological 
management.1 2 These recommendations suggest 
intensifying the disease-modifying antirheumatic 
drug (DMARD) strategy, if improvement or the 
treatment target is not achieved within 3 or 6 
months, respectively. Nevertheless, a significant 
proportion of patients remains symptomatic after 
several cycles of treatment, which makes them 

difficult to treat; this is a significant clinical problem 
in daily practice.3

A wide array of potential factors contributes to 
difficult-to-treat RA, such as DMARD resistance or 
intolerance, adverse reactions, treatment non-ad-
herence and limited drug options due to comorbid-
ities. Importantly, patients with RA may also remain 
symptomatic due to non-inflammatory factors, such 
as secondary osteoarthritis, pain syndromes, social 
and occupational decline and coping difficulties. All 
these may (in different combinations) play a role 
in individual patients and require specific manage-
ment approaches, which should be addressed in 
management recommendations.

Currently, different concepts exist on difficult-
to-treat RA, such as refractory, multidrug resistant 
or persistent RA, or concepts based on number 
of failed DMARDs and failed treatment goals.4–7 
Depending on the criteria used, the estimated prev-
alence of difficult-to-treat RA ranges from 5% to 
20%.6

We aimed to identify characteristics of the 
concept of difficult-to-treat RA and to explore issues 
to be addressed in its workup and management that 
are not covered by current EULAR management 
recommendations.

MeTHOds
Online survey among rheumatologists
An online survey (online supplementary file 1, set up 
by DvdH, GN, JWGJ, JMvL, MJHdH and PMJW) 
was conducted among rheumatologists (including 
rheumatologists-in-training). The survey was 
distributed by email in the network of the authors 
and by Emerging EULAR Network (EMEUNET) 
and it was asked to additionally forward it to other 
rheumatologists. The survey consisted of two ques-
tions regarding the background of the respondents 
(Where do you work? How many RA patients do 
you treat?).

Four multiple-choice questions addressed the 
perceived necessity of incorporating the following 
items, and their cut-offs, into the concept of diffi-
cult-to-treat RA: disease activity level; presence 
of fatigue; number of DMARDs that failed; and 
inability to taper glucocorticoid (GC) treatment. 
Only one response option could be selected at 

http://www.eular.org/
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Figure 1 Number of respondents per country.  
Less than 4 (not shown): Austria, Belarus, Bulgaria, Denmark, Egypt, Estonia, Iceland, Israel, Kenya, Pakistan, Russia, Serbia, Slovakia, Slovenia, Tunisia 
and Turkey.

each multiple-choice item, which were selected as - according 
to expert opinion - being among the most frequent and relevant 
characteristics in clinical practice. Fatigue was selected as one of 
the most relevant patient reported outcomes in RA.8

Three open questions were: ‘Please define any additional 
characteristics and suggested criteria for difficult-to-treat RA’; 
‘Please mention additional clinical issues or comorbidities to be 
addressed in the workup and management of these patients’; and 
‘Please mention any clinically relevant situations which are not 
covered by the current RA EULAR recommendations’.

Qualification and quantification of the responses to the open 
questions
NMTR and MJHdH independently classified the responses to 
the open questions into categories (online supplementary file 
1). This enabled summarising and quantifying. Categories were 
defined based on the responses that were given to the open ques-
tions. One response could fit multiple categories. ‘Other’ was 
used to classify characteristics that did not fit into one of the 
categories. Discrepancies in classification between NMTR and 
MJHdH were resolved by consensus.

statistical analyses
All responses were evaluated using descriptive statistics, 
performed using IBM SPSS Statistics V.21 software.

resulTs
respondents
Four hundred and ten respondents from 33 countries completed 
the survey between July 2017 and March 2018. Of the 385 
respondents who filled out the name of their country, 96% was 
European (figure 1). Twenty-five per cent of the respondents 
(n=7 missing) treated <100 unique patients with RA, 42% 
100–300 patients and 32% >300 patients.

selected difficult-to-treat rA disease characteristics
Fifty per cent of respondents selected ‘disease activity score 
assessing 28 joints using erythrocyte sedimentation rate 
(DAS28-ESR) >3.2 OR presence of signs suggestive of active 
inflammatory disease activity with a DAS28-ESR ≤3.2’ as 
characteristics (figure 2A). Forty-two per cent included fatigue 
(figure 2B). Forty-eight per cent selected ‘≥2 conventional 

synthetic (cs) DMARDs AND ≥2 biological (b) DMARDs or 
targeted synthetic (ts) DMARDs with different modes of action’ 
for how many insufficiently effective antirheumatic drugs should 
at least have been applied (figure 2C). Eighty-nine per cent 
selected inability to taper GCs <5 mg (43%) or 10 mg (46%) 
prednisone or equivalent daily for more than 1 year, irrespec-
tive of DMARD treatment (figure 2D), as difficult-to-treat RA 
characteristic.

Additional difficult-to-treat rA characteristics
Two hundred and forty-three additional characteristics of diffi-
cult-to-treat RA were given by 169 respondents (figure 2E), 
most frequently categorised into ‘interfering comorbidities’ 
and ‘extra-articular manifestations’. Examples are cardiovas-
cular risk, malignancies, interstitial lung disease and vasculitis. A 
diversity of ‘other’ responses was given, for example, inflamma-
tion on MRI, morning stiffness and patient dissatisfaction.

Interfering clinical issues and items missing in current eulAr 
recommendations important to manage difficult-to-treat rA
For interfering issues to be addressed in the workup and manage-
ment of difficult-to-treat RA, 396 suggestions were given by 170 
respondents (figure 3A), most frequently cardiovascular disease 
and extra-articular manifestations. Other interfering clinical 
issues were drug intolerance, smoking and chronic liver disease.

For issues not covered by the current EULAR recommenda-
tions, 64 were mentioned by 54 respondents (figure 3B). These 
were most frequently classified as interfering comorbidities and 
extra-articular manifestations. Also issues regarding pharmaco-
logical management (eg, tapering regimen, adverse events and 
polypharmacy), pain syndromes and pregnancy and lactation 
were mentioned. Other items were ongoing joint destruction, 
coping problems and persistent single joint involvement.

dIsCussIOn
Our results show a wide variety in concepts of difficult-to-treat 
RA; active disease, failure to DMARD treatment and inability to 
taper GCs are considered main characteristics. Additional diffi-
cult-to-treat RA characteristics were mostly related to extra-ar-
ticular manifestations and interfering comorbidities that may 
hamper assessment of disease activity or limit treatment possi-
bilities. As items missing in current RA EULAR management 

https://dx.doi.org/10.1136/annrheumdis-2018-213687
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Figure 2 Difficult-to-treat RA characteristics.  
b/tsDMARDs, biological/targeted synthetic disease-modifying antirheumatic drugs; csDMARDs, conventional synthetic DMARDs; DAS28-ESR, disease 
activity score assessing 28 joints using erythrocyte sedimentation rate; RA, rheumatoid arthritis; US, ultrasonography. * with different modes of 
action; ° or equivalent daily for more than 1 year, irrespective of DMARD treatment.

recommendations, interfering comorbidities (especially cardio-
vascular disease, infection and malignancy), extra-articular mani-
festations, pharmacological management (eg, tapering strategies, 
adverse events and polypharmacy) and pain syndromes were 
mentioned most frequently.

Of the factors mentioned as contributing to difficult-to-treat 
RA in this survey, for example treatment non-adherence, adverse 
events and coping strategies, exact prevalences are unknown. 
These should be determined in future research for an indication 
of their need to be included in management recommendations.

Our results mainly reflect how difficult-to-treat RA is experi-
enced in European countries. Additional contributing factors to 
difficult-to-treat RA in countries outside Europe might be limited 
access to diagnostic tests, to rheumatologists and to DMARDs. 
These should be addressed in management recommendations as 
well.

Our study has limitations. The survey was distributed via 
email, and it was asked to forward it to other rheumatologists 
to increase the number of respondents. As a drawback, the total 
number of rheumatologists who received it is unknown.

The four multiple-choice questions had prespecified response 
options, limiting input to these questions but enabling the 
responses to be easily summarised and quantified. The open 
questions required a classification system for the responses; 
some responses were classified into two categories, and there 
was a number of responses that was classified as ‘other’. Addi-
tionally, the prespecified multiple-choice questions may have 
biased the results of the open questions. However, by these open 
questions, we received a large inventory of issues that may need 
to be addressed in clinical practice.

The strengths of this study are the large number of respondents 
and of European countries represented by the respondents; the 
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Figure 3 Interfering clinical issues and items missing in the current EULAR recommendations important to manage difficult-to-treat RA.  
EULAR, European League Against Rheumatism; RA, rheumatoid arthritis. *For example, tapering strategies, adverse events and polypharmacy.

many suggestions of items that are not covered by the current 
EULAR RA management recommendations underline the unmet 
clinical need for this subpopulation of patients with RA.

Recently, a EULAR Task Force has been initiated on the devel-
opment of recommendations for the comprehensive manage-
ment of difficult-to-treat RA. The results of this survey will fuel 
discussions on items to include in the management recommenda-
tions of difficult-to-treat RA.

In conclusion, the results of this survey underscore the diffi-
culty in establishing an unambiguous concept of difficult-to-treat 
RA, which is seen as a heterogeneous condition not fully covered 
by current EULAR recommendations. The recently established 
EULAR Task Force will explore the management of difficult-to-
treat RA further.
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AbsTrACT
Objectives to evaluate the long-term efficacy and 
safety of canakinumab in patients with active systemic 
juvenile idiopathic arthritis (JIA).
Methods patients (2–19 years) entered two phase 
III studies and continued in the long-term extension 
(LtE) study. Efficacy assessments were performed 
every 3 months, including adapted JIA American 
College of rheumatology (aJIA-ACr) criteria, Juvenile 
Arthritis disease Activity Score (JAdAS) and ACr 
clinical remission on medication criteria (CrACr). 
Efficacy analyses are reported as per the intent-to-treat 
population.
results 144 of the 177 patients (81%) enrolled in 
the core study entered the LtE. overall, 75 patients 
(42%) completed and 102 (58%) discontinued 
mainly for inefficacy (63/102, 62%), with higher 
discontinuation rates noted in the late responders 
group (n=25/31, 81%) versus early responders 
(n=11/38, 29%). At 2 years, aJIA-ACr 50/70/90 
response rates were 62%, 61% and 54%, respectively. 
CrACr was achieved by 20% of patients at month 6; 
32% at 2 years. A JAdAS low disease activity score 
was achieved by 49% of patients at 2 years. Efficacy 
results were maintained up to 5 years. of the 128/177 
(72.3%) patients on glucocorticoids, 20 (15.6%) 
discontinued and 28 (22%) tapered to 0.150 mg/kg/
day. Seven patients discontinued canakinumab due to 
Cr. there were 13 macrophage activation syndrome 
(three previously reported) and no additional deaths 
(three previously reported). no new safety findings 
were observed.
Conclusion response to canakinumab treatment 
was sustained and associated with substantial 
glucocorticoid dose reduction or discontinuation and 
a relatively low retention-on-treatment rate. no new 
safety findings were observed on long-term use of 
canakinumab.
Trial registration numbers nCt00886769, 
nCt00889863, nCt00426218 and nCt00891046.

InTrOduCTIOn
Currently available therapies for systemic juvenile 
idiopathic arthritis (sJIA) include non-steroidal 

Key messages

What is already known about this subject?
 ► The key role of IL1 in the pathogenesis of 
sJIA and the therapeutic implications from its 
blocade.

 ► Canakinumab, a fully human monoclonal Ab 
which selectively blocks IL1 beta in patients 
with sJIA, has proved its efficacy and safety 
during a phase II and phase III clinical program.

What does this study add?
 ► The study provides with long term (up to 5 
years) safety and drug survival data on a 
pooled population from canakinumab’s clinical 
program. Canakinumab’s effect on systemic 
features and joints proved to be maintained 
in the long term particularly in the early 
responders patients. For the first time early 
response has been shown to be linked to 
canakinumab’s long term survival rendering it 
as an easy identifiable clinical predictor factor 
of long term maintenace of remission/low 
disease activity.

How might this impact on clinical practice or 
future developments?

 ► As long as achievement, as much as 
maintenance of remission or alternatively 
low disease activity constitute the ultimate 
therapeutic target in order to prevent 
future organ damages and disease related 
comorbidities, time to response will facilitate 
physicians in their decision making to keep or 
switch canakinumab to another treatment in a 
timely manner.
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anti-inflammatory drugs, glucocorticoids, synthetic disease-mod-
ifying antirheumatic drugs (DMARD) and biologic DMARDs 
that inhibit primarily interleukin (IL)-6 and IL-11–7; tumour 
necrosis factor blockers and CTL4-Ig for sJIA without systemic 
features.8–13 Management of sJIA is aimed at achieving and 
maintaining clinical remission (CR). Minimising glucocorti-
coid exposure, ideally up to discontinuation, is also of foremost 
importance in an effort to prevent the inhibition of growth.14 15

IL-1 plays a key role in the pathogenesis of sJIA.16 Several 
reports have suggested that inhibition of IL-1 provides clin-
ical benefit in sJIA.1 17 Canakinumab is a fully human mono-
clonal antibody that selectively binds to IL-1β, inactivating its 
downstream signalling cascade. Previous phase II–III trials have 
demonstrated the efficacy and safety of canakinumab in patients 
with sJIA.4 5

Here, we report the long-term efficacy and safety of canak-
inumab in patients with sJIA with active systemic features and 
arthritis at baseline, who were enrolled from the previously 
reported pivotal phase III studies,5 and followed for up to 5 
years.

MeTHOds
study design
The study design of the two pivotal phase III trials has been previ-
ously reported.5 Briefly, in trial 1 of 1-month duration, a single 
canakinumab dose or placebo was administered. Patients from trial 
1 could enter the two-part trial 2 where canakinumab-naïve patients 
and patients from a phase II trial4 were additionally enrolled. Trial 
2 was a randomised withdrawal study,18 with an open-label lead 
in part I up to 32 weeks. Glucocorticoid tapering was permitted, 
and monitored by the Paediatric Rheumatology International 
Trials Organisation (PRINTO) and the Pediatric Rheumatology 
Collaborative Study Group (PRCSG) coordinating centres,19 based 
on disease activity level5 (achieved at least an American College 
of Rheumatology (ACR) 50 with no fever and C-reactive protein 
(CRP) <10 mg/L; further details in (online supplementary file 1). 
Part I of trial 2 was followed by a randomised, double-blind, place-
bo-controlled, event-driven withdrawal part II in which adapted 
JIA American College of Rheumatology (aJIA-ACR) 30 responders 
able to taper/discontinue glucocorticoids were randomised to 
receive placebo or continue canakinumab until the end of trial 2 
or a flare of sJIA had occurred (part II; average total study dura-
tion of 29.5 weeks).20 Patients from trial 2 (figure 1) were allowed 
to enter the open-label, long-term extension (LTE) study where 
patients were planned to be followed for a minimum of 96 weeks, 
with further glucocorticoid tapering as per physician’s decision. 
Patients received canakinumab 4 mg/kg subcutaneously every 4 
weeks (maximum dose: 300 mg); canakinumab dose was tapered 
in the LTE to 2 mg/kg every 4 weeks in patients who were gluco-
corticoid free as per physicians’ judgement.

Patients
Patients were followed up in the LTE study between 6 July 2009 
and 5 December 2014 at 63 centres of PRINTO/PRCSG in 21 
countries. Eligibility criteria for the phase III trials have been 
described previously.5 In brief, eligible children (2–19 years old) 
with confirmed sJIA as per the International League Against 
Rheumatism classification criteria, active systemic features of 
sJIA, at least two active joints, CRP level >30 mg/L (normal 
range: 0–10 mg/L) and being treated with a prednisone equiva-
lent of ≤1.0 mg/kg/day were included. Major exclusion criteria 
included macrophage activation syndrome (MAS) within the last 
6 months, active infections, malignancies and concurrent use of 
other biologics.

Assessments
Efficacy assessments were performed at least every 3 months to 
assess the levels of improvement using various composite vali-
dated measures: aJIA-ACR 50/70/90, based on the JIA core set 
variables,21–24 plus the absence of fever (defined as temperature 
≤38°C in the preceding 7 days); clinically inactive disease (CID)/
clinical remission on medication (CR), defined as at least 6 
months of CID, which were evaluated by either the ACR criteria 
(CIDACR/CRACR)25 26 or by the Juvenile Arthritis Disease Activity
Score 71-CRP (JADAS; CIDJADAS/CRJADAS).

27 Disease activity was
measured by JADAS score with the following cut-offs: CIDJADAS 
score ≤1; low disease activity (LDA) score ≤3.8; moderate 
disease activity score 3.9–10.5; and high disease activity (HDA) 
score >10.527–29; systemic features were reflected in the physi-
cian global evaluation of disease activity measured on a visual 
analogue scale.

Safety and tolerability of canakinumab were assessed in terms 
of adverse events (AE), serious AEs (SAE) and clinical and labo-
ratory assessments from first injection until the last available 
observation. Serious infections, malignancies and cases of MAS 
were adjudicated by independent committees.30–33

A three-tiered approach was used to measure anti-canaki-
numab antibodies (anti-drug antibody (ADAs)), consisting of 
a screening, a confirmatory and a titration assay, respectively. 
Serum canakinumab concentrations (pharmacokinetics, PK) 
were determined to assess the relationships between canaki-
numab exposure and the immunogenicity data.34 35

statistical analysis
The European League Against Rheumatism (EULAR) recom-
mendation for reporting LTE studies36 and the Consolidated 
Standards of Reporting Trials statement37 38 were followed. 
Categorical variables were summarised by absolute frequencies 
and percentages, while continuous variables were summarised 
by median and lower and upper quartiles. The aJIA-ACR criteria 
used the starting day of canakinumab as baseline. Efficacy anal-
yses were performed in two ways: (1) for primary analysis: in 
the intent-to-treat (ITT) population based on observed data with 
all discontinuations at different time points counted as missing 
(n=177; patients enrolled in trial 2) and (2) with missing data 
imputed using last observation carried forward (LOCF) (online 
supplementary appendix).39

In exploratory analysis, the hypothesis was tested that early 
responders achieve more substantial sJIA control as compared 
with late responders of canakinumab. For the purpose of this 
analysis, early responders were defined as patients who had 
successfully completed the glucocorticoid tapering in part I of 
trial 2 as per protocol and who were randomised to the with-
drawal part; late responders were defined as patients who moved 
directly from the open-label part of trial 2 because they failed to 
taper glucocorticoids in part I. Mixed model analyses were used 
to quantify the difference in efficacy responses for early and late 
responders. Subgroup exploratory analyses were also consid-
ered by methotrexate (MTX) coadministration and prior use 
of biologics using the generalised mixed model framework. All 
mixed models were adjusted for repeated measures, and include 
a centre-related random effect and the following covariates: 
time in study, prior use of biologics, prior use of MTX, prior 
use of corticosteroid, number of joints with limitation of motion 
(LOM) and number of active joints.

AEs were summarised by presenting the number of events and 
percentage of patients and time-adjusted frequencies of expo-
sure as per the primary system organ class based on the Medical 

https://dx.doi.org/10.1136/annrheumdis-2018-213150
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Figure 1 Flow chart with patient disposition. *One death occurred during part I; patient died due to MAS. †A patient in the placebo group died due 
to MAS 2 days after discontinuing the part II phase due to MAS. ‡One patient died from disease progression 3 months after discontinuation from the 
long-term extension phase due to unsatisfactory therapeutic effect. The grey box represents the patients who discontinued the part I or part II of trial 
2 and entered the long-term extension study. Patients who entered the LTE are divided into two subgroups: (1) early responders, defined as patients 
who had successfully completed the glucocorticoid tapering in part I of trial 2 as per protocol and who were randomised to the withdrawal part; (2) 
late responders, defined as patients who moved directly from the open-label part of trial 2 and who failed to taper glucocorticoids in part I. LTE, long-
term extension; MAS, macrophage activation syndrome.

Dictionary for Regulatory Activities (MedDRA, Version 17.1) 
preferred term.

resulTs
baseline characteristics and patient disposition over time
Demographics and baseline disease characteristics of the 177 
patients at baseline as well as the 144 patients rolling over to 
the LTE study are presented in table 1. At baseline, as previously 
reported, 99.4% of patients had HDA (median JADAS=32.5).

Of the 177 patients (per ITT, denominator is 177 unless other-
wise stated) enrolled in trial 2, a total of 144 (81%) continued 

in the LTE study (figure 1); 122 (69%) stayed for a maximum of 
271 weeks. Overall, 75 (42%) patients completed the LTE study.

As shown in table 1, among the 144 patients who entered LTE, 
there were 96 (54.2%) early responders with a median JADAS 
of 1.85 denoting an LDA status (62% JADAS LDA and 47.9% 
CIDJADAS) at baseline of the LTE study, and 48 (27.1%) late 
responders with a median JADAS of 18.8 denoting HDA status 
(69% with JADAS HDA at baseline of the LTE). Compared with 
early responders, the late group had a higher frequency of prior 
use of biologics (79.2% vs 57.3%) and required higher gluco-
corticoid doses (0.36 mg/kg/day vs 0.17 mg/kg/day). Similar 

http://ard.bmj.com/
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Table 1 Demographics and clinical characteristics of patients at baseline (date of first canakinumab administration and at the time of entry into 
the LTE study)

Characteristics

baseline lTe study*
early responders (lTe study 
entry data)*

late responders (lTe study 
entry data)*

(n=177†) (n=144†) (n=96†) (n=48†)

Female 98 (55%) 79 (55%) 53 (55%) 26 (54%)

Age (years) 8.0 (5.0–12.0) 9.0 (6.0–13.0) 9.0 (6.0–13.0) 9.0 (5.5–11.5)

Body weight (kg) n=167
25.8 (17.8–42.9)

n=142
29.6 (20.1–46.0)

n=94
31.4 (21.0–51.2)

26.3 (18.1–38.5)

Disease duration (years) n=124
2.1 (0.8–4.3)

n=101
2.3 (0.9–4.4)

n=71
2.1 (0.8–4.3)

n=30
2.8 (1.3–4.8)

Physician’s global assessment of disease activity (VAS) (mm) 70.0 (55–80) 7.0 (0–33.0) 1.0 (0–19.0) 29.0 (9.5–47.5)

Parent or patient’s assessment of overall well-being (VAS) 
(mm)

n=176
63.5 (45.0–80.0)

6.0 (1.0–44.5) 2.0 (0–26.5) 29.0 (8.0–52.0)

Number of joints with active arthritis‡ 10.0 (4.0–22.0) 1.0 (0–5.0) 0 (0–2.5) 3.5 (1.5–12.5)

Number of joints with limited range of motion§ 9.0 (4.0–23.0) 1.5 (0–5.0) 0 (0–3.0) 5.0 (1.5–15.5)

CHAQ score 1.8 (1.1–2.3) 0.3 (0–1.1) 0 (0–0.9) 0.8 (0.2–1.6)

C-reactive protein (mg/L) 160.0 (88–271.0) 16.0 (3.30–87.6) 6.6 (2.0–42.5) 83.1 (22.8–133.2)

Fever 161 (91%) 25 (17.4%) 11 (11.5%) 14 (29.2%)

JADAS score n=176
32.5 (26.0–43.3)

7.85 (0.3–19.6) 1.85 (0.1–12.2) 18.85 (8.2–28.3)

JADAS high disease activity (>10.5) 175 (99.4%) 63 (43.8%) 30 (31.3%) 33 (68.8%)

JADAS low disease activity (≤3.8) 0 67 (46.5%) 59 (61.5%) 8 (16.7%)

JADAS CID (≤1) 0 48 (33.3%) 46 (47.9%) 2 (4.2%)

Use of methotrexate at baseline 94 (53%) 76 (52.8%) 49 (51.0%) 27 (56.3%)

Prior use of biologics¶ 116 (66%) 93 (64.6%)** 55 (57.3%) 38 (79.2%)

 Anakinra 83 (47%) 65 (45.1%)** 44 (45.8%) 21 (43.8%)

 Tocilizumab 10 (6%) 7 (4.9%)** 5 (5.2%) 2 (4.2%)

 Anti-TNF agent or other biologic agent 62 (35%) 50 (34.7%)** 25 (26.0%) 25 (52.1%)

Prednisone therapy at baseline 128 (72%) 63 (43.8%) 20 (20.8%) 43 (89.6%)

Prednisone equivalent dose†† (mg/kg/day) n=128
0.27 (0.17–0.54)

n=63
0.23 (0.16–0.49)‡‡

n=20
0.17 (0.08–0.20)

n=43
0.36 (0.21–0.55)

Data are n (%) or medians (first to third quartiles).
Patients entering the LTE are divided into those coming from the double-blind placebo-controlled withdrawal part (early responders who were patients randomised in the 
withdrawal part) or from the open-label part of trial 2 (late responders who failed to achieve an adapted juvenile idiopathic arthritis American College of Rheumatology (aJIA-
ACR) 30 response or to taper glucocorticoids in part I).
*Baseline characteristics are carried forward from last non-missing values of previous study.
†n is indicated in the rows only if the total number is different from the heading column.
‡The range of possible values for number of joints with active arthritis was 0–73.
§The range of possible values for number of joints with limited range of motion was 0–69.
¶A patient could have received one or more biologic agents previously.
**Patients were not allowed to take any biologics during treatment. These were patients with prior use of biologics before the core study.
††Median dose provided for the patients who were on steroids at study entry.
‡‡Median dose of the subgroups from part I and part II with great difference in the median steroid doses as demonstrated in the adjacent columns.
CHAQ, Childhood Health Assessment Questionnaire; CID, clinically inactive disease; JADAS, Juvenile Arthritis Disease Activity Score; LTE, long-term extension; n, number of 
observations; TNF, tumour necrosis factor; VAS, visual analogue scale.

differences were noted at baseline (day of the first canakinumab 
administration) in the two groups.

A total of 102 (58%) patients discontinued canakinumab: 
33 during trial 2 as previously reported5 and the remaining 
69 during the LTE study. Non-response (n=26/102, 25%) and 
loss of response over time (n=36/102, 35%) were the main 
reasons for discontinuation with majority coming from the late 
responders group (n=25/36, 69%), followed by intolerance 
(n=19/102, 19%). Seven patients (n=7/102, 7%) discontinued 
canakinumab as per the physicians’/family decision no longer 
requiring canakinumab.

Canakinumab tapering/discontinuation
Forty-four (25%) patients received at least three consecutive 
reduced doses of canakinumab of 2 mg/kg. Of these, 26 (59%) 
remained on a sustained reduced dose until study end with a 

median time of follow-up of 25 months. Of these 26 patients, 
five discontinued canakinumab (no longer requiring study drug) 
and two discontinued the study (consent withdrawal, n=1; 
lymphadenitis, n=1). Conversely, of the remaining 18 patients 
who flared after tapering of canakinumab, 15 regained sJIA 
control on uptitration of canakinumab to 4 mg/kg/month while 
three patients did not. In two of those patients disease flare was 
associated with MAS.

sJIA disease control and response to canakinumab
Figure 2 shows the change in JADAS score over time in the 
ITT population for the two major subgroups (early and late 
responders) who entered the LTE from part I and part II of trial 
2.

For the patients who entered the LTE from the open-label part 
of trial 2 (n=48), a decrease in disease activity by a median of 
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Figure 2 JADAS scores over time in the ITT population for the two major subgroups (early and late responders) who entered the LTE from part I 
and part II of trial 2 (observed data). n denotes the number of patients available at that time point; horizontal lines represent the cut-offs for JADAS 
HDA>10.5, LDA≤3.8 and ID≤1. Denominator is equal to 177 patients per the ITT principle. The upper and lower error bars represent the third (q3) 
and first (q1) quartiles, respectively. Patients who entered the LTE are divided into two subgroups: (1) early responders, defined as patients who 
had successfully completed the glucocorticoid tapering in part I of trial 2 as per protocol and who were randomised to the withdrawal part; (2) late 
responders, defined as patients who moved directly from the open-label part of trial 2 and who failed to taper glucocorticoids in part I. All patients 
who belonged to the full analysis set in trial 2 were taken into account. Only the last available assessment within the given interval was taken into 
account. Only patients with a value at both BSL and the respective post-BSL time point were included. BSL, baseline; CRP, C-reactive protein; HDA, 
high disease activity; ID, inactive disease; ITT, intent-to-treat; JADAS, Juvenile Arthritis Disease Activity Score; LDA, low disease activity.

64.6% (n=48) (median change: −24.9 (Q1 −32.7; Q3 −14.9)) 
and 93.5% (n=25) (median change: −31.8 (Q1 −40.3; Q3 
−24.8)) was observed within the 6 months and 2 years of canak-
inumab treatment, respectively. However, despite improvement 
on canakinumab, this group of patients continued to remain in 
JADAS HDA status (JADAS >10.5).

Early responders (n=96) achieved a greater decrease in the 
JADAS during the study as compared with late responders (mixed 
model; p<0.01). Notably, in early responders, JADAS improve-
ment by a median of 96.4% (n=95) (median change: −25.1 
(Q1 −33.1; Q3 −20.2)) occurred within the first 6 months of 
canakinumab initiation, and was maintained over at least 2 years 
(median decrease of 99.2%, n=87) (median change: −27.6 (Q1 
−34.3; Q3 −20.6) at 2 years). Overall, from the entire cohort, 
a total of 79/177 (44.6%) achieved JADAS-LDA/inactive disease 
(ID) over the first 6 months of canakinumab exposure which 
increased to 48.6% at 2 years and was sustained until the end 
of the study.

As shown in figure 3, aJIA-ACR 50/70/90 response rates in 
the ITT population at 6 months since initiation of canakinumab 
were 73.4%, 65.5% and 52.0%, respectively. This level of 
response was maintained up to 3 years with 54.8%, 53.7% and 
49.7% of the patients achieving aJIA-ACR 50/70/90 response 
rates, respectively. ClDACR since initiation of canakinumab was 
achieved by 32.8% of patients at 6 months, which increased up 
to 39.5% at 2 years and maintained through (36.7%) at year 3 
and progressively decreased to 12.4% in 5 years. The CIDJADAS 
criteria use yielded similar results.

As per figure 3, CRACR criteria were achieved by 18.6% 
(33/177) of patients within the first 6 months of canakinumab 
therapy. In these 33 early responding patients, CRACR was reached 
at a median time of 29 days. The number of patients reaching 
CRACR further increased to 31.6% after 24 months. During the 
first 2 years, 71 patients had achieved CRACR on canakinumab 
with the median time to CR being 213 days. During the study, 80 
patients had achieved CRACR (median time=254 days). Consis-
tently similar rates were observed based on CRJADAS (rates are 
shown in figure 3).

Efficacy analyses were also performed by means of LOCF. 
(online supplementary figures S1 and S2) show the corre-
sponding LOCF data confirming a trend towards higher level of 
response over time.

differences between the ITT and lOCF analyses
Both ITT and LOCF analyses were conducted for the entire 
study duration of 5 years and showed about 30%–40% 
achieving ID at year 3, the overall planned study duration. 
Because the study lasted longer in some countries (until year 
5), patients who completed the study as planned at year 3 were 
counted as discontinuations in the ITT analysis. This resulted 
in the dissociation observed in the remission rates from year 
3 to year 5 between the two methods. While maintenance of 
response up to year 5 has been demonstrated using LOCF, 
remission percentages started fading from year 3 onwards in 
the ITT analysis.

https://dx.doi.org/10.1136/annrheumdis-2018-213150
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Figure 3 aJIA-ACR responses, CIDACR/CIDJADAS rates and clinical remission on medication rates as per CRACR or CRJADAS over time (observed data). 
n denotes the number of patients available at that time point; denominator was equal to 177 patients as per the ITT principle in the pivotal study. 
Clinical remission on medication, defined as CID (ACR or JADAS) for 6 continuous months. aJIA-ACR, adapted juvenile idiopathic arthritis by American 
(online supplementary appendix) College of Rheumatology criteria; BSL, baseline; CIDACR, clinically inactive disease by ACR criteria; CIDJADAS, clinically 
inactive disease by Juvenile Arthritis Disease Activity Score criteria; CR, clinical remission; CRACR, CR by American College of Rheumatology criteria; 
CRJADAS, CR by Juvenile Arthritis Disease Activity Score criteria; ITT, intent-to-treat.

efficacy analysis of subgroups
A more pronounced decrease in disease activity as measured 
by the JADAS scores was observed in biologic naïve patients 
compared with biologic exposed patients at 6 months (92.7% 
(n=61); median change: −23.0 (Q1 −31.3; Q3 −14.3) vs 
75.6% (n=113); median change: −23.4 (Q1 −31.8; Q3 
−16.4)) (online supplementary figure 3). Similar trends were 
observed for the aJIA-ACR response criteria and CIDACR (online 
supplementary figure 4).

Patients treated with canakinumab while on MTX background 
therapy and those treated with canakinumab alone showed 
similar JADAS and aJIA-ACR response rates and CIDACR (online 
supplementary figures S5 and S6).

Glucocorticoid tapering
Among 128/177 (72.3%) patients who were on glucocorticoids 
at the beginning of trial 2 (median dose of 0.27 mg/kg/day; Q1–
Q3: 0.16–0.53 mg/kg/day), 38/128 (29.7%), 51/128 (39.8%) 
and 20/128 (15.6%) discontinued glucocorticoid therapy by 6 
months, 2 years and 5 years of canakinumab therapy, respec-
tively. At the end of the study, 72 patients (56%) remained on 
glucocorticoid treatment at a median dose of 0.25 mg/kg/day 
(Q1–Q3: 0.16–0.46 mg/kg/day), with 28 patients (22%) having 
the dose below 0.2 mg/kg/day level.

As shown in table 1, patients who entered LTE from the 
double-blind withdrawal part were on lower dose of glucocor-
ticoids (0.17 mg/kg/day) compared with patients who moved 
from the open-label part I of trial 2 (median dose of 0.36 mg/
kg/day). Of the 38 patients who failed to discontinue glucocor-
ticoids at part I of trial 2, ten became steroid free, with another 
nine patients reaching the below 0.2 mg/kg/day level.

safety
Overall, the median duration of exposure (canakinumab and 
placebo) in the study was 3.5 years (Q1, 0.6; Q3, 4.4) corre-
sponding to 476.530 patient-years. The exposure-adjusted inci-
dence rate of AEs was 796.69/100 patient-years (table 2).

The incidence rate of SAEs was 40.68/100 patient-years. Most 
common SAEs included sJIA flare (5.24/100 patient-years), MAS 
events (histiocytosis haematophagic in MedDRA terms) and 
fever either due to infection or sJIA flare (table 3).

All MAS cases were adjudicated by an independent adjudi-
cation committee for a total of 13 events (2.726/100 patient-
years) in 12 patients leading to nine patients discontinuing the 
study. Three of these were reported earlier5 and the other 10 
MAS cases were reported as SAEs in the LTE study. One of the 
reported MAS events was complicated by pulmonary hyper-
tension and interstitial pneumonia, resulting in patient death 
in the pivotal study as previously reported,5 and another event 
was complicated by transfusion-related acute lung injury; acute 
interstitial pneumonitis, following blood transfusion products 
for MAS in the LTE study. The second event resolved and the 
patient discontinued the study. No malignancies, anaphylaxis 
or anaphylactoid reactions were reported. There were no addi-
tional deaths besides the three previously reported.5

Infections
The incidence of serious infections was 10.28/100 patient-years 
of exposure and all resolved without sequelae. Most common 
serious infections were gastroenteritis (1.05/100 patient-years), 
pneumonia (0.84/100 patient-years), and varicella, subcutaneous 
abscess, gastrointestinal viral infection, septic shock and strepto-
coccal tonsillitis (0.42/100 patient-years each).

https://dx.doi.org/10.1136/annrheumdis-2018-213150
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Table 2 Incidence rates of adverse events, by system organ class

system organ class 

n=177 rate per 100 
patient-years n (%) events

Infections and infestations 136 (76.8) 1036 217.26

Gastrointestinal disorders 99 (55.9) 513 107.58

Musculoskeletal and connective tissue 
disorders

97 (54.8) 467 97.94

Respiratory, thoracic and mediastinal 
disorders

82 (46.3) 391 82.0

General disorders and administration site 
conditions

77 (43.5) 226 47.39

Skin and subcutaneous tissue disorders 76 (42.9) 245 51.38

Nervous system disorders 61 (34.5) 223 46.77

Injury, poisoning and procedural 
complications

58 (32.8) 164 34.39

Investigations 55 (31.1) 166 34.81

Blood and lymphatic system disorders 34 (19.2) 74 15.52

Eye disorders 30 (16.9) 54 11.32

Neoplasms benign, malignant and 
unspecified* (including cysts and polyps)

24 (13.6) 29 6.08

Psychiatric disorders 21 (11.9) 29 6.08

Hepatobiliary disorders 19 (10.7) 26 5.45

Ear and labyrinth disorders 17 (9.6) 39 8.18

Immune system disorders 16 (9.0) 24 5.03

Metabolism and nutrition disorders 16 (9.0) 26 5.45

Reproductive system and breast disorders 16 (9.0) 19 3.98

Vascular disorders 12 (6.8) 21 4.40

Renal and urinary disorders 9 (5.1) 12 2.52

Cardiac disorders 8 (4.5) 11 2.31

Endocrine disorders 2 (1.1) 2 0.42

Congenital, familial and genetic disorders*† 1 (0.6) 1 0.21

Social circumstances‡ 1 (0.6) 1 0.21

N denotes the total number of patients; a patient with multiple occurrences of an 
adverse event (AE) under one category is counted only once in the AE category.
*Neoplasms reported here are benign and unspecified.
†MedDRA PT: keratosis follicular.
‡MedDRA PT: dental prosthesis.
MedDRA PT, Medical Dictionary for Regulatory Activities preferred term.

Table 3 Incidence rates of serious adverse events by preferred term 
(≥2 events)

n=177 rate per 100 
patient-yearsn (%) events

Serious adverse events 64 (36.2) 194 40.68

Preferred term

 Juvenile idiopathic arthritis 17 (9.6) 25 5.24

 Histiocytosis haematophagic (MAS)* 10 (5.6) 17 3.56

 Fever 8 (4.5) 8 1.68

 Gastroenteritis 5 (2.8) 5 1.05

 Abdominal pain 4 (2.3) 4 0.84

 Pneumonia 3 (1.7) 4 0.84

 Hepatitis 2 (1.1) 3 0.63

 Hepatic enzyme increased 3 (1.7) 3 0.63

 Septic shock 2 (1.1) 2 0.42

 Arthralgia 2 (1.1) 2 0.42

 Lymphadenopathy 2 (1.1) 2 0.42

 Gastrointestinal viral infection 2 (1.1) 2 0.42

 Subcutaneous abscess 2 (1.1) 2 0.42

 Tonsillitis streptococcal 2 (1.1) 2 0.42

 Musculoskeletal chest pain 2 (1.1) 2 0.42

 Varicella 2 (1.1) 2 0.42

 Vomiting 2 (1.1) 2 0.42

 Drug reaction with eosinophilia and 
systemic symptoms

2 (1.1) 2 0.42

 C-reactive protein increased 2 (1.1) 2 0.42

 Serum ferritin increased 2 (1.1) 2 0.42

 Paraesthesia 2 (1.1) 2 0.42

 Anxiety 2 (1.1) 2 0.42

 Traumatic fracture 2 (1.1) 2 0.42

 Rash 2 (1.1) 2 0.42

N denotes the total number of patients; serious adverse events occurring after 
pivotal study baseline are presented in this table.
*MAS: macrophage activation syndrome is the terminology used in the 
literature.30–33

There were four opportunistic infections (toxoplasmosis, cyto-
megalovirus infection, Salmonella gastroenteritis and adenovirus 
infection) in one patient, each was adjudicated as such by the 
adjudication committee; two of these events were suspected to 
be related to canakinumab by the investigator. All events were 
moderate in severity and resolved following treatment. No 
tuberculosis cases were reported.

Laboratory abnormalities
Transient neutropenia was reported in 18 patients (grade 3 
(n=17); grade 4 (n=1)). Eleven neutropenia events occurred in 
patients on MTX background and three were associated with 
mild infections (pharyngitis, molluscum contagiosum, naso-
pharyngitis and otitis media), respectively. None of the patients 
discontinued canakinumab due to neutropenia but two patients 
discontinued MTX.

Besides laboratory testing that reflect the anti-inflammatory 
effects of canakinumab, other clinical chemistry parameters 
remained largely unchanged. CRP and fibrinogen decreased 
markedly by week 2 of canakinumab therapy and low levels 
were maintained over time.

Immunogenicity
Post-treatment ADAs were detected in five patients. ADAs were all 
non-neutralising and their presence had no effect on PK of canak-
inumab; the observed trough canakinumab concentrations in pres-
ence of ADAs were comparable to those without ADAs. All but 
one of the five patients were on background treatment with MTX.

dIsCussIOn
Here, we report the long-term efficacy and safety data of canak-
inumab in patients with sJIA with active systemic features and 
arthritis enrolled in the pivotal phase III trials.5 There was a marked, 
rapid improvement of sJIA activity at 6 months, which was main-
tained for up to 5 years and allowed for the marked reduction or 
even discontinuation of glucocorticoids in the majority of patients.

Due to the long duration of the study, canakinumab efficacy 
seems best described by the level of disease control as measured 
by the JADAS. Exploratory analysis suggested that early response 
to canakinumab leads to a better long-term favourable outcome. 
As such, patients who entered the LTE study from the double-
blind, placebo-controlled part because they responded to canak-
inumab quickly and successfully tapered glucocorticoids, fared 
better than late responders, that is, patients who moved directly 
from part I of trial 2 because they failed to respond to canaki-
numab initially or were unable to taper glucocorticoids as per 
protocol. These data were further corroborated by the CR 
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data, which showed a trend towards better improvement in the 
subgroup of patients who were naïve to biologics.

Glucocorticoid discontinuation was possible for 44% of the 
patients, some rapidly and some in the long term, suggesting a 
continuous glucocorticoid tapering effect of canakinumab.

The limited therapeutic benefits of MTX in sJIA were 
confirmed by similar response rates to canakinumab irrespective 
of MTX background therapy. Thus, canakinumab/MTX combi-
nation therapy is unlikely expected to improve sJIA control 
versus using canakinumab alone.

Most children who reached CID/LDA level after canakinumab 
initiation who were randomised to placebo and flared in the double-
blinded part of trial 2 regained the LDA status on retreatment with 
canakinumab. This observation may suggest that canakinumab ther-
apeutic benefits can be recaptured after withdrawal or interruption 
of medication in children who previously responded well to canaki-
numab. Based on the time to flare in the double-blinded part of the 
study, a CID/LDA state would be expected to be maintained longer 
than the half-life of the drug. Further, these data also support that 
the withdrawal study design with an event-driven approach as was 
chosen for trial 2 did not expose children switched to placebo to 
worse long-term outcomes than children who were randomised to 
continue canakinumab.

The long-term use of canakinumab was well tolerated and 
consistent with the safety profile that has been reported in 
other canakinumab trials.5 Infections were the most common 
AEs. Despite disease control, new MAS events occurred while 
on canakinumab therapy. This is consistent with the previous 
reports,33 which suggested that canakinumab treatment does 
not seem to alter the risk of MAS in patients with sJIA, regard-
less of the response of sJIA to canakinumab. Of note, the MAS 
adjudication committee was established before the EULAR/ACR/
PRINTO MAS classification criteria were published.33

A limitation of this study may be the overall low retention 
rate with 58% of the patients discontinuing canakinumab over 
the 5 years, which is typically expected in a study with such long 
follow-up. However, LOCF was carried out in addition to the 
observed data to address this shortcoming and possible artificial 
increasing percentages of response rates over time. The higher 
discontinuation rate in the late responders group as opposed to the 
early responders group further supports the notion of early response 
being used as a predictor factor of long-term outcome by the physi-
cians when considering canakinumab change to another treatment. 
In addition, this LTE study included patients with a wide range of 
canakinumab treatment durations due to the adaptive design chosen 
for trial 2 to limit placebo and corticosteroid exposures to patients. 
To address the limitations, another cohort of sJIA is being studied, 
where canakinumab was started in patients with and without fever 
at baseline (analysis in progress). Further, a dedicated dose reduc-
tion/dose interval prolongation study in patients with sJIA who are 
canakinumab responders is ongoing (NCT02296424).

In conclusion, response to canakinumab treatment was sustained 
or improved up to 5 years in patients with sJIA with active 
systemic features and arthritis and was associated with glucocor-
ticoid discontinuation. Early response seemed to be a predictive 
factor of long-term outcome enabling physicians to incorporate in 
their decision-making the time to response in the consideration of 
changing canakinumab to another treatment. No new safety find-
ings were observed on long-term use of canakinumab.
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Key messages

What is already known about this subject?
 ► Suppression of pro-inflammatory cytokines 
has been reported to be effective in many case 
reports with adult-onset Still's disease, however, 
there has been no placebo-controlled trial on 
these drugs.

What does this study add?
 ► This is the first double-blinded, randomised 
placebo-controlled trial conducted in 
patients with adult-onset Still's disease that 
suggests tocilizumab, an anti-interleukin-6 
receptor monoclonal antibody, is effective in 
improving systemic symptoms and decreasing 
glucocorticoid dose.

How might this impact on clinical practice or 
future developments?

 ► Our findings provide useful insights in the 
management of adult-onset Still’s disease and 
in designing and conducting future clinical trials 
on adult-onset Still’s disease.

AbsTrACT
Objective To evaluate the efficacy and safety of 
tocilizumab, an interleukin-6 receptor antibody, in 
patients with adult-onset Still’s disease.
Methods In this double-blind, randomised, placebo-
controlled phase III trial, 27 patients with adult-onset 
Still’s disease refractory to glucocorticoids were 
randomised to tocilizumab at a dose of 8 mg/kg or 
placebo given intravenously every 2 weeks during 
the 12-week, double-blind phase. Patients received 
open-label tocilizumab for 40 weeks subsequently. The 
primary outcome was American College of Rheumatology 
(ACR) 50 response at week 4. The secondary outcomes 
included ACR 20/50/70, systemic feature score, 
glucocorticoid dose and adverse events at each point.
results In the full analysis set, ACR50 response at week 
4 was achieved in 61.5% (95% CI 31.6 to 86.1) in the 
tocilizumab group and 30.8% (95% CI 9.1 to 61.4) in the 
placebo group (p=0.24). The least squares means for change 
in systemic feature score at week 12 were –4.1 in the 
tocilizumab group and –2.3 in the placebo group (p=0.003). 
The dose of glucocorticoids at week 12 decreased by 46.2% 
in the tocilizumab group and 21.0% in the placebo group 
(p=0.017). At week 52, the rates of ACR20, ACR50 and 
ACR70 were 84.6%, 84.6% and 61.5%, respectively, in 
both groups. Serious adverse events in all participants who 
received one dose of tocilizumab were infections, aseptic 
necrosis in the hips, exacerbation of adult-onset Still’s 
disease, drug eruption and anaphylactic shock.
Conclusion The study suggests that tocilizumab is effective 
in adult-onset Still’s disease, although the primary endpoint 
was not met and solid conclusion was not drawn.

InTrOduCTIOn
Adult-onset Still’s disease is a rare, systemic inflam-
matory disorder of unknown aetiology character-
ised by high spiking fever, evanescent rash and 
polyarthritis.1 In addition to these major symptoms, 
other features simultaneously occur with multiple 
organ involvement, including sore throat, lymph-
adenopathy, hepatosplenomegaly, and elevated 
serum liver enzymes and ferritin. Glucocorticoids 
are the first-line treatment for this disease, and the 
initial response to glucocorticoids is generally good 
despite intensive systemic inflammation. Overall 
treatment, however, remains challenging because 
high-dose glucocorticoids sometimes fail to cause 
remission, with occasionally fatal consequences, 
and dependence on glucocorticoids is frequently 
observed with a relapse of symptoms along with 

dose tapering or discontinuation, which leads to 
organ damage accrual and long-term side effects.2 3

Immunosuppressive agents, such as methotrexate 
and ciclosporin, have been used as a steroid-sparing 
drug, but their effectiveness is limited.4 5 Progress in 
the understanding of the critical role of proinflam-
matory cytokines in the pathogenesis of adult-onset 
Still’s disease has led to pilot use of anticytokine 
agents, resulting in an increasing number of successful 
case reports in patients who were unresponsive to 
conventional treatments.6–10 Furthermore, systemic 
juvenile idiopathic arthritis, previously known as 
Still’s disease, has responded significantly better to 
canakinumab, an anti-interleukin-1β monoclonal 
antibody, and tocilizumab, an anti-interleukin-6 
receptor monoclonal antibody, than to placebo in 
several randomised controlled trials.11–16 Since adult-
onset Still’s disease closely resembles systemic juve-
nile idiopathic arthritis in terms of pathogenesis and 
cytokine profiles, these anticytokine inhibitors are 
promising treatments for adult-onset Still’s disease. 
However, there have been no randomised, place-
bo-controlled trials on these anti-interleukin-1β or 
anti-interleukin-6 treatments in patients with adult-
onset Still’s disease.

http://www.eular.org/
http://ard.bmj.com/
(http://dx.doi.org/10.1136/10.1136/annrheumdis-2018-213920)
(http://dx.doi.org/10.1136/10.1136/annrheumdis-2018-213920)
(http://dx.doi.org/10.1136/10.1136/annrheumdis-2018-213920)
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-213920&domain=pdf&date_stamp=2018-10-12
http://ard.bmj.com/
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This phase III trial was conducted to evaluate the efficacy and 
safety of tocilizumab in refractory adult-onset Still’s disease. 
This article reports the results from the 1-year, multicentre, 
randomised, double-blind, placebo-controlled trial.

subjeCTs And MeTHOds
study design
This multicentre, randomised, double-blind, placebo-controlled 
phase III trial was conducted at eight centres in Japan as an 
investigator-initiated phase III trial and consisted of three parts: 
part 1, a randomised, double-blind, placebo-controlled, 4-week 
phase with a fixed dose of glucocorticoids; part 2, continued 
double-blind, placebo-controlled, 8-week phase with a condi-
tional decrease in glucocorticoid dose; and part 3, a single, open-
label, 40-week phase. This study is registered with UMIN (trial 
registration number: UMIN000012987).

Patients were recruited from 31 January 2014 to 31 July 2016 
and randomly assigned (1:1) by a central automatic system to 
receive intravenous tocilizumab at a dose of 8 mg/kg or placebo 
every 2 weeks during parts 1 and 2. All patients received intrave-
nous tocilizumab at the same dose and interval during part 3. The 
tocilizumab dose was determined in reference to trials in patients 
with juvenile idiopathic arthritis.13 14 Patients and all medical 
staff, including doctors, nurses and pharmacists, were unaware 
of the identity of the trial drugs at all times. Use of concomitant 
disease-modifying antirheumatic drugs or immunosuppressive 
agents was prohibited during the study. Doses of glucocorticoids 
were tapered during parts 2 and 3 according to the predefined 
rules when patients met the American College of Rheumatology 
(ACR) 50 criteria without fever: glucocorticoid doses equivalent 
to prednisolone at least 30 mg/day were tapered by 5–10 mg/
day every week, 15–29 mg/day prednisolone by 2.5–5 mg/day 
every 2 weeks, 7.5–14 mg/day prednisolone by 1.5–2.5 mg/day 
every 4 weeks, and 5–7.4 mg/day prednisolone by 0.5–1.5 mg/
day every 4 weeks. Tapering to prednisolone less than 5 mg/
day was at the discretion of the investigators. Glucocorticoids 
were increased by about 50% within the initial dose (the exact 
dose was at the investigator’s discretion) when patients did not 
meet the ACR50 criteria without fever on two consecutive visits. 
Patients were omitted from the rest of part 2 and were entered 
into part 3 (escape) when they did not meet the criteria for 
ACR20 achievement without fever at the beginning of part 2 
or ACR50 achievement without fever under the initial dose of 
glucocorticoids during part 2.

In part 3, the interval of tocilizumab administration could be 
prolonged in patients who could reduce their glucocorticoids 
equivalent to or less than 5 mg/day of prednisolone and main-
tained in stable disease for 4 weeks or more. The prolongation 
of the interval should be conducted by 1 week. An interval 
of more than 5 weeks was not allowed. The interval of tocili-
zumab administration could be shortened to every week at the 
discretion of the investigators if the response to tocilizumab was 
considered insufficient. The dosing interval was determined in 
reference to the trial in juvenile idiopathic arthritis.13

Patients
Eligible patients were 20 years or older with disease onset at 
more than 15 years old who had been diagnosed with adult-
onset Still’s disease with Yamaguchi criteria,17 and had shown 
inadequate response to more than 2 weeks of glucocorticoids 
equivalent to at least 0.5 mg/kg/day of prednisolone, with a 
stable dose of current glucocorticoids equivalent to 10 mg/day 
of prednisolone for at least 2 weeks. Patients had at least two 

swollen joints and two tender joints and had ≥1 clinical point 
of systemic feature score (at least one of the following should be 
present: fever, rash, lymphadenopathy, hepatosplenomegaly or 
serositis).18 Patients’ blood tests showed erythrocyte sedimenta-
tion rate of at least 20 mm/hour or C reactive protein of at least 
1.0 mg/dL.

For 2 weeks before the study drug was first given, treatment 
with immunosuppressive drugs and disease-modifying anti-
rheumatic drugs was prohibited. Treatment with infliximab, 
golimumab, adalimumab, abatacept, certolizumab-pegol and 
leflunomide was not allowed for 12 weeks and etanercept for 4 
weeks before patients were given the study drug. Patients were 
excluded if they had important concurrent medical or surgical 
disorders, including leucocytopaenia (<3.0×109/L), neutrocy-
topaenia (<1.0×109/L), lymphocytopaenia (<0.5×109/L) or 
thrombocytopaenia (<50×109/L), elevated alanine transaminase 
(>5 times of an upper limit of each site), elevated total bilirubin 
(>3 times of an upper limit of each site), serious disease assessed 
by investigators as inappropriate and a history of malignancy 
within 5 years. All patients were examined for active infections, 
especially viral hepatitis and tuberculosis.

Assessments and outcomes
Baseline information included age, sex, disease duration, body 
weight and immunological profile. Clinical and laboratory 
assessments were done, including fever, skin rash, lymphade-
nopathy, hepatosplenomegaly, serositis, number of swollen 
joints and tender joints, patient’s global assessment using a 100 
mm Visual Analogue Scale, patient’s pain using Visual Analogue 
Scale, physician’s global assessment using Visual Analogue Scale, 
physical function using the Health Assessment Questionnaire 
Disability Index, complete blood cell counts, erythrocyte sedi-
mentation rate, C reactive protein, liver enzymes and ferritin, 
every 2 weeks in parts 1 and 2 and every 4 weeks in part 3. 
The ACR core set and systemic feature score were evaluated.18 19 
ACR20, ACR50 and ACR70 responses were defined as both 
improvement of 20%, 50% and 70% in the number of tender and 
number of swollen joints and 20%, 50% and 70% improvement 
in at least three of the remaining five variables of the ACR core 
set, respectively. Systemic feature score consisted of five clinical 
and five laboratory assessments. Clinical features included fever, 
rash, lymphadenopathy, hepatosplenomegaly and serositis, and 
the laboratory features were erythrocyte sedimentation rate, C 
reactive protein, leucocyte count, haemoglobin level and platelet 
count. Each clinical feature was assigned a score of 1 (present) 
or 0 (absent). At baseline, each laboratory feature was assigned 
a score of 1 when erythrocyte sedimentation rate was ≥20 mm/
hour, C reactive protein was ≥1.0 mg/dL, white cell count was 
≥12×103/μL, haemoglobin was ≤11 g/dL and platelet count 
was ≥400×103/μL. At follow-up visits, laboratory parameters 
were scored as follows: for erythrocyte sedimentation rate, 0 if 
<20 mm/hour or if decreased by ≥30% compared with base-
line, or 1 if it increased or decreased by <30% compared with 
baseline; for C reactive protein, 0 if <1.0 mg/L or if decreased 
by ≥30% compared with baseline, or 1 if it increased or 
decreased by <30%; for white cell count, 0 if ≥12×103/μL or if 
decreased by 20% compared with baseline, or 1 if it increased or 
decreased by <20%; for haemoglobin level, 0 if ≥11 g/dL or if 
increased by ≥20% compared with baseline, or 1 if it decreased 
or increased by <20%; and for platelet count, 0 if ≥400×103/
μL or if decreased by ≥20% compared with baseline, or 1 if it 
increased or decreased by <20%.

http://ard.bmj.com/
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Figure 1 Trial profile. *The underlying disease of one participant was found to be malignant lymphoma, rather than adult-onset Still’s disease 
(AOSD); therefore, this participant was excluded from the efficacy analyses.

One of the two coprimary outcomes was the proportion of 
patients who achieved ACR50 response at week 4, and the other 
primary outcome was the proportion of patients who had an 
ACR50 response at week 12 (the primary time point was week 
4). We recognised that 4 weeks would be too short for a primary 
outcome, but at the same time had a great concern about a risk 
for critically uncontrollable exacerbation of adult-onset Still’s 
disease in the placebo group. Therefore, we predefined that 
the primary time point of the primary outcomes was week 4. 
We selected ACR50 as a primary outcome measure instead of 
ACR20 in reference to the results from the trial in patients with 
juvenile idiopathic arthritis,16 in which JIA ACR50 response 
showed greater effect size than juvenile idiopathic arthritis 
ACR30. The secondary endpoints were changes in glucocorti-
coid dose, ACR20, ACR50, ACR70, systemic feature score, and 
presence of fever and skin rash at each time point. Patients were 
monitored for safety throughout the 52-week period.

statistical analyses
In the protocol, sample size calculation was based on the first 
of the coprimary endpoints, the proportion of patients who 
achieved ACR50 at week 4. The ACR50 response rate was 
assumed to be 65% in the tocilizumab group and 15% in the 
placebo group, in reference to the trials in patients with juve-
nile idiopathic arthritis.13 14 Under these assumptions, 17 
patients were needed in each group to have power of 80% with 

a two-tailed significance level of 5%. During the clinical trial, 
we noted that recruitment was proceeding at a slower pace than 
anticipated because of the difficulty in the enrolment of eligible 
patients. In May 2016, we performed a blind review to assess 
whether a reduction in the number of patients was possible. The 
calculation predicted an ACR50 response in the tocilizumab 
group to be 80%, assuming that ACR50 in the placebo group 
was 15%, suggesting that 12 patients per group yielded a power 
of 80%. We had to accept the risk that our trial would fail to 
demonstrate significance in the primary outcome despite a true 
difference, and decided to close recruitment after at least 24 
patients were enrolled.

We used descriptive statistics to summarise demographic and 
baseline disease characteristics by treatment group. The primary 
analysis population for efficacy evaluation in the double-blind 
phase (parts 1 and 2) was full analysis set, which included 
patients who received at least one dose of the study medication. 
All analyses, including those for the secondary endpoints, were 
prespecified in the statistical analysis plan before unblinding. The 
coprimary outcomes in this trial were the ACR50 response rates 
at weeks 4 and 12 with a predefinition that a test for week 12 
would only be evaluated if between-group comparison at week 4 
was significant with an alpha=0.05 (two-tailed). We used Fish-
er’s exact test for dichotomous response outcomes; patients were 
categorised as either having a response or not having a response. 
Patients who did not complete the study, escaped from part 2 

http://ard.bmj.com/
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Table 1 Baseline patient characteristics

Placebo (n=13) Tocilizumab (n=13)

Age, years 55.5 (17.9) 51.3 (20.3)

Female, n (%) 10 (76.9) 10 (76.9)

Disease duration*, years 0.1 (0.0–10.8) 0.5 (0.1–23.8)

Body weight, kg 53.8 (9.9) 56.1 (9.6)

Swollen joint count 5.7 (3.3) 4.2 (2.7)

Tender joint count 5.5 (3.3) 4.2 (3.6)

Patient pain VAS, mm 37.2 (26.3) 33.8 (30.2)

Patient global VAS, mm 44.5 (29.2) 33.7 (28.8)

Physician global VAS, mm 42.3 (20.1) 38.4 (24.5)

HAQ–DI 1.0 (1.0) 0.7 (0.9)

CRP, mg/dL 4.7 (4.5) 4.2 (4.1)

Ferritin, ng/mL 3869 (6272) 2920 (1376)

SFS 5.1 (1.4) 4.6 (1.7)

Fever, n (%) 6 (46.2) 6 (46.2)

Skin rash, n (%) 7 (53.8) 8 (61.5)

ANA positivity, n (%) 5 (38.5) 8 (61.5)

RF positivity, n (%) 0 (0.0) 1 (7.7)

Anti-CCP positivity, n (%) 0 (0.0) 0 (0.0)

PSL dose, mg/day 32.5 (20.4) 23.0 (16.2)

Data are mean (SD) unless otherwise stated.
*Median (IQR).
ANA, antinuclear antibody; CRP, C reactive protein; HAQ–DI, Health Assessment 
Questionnaire Disability Index; PSL, prednisolone; RF, rheumatoid factor; SFS, 
systemic feature score; VAS, Visual Analogue Scale; anti-CCP, anticyclic citrullinated 
peptide antibody.

to part 3, or received weekly intravenous tocilizumab because 
of inadequate response to biweekly tocilizumab were classified 
as a non-responder. We used the Clopper-Pearson method to 
calculate the 95% CIs of proportions. For repeated measure-
ments in part 1, we used mixed-effects model for repeated 
measurements with unstructured covariance matrix to compare 
the mean change from baseline between the two groups. For 
outcomes based on changes from baseline, we used an analysis 
of covariance model, which contains treatment group as a factor 
and baseline data as a covariate. The least squares means for the 
change from baseline were estimated by treatment group with 
the analysis of covariance model. For missing data in parts 2 and 
3, we used the last observation carried forward method. We used 
the Kenward-Roger method to adjust the df for error. Safety data 
included full-exposure data for each patient. We defined serious 
adverse events in accordance with the definition in the Interna-
tional Conference on Harmonisation guidelines.20 We used SAS 
V.9.4 for all analyses.

resulTs
Patient flow and characteristics
Twenty-seven patients were enrolled, of whom 14 were randomly 
assigned to placebo and 13 to tocilizumab. One patient who had 
been allocated to the placebo group was subsequently diagnosed 
with malignant lymphoma rather than adult-onset Still’s disease 
during part 3; therefore, we excluded this patient from efficacy 
analyses (figure 1). Eight patients who received placebo and three 
patients who received tocilizumab met the criteria for escape; 
they did not complete part 2 and moved to part 3. Five patients 
withdrew from the study for various reasons. Baseline demo-
graphic and disease characteristics were balanced between the 
groups (table 1), but patients who received placebo had slightly 
worse disease activity and took higher doses of glucocorticoids.

efficacy in 12-week, double-blind phase
Figure 2 shows the time course transition in ACR20, ACR50 
and ACR70 response rates during the study. At week 4, 61.5% 
(8 of 13, 95% CI 31.6 to 86.1) of patients who received tocili-
zumab had an ACR50 response, compared with 30.8% (4 
of 13, 9.1–61.4) of patients who received placebo (p=0.238, 
two-tailed Fisher’s exact test). The proportion of patients with 
an ACR20 response was 76.9% (10 of 13) in the tocilizumab 
group and 38.5% (5 of 13) in the placebo group (p=0.111), 
whereas 38.5% (5 of 13) in the tocilizumab group and 30.8% (4 
of 13) in the placebo group had an ACR70 response (p=1.000). 
At week 12, the proportion of patients with an ACR20 response 
was 61.5% (8 of 13) in the tocilizumab group, compared with 
30.8% (4 of 13) in the placebo group (p=0.238). The propor-
tion of patients with an ACR50 response was 61.5% (8 of 13) 
in the tocilizumab group and 30.8% (4 of 13) in the placebo 
group (p=0.238), whereas 46.2% (6 of 13) in the tocilizumab 
group and 30.8% (4 of 13) in the placebo group had an ACR70 
response (p=0.688).

Systemic symptoms significantly improved with tocilizumab 
(figure 3A). The decrease in systemic feature score at week 4 
from baseline in patients who received tocilizumab was –4.1, 
compared with –2.7 (p=0.080) in patients who received placebo. 
The decrease in systemic feature score at week 12 from base-
line was –4.1 in the tocilizumab group and –2.3 in the placebo 
group (p=0.003). The results of each component of the systemic 
feature score are shown in online supplementary figure 1.

Tocilizumab had a significantly stronger effect on glucocorti-
coid sparing (figure 3B). The dose of prednisolone was decreased 
from baseline by 46.2% in the tocilizumab group and by 21.0% 
in the placebo group at week 12 (p=0.017).

For secondary endpoints at week 4, no statistical significance 
in between-group comparisons was observed (figure 4A–G). 
For secondary endpoints at week 12, significant or borderline 
significant differences in swollen joint count (p=0.054), Physi-
cian Visual Analogue Scale (p=0.013) and C reactive protein 
(p=0.030) were observed between the tocilizumab and placebo 
groups (figure 4A, E and G). The improvements in the other 
variables in the ACR core set (tender joint count, Pain Visual 
Analogue Scale, Patient Visual Analogue Scale and Health Assess-
ment Questionnaire Disability Index) were not different between 
the groups (figure 4B, C, D and F). Serum ferritin concentra-
tions decreased in both treatment groups (online supplementary 
figure 2).

At week 4, no patients in the tocilizumab group had fever, 
compared with 1 (7.7%) of 13 patients in the placebo group 
(p=1.000). At week 12, no patients in the tocilizumab group 
and 2 (15.4 %) of 13 patients in the placebo group had fever 
(p=0.480). Skin rash was observed in two (15.4%) patients in 
the tocilizumab group and five (38.5%) patients in the placebo 
group (p=0.378) at weeks 4 and 12. The prednisolone dose was 
20.9 (±14.7) mg/day in the tocilizumab group and 29.0 (±17.4) 
mg/day in the placebo group at week 4, and 9.4 (±3.4) mg/day 
in the tocilizumab group and 16.3 (±6.8) mg/day in the placebo 
group at week 12.

efficacy in 40-week, open-label phase
In part 3, the open-label phase, patients who were randomly 
assigned to receive tocilizumab continued to receive it and 
patients who were randomly assigned to receive placebo were 
given tocilizumab at week 12. The proportion of patients 
with an ACR20, ACR50 or ACR70 response (figure 2A–C) 
and systemic feature score in patients who switched placebo 

https://dx.doi.org/10.1136/annrheumdis-2018-213920
https://dx.doi.org/10.1136/annrheumdis-2018-213920
https://dx.doi.org/10.1136/annrheumdis-2018-213920
http://ard.bmj.com/
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Figure 2 Time course of American College of Rheumatology (ACR) responses. Percentage of patients achieving (A) ACR20, (B) ACR50 and (C) 
ACR70. Bars are 95% CI.

http://ard.bmj.com/
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Figure 3 Clinical efficacy on systemic inflammation and sparing glucocorticoid dose. (A) Changes in systemic feature score (SFS) from baseline. (B) 
Decrease in glucocorticoid dose from baseline. Bars are 95% CI. *P<0.05.

to tocilizumab improved at week 16 (figure 3A). The dose of 
glucocorticoids was also reduced (figure 3B) after the switch 
from placebo to tocilizumab. At week 52, the proportion 
of patients with an ACR20, ACR50 and ACR70 was 84.6% 
(11 of 13), 84.6% (11 of 13) and 61.5% (8 of 13), in both 
groups who received tocilizumab from baseline and those who 
received placebo and subsequently tocilizumab (figure 2A–C). 

The systemic feature score was 0.6±0.8 in the tocilizumab 
group and 0.5±0.9 in the placebo group (figure 3A). The 
results of each component of the systemic feature score are 
shown in online supplementary figure 1. The doses of pred-
nisolone were 6.4±5.1 mg/day in the tocilizumab group with 
cessation in two patients and 3.3±2.4 mg/day with no cessa-
tion in the placebo group.

https://dx.doi.org/10.1136/annrheumdis-2018-213920
http://ard.bmj.com/


1726 Kaneko Y, et al. Ann Rheum Dis 2018;77:1720–1729. doi:10.1136/annrheumdis-2018-213920

Clinical and epidemiological research

Figure 4 Changes in other variables from baseline: (A) swollen joint count (SJC), (B) tender joint count (TJC), (C) Pain VAS, (D) Patient VAS, (E) 
Physician VAS, (F) Health Assessment Questionnaire Disability Index (HAQ–DI) and (G) C reactive protein (CRP). Bars are 95% CI. *P<0.05. VAS, Visual 
Analogue Scale.

The change in each variable in the ACR core set became compa-
rable between the two groups or numerically better in patients 
who initially received placebo owing to the baseline condition, 
which was slightly worse in patients receiving placebo (figure 4). 
The variables at week 52 were as follows: swollen joint count, 
0.7±1.3 (tocilizumab) and 0.3±0.6 (placebo); tender joint 
count, 0.5±0.8 (tocilizumab) and 0.5±1.0 (placebo); Pain Visual 
Analogue Scale, 12.2±21.4 mm (tocilizumab) and 7.5±11.9 mm 
(placebo); Patient Visual Analogue Scale, 10.4±18.8 mm (tocili-
zumab) and 8.0±12.3 mm (placebo); Physician Visual Analogue 
Scale, 6.9±5.7 mm (tocilizumab) and 3.6±3.7 mm (placebo); 
Health Assessment Questionnaire Disability Index, 0.1±0.2 
(tocilizumab) and 0.2±0.5 (placebo); and C reactive protein 
concentration, 0.0±0.0 mg/dL (tocilizumab) and 0.0±0.0 mg/
dL (placebo). The time course change in ferritin concentrations 
is shown in online supplementary figure 2.

In part 3, six patients (three in each group) received tocili-
zumab at an interval of less than 10 days. The level of C reactive 
protein in these patients decreased from 3.3 mg/dL to 0.20 mg/
dL, systemic feature score decreased from 2.3 to 0.8, and three 
of four patients who did not achieve ACR50 before the interval 
shortening fulfilled the ACR50 criteria (but were regarded as 
non-responders in the analysis).

safety
In the double-blind phase, more patients in the tocilizumab 
group (11 patients) than in the placebo group (8 patients) had 
adverse events, with the most frequent adverse event being 
nasopharyngitis (table 2). No serious adverse events were 
observed. Cumulatively, 11 serious adverse events occurred in 
seven patients. Three serious adverse events were not related to 
tocilizumab: malignant lymphoma (the patient was rediagnosed 
with lymphoma as an underlying disease, not adult-onset Still’s 
disease), anaphylactic shock to contrast enhancement in CT, 
and drug eruption to a pain killer. Instances of serious infection 

included one patient with subcutaneous abscess, cellulitis and 
spleen abscess, one patient with cellulitis, and one patient with 
pneumonia. One patient was hospitalised because of adult-
onset Still’s disease exacerbation, which was ameliorated by 
the shortening of tocilizumab interval. Aseptic necrosis in the 
hips of one patient was highly likely due to high-dose gluco-
corticoids. Anaphylactic shock to tocilizumab was observed in 
one patient. Infusion reaction occurred in five patients, of whom 
four received tocilizumab and one received placebo. Adverse 
events led to tocilizumab cessation in two patients. Antitocili-
zumab antibody was found in two patients. No death or macro-
phage-activated syndrome was reported. None of the patients 
who received tocilizumab infusion with a shorter interval than 2 
weeks developed serious adverse events.

dIsCussIOn
In this double-blind, randomised, placebo-controlled phase III 
trial, we tried to prove the efficacy of tocilizumab in patients 
with adult-onset Still’s disease, but the primary endpoint of 
ACR50 response at week 4 did not show statistical superiority of 
tocilizumab to placebo because of limitations in patient accrual, 
study design and appropriateness of endpoints. It showed a 
significantly greater improvement in systemic feature score and 
larger decrease in glucocorticoid dose in patients who received 
tocilizumab than in patients who received placebo, although 
the validity of the statistical differences is uncertain because the 
study was underpowered. Despite these limitations, this has been 
the first randomised, placebo-controlled trial ever conducted in 
patients with adult-onset Still’s disease and has suggested the 
efficacy of anti-interleukin-6 treatment on the disease.

Although almost twice the number of patients who received 
tocilizumab achieved ACR50 through the double-blind phases, 
the primary endpoint of ACR50 response rate 4 weeks after 
the start of tocilizumab or placebo treatment was not statisti-
cally met. Three factors could be related to the non-significance 

https://dx.doi.org/10.1136/annrheumdis-2018-213920
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Table 2 Adverse events by group

double-blind phase Cumulative data*

Placebo
(n=14)

Tocilizumab
(n=13)

Tocilizumab
(n=27)

Number of adverse events 12 38 182

 Number of patients 8 (57.1) 11 (84.6) 27 (100.0)

Most frequently reported 
events†

 Nasopharyngitis 0 (0.0) 3 (23.1) 11 (40.7)

 Constipation 0 (0.0) 2 (15.4) 4 (14.8)

 Anaemia 0 (0.0) 0 (0.0) 4 (14.8)

 Insomnia 1 (7.1) 0 (0.0) 4 (14.8)

 Dyslipidaemia 1 (7.1) 1 (7.7) 5 (18.5)

 Drug eruption 0 (0.0) 0 (0.0) 4 (14.8)

Number of serious adverse 
events

0 0 11‡

 Subcutaneous abscess 0 (0.0) 0 (0.0) 1 (3.7)

 Cellulitis 0 (0.0) 0 (0.0) 2 (7.4)

 Spleen abscess 0 (0.0) 0 (0.0) 1 (3.7)

 Pneumonia 0 (0.0) 0 (0.0) 1 (3.7)

 Adult-onset Still’s 
disease exacerbation

0 (0.0) 0 (0.0) 1 (3.7)

 Anaphylaxis shock 0 (0.0) 0 (0.0) 2 (7.4)§

 Drug eruption 0 (0.0) 0 (0.0) 1 (3.7)

 Aseptic necrosis 0 (0.0) 0 (0.0) 1 (3.7)

 Malignant lymphoma 0 (0.0) 0 (0.0) 1 (3.7)¶

 Macrophage activation 
syndrome

0 (0.0) 0 (0.0) 0 (0.0)

 Death 0 (0.0) 0 (0.0) 0 (0.0)

Infusion reaction 1 (7.1) 3 (23.1) 5 (18.5)

Antitocilizumab antibody – 1 (7.7) 2 (7.4)

Multiple occurrences in one patient were counted. Data are n (%) unless otherwise 
stated.
*Cumulative data included safety profile for all patients while receiving tocilizumab.
†Only adverse events that occurred in three or more participants in either group 
in the double-blind phase or in four or more participants in all participants while 
receiving tocilizumab are presented.
‡11 serious adverse events in seven patients were observed.
§One was attributed to tocilizumab and one to contrast enhancement during a CT.
¶The underlying disease of the participant in the placebo group was found to be 
malignant lymphoma, rather than adult-onset Still’s disease.

of ACR50. One was a lack of statistical power because of the 
insufficient number of cases. We found it challenging to recruit 
patients with rare adult-onset Still’s disease who were refractory 
to glucocorticoids but in a non-life-threatening state who would 
tolerate placebo treatment, which reduced the sample size. The 
initial assumption of placebo achieving ACR50 of 15% was an 
underestimation, which also decreased the statistical power. We 
referred to the trial in patients with juvenile idiopathic arthritis14 
to assume the 15%; however, the baseline prednisolone dose was 
much greater in our trial, which might partly have caused the 
high ACR50 achievement rate in the placebo group. Another 
potential reason was that tocilizumab could be more effective on 
systemic features than on arthritis despite our primary endpoint 
of ACR50, which focused on improvement in joint symp-
toms. Several case reports have suggested dichotomous thera-
peutic responses dependent on cytokines that are suppressed by 
biological agents, for example, articular symptoms with tumour 
necrosis factor antagonists, and systemic organ involvement with 
interleukin-1β or interleukin-6 antagonists.10 21–25 Our results 
are consistent with this notion, showing significant superiority to 
placebo on suppressing systemic inflammation. We should note, 

however, that although the systemic feature score we adopted 
in our trial significantly separated tocilizumab from placebo, 
assessment for systemic features in adult-onset Still’s disease has 
not been established yet, which is a problem to be solved in the 
future. One further possibility for the unmet primary endpoint 
is that tocilizumab dose higher than biweekly intravenous 8 mg/
kg adopted in our study might be necessary. Indeed, 6 of 26 
patients in our study needed tocilizumab infusion with a shorter 
interval to suppress inflammation. The optimal dose of tocili-
zumab might be different among patients, possibly depending 
on the soluble concentrations of interleukin-6 receptor before 
tocilizumab administration, as was observed in patients with 
rheumatoid arthritis.26

Direct inhibition of inflammatory cytokines has shown 
promising outcomes in the management of systemic inflam-
matory manifestations of adult-onset Still’s disease. Although 
the pathogenic mechanisms of adult-onset Still’s disease are not 
fully understood, the pivotal role of innate immunity involving 
macrophage cell activation and Th1 cytokines, such as inter-
leukin-1β, interferon-γ, tumour necrosis factor-α, interleukin-6, 
interleukin-8 and interleukin-18, has been demonstrated.27–33 
Most data on the benefits of suppressing cytokines have 
stemmed from empirical observations through small case series, 
with patients who were treated with currently available biolog-
ical agents targeting tumour necrosis factor, interleukin-1β and 
interleukin-6.10 34–36 Interleukin-6 is a pleiotropic cytokine 
involved in both innate and acquired immunity.37 Overproduc-
tion of interleukin-6 can explain most symptoms of adult-onset 
Still’s disease, and high concentrations of interleukin-6 have 
been observed in the blood of patients with adult-onset Still’s 
disease. Our trial investigated tocilizumab, a monoclonal anti-
body targeting interleukin-6 receptor, and suggested its poten-
tial efficacy on systemic features of adult-onset Still’s disease 
and glucocorticoid dose reduction.

Another notable implication of this trial is that a domi-
nant cytokine can vary according to patients. In several 
randomised controlled trials for systemic juvenile idiopathic 
arthritis conducted on tocilizumab, canakinumab, anakinra 
and rilonacept, some patients with systemic juvenile idiopathic 
arthritis responded to one drug but not to another type of 
drug.11–16 38 39 Moreover, there is a hypothesis that dominant 
cytokines may change from interleukin-1β at the beginning to 
interleukin-6 and subsequently to tumour necrosis factor in an 
individual.11 40–42 Likewise, adult-onset Still’s disease has compli-
cated cytokine profiles. One study reported that patients with 
adult-onset Still’s disease could be divided into two types of 
disease according to distinct interleukin-6-based and interleu-
kin-18-based cytokine profiles.32 As such, some patients with 
adult-onset Still’s disease might be well controlled by suppressing 
interleukin-18, if available. A recent, non-controlled study inves-
tigating an interleukin-18 inhibitor showed somewhat effective-
ness on adult-onset Still’s disease.42

Although glucocorticoids are drugs of great importance in the 
treatment of adult-onset Still’s disease, its toxicity causes iatro-
genic problems. The decrease in glucocorticoids dose during the 
disease course frequently induces flares and subsequent increases 
in dose, which lead to the inevitable disadvantages of glucocor-
ticoids.2 3 In the present trial, the reduction in oral glucocorti-
coid dose was more than twice as much with tocilizumab as with 
placebo. Clinically relevant dose reductions of glucocorticoids in 
addition to greater decreases in systemic feature score in patients 
receiving tocilizumab than those receiving placebo are suggestive 
of the usefulness of tocilizumab in the management of adult-
onset Still’s disease.

http://ard.bmj.com/
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A total of 11 serious adverse events were documented 
during the treatment of tocilizumab. Three serious adverse 
events were not related to tocilizumab: malignant lymphoma 
(the patient was rediagnosed with lymphoma as an underlying 
disease, not adult-onset Still’s disease), anaphylactic shock to 
contrast enhancement in CT and drug eruption to a pain killer. 
The aseptic necrosis of the hip joints was highly likely due to 
high-dose glucocorticoids, and the exacerbation of adult-onset 
Still’s disease was ameliorated by the shortening of tocilizumab 
interval. Instances of serious infection, the most concerning of 
adverse events, included combined skin abscess, cellulitis and 
spleen abscess in one patient, pneumonia in one patient, and 
cellulitis in one patient, with the former two patients withdrawn 
from the trial. No death or macrophage-activated syndrome was 
observed. We believe that biweekly intravenous tocilizumab at 
8 mg/kg in patients with adult-onset Still’s disease can be justi-
fied from the benefit–risk point of view, although careful use is 
essential.

Our study has some limitations. First, the sample size was 
small and underpowered, which led to the low statistical power 
resulting in the uncertainty of the results. Also, in such a study 
with small sample size, the imbalance in baseline characteristics 
might not be negligible, and the influence of one person on ratio 
calculations could be large, which might have caused both under-
estimation and overestimation. Second, the primary endpoint 
should have included systemic feature assessment rather than 
simple ACR50 to prove the efficacy of tocilizumab on systemic 
inflammation. Third, the double-blind period without rescue 
of open-label tocilizumab might be short because there was a 
concern about continuing placebo treatment for a longer time in 
patients with active adult-onset Still’s disease. Fourth, although 
we did not set the upper limit of disease activity, the exclusion 
criteria regarding thrombocytopaenia and transaminase eleva-
tion might have excluded eligible but severely ill patients. In 
addition, investigators must have selected patients at enrolment 
who they thought would tolerate placebo treatment. These could 
have led to selection bias. Fifth, the high response to placebo 
might be due to the short duration of prior glucocorticoid treat-
ment and the baseline glucocorticoid dose. Sixth, the optimal 
usage of glucocorticoids at tocilizumab initiation is unclear. 
Patients in the placebo group received higher doses of baseline 
glucocorticoids and a longer period of glucocorticoid treatment 
without dose reduction at tocilizumab initiation, and in this 
context it appears that higher ACR responses were obtained in 
the placebo group than in the tocilizumab group in the open-
label phase. Despite these limitations, this is the first double-
blind, randomised, placebo-controlled trial demonstrating the 
efficacy of tocilizumab on relieving systemic inflammation and 
glucocorticoid sparing, and our findings provide useful insights 
into the management of adult-onset Still’s disease.

In conclusion, we suggest that inhibiting interleukin-6 with 
tocilizumab is effective in patients with adult-onset Still’s disease 
refractory to glucocorticoid therapy on suppressing systemic 
features and glucocorticoid dose reduction. However, the 
efficacy was not proven in our trial because of limitations in 
patient accrual, study design and appropriateness of endpoints. 
A well-designed, properly powered study will substantiate our 
preliminary findings.
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AbsTrACT
Objectives to evaluate the reliability of consensus-
based ultrasound (US) definitions of elementary 
components of enthesitis in spondyloarthritis (SpA) and 
psoriatic arthritis (psA) and to evaluate which of them 
had the highest contribution to defining and scoring 
enthesitis.
Methods Eleven sonographers evaluated 40 entheses 
from five patients with SpA/psA at four bilateral 
sites. nine US elementary lesions were binary-scored: 
hypoechogenicity, thickened insertion, enthesophytes, 
calcifications, erosions, bone irregularities, bursitis 
and doppler signal inside and around enthesis. Kappa 
statistics were used to evaluate reliability. Sonographers 
were also asked to state which lesions can be considered 
as inflammatory or structural and should be included in 
the final definition of enthesitis. only the lesions, scored 
as present in at least 75% of the entheses considered as 
having an enthesitis, were included in the final definition. 
results the prevalence of detected lesions was 
quite low except for enthesophytes (55%) and bone 
irregularities (54%). reliability ranged from poor to good 
(the lowest for thickened enthesis (kappa 0.1 (95% CI 
0 to 0.7)) and the highest for enthesophytes (kappa 0.6 
(95% CI 0.5 to 0.7)). When adjusted for low prevalence, 
kappa values increased for all lesions, with the best 
result observed for detecting doppler signal at insertion 
(0.9) and for bursitis (0.8). the US components included 
in the final definition were hypoechogenicity, increased 
thickness at enthesis, erosions and calcifications/
enthesophytes and doppler signal at insertion. 
Conclusion By using a consensus-based stepwise 
approach, a final reliable US score and definition of 
enthesitis in SpA/psA were produced. Further studies are 
sought for implementing this score in clinical trials and 
practice. 

Enthesitis is typically defined as an inflammation 
of the insertion of tendons, ligaments, aponeurosis 
and capsules into the bone, and it is considered a 
pathological, clinical and imaging hallmark of the 
spondyloarthritis (SpA) group, including psoriatic 
arthritis (PsA).1–3 Assessments in Spondyloarthritis 
International Working Group (ASAS) and the 
Group for Research and Assessment of Psoriasis and 
Psoriatic Arthritis (GRAPPA) have recommended 

enthesitis as one of the outcome domains for 
assessing disease activity and response in SpA (axial 
and peripheral) and PsA.4 5

The European League Against Rheumatism and 
GRAPPA also have treatment and management 
recommendations for predominant entheseal 
disease in PsA; although different in their recom-
mendations, ultrasound (US) evaluation is an 
accepted method for detecting enthesitis in both.5–7

Since 1994, US has been used for evaluating 
peripheral enthesitis in patients with SpA in both 
lower and upper limb entheses.8–11 B-mode and 
Doppler US (colour and power) both depict the 
structure and vascularity of the enthesis. Together 
they are helpful in detecting subclinical enthesitis, 
measuring disease activity and evaluating treat-
ment effect.12–14 In recent years, several enthesitis 
scoring systems have been published; however, 
as each is different by incorporating different US 
elementary lesions, comparisons across studies 
and the use of US as outcome measurement instru-
ment of enthesitis, in multicentre studies, are 
problematic.15

Within the Outcome Measures in Rheumatology 
(OMERACT) US Working Group, a subtask force 
for enthesitis was created in order to produce a 
standardised, agreed definition and reliable scoring 
system. The group previously published a systematic 
literature review highlighting the great variability 
in the definition of enthesitis applied in US studies 
since 1994, and in particular the great variability of 
the definitions of its constituent elementary compo-
nents.16 Following a standardised stepwise consen-
sus-based approach, the group initially agreed on the 
definitions of each potential elementary component 
and then decided which of them should be included 
in the definition of a US-detected enthesitis for SpA/
PsA.17 The reliability for detecting these elementary 
components was subsequently tested in a web-based 
exercise on static images showing a good reliability 
among sonographers.17 The aim of the final step 
presented here was to evaluate, in a live scanning 
exercise on patients with SpA and PsA, the reli-
ability of the acquisition of the consensus-based 
definitions of elementary components in order to 
identify which of them were scored as present when 
a US enthesitis was detected.

http://www.eular.org/
http://ard.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-213609&domain=pdf&date_stamp=2018-10-12
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Table 1 Consensus-based definitions of ultrasound (US) elementary 
components

Us mode
Elementary 
component Consensus-based Us definition

B-mode Bone irregularity Bone profile changes not including definite 
enthesophytes nor bone erosions.

B-mode Calcification Hyperechoic foci, with or without acoustic 
shadow, detected at the enthesis (<2 mm 
from the cortical bone).

B-mode Enthesophyte Enthesophyte was defined as a step-up of 
bony prominence, seen in two perpendicular 
planes at the end of the bone contour of the 
enthesis.

B-mode Erosion Cortical break with a step-down contour 
defect, seen in two perpendicular planes, at 
the insertion of the enthesis.

B-mode Hypoechogenicity at 
the enthesis

Lack of the homogeneous fibrillar pattern in 
the enthesis (<2 mm from the cortical bone) 
with loss of the tightly packed echogenic 
lines after correcting for anisotropy.

B-mode Thickened enthesis Increased thickness of the tendon insertion 
into the bone (<2 mm from the cortical 
bone) as compared with the body of tendon, 
with or without blurring of the tendon 
margins.

Doppler mode Doppler signal at 
enthesis

Doppler signal seen at bone insertion 
(<2 mm from the cortical bone), different 
from reflecting surface artefact or nutrition 
vessel signal, with or without cortical 
irregularities, erosions or enthesophytes.

Doppler mode Doppler signal 
outside the enthesis

Doppler signal far from the enthesis (ie, 
>2 mm from the cortical bone, within the 
body of tendon) and clearly different from 
nutrition vessel signals.

B-mode and 
Doppler

Bursitis An enlargement (ie, increase in diameter 
of the bursa), with well-defined, anechoic 
or hypoechoic area inside, with or without 
Doppler signal.

METHOds
study design and setting
A 2-day workshop was conducted in Paris, France, in order to 
evaluate the intraobserver and interobserver reliability of the 
detection of each elementary component and of a global defi-
nition of enthesitis, by performing a live scanning exercise on 
patients with SpA and PsA. Before the start of the study, the 
group met to agree on the scanning protocol and on the proce-
dure to use for deciding which elementary component should 
be included in the final definition of a US-detected enthesitis, 
as well as which of them should be defined as inflammatory or 
structural lesions. Each day was divided into a morning and an 
afternoon session (which was aimed at evaluating the intraob-
server reliability).

Patient selection
To ensure that all elementary lesions would be represented, 
five voluntary patients with SpA or PsA were recruited from 
the outpatient clinic of the Rheumatology Department of the 
Hôpital Ambroise Paré, Boulogne-Billancourt, France, and pres-
canned by an independent investigator. The participant sonog-
raphers were blinded to clinical information, and they were 
informed that some of the patients may be healthy subjects.

Ultrasonographers
Eleven rheumatologists from eight countries (Denmark, France, 
Germany, Hungary, Italy, The Netherlands, Spain and UK) with 
extensive experience in US (>10 years and European Federation 
of Societies for Ultrasound in Medicine and Biology  (EFSUMB) 
level 3) participated in the present study.

Us evaluation
Each patient was assigned to a single machine and the ultrasonog-
raphers then moved from one patient to the next in a predefined 
random sequence. Maximum scanning time was 20 min per 
patient, including time to fill out the prepared scoring sheet. The 
data were collected immediately after the session to ensure no 
communication between examiners.

Each patient underwent bilateral dynamic B-mode and power 
Doppler (PD) US examination of four entheseal sites: lateral 
condyle of the elbow, superior and inferior poles of the patella, 
and calcaneal insertion of the Achilles tendon.

The US examination of the lateral epicondyle at the common 
extensor tendon insertion was performed with the elbows flexed 
and the palms in a prayer’s position. The examination of the 
superior pole of the patella (quadriceps tendon insertion) and 
the inferior pole of the patella (patellar tendon origin) was 
performed with the patient in supine position with the knee 
flexed at 30°–45° for B-mode and extended knee position for 
PD examination. The Achilles entheses were examined with the 
patient in prone position with the feet overhanging the edge of 
the examination table in neutral position.

US was performed using Esaote MyLab 70 XVG machines 
equipped with 6–18 MHz transducers and identical B-mode and 
Doppler settings, which were optimised and fixed for all exam-
inations. Doppler parameters were pulse repetition frequency 
of 500 Hz and Doppler frequency of 10.1 MHz. During the 
examination each enthesis was examined first in the longitudinal 
axis and then at 90° in short axis in order to evaluate the whole 
structure.

Us definitions and measurements
An enthesis was defined as the 2 mm zone of soft tissue adja-
cent to the bone cortex, based on published data18 and following 
the consensus session performed prior to the practical exercise. 
Each enthesis was evaluated for the following B-mode and PD 
elementary components: (1) hypoechogenicity, (2) increased 
thickness, (3) enthesophyte, (4) calcification, (5) bone erosion, 
(6) bone irregularity and (7) Doppler signal, which were defined 
as already published.17 In addition, the presence of Doppler 
signal outside the enthesis (8) as well as the presence of an adja-
cent bursitis (9) at the Achilles tendon insertion were also eval-
uated. Each of the above-mentioned components was defined as 
present or absent. Sonographers were also asked (1) to give an 
overall final judgement on the presence of enthesitis (yes or no); 
(2) to state which elementary component should be classified as 
inflammatory or structural lesion; and (3) which of them should 
be included in the final definition of a US-detected enthesitis. 
Table 1 shows the definition of each elementary lesion (including 
bursitis) used during the exercise.

statistical analysis
Intraobserver and interobserver reliability was estimated based 
on measuring all lesions’ prevalence, and calculating observed 
agreement and kappa values with 95% CI. These coefficients 
were interpreted according to Landis and Koch.19

http://ard.bmj.com/
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As a result of our study using a fully crossed design, with 
repeated measures across 40 entheses (5 patients) and 11 rheu-
matologists, Cohen ƙ for measuring agreement between 2 
raters had to be extended for use with multiple raters (Light’s 
kappa).20 21 Thus, we used a crossed design in which all raters1–11 
evaluated all patients in duplicates (two tests), in all anatomical 
positions (four positions: Achilles insertion, inferior pole and 
superior pole of patella, and lateral epicondyle insertion) and on 
both sides of the body (right, left). CIs of kappa were obtained 
after 1000 bootstrap samples. In order to take into account the 
observed low prevalence of the lesions, or possible discrepancies 
in prevalence across observers, a prevalence and bias adjusted 
kappa (PABAK) was additionally used to evaluate the reli-
ability.22 To get a synthetic measure for interobserver observed 
agreement, we applied the same calculation (mean of all possible 
pairs) as for Light’s kappa.

In order to define which elementary components best contrib-
uted to the presence of a US-detected enthesitis, participants were 
asked at the end of the US evaluation to give an overall judge-
ment on the presence or absence of a US-detected enthesitis, and 
to indicate which elementary components influenced such judge-
ment, and therefore included in the final definition of enthesitis. 
However, only the components detected in more than 75% 
of the entheseal sites with a final judgement of enthesitis, and 
which obtained an acceptable intraobserver and interobserver 
reliability (>0.6), were included in the final definition. In addi-
tion, sonographers were asked to confirm which findings were 
characterised as inflammatory or as structural lesions.

rEsUlTs
All patients were women and fulfilled the ASAS classification 
criteria for axial and/or peripheral SpA (two of them also fulfilled 
the CASPAR, Classification Criteria for Psoriatic Arthritis). The 
mean Bath Ankylosis Spondylitis Activity Index  (BASDAI)  
was 4.5/10, the mean C-reactive protein (CRP) was 5 mg/L, 
all patients were HLA B27-positive, and all were treated with 
non-steroidal anti-inflammatory drugs (NSAIDs) and two of 
them also with antitumour necrosis factor-alpha inhibitors.

The intraobserver and interobserver kappa values, as well as 
the prevalence of the observed findings, are shown in table 2.

Prevalence and agreement
The mean prevalence of observed findings was variable across 
examiners. The highest median prevalence of positive findings, 
associated with the lowest variability across sonographers, was 
observed for enthesophytes (44%, range 36%–54%), while bone 
irregularities exhibited larger variability (median 46%, range 
23%–71%). The lowest median prevalence was observed for 
bursitis (median 2%, range 0%–12%), Doppler signal at inser-
tion (4%) and erosions (5%).Therefore, except for entheso-
phytes, which was not prone to low prevalence bias, all other 
elementary components were also evaluated  using PABAK.   
Regarding the observed agreement: the mean inter observer 
agreement was moderate to good: 70 % for enthesophytes, 60 % 
for calcifications, 60 % for bone irregularities and 60 % Doppler 
signal inside the enthesis. Very high intraobserver observed agree-
ments (70%–100%) were found for all components (table 2). 

Intraobserver reliability
The best intraobserver reliability without adjustment was seen 
for erosion, hypoechogenicity at the enthesis, Doppler at the 
enthesis and outside, and for bursitis (for all components, the 
kappa ranged from 0 to 1.0, 95% CI (0 to 0) ~ (1.0 to 1.0). The 

lowest reliability was seen for bone irregularities, calcifications 
and enthesophytes (kappa: −0.1 to 0.5, 95% CI (−0.1 to 0.4) 
~ (0.3 to 0.7); kappa: 0.1–0.5, 95% CI (−0.1 to 0.4) ~ (0.3 to 
0.7); and 0.1–0.5, 95% CI (−0.2 to 0.4) ~ (0 to 1.0), respec-
tively). The use of PABAK improved the reliability of all compo-
nents (median PABAK was 0.8 or over). The complete results are 
shown in table 2.

Interobserver reliability
The best interobserver reliability without adjustment was seen 
for enthesophytes (kappa 0.6 (95% CI 0.5 to 0.7), followed by 
Doppler signal at insertion (0.4 (95% CI 0.3 to 0.8)). The lowest 
reliability was found for thickened enthesis with a poor kappa of 
0.1 (95% CI 0 to 0.7).

The best PABAK values were seen for detecting Doppler signal 
at insertion and for bursitis with values of 0.9 and 0.8, respec-
tively, while the lowest PABAK was obtained for bone irregulari-
ties with a PABAK of 0.3. As expected the use of PABAK improved 
the crude in case of low prevalence or discordance on observed 
prevalence (table 2). Table 3 shows which US components were 
the most frequently used for the final scoring of enthesitis and 
therefore included in the final definition. The classification of 
each elementary component as inflammatory or structural lesion 
resulted in a perfect agreement (100%), as shown in table 3. The 
elementary components with (1) an acceptable intraobserver 
and interobserver reliability, (2) which were scored as present 
in more than 75% of the sites with enthesitis, and (3) which 
were indicated by the sonographer as important for the final 
definition of enthesitis were the following: (1) Doppler at the 
enthesis, (2) increased in thickness at the enthesis, (3) calcifi-
cations, (4) erosions and (5) enthesophytes. However, despite 
hypoechogenicity at enthesis insertion not reaching acceptable 
kappa (0.5), it was always scored positively when enthesitis was 
defined. Therefore, despite the low reliability, it was included in 
the final definition. Enthesophytes and calcifications were felt 
difficult to differentiate as they were very close to the cortical 
bone, but important for the final definition; therefore, it was 
agreed to score them as a unique element (enthesophyte/calcifi-
cation) and to score present if at least one of the two would be 
detected. The final agreed definition of a US-detected enthesitis 
in patients with SpA and PsA was the following: hypoechoic and/
or thickened insertion of the tendon close to the bone (within 
2 mm from the bony cortex) which exhibits Doppler signal if 
active and which may show erosions and enthesophytes/calcifi-
cations as a sign of structural damage (table 3). Sixteen out of 40 
examined entheses were scored as having an enthesitis.

dIsCUssIOn
In order to validate US as a possible measurement instrument for 
enthesitis in SpA and PsA, we have followed a standardised step-
wise validation procedure based on the analysis of each compo-
nent that can contribute to the global definition of a US-detected 
enthesitis. The prevalence of each observed elementary compo-
nent was variable across participants, probably due to the disease 
spectrum, despite the effort made for including a wide range of 
lesions, but also explained by the difficulty to differentiate some 
elementary components (ie, calcifications and enthesophytes) 
which can sometimes have the same US appearance. The lower 
prevalence of inflammatory components was probably due to the 
fact that the studied patients were all under treatment (NSAIDs 
and/or biologic treatment). We cannot exclude an influence of 
the gender on the prevalence and distribution of the elementary 
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Table 3 Accepted inflammatory and structural components for 
ultrasound enthesitis definition

Accepted inflammatory components 
(100% of agreement)

Accepted structural components 
(100% of agreement)

Doppler signal at enthesis (figure 1A). Calcification/enthesophyte at enthesis 
(figure 1C).

Hypoechogenicity at enthesis (figure 1B). Erosion at enthesis (figure 1A).

Thickened enthesis (figure 1B).

Final definition of enthesitis

 Hypoechoic and/or thickened insertion of the tendon close to the bone (within 
2 mm from the bony cortex) which exhibits Doppler signal if active and which may 
show erosions and enthesophytes/calcifications as a sign of structural damage. 

Figure 1 Ultrasound elementary components of enthesitis (A,B,C). Longitudinal scans of Achilles (A and C) and patellar (B) entheseal insertions, 
in B-mode and power Doppler ultrasound. (A) Achilles enthesis: the arrow points to the Doppler signal at the enthesis, while the open arrow points 
to the Doppler signal outside of the enthesis at the retrocalcaneal bursa. A, Achilles tendon; C, calcaneal bone surface; E, erosion; the dashed line 
represents 2 mm distance around the bony surface of the enthesis. (B) Patellar enthesis at the lower pole of the patella: the two arrows show the 
increased thickness of the enthesis, while the asterisk shows the hypoechogenicity at the enthesis insertion. P, patella bone surface; T, patellar tendon; 
the dashed line represents 2 mm distance around the bony surface of the enthesis. (C) Achilles enthesis: the arrow points to the calcification, and the 
open arrow points to the enthesophyte at the enthesis. A, Achilles tendon; C, calcaneal bone surface; colour dots: Doppler signals; the dashed line 
represents 2 mm distance around the bony surface of the enthesis.

components and on the inflammatory findings, as all patients 
examined were women.

When the reliability was adjusted for the prevalence (PABAK), a 
moderate to excellent interobserver reliability was observed espe-
cially for Doppler signal, enthesophyte and erosion. However, 
the intraobserver reliability for enthesophyte and calcification 
remained quite poor. This phenomenon was already observed 
when we scored static images.17 When the ‘contribution’ of each 
component to the final definition of a US-detected enthesitis was 
evaluated, enthesophyte and calcification were always present. The 
same was observed for thickened insertion and the hypoechoge-
nicity of the insertion. Therefore, it was decided to include them. 
Doppler signal at insertion and erosion was felt as really important 
for the definition of enthesitis and was unanimously included. 
Interestingly, the presence of bursitis was never mentioned as a 
single elementary component of enthesitis, as well as the presence 
of Doppler signal outside the enthesis (ie, tendonitis).

Therefore, bursitis and tendonitis were not included in the 
final definition of enthesitis. However, both components may be 
involved in more severe/extensive cases when the inflammation 
extends outside the defined margins of the enthesis (ie, <2 mm 
from the bony cortex), and it may be important to look for them 

during US examination, but to define them as separate patho-
logical findings and not as part of the enthesitis definition as 
observed in older studies.23 24

As a result of this study we were able to agree on which compo-
nents belong to a structural and an inflammatory group. Doppler 
signal at the enthesis, hypoechogenicity and increased thickness 
of the enthesis were grouped as inflammatory components and 
erosions and calcifications/enthesophytes as structural components.

This study confirms the ability of US to detect the components 
that describe an enthesitis and the good reliability (according 
to the observed prevalence of the lesions) in scoring them. 
The combination of both structural and inflammatory lesions 
for defining enthesitis, as well as the decision to merge some 
components in a unique ‘US entity’ (such as calcifications and 
enthesophytes), is an innovative approach from our group 
to improve reliability and insure the easier application of this 
technique for evaluating the enthesis involvement in SpA and 
PsA. For the first time a standardised definition of a US-detected 
enthesitis has been proposed with a unanimous agreement. This 
definition clearly states that enthesitis by US should be searched 
for at the anatomical enthesis (ie, within 2 mm from the cortical 
bone insertion). The identified elementary components are not 
new since they were already proposed in previously developed 
scoring systems15; however, they were not all present in each 
scoring system at the same time and their definition was not 
always clearly established. For example, in the Spanish Enthesitis 
Index and in the Glasgow Ultrasound Enthesitis Scoring System, 
no Doppler activity was included10 25; in contrast, Doppler 
activity is part of both the Madrid Scoring Enthesitis Index and 
the French scoring system.13 26 The clear differentiation between 
lesions at the enthesis (ie, within 2 mm from the cortical bone) 
and lesions outside the enthesis (ie, in the tendon or into the 
bursa) proposed by our group will insure a greater reproduc-
ibility and homogeneity of the US evaluation of enthesis across 
centres. The decision to score each component as present or 
absent will also facilitate the detection of an enthesitis.

http://ard.bmj.com/
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At the moment the scoring system does not weigh either the 
extent of the enthesitis (ie, severity) or its activity (ie, inflamma-
tory findings). In this scoring system the inflammatory compo-
nents in B-mode or Doppler have the same weight. The future 
next steps will be to try to weigh these findings and to test their 
sensitivity to change.

With this study the OMERACT group finalises the process of 
development of a reliable and unanimously defined definition of 
enthesitis by US, including each elementary component. This is 
an important step towards ensuring a higher degree of homoge-
neity between studies and daily clinical work, thereby facilitating 
the comparability of results.
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Key messages

What is already known about this subject?
 ► Many databases and registries solely collect 28 
joint counts and not the comprehensive 66/68 
joint counts, not only in RA but also in PsA 
patients. Disease Activity index for PSoriatic 
Arthritis (DAPSA) including 66/68 joint counts 
has been validated in PsA, whereas a simplified 
DAPSA based on 28 joints has not been 
compared with the original version.

What does this study add?
 ► We used the Danish national quality registry 
DANBIO to explore psychometric performance 
of a modified DAPSA based on 28 rather than 
66/68 joint counts. DAPSA28 showed overall 
good criterion, correlational and construct 
validity as well as sensitivity to change.

How might this impact on clinical practice or 
future developments?

 ► We recommend that the original DAPSA should 
be preferred and that 66/68 joint counts should 
be performed in patients with PsA to compute 
DAPSA. However, our study suggests that data 
sets with only 28-joint counts available can be 
used to calculate a modified DAPSA28.

AbsTrACT
Objective to test the psychometric performance of 
a modified disease Activity index for pSoriatic Arthritis 
(dApSA) using 28 instead of 66 swollen/68 tender joint 
counts (SJC/tJC).
Methods We included patients with psoriatic 
arthritis (psA) from the danish national quality registry 
dAnBIo, divided into examination (n=3157 patients, 
23987 visits) and validation cohorts (n=3154 patients, 
24160 visits). We defined dApSA28 = (28tJC × 
conversion factor1) + (28SJC × conversion factor2) 
+ patient global (0–10VAS) + pain (0–10VAS) + C 
reactive protein (Crp) (mg/dL). Identification of the 
conversion factors was performed by generalised 
estimating equations in the examination cohort and 
evaluation of criterion, correlational and construct 
validity in the validation cohort.
results We estimated dApSA28 = (28tJC × 1.6) 
+ (28SJC × 1.6) + patient global (0–10VAS) + pain 
(0–10VAS) + Crp (mg/dL). Criterion validity: dApSA/
dApSA28 had comparable discriminative power 
expressed as standardised mean difference (dApSA, 
0.90; dApSA28, 0.93) to distinguish between patients 
in high and low disease activity. Kappa with quadratic 
weighting of dApSA/dApSA28 disease activity states 
was high: 0.92 (95% CI 0.92 to 0.92). Standardised 
response means for dApSA/dApSA28 were –0.96/–
0.92 for visits after biological dMArd-initiation. 
Correlational validity: Baseline dApSA/dApSA28 had 
high correlation with 28-joint disease activity score 
with Crp (r=0.87/r=0.93), simplified disease activity 
index (r=0.92/r=0.99), p<0.001. Bland-Altman plot 
showed better agreement between dApSA/dApSA28 
for low than high disease activity. Construct validity: 
dApSA/dApSA28 were similarly correlated to Health 
Assessment Questionnaire; r=0.60/0.62, p<0.001. 
dApSA/dApSA28 discriminated patients reporting their 
symptom state as acceptable versus not acceptable 
equally well: mean (Sd) 9.1 (8.7)/8.4 (8.0) and 24.2 
(14.9)/22.5 (13.8), respectively.
Conclusion our study suggests that data sets with 
only 28-joint counts available can be used to calculate 
dApSA28, especially in patients with low disease 
activity. dApSA28 showed good criterion, correlational 
and construct validity and sensitivity to change. Still, 
our results support that 66/68 joint count should be 
performed and the original dApSA should be preferred 
in psA.

bACKgrOund
The Disease Activity index for PSoriatic Arthritis 
(DAPSA), originally developed for reactive 
arthritis,1 was validated for psoriatic arthritis (PsA) 
in 2010 and is based on the simple summation 
of visual analogue scales (0–10 cm) of patient’s 
global and pain assessments, 66 swollen joint count 
(66SJC), 68 tender joint count (68TJC) and C reac-
tive protein (CRP, mg/dL).2 These variables had 
previously been identified in principal component 
analysis as most reflective of PsA disease activity.3

In 2015, cut-off values for DAPSA remission 
(≤4), low (>4≤14), moderate (>14≤28) and high 
(>28) disease activity were proposed as well as 
debated.4–6

By virtue of joint involvement in PsA, which 
often comprises swelling and tenderness of distal 
interphalangeal, ankle and foot joints, the 66/68 
joint counts are traditionally used to assess patients 
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Table 1 Demographic characteristics and baseline variables

Examination cohort
(n=3157 with 23 987 visits)

Validation cohort
(n=3154 with 24 160 visits) P values

Age (years), mean (SD) 52.0 (13.8) 52.0 (13.8) 0.96

Female, n (%) 1746 (55.3) 1686 (53.5) 0.14

66 swollen joint count, mean (SD)/median (25th,75th percentile) 2.3 (4.1)/0 (0,3) (n=1449) 2.4 (4.4)/0 (0,3) (n=1450) 0.55

28 swollen joint count, mean (SD)/median (25th, 75th percentile) 1.3 (2.5)/0 (0,2) (n=3157) 1.3 (2.4)/0 (0,2) (n=3154) 0.53

68 tender joint count, mean (SD)/median (25th, 75th percentile) 6.7 (9.2)/3 (0,9) (n=1510) 6.8 (9.3)/4 (0,9) (n=1506) 0.42

28 tender joint count, mean (SD)/median (25th, 75th percentile) 3.4 (5.2)/1 (0,5) (n=3157) 3.3 (5.0)/1 (0,4) (n=3154) 0.45

Patient’s global, 0–100 VAS scale, mean (SD)/median (25th, 75th 
percentile)

46.4 (29.6)/48 (20, 71) (n=2732) 45.9 (29.0)/46 (20, 70) (n=2728) 0.53

Evaluator’s global, 0–100 VAS scale, mean (SD)/median (25th, 75th 
percentile)

16.7 (15.8)/12 (5, 24) (n=2792) 16.8 (15.6)/12 (5, 24) (n=2806) 0.83

Patient’s pain, 0–100 VAS scale, mean (SD)/median (25th, 75th 
percentile)

41.0 (26.9)/ 38 (19, 63) (n=2664) 40.3 (26.4)/ 37 (18, 61) (n=2670) 0.68

CRP, mg/L, mean (SD)/ median (25th,75th percentile) 8.6 (16.0)/4 (2, 9) (n=2780) 8.4 (13.0)/4 (2, 10) (n=2754) 0.73

SDAI, mean (SD)/median (25th, 75th percentile) 11.9 (9.9)/9.4 (4.5, 16.3) (n=2200) 11.5 (9.7)/9 (2, 16) (n=2189) 0.22

CDAI, mean (SD)/median (25th, 75th percentile) 11.0 (9.5)/8.7 (4.0, 15.3) (n=2427) 10.7 (9.2)/8.3 (4.0, 14.9) (n=2436) 0.33

DAS28CRP, mean (SD)/median (25th, 75th percentile) 3.1 (1.3)/3.0 (2.1, 4.0) (n=2483) 3.1 (1.3)/2.9 (2.1, 4.0) (n=2455) 0.16

HAQ, mean (SD)/median (25th, 75th percentile) 0.7 (0.6)/0.6 (0.1, 1.1) (n=2610) 0.7 (0.6)/0.6 (0.1, 1.0) (n=2593) 0.30

CDAI, clinical disease activity index; CRP, C reactive protein; DAS28CRP, 28-joint disease activity score with CRP; HAQ, Health Assessment Questionnaire; SDAI, simplified disease 
activity index; VAS, visual analogue scale.

with PsA during clinical examinations. However, many data-
bases and registries solely collect 28 joint counts and not the 
comprehensive 66/68 joint counts, not only in patients with RA 
but also in patients with PsA, despite the lack of face validity 
of reduced joint counts outside of RA. In the present study, we 
assessed whether reduced joint counts may be used posthoc also 
for PsA or if they have to be regarded as insufficient and thus 
‘lost’ for that purpose. The background for this study was also 
that 28-joint counts have been found to be sufficiently valid in 
comparison to more comprehensive joint counts in patients with 
RA.7–9

Thus, the objective of this study was to compute and test 
the potential validity of a simplified DAPSA score including 28 
instead of the original 66/68 joint counts in patients with PsA 
from the Danish national quality registry DANBIO.

METHOds
dAnbIO
DANBIO is a Danish national quality registry established in year 
2000 which provides data on the disease course of patients with 
RA, PsA and ankylosing spondylitis, regardless of treatment.10 
From year 2006 registration of patients treated with biolog-
ical disease-modifying anti-rheumatic drug (bDMARDs) has 
been mandatory. The completeness of DANBIO regarding the 
overall use of bDMARDs in Denmark has been estimated to be 
≥92%.10 Patients with PsA with peripheral disease are routinely 
monitored by 28-joint disease activity score (DAS28; four vari-
ables, CRP). The 66/68 joint counts are optional. Information 
on subgroups of PsA (eg, oligoarthritis, polyarthritis, arthritis 
mutilans) is not recorded. Fully anonymised DANBIO data on 
patients with ICD-10 code 07.03A (PsA) were collected. The 
study was approved by the DANBIO steering committee, the 
RKKP (Regionernes Kliniske Kvalitetsudviklings program) as 
well as the data authorities. Patients’ informed consent and 
research ethical approval are not necessary for this kind of study 
according to Danish law.

statistical analyses
Statistical analyses were performed according to a predefined 
statistical analysis plan.

Descriptive statistics were used to summarise patients’ 
demographic and baseline variables. Quantitative results were 
compared using Mann-Whitney U test or independent t-test 
as appropriate and proportions using χ² test. The cohort was 
divided into one examination and one validation cohort 
according to odd or even ID numbers.

We defined: DAPSA28 = (28TJC x conversion factor1) + 
(28SJC x conversion factor2) + patient’s global assessment 
(0–10VAS) + patient’s pain assessment (0–10VAS)+CRP (mg/
dL). Identification of the conversion factors was performed 
by generalised estimating equations (GEE, multiple visits per 
patient) with 68TJC/66SJC as dependent and 28TJC/28SJC as 
independent variables in the examination cohort. All further 
analyses were performed in the validation cohort.

Evaluation of criterion validity was performed through (1) 
assessment of Pearson correlation between physician’s global 
assessment and DAPSA/DAPSA28, (2) evaluation of the discrim-
inative power of DAPSA/DAPSA28 to distinguish between 
groups with high (defined as starting bDMARD treatment) or 
low (defined as not starting or changing synthetic/biological 
DMARD (s/bDMARD) treatment for ≥60 days) disease activity, 
including assessment of standardised mean differences (mean 
differences divided by pooled SD), (3) Agreement between 
DAPSA/DAPSA28 disease activity categories, including kappa 
coefficients with linear and quadratic weighting, (4) standardised 
response means (SRMs).

Evaluation of correlational validity was performed through 
(1) correlations between changes from start of s/bDMARD treat-
ment to follow-up visits in 28SJC and 66SJC and in 28TJC and 
68TJC, (2) scatterplots to visualise correlations between DAPSA 
and DAPSA28, (3) correlations between simplified disease 
activity index (SDAI), clinical disease activity index (CDAI), 
DAS28CRP and DAPSA/DAPSA28, (4) Bland-Altman plot11 of 
DAPSA and DAPSA28.
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Table 2 Discriminative power to distinguish between patients in high and low disease activity

Patients starting bdMArd 
treatment

Patients not starting or changing s/
bdMArd treatment for ≥60 days

standardised mean 
difference*

Number of visits/patients 391/290 1946/774

DAPSA, mean (SD)/median (25th, 75th percentile) 29.1 (17.4)/26.1 (18.0, 37.5) 15.1 (13.7)/12.1 (5.1, 20.4) 0.90

DAPSA28, mean (SD)/median (25th, 75th percentile) 26.9 (15.7)/24.5 (16.1, 34.4) 13.8 (12.5)/10.9 (4.6, 18.7) 0.93

*Standardised mean difference=mean of DAPSA or DAPSA28 in patients starting bDMARD subtracted by the mean of DAPSA or DAPSA28 in patients not starting or changing s/
bDMARD) divided by pooled SD of both treatment groups.
DAPSA, Disease Activity index for PSoriatic Arthritis; DMARD, disease-modifying anti-rheumatic drug;bDMARD, biological DMARD; s/bDMARD, synthetic/biological DMARD.

Table 3 Agreement between DAPSA and DAPSA28 disease activity states

dAPsA (n=6421) 

dAPsA28 (n=6421) 

remission;
dAPsA≤4
(n=1153)

Low disease activity;
dAPsA>4 and ≤14
(n=2265)

Moderate disease 
activity;
dAPsA>14 and ≤28
(n=1938)

High disease activity;
dAPsA>28
(n=1065)

remission; dAPsA28 ≤4
(n=1265)

1135
(98.4%)/(89.7%)

126
(5.6%)/(10%)

4
(0.2%)/(0.3%)

0
(0%)/(0%)

Low disease activity;
dAPsA28>4 and ≤14 (n=2450)

18
(1.6%)/(0.7%)

2073
(91.5%)/(84.6%)

345
(17.8%)/(14.1%)

14
(1.3%)/(0.6%)

Moderate disease activity;
dAPsA28>14 and ≤28 (n=1823)

0
(0%)/(0%)

66
(2.9%)/(3.6%)

1509
(77.9%)/(82.8%)

248
(23.3%)/ (13.6%)

High disease activity;
dAPsA28>28 (n=883)

0
(0%)/(0%)

0
(0%)/0%)

80
(4.1%)/(9.1%)

803
(75.4%)/(90.9%)

n (%) within DAPSA disease activity states/(%) within DAPSA28 disease activity states.
DAPSA, Disease Activity index for PSoriatic Arthritis.

Evaluation of construct validity was performed through (1) 
comparison of mean (SD) DAPSA/DAPSA28 according to the 
change and state scores/external anchors: (i) patient’s evaluation 
of disease activity (much worse, worse, little worse, unchanged, 
little better, better or much better), (ii) patient’s acceptable 
symptom state and (iii) physician’s global assessment with a 
cut-off <10 (0–100 scale), (2) correlations of DAPSA/DAPSA28 
with Health Assessment Questionnaire (HAQ) at several points 
in time and comparison of mean (SD) HAQ levels for patients in 
different DAPSA/DAPSA28 disease activity states.

We defined the strength of Pearson correlation coefficients as; 
none: <0.2, low: 0.2–0.3, moderate: >0.3–<0.5, substantial: 
0.5–0.7 and high: >0.7. Statistical tests were performed using 
SPSS for Windows V.23.0.

rEsuLTs
Demographics and baseline disease activity measures were 
similar in the examination and validation cohorts (table 1).

Transformation to dAPsA28
By means of GEE, we estimated a conversion factor of 1.6 for 
both TJC (95% CI 1.6 to 1.7) (8179 visits included) and for SJC 
(95% CI 1.5 to 1.6) (7701 visits included), leading to:

 

DAPSA28 = (28TJC× 1.6) + (28SJC× 1.6)
+patient′s global assessment [0− 10 VAS]
+patient′s pain assessement [0− 10 VAS]
+CRP [mg/dL]

DAPSA and DAPSA28 scores were similar in the examination 
(n=1949 patients with 5995 visits) versus validation cohorts 
(1975 patients with 6421 visits); Mean (SD)/median (25th–
75th percentiles) DAPSA: 16.4 (14.5)/12.9 (5.6–22.9) vs 16.4 
(14.5)/13.0 (5.8–22.2), p=0.90; DAPSA28: 14.9 (13.7)/11.5 
(5.1–20.2) vs 14.9 (13.3)/11.7 (5.2–20.0), p=0.99, respectively.

All further analyses were performed in the validation cohort.

Boxplot showed similar medians (25th–75th percentiles), but 
some more extreme values for DAPSA (online supplementary 
figure S1).

Criterion validity
Physician’s global assessment and DAPSA/DAPSA28 were 
overall substantially and similarly correlated (r=0.63/r=0.61), 
p<0.001.

DAPSA and DAPSA28 had comparable discriminative power, 
expressed as standardised mean difference, to distinguish 
between patients in high and low disease activity (table 2).

Agreements between DAPSA and DAPSA28 disease activity 
states,4 using same cut-offs for DAPSA28 as DAPSA, were best 
for patients in remission and low disease activity (table 3). 
DAPSA and DAPSA28 disease activity states were in agreement 
in 5520 of 6421 (86%) visits, had one grade difference in 887 of 
6421 (13.8%) visits and two grade difference in 18 (0.2%) visits.

Kappa with linear/quadratic weighting between DAPSA/
DAPSA28 disease activity states was 0.87, 95% CI (0.86 to 0.87)/ 
0.92 95% CI (0.92 to 0.92) indicating very good agreement. 
However, table 3 indicates that the agreement differed according 
to disease activity states. Kappa with linear/quadratic weighting 
between DAPSA/DAPSA28 remission was 0.93 (0.91–0.94)/0.93 
(0.92–0.94).

SRM for very first follow-up visit after start of bDMARD 
was −0.79 for DAPSA and −0.74 for DAPSA28 (n=232). SRM 
for first follow-up visit with available SRM value after start 
of bDMARD was −0.96 for DAPSA and −0.92 for DAPSA28 
(n=572).

Correlational validity
Correlations were high between differences in 28SJC and 66SJC 
(r=0.84, p<0.001 (n=5758)) and between 28TJC and 68TJC 
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Figure 1 Scatterplot of DAPSA and DAPSA28: (A) all visits, n=6421, (B) baseline visits, n=1033. DAPSA, Disease Activity index for PSoriatic Arthritis.

Table 4 Correlational validity; Pearson correlations at baseline and 
of all visits

baseline/ All visits (grey background)

dAPsA dAPsA28 dAs28CrP sdAI CdAI

dAPsA 1 0.93*
(n=1033)

0.87*
(n=1033)

0.92*
(n=947)

0.92*
(n=947)

dAPsA28 0.94*
(n=6421)

1 0.93*
(n=2399)

0.99*
(n=2148)

0.99*
(n=2148)

dAs28CrP 0.89*
(n=6421)

0.94*
(n=20 406)

1 0.94*
(n=2189)

0.92*
(n=2189)

sdAI 0.94*
(n=5888)

0.99*
(n=18 565)

0.94*
(n=18 819)

1 0.99*
(n=2189)

CdAI 0.94*
(n=5888)

0.99*
(n=18 565)

0.92*
(n=18 819)

0.99*
(n=18 819)

1

*P<0.001 (p found by GEE when multiple registrations per patient).
CDAI, clinical disease activity index;CRP, C reactive protein;DAS28CRP, 28-joint 
disease activity score with CRP;GEE, generalised estimating equation;SDAI, 
simplified disease activity index.

Figure 2 Bland-Altman plot of DAPSA and DAPSA28: (A) all visits, n=6421, (B) baseline visits, n=1033. DAPSA, Disease Activity index for PSoriatic 
Arthritis.

(r=0.85, p<0.001 (n=6215)) from start of s/bDMARD treat-
ment to follow-up visits.

Scatterplots showed high correlation between DAPSA and 
DAPSA28 with higher spread for higher disease activity levels 
and more scores in the upper half (figure 1). Scatterplots of base-
line DAPSA vs DAPSA28 stratified according to DAPSA disease 
activity states showed high correlation for patients in remis-
sion, low and high disease activity and substantial correlation 
for patients in moderate disease activity (online supplementary 
figure S2A–D).

DAPSA/DAPSA28 had both high correlations with DAS28CRP, 
SDAI and CDAI at baseline as well as for all registered visits 
(table 4).

Bland-Altman plots showed better agreement between DAPSA 
and DAPSA28 for low than high disease activity levels (figure 2).

The differences between DAPSA and DAPSA28 increased with 
an increasing average of DAPSA and DAPSA28.11 This difference 
between DAPSA and DAPSA28 was skewed and log transforma-
tion (which is the only transformation recommended by Bland 
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and Altman for this plot) did not improve the skewness, hence 
limits of agreement are not given as they would be invalid.11

Construct validity
DAPSA/DAPSA28 were both substantially correlated to HAQ; 
all visits with DAPSA (n=6204) r=0.60/0.62; baseline visits with 
DAPSA (n=994) r=0.53/r=0.56; starting bDMARD (n=387) 
r=0.55/r=0.59; not starting bDMARD (n=5817) r=0.59/
r=0.61, respectively, all p<0.001.

Mean (SD) HAQ was similar for different DAPSA versus 
DAPSA28 categories; remission, 0.2 (0.3)/0.2 (0.3); low 
disease activity 0.6 (0.5)/ 0.6 (0.5); moderate disease activity 
1.0 (0.6)/ 1.1 (0.6); high disease activity, 1.5 (0.6)/1.5 (0.6), 
respectively.

Mean (SD) DAPSA and DAPSA28 were comparable for 
different change and state scores used as external anchors, 
but mean values of DAPSA were consistently higher than for 
DAPSA28 (online supplementary table S1).

dIsCussIOn
For full assessment of disease activity in PsA, there is general 
agreement about the need to assess a full joint count with 68 
tender and 66 swollen joints. However, many databases and 
registries only collect 28 joint counts. We used the Danish 
national quality registry DANBIO to explore psychometric 
performance of a modified DAPSA based on 28 rather than 
66/68 joint counts.

DAPSA28 showed overall good criterion, correlational 
and construct validity as well as sensitivity to change, but the 
agreement between DAPSA and DAPSA28 was better for low 
than high disease activity levels. Psychometric performance 
was also poorer in patients with moderate and high disease 
activity.

Most patients were classified as having the same disease 
activity levels, regardless of the use of DAPSA or DAPSA28. 
When discrepancies occurred, these were moderate in magni-
tude and more frequent for patients in high disease activity. 
Kappa with quadratic weighting was high, indicating very 
good agreement between DAPSA and DAPSA28.

Correlational validity was good, including high correlations 
between DAPSA/DAPSA28 and DAS28, SDAI and CDAI. All 
these scores are joint focused and include many of the same 
variables. DAS28 has been validated for use in PsA in clin-
ical trials of biological therapies and SDAI in an observational 
study on patients with PsA.12–14 Of note, longitudinal observa-
tional studies on patients with PsA comparing the performance 
of DAPSA, DAS28, SDAI and CDAI are lacking in the current 
literature.

The main objection against the use of DAPSA28 in PsA is 
the 28 joint counts. It is undisputable that a full joint count is 
preferable to the 28 joint counts in PsA. However, as previously 
mentioned, in many registries and real life observational studies, 
a full joint count is not available.

Further general objections against DAPSA, as well as 
DAPSA28, are the need for assessment of multiple domains in 
PsA.5 6 However, we believe that in addition to the more exten-
sive composite scores of disease activity in PsA like PASDAS15 or 
CPDAI,15 there may be a need for more feasible composite scores 
like DAPSA/DAPSA28. This issue is under constant debate4–6 15 
and a task force has recently recommended DAPSA for use in 
PsA.15

To our knowledge, DAPSA28 is the first 28 joint disease activity 
score developed and validated in PsA. It is easy to calculate and 

may pose an important substitute to DAS28, which probably is 
the mostly used 28-joint composite score in PsA, even if origi-
nally developed for RA.16 Still, we do not recommend the use of 
DAPSA28 in clinical practice, as the 66/68 joint counts should be 
used in PsA whenever feasible. Of note, none of the joint counts 
distinguishes between the potentially different clinical relevance 
of which joints being affected.

The psychometric performance of DAPSA28 in patients with 
moderate and high disease activity was not as good as in patients 
in remission or with low disease activity. This observation may 
not be surprising since the distal interphalangeal joints and foot 
joints may be assumed to be more frequently inflamed in patients 
with increasingly overall inflammatory activity.

Limitations of the study include non-standardised times of 
visits (observational database) as well as lack of radiographic 
data, which could have been useful for additional criterion vali-
dation. The results may be influenced by choice of study popula-
tion, as patients in, for example, low-income countries may have 
higher disease activity and different cultural background, which 
possibly might influence the identification of conversion factors. 
The major strength of the study is the large study population 
from the national Danish longitudinal observational database 
DANBIO, including large numbers of patients with 66/68 joint 
counts and extensive clinical data as well as patients with both 
early and established disease.

In conclusion, we recommend that the original DAPSA should 
be preferred and that 66/68 joint counts should be performed 
in patients with PsA to compute DAPSA. However, our study 
suggests that data sets with only 28-joint counts available can 
be used to calculate a modified DAPSA28, as a valid tool for 
database or outcomes research in the field of PsA, especially in 
patients with low disease activity.
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AbsTrACT
Objective Cutaneous neonatal lupus (cnL) occurs 
in possibly 5%–16% of anti-ro±anti-La antibody–
exposed infants. data suggest in utero exposure to 
hydroxychloroquine (HCQ) may prevent cardiac nL. the 
aim was to assess whether in utero exposure to HCQ 
decreases the risk of cnL and/or delays onset.
Methods A multicentre case–control study was 
performed with 122 cnL cases and 434 controls born 
to women with a rheumatological disease who had 
documentation of maternal anti-ro±anti-La antibodies 
at pregnancy and confirmation of medication use and 
the child’s outcome. A secondary analysis was performed 
on 262 cnL cases, irrespective of maternal diagnosis, to 
determine if HCQ delayed time to cnL onset.
results twenty (16%) cnL cases were exposed to HCQ 
compared with 146 (34%) controls (or 0.4 (95% CI 0.2 
to 0.6); p<0.01). Exposure to HCQ was associated with 
a reduced risk of cnL; exposure to anti-La antibody and 
female gender were associated with an increased risk of 
cnL. Exposure to HCQ remained significantly associated 
with a reduced cnL risk in the analyses limited to 
mothers with systemic lupus erythematosus and those 
who developed rash ≤1 month. When analysing all 262 
cnL cases, HCQ-exposed infants were older (6.0 (95% 
CI 5.7 to 6.3) weeks) at cnL onset versus HCQ-non-
exposed infants (4.4 (95% CI 3.9 to 5.0) weeks), but the 
difference was not statistically significant (p=0.21).
Conclusion Exposure to HCQ was associated with a 
reduced risk of cnL. Among cnL cases, those exposed 
to HCQ tend to have later onset of rash. Both findings 
suggest a protective effect of HCQ on cnL.

InTrOduCTIOn
Neonatal lupus (NL) is an autoimmune disease 
associated with the transplacental passage of 
maternal anti-Ro±anti-La antibodies. Cutaneous 
involvement is one of the most common non-car-
diac manifestations of NL, affecting possibly 
5%–16% of anti-Ro±anti-La antibody–exposed 
infants1 2 and the recurrence rate of cutaneous 
NL (cNL) approaches 23%.3 Biopsy specimens 
of affected areas usually show interface derma-
titis.4 cNL is a transient condition that generally 
heals spontaneously as maternal autoantibodies 
are cleared from the child’s circulation,5 although 
permanent scarring can develop in cases where the 
lesions are extensive.6 In addition, if misdiagnosed, 

it may lead to unnecessary investigations and 
treatments.

Hydroxychloroquine (HCQ) is a drug frequently 
used in women with systemic autoimmune rheu-
matic diseases (SARDs).7 HCQ has been shown 
to prevent disease flares in pregnant women with 
systemic lupus erythematosus (SLE).8 Transpla-
cental passage of HCQ has been demonstrated in 
pregnant women with detectable levels in cord 
blood and is considered safe during pregnancy.9 10 
HCQ is thought to act via inhibition of toll-like 
receptors (TLRs), which have been implicated 
in the pathogenesis of cardiac NL and cutaneous 
lupus.11–13 Although HCQ has not been specifically 
studied for prevention of cNL, there are encour-
aging data on its association with a reduced risk of 
cardiac NL.14–17 Accordingly, the primary objective 
of this study was to assess if prenatal exposure to 
HCQ lowered the risk of cNL with the secondary 
objective evaluating for a delay in cNL rash onset 
in HCQ-exposed infants who develop cutaneous 
involvement.

MeTHOds
study population
All cases of cNL and controls found in three 
data sources were collected for this multicentre 

Key messages

What is already known about this subject?
 ► In utero exposure to hydroxychloroquine (HCQ) 
has been associated with a reduced risk of 
cardiac neonatal lupus. No studies have yet 
examined the impact of prenatal HCQ exposure 
on cutaneous neonatal lupus (cNL).

What does this study add?
 ► This multicenter study showed that prenatal 
exposure to HCQ was associated with a reduced 
risk of cNL. Among cNL cases, those exposed to 
HCQ tend to have later onset of rash.

How might this impact on clinical practice or 
future developments?

 ► Preventing cNL could reduce the occurrence of 
permanent scarring (telangiectasia, epidermal 
atrophy and cutaneous pigmentation changes).

http://www.eular.org/
http://ard.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-213718&domain=pdf&date_stamp=2018-10-12
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retrospective study: the SickKids Neonatal Lupus Erythematosus 
Database (SickKids NLE Database), the Research Registry for 
Neonatal Lupus (RRNL) and the French Registry of Neonatal 
Lupus (French RNL). The SickKids NLE Database was created in 
1984 and contains prospectively collected data on anti-Ro±an-
ti-La antibody–exposed infants and their mothers living in the 
Greater Toronto Area, irrespective of the infants’ NL status.17 
The RRNL, established in 1994, and the French RNL, estab-
lished in 2000, both enrol women that are anti-Ro±anti-La anti-
body positive, living in the USA and France, respectively, and 
have had at least one child with any manifestation of NL. In 
addition, these two registries collected data on whether siblings 
of the affected NL children had NL. These registries comprise 
data collected both prospectively and retrospectively.18 19

Inclusion and exclusion criteria
Inclusion criteria for the case–control analyses were (1) infant 
born to a woman positive for anti-Ro±anti-La antibodies, docu-
mented prior to or at the time of pregnancy, (2) known age of 
onset of cNL and (3) documentation of medication taken during 
pregnancy. For the primary analysis, a maternal diagnosis of a 
SARD in which HCQ could be used was required: SLE, Sjogren’s 
syndrome (SS), dermatomyositis, rheumatoid arthritis or juvenile 
idiopathic arthritis. Diagnosis had to be made prior to concep-
tion to allow time for maternal HCQ blood level to increase. 
For the secondary analysis related to onset of rash, all cases of 
cNL irrespective of the maternal diagnosis were included, which 
meant that mothers could be clinically asymptomatic. The diag-
nosis of cNL in both analyses had to be made by a rheumatolo-
gist, dermatologist±paediatrician. Infants with cardiac NL were 
excluded from all analyses because data from the three registries 
regarding the effects of HCQ on cardiac NL have already been 
reported.14 15 17

study design, outcome measure and data collection
The primary analysis was a case–control study to determine 
whether exposure to HCQ in mothers with a known SARD 
reduced the risk of cNL. The primary outcome was the devel-
opment of cNL. A secondary analysis used a cohort of all chil-
dren whot developed cNL, irrespective of maternal diagnosis, 
to assess if in utero exposure to HCQ delayed the onset of cNL.

Information was extracted on infants (gender, year of birth, 
age of onset of cNL and siblings with cNL±cardiac NL) and 
their mothers (age at delivery, diagnosis, anti-Ro±anti-La anti-
body positivity, medication intake including HCQ, fluorinated 
and non-fluorinated steroids, azathioprine, intravenous immu-
noglobulins (IVIGs) and plasmapheresis). Children were consid-
ered exposed to HCQ if their mother had documented intake 
of ≥200 mg per day throughout the entire pregnancy. Maternal 
intake of fluorinated and non-fluorinated steroids, azathioprine 
and IVIG was defined as intake of any dose at least once during 
pregnancy. Anti-Ro and anti-La antibodies were measured locally 
using the following assays: RRNL, commercial Clinical Labo-
ratory Improved Amendments (CLIA)-approved laboratories 
but in majority of cases confirmed in Buyon Clancy laboratory 
using recombinant Ro52 and La48 and native Ro60 in ELISA; 
SickKids NLE Database, commercially available ELISAs using 
affinity-purified Ro and La antigens; and French RNL, coun-
terimmunoelectrophoresis and/or by using INNO-LIAT ANA 
Update (Innogenetics, provided by InGen, Rungis, France in 
most of the cases). Research ethics board approval was obtained 
at each participating institution.

statistical analysis
For the primary analyses, characteristics of cases and controls 
were compared using χ2, Fisher’s exact and Mann-Whitney U 
tests as appropriate. To account for within-family data correla-
tion, generalised estimating equations (GEEs) were used for data 
analyses.20 21 The following 10 covariates were tested in univari-
able GEE as potential factors associated with cNL: maternal 
age at delivery, maternal diagnosis of primary or secondary SS 
(higher levels of anti-Ro±anti-La antibodies±epitope specific-
ity±genetic background in women with SS may put them at a 
higher risk of having an affected child),22–24 maternal anti-La 
antibody positive, maternal use of HCQ, maternal use of fluo-
rinated steroids±IVIG±plasmapheresis (use to treat fetuses), 
maternal intake of non-fluorinated steroids±azathioprine (use 
to treat mothers), infant’s gender, infant born ≥year 2000 (a 
time when the safety of HCQ use during pregnancy had been 
recognised), sibling with cNL±cardiac NL (identify families that 
may be at increased risk of NL) and registry source (RRNL and 
French RNL grouped as have same enrolment criteria). Variables 
with a p value ≤0.05 were selected for inclusion in the multivari-
able GEE model. A p value <0.05 in the final multivariable model 
was considered statistically significant. Two a priori subgroup 
analyses were performed. The first included only infants born to 
SLE mothers, to account for possible confounding by indication, 
as women with SLE may be more likely to be prescribed HCQ 
than women with other types of SARD. The second, limiting 
cases to those who developed cNL within ≤4 weeks of life. The 
rationale was that neonates are not continued on HCQ after 
delivery, therefore HCQ levels are expected to decline.

The secondary analysis was limited to cNL cases, irrespec-
tive of maternal health. Kaplan-Meier survival analysis was 
performed to assess if HCQ delayed the onset of cNL. A p value 
<0.05 by the Gehan-Breslow-Wilcoxon test was considered 
statistically significant. Data analysis was performed using IBM 
SPSS Statistics V.21.0 (IBM) and R V.3.1.1 (R Foundation for 
Statistical Computing, Vienna, Austria).

resulTs
Included and excluded patients
A total of 737 infants were screened (figure 1). Forty-one were 
excluded due to missing key variables. The overall study popu-
lation consisted of 696 infants: 262 cNL cases and 434 controls. 
Among the 262 cNL cases, 122 infants were born to women with 
a SARD diagnosed before pregnancy and were therefore included 
into the primary analysis. The first subgroup analysis included only 
infants born to women with SLE (cNL cases=85; controls=300). 
The second subgroup analysis was restricted to infants who devel-
oped cNL within 4 weeks of life (cNL cases=48; controls=434). 
All 262 cNL cases were included into the secondary analysis.

Primary analysis: exposure to HCQ in mothers with a known 
sArd reduces the risk of cnl
Patient characteristics
The study population consisted of 556 infants: 122 cNL cases and 
434 controls. There were 10 twin pairs: cNL status was concor-
dant in 8/10 pairs (both twins unaffected). Thirty-eight per cent 
(N=209) of the study population were siblings: 89 sibling pairs, 
7 groups of 3 siblings and 2 groups of 5 siblings. Thirty-seven per 
cent (N=208) of the study population had at least one sibling with 
cutaneous (N=85), cardiac (N=107) or both NL features (N=16).

Demographics of the primary analysis study population are 
shown in table 1. A diagnosis of SLE (48.4%) and SS (48.4%) was 
found with equal frequency in mothers of cNL cases as compared 
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Figure 1 Diagram of included and excluded patients. A total of 737 infants were screened. Forty-one infants were excluded for missing key 
variables. A total of 696 infants were eligible: 262 cNL cases and 434 controls. Among the 262 cNL cases, 122 were born to women with a SARD 
diagnosed before pregnancy and were therefore included into the primary analysis, with 434 controls. The first subgroup analysis included only infants 
born to women with SLE (cNL cases=85; controls=300). The second subgroup analysis was restricted to cNL cases with onset of rash in the first 4 
weeks after birth (cNL cases=48; controls=434). The secondary analysis included 262 cNL cases, regardless of maternal diagnosis: 122 infants born to 
women with a SARD diagnosed before pregnancy, 10 infants born to women with a SARD diagnosed during pregnancy, 6 infants born to women with 
autoimmune diseases other than SARD and 124 infants born to women who were asymptomatic or had an undifferentiated autoimmune syndrome 
(UAS). cNL, cutaneous neonatal lupus; HCQ, hydroxychloroquine; SARD, systemic autoimmune rheumatic disease; SLE, systemic lupus erythematosus.

with mothers of controls for which SLE was the leading diagnosis 
(62.0%). Nearly all women were anti-Ro antibody positive (99%), 
but the proportion of women with positive anti-La antibody was 
significantly higher in mothers of cNL cases (73%) than mothers 
of controls (48%); p<0.01. In utero exposure to HCQ and to 
non-fluorinated steroids±azathioprine was higher in controls 
(34% HCQ exposed and 44% non-fluorinated steroids±azathi-
oprine exposed) than cNL cases (16% HCQ exposed and 25% 
non-fluorinated steroids±azathioprine exposed); p<0.01. Char-
acteristics of the 556 infants were similar. The RRNL and French 
RNL had more cNL cases (65%) versus the SickKids NLE Data-
base (35%). The median age of onset of cNL was 6 (range 0–21) 
weeks old.

Main analysis: factors associated with development of cnl
Association between the 10 predefined covariates and cNL was 
first explored with univariable GEE analyses (table 2). Six vari-
ables were found to have a p value ≤0.05 and were selected for 
the multivariable GEE model. In the final model, the odds of in 
utero exposure to HCQ were significantly lower in cNL cases than 
in controls (odds ratio (OR) 0.4 (95% CI 0.2 to 0.7); p<0.01) 
(table 3). A similar association was found for exposure to non-flu-
orinated steroids±azathioprine (OR 0.5 (95% CI 0.3 to 0.8); 
p=0.01). Cases with cNL were more likely to be female (OR 
1.7 (95% CI 1.1 to 2.6); p=0.02), exposed to maternal anti-La 

antibody (2.7 (95% CI 1.7 to 4.3); p<0.01) and come from the 
French or RRNL Registries (OR 2.0 (95% CI 1.1 to 3.6); p=0.02).

First subgroup analysis: Infants born to women with sle
This analysis included the 385 infants (cNL cases=85, 
controls=300) born to women with SLE. Results of the univari-
able and multivariable GEEs were similar to those observed for 
the main analysis (tables 4 and 5) with significantly lower odds of 
HCQ exposure in cNL cases than in controls (OR 0.4 (95% CI 
0.2 to 0.7); p<0.01). In the subgroup of SLE mothers, secondary 
SS was positively associated with cNL (OR 2.4 (95% CI 1.1 to 
5.3); p=0.03), but female gender was no longer significant in the 
multivariable analysis.

second subgroup analysis: infants who developed cnl within 
4 weeks of life
A total of 482 infants were included (cNL cases=48, controls=434). 
In univariable analysis, cNL cases were more likely to be exposed to 
maternal anti-La antibody (OR 3.7 (95% CI 1.7 to 7.8); p<0.01) 
and come from the French or RRNL Registries (OR 2.1 (95% CI 
1.1 to 4.0); p=0.02) but less likely to be exposed to HCQ (OR 0.2 
(95% CI 0.1 to 0.6); p<0.01) (table 6). Maternal anti-La antibody 
positivity (OR 3.2 (95% CI 1.5 to 6.8); p<0.01) and exposure to 
HCQ (OR 0.2 (95% CI 0.1 to 0.5); p<0.01) remained significant 
in the multivariable GEE model (table 7).
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Table 1 Characteristics of the study population, primary aim

Maternal characteristics

Patients Cases Controls P 
values n=546 n=122 n=424

Age at delivery, years (IQR) 533 31 (29–35) 32 (29–35) 0.33

Diagnosis 0.03

SLE 322 59 (48.4) 263 (62.0)

Primary or secondary SS 204 59 (48.4) 145 (34.2)

RA or JIA 19 4 (3.2) 15 (3.6)

Dermatomyositis 1 0 1 (0.2)

Anti-Ro antibody positive 545 121 (100) 419 (99) 0.59

Anti-La antibody positive 518 88 (73) 192 (48) <0.01

Medication use

Hydroxychloroquine* 546 20 (16) 146 (34) <0.01

Fluorinated 
steroids±IVIG±plasmapheresis

546 7 (6) 17 (4) 0.41

Non-fluorinated 
steroids±azathioprine

543 31 (25) 186 (44) <0.01

Children characteristics n=556 n=122 n=434

Female:male (%) 554 58:42 48:52 0.05

Born ≥year 2000 556 75 (62) 277 (64) 0.63

Registry, French/RRNL:SickKids (%) 556 65:35 47:53 <0.01†

French RNL 6 106

RRNL 73 97

SickKids NLE Database 43 231

Data presented as number (percentage) unless otherwise specified.
*The proportion of women taking HCQ throughout pregnancy among the three 
datasources were as follows: RRNL N=30/168 (18%), SickKids NLE Database 
N=76/267 (28%) and French RNL N=60/111 (54%).
†P value, French RNL/RRNL compared with SickKids NLE Database.
IVIG, intravenous immunoglobulin; JIA, juvenile idiopathic arthritis; N, number; NLE, 
neonatal lupus erythematosus; RA, rheumatoid arthritis; RRNL, Research Registry 
for Neonatal Lupus; SLE, systemic lupus erythematosus; SS, Sjogren’s syndrome.

Table 2 Patient characteristics associated with cNL in univariable 
GEE analysis

Or (95% CI) P values

Maternal characteristics 

  Age at delivery 1.0 (0.9 to 1.1) 0.39

  Primary or secondary SS 1.9 (1.2 to 2.9) <0.01

  Anti-La antibody positive 3.0 (1.8 to 4.7) <0.01

  Hydroxychloroquine 0.4 (0.2 to 0.6) <0.01

 Fluorinated steroids±IVIG±plasmapheresis 1.4 (0.6 to 3.5) 0.47

 Non-fluorinated steroids±azathioprine 0.5 (0.3 to 0.7) <0.01

Children characteristics 

  Female gender 1.5 (1.0 to 2.3) 0.04

  Born ≥year 2000 1.1 (0.7 to 1.8) 0.54

  Sibling with cNL and/or cardiac NL 1.5 (0.9 to 2.4) 0.10

  Registry* 2.1 (1.4 to 3.3) <0.01

Variables with a p value ≤0.05 were selected for inclusion in the multivariable GEE 
model (p values in bold).
*Comparator is the SickKids NLE Database Registry.
cNL, cutaneous neonatal lupus; GEE, generalised estimating equation; 
IVIG, intravenous immunoglobulin; NL, neonatal lupus; NLE, neonatal lupus 
erythematosus; SS, Sjogren’s syndrome.

Table 3 Patient characteristics associated with cNL in multivariable 
GEE analyses

Or (95% CI) P values

Maternal characteristics 

 Anti-La antibody positive 2.7 (1.7 to 4.3) <0.01

 Hydroxychloroquine 0.4 (0.2 to 0.7) <0.01

 Non-fluorinated steroids±azathioprine 0.5 (0.3 to 0.8) 0.01

Children characteristics 

 Female gender* 1.7 (1.1 to 2.6) 0.02

 Registry 2.0 (1.1 to 3.6) 0.02

*Comparator is the SickKids NLE Database Registry.
cNL, cutaneous neonatal lupus; GEE, generalised estimating equation; NLE, 
neonatal lupus erythematosus.

Table 4 Univariable GEE analysis for factors associated with cNL in 
infants born to women with SLE

Or (95% CI) P values

Maternal characteristics 

  Age at delivery 1.0 (0.9 to 1.1) 0.49

  Primary or secondary SS 4.4 (2.4 to 7.9) <0.01

  Anti-La antibody positive 3.8 (2.1 to 6.9) <0.01

  Hydroxychloroquine 0.3 (0.2 to 0.6) <0.01

  Fluorinated steroids±IVIG±plasmapheresis 1.7 (0.6 to 4.5) 0.32

   Non-fluorinated steroids±azathioprine 0.5 (0.3 to 0.8) <0.01

Children characteristics 

  Female gender 1.5 (0.9 to 2.4) 0.13

 Born ≥year 2000 1.3 (0.8 to 2.1) 0.31

 Sibling with cNL and/or cardiac NL 2.5 (1.4 to 4.5) <0.01

 Registry* 2.8 (1.6 to 4.7) <0.01

Variables with a p value ≤0.05 were selected for inclusion in the multivariable GEE 
model (p values in bold).
*Comparator is the SickKids NLE Database Registry.
cNL, cutaneous neonatal lupus; GEE, generalised estimating equation; 
IVIG, intravenous immunoglobulin; NL, neonatal lupus; NLE, neonatal lupus 
erythematosus; SLE, systemic lupus erythematosus; SS, Sjogren’s syndrome.

secondary analysis: in utero exposure to HCQ and timing of 
cnl
Patient characteristics
The study population consisted of 262 patients with cNL. Twen-
ty-three (8.8%) infants were exposed to HCQ. Demographics of 

the study cohort are shown in table 8. Characteristics of infants 
exposed to HCQ differed from those non-exposed with respect to 
the following variables: maternal diagnoses of SLE or cutaneous 
lupus (52.2% vs 24.4%; p<0.01) or SS (43.5% vs 21.8%; p=0.04) 
were more frequent, but the proportion of asymptomatic/undif-
ferentiated autoimmune syndrome was lower (4.3% vs 51.7%; 
p<0.01), and prenatal exposure to non-fluorinated steroids±aza-
thioprine (43.5% vs 9.2%; p<0.01) and proportion of infants 
born ≥year 2000 (91.3% vs 53.1%; p<0.01) were higher.

effect of in utero exposure to HCQ on the age of onset of cnl
Kaplan-Meier analysis showed no statistically significant differ-
ence in the median number of weeks to cNL onset: HCQ exposed 
6.0 (95% CI 5.7 to 6.3) versus non-exposed 4.4 (95% CI 3.9 to 
5.0) weeks; p=0.21 (figure 2). Although no statistically significant 
difference was seen, the survival curves showed a delayed onset of 
rash during the first 6 weeks in infants exposed to HCQ.

dIsCussIOn
Cutaneous involvement is one of the most common manifestations 
of NL. In prospective studies, the reported incidence has ranged 
from 5% to 16%.1 2 Although cutaneous NL is transient and is 
considered a benign condition, if misdiagnosed, it may lead to 
unnecessary investigations and treatments. In addition, telangiec-
tasia, epidermal atrophy and/or cutaneous pigmentation changes 
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Table 5 Multivariable GEE analysis for factors associated with cNL 
in infants born to women with SLE

Or (95% CI) P values

Maternal characteristics 

 Secondary SS 2.4 (1.1 to 5.3) 0.03

 Anti-La antibody positive 3.4 (1.8 to 6.3) <0.01

 Hydroxychloroquine 0.4 (0.2 to 0.7) <0.01

  Non-fluorinated steroids±azathioprine 0.4 (0.2 to 0.8) <0.01

Children characteristics

 Registry* 3.5 (1.6 to 7.6) <0.01

*Comparator is the SickKids NLE Database Registry.
cNL, cutaneous neonatal lupus; GEE, generalised estimating equation; NLE, 
neonatal lupus erythematosus; SLE, systemic lupus erythematosus; SS, Sjogren’s 
syndrome.

Table 6 Univariable GEE analysis for factors associated with early 
onset cNL

Or (95% CI) P values

Maternal characteristics 

  Age at delivery 1.0 (0.9 to 1.1) 0.89

  Primary or secondary SS 1.8 (1.0 to 3.3) 0.06

  Anti-La antibody positive 3.7 (1.7 to 7.8) <0.01

  Hydroxychloroquine 0.2 (0.1 to 0.6) <0.01

  Fluorinated steroids±IVIG±plasmapheresis 2.1 (0.7 to 6.4) 0.17

  Non-fluorinated steroids±azathioprine 0.7 (0.4 to 1.3) 0.27

Children characteristics 

 Female gender 1.5 (0.8 to 2.8) 0.18

 Born ≥year 2000 1.1 (0.6 to 2.0) 0.83

 Sibling with cNL and/or cardiac NL 1.6 (0.8 to 3.0) 0.16

 Registry* 2.1 (1.1 to 4.0) 0.02

Variables with a p value ≤0.05 were selected for inclusion in the multivariable GEE 
model (p values in bold).
*Comparator is the SickKids NLE Database Registry.
cNL, cutaneous neonatal lupus; GEE, generalised estimating equation; 
IVIG, intravenous immunoglobulin; NL, neonatal lupus; NLE, neonatal lupus 
erythematosus; SS, Sjogren’s syndrome.

Table 7 Multivariable GEE analysis for factors associated with early 
onset cNL

Or (95% CI) P values

Maternal characteristics 

  Anti-La antibody positive 3.2 (1.5 to 6.8) <0.01

  Hydroxychloroquine 0.2 (0.1 to 0.5) <0.01

*Comparator is the SickKids NLE Database Registry.
cNL, cutaneous neonatal lupus; GEE, generalised estimating equation; NLE, 
neonatal lupus erythematosus.

Table 8 Characteristics of the cNL population, secondary aim

Patients
exposed 
to HCQ

non-
exposed to 
HCQ P 

values n=262 n=23 n=239

Maternal characteristics 

 Diagnosis 261 <0.01

 Asymptomatic/UAS 1 (4.3) 123 (51.7)

 SLE or cutaneous lupus 12 (52.2) 58 (24.4)

 Primary or secondary SS 10 (43.5) 52 (21.8)

 Overlap connective tissue disease 0 1 (0.4)

 RA or JIA 0 4 (1.7)

 Antibody status

 Anti-Ro antibody positive 262 23 (100) 239 (100)

 Anti-La antibody positive 255 19 (86) 173 (74) 0.21

 Medication intake

 Fluorinated steroids±IVIG 262 2 (9) 9 (4) 0.25

 Non-fluorinated 
steroids±azathioprine

262 10 (44) 22 (9) <0.01

Children characteristics 

 Female:male (%) 262 52:48 59:41 0.55

 Born ≥year 2000 262 21 (91) 127 (53) <0.01

 Registry, French/RRNL:SickKids (%) 262 65:35 63:37 *0.82

 French RNL 5 9

 RRNL 10 141

 SickKids NLE Database 8 89

Data presented as number (percentage) unless otherwise specified.
*P value, French RNL/RRNL compared with SickKids NLE Database.
IVIG, intravenous immunoglobulin; JIA, juvenile idiopathic arthritis; RA, rheumatoid 
arthritis; RRNL, Research Registry for Neonatal Lupus; SLE, systemic lupus 
erythematosus; SS, Sjogren's syndrome; UAS, undifferentiated autoimmune 
syndrome.

may appear in 10%–38% of affected children.5 25 26 There is 
currently no therapy known to prevent cNL. In this multicentre 
study of 556 infants born to women with SARDs and exposed to 
anti-Ro±anti-La antibodies, the odds of exposure to HCQ was 
lower in cNL cases than in controls, suggesting HCQ may protect 
against cNL.

HCQ may exert a protective effect through inhibition of TLR 
activation and signalling.27 In lupus-prone NZBxNZW F1 mice, 
TLR-7 and TLR-9 were shown to be involved in the initiation and 
maintenance of interface dermatitis, which is similar to histopatho-
logical changes found in cNL.4 13 Moreover, inhibiting TLR-7 and 
TLR-9 signalling improved dermatitis in these mice. In addition, 
HCQ is effective in treating subacute cutaneous lupus, which 
closely resembles cNL.7 Another encouraging link derives from 
data on the protective effect of HCQ on cardiac NL. Four reports 
have shown that prenatal HCQ exposure is associated with a lower 
risk of cardiac NL.14–17

Anti-La antibody positivity has been associated with higher inci-
dence of cNL and maternal high titres of anti-La antibody were 
found to be more common in infants with non-cardiac NL, who 
predominantly had cutaneous involvement.1 28 Binding of human 
anti-La antibodies to apoptotic cells at the dermal–epidermal junc-
tion and around the basal keratinocytes of murine BALB/c fetuses 
has been demonstrated.29 In our study, maternal anti-La antibody 

positivity was significantly associated with cNL in all of our multi-
variable models, with ORs ranging from 2.7 to 3.4. Infant’s female 
gender was found to be associated with cNL in our main analysis. 
This finding may be secondary to the observed increased expres-
sion of Ro and La antigen on the membrane surface of keratino-
cytes exposed to oestrogen.30 31

The impact of maternal health status on the risk of developing 
cNL remains to be characterised. To our knowledge, there are no 
studies that have demonstrated that women with SS have a higher 
risk of having a child with cNL as compared with women with SLE. 
Our subgroup analysis performed in 385 infants born to women 
with SLE showed that secondary SS was associated with cNL. 
Maternal and/or fetal genetic factors could explain the mechanism 
by which maternal disease modulates the risk of skin involvement 
in their offspring.22–24 Both the main case–control analysis and the 
subgroup analysis restricted to mothers with SLE identified a lower 
exposure of non-fluorinated steroids±azathioprine in infants with 
cNL. A direct effect of these drugs in the infants is not anticipated 
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Figure 2 Kaplan-Meier analysis of time of onset of cNL in HCQ-exposed vs non-exposed infants. Kaplan-Meier analysis of the 262 cNL infants for 
time to onset of cutaneous involvement in HCQ-exposed (represented by the green line) vs HCQ non-exposed (represented by the blue line) infants. 
Although HCQ-exposed infants were older (6.0 (95% CI 5.7 to 6.3) weeks) at cNL onset than HCQ non-exposed infants (4.4 (95% CI 3.9 to 5.0) 
weeks), the difference was not statistically significant (p=0.21). cNL, cutaneous neonatal lupus; HCQ, hydroxychloroquine.

since the placenta acts as a relative barrier to azathioprine’s main 
metabolites and inactivates non-fluorinated steroids.32 33 Indirect 
effects through modulation of maternal disease, lowering of auto-
antibody titres and/or residual confounding due to the association 
with maternal disease subtypes are other possible explanations for 
these findings. In addition, our study was not designed to assess 
the effect of non-fluorinated steroids±azathioprine on cNL; 
therefore, no conclusion on the effect of these two drugs on cNL 
should be made. Infants from the RRNL and French RNL were 
more likely to have cNL than those enrolled into the SickKids NLE 
Database. This is most likely a result of the different enrolment 
criteria between registries. Inclusion criteria for both the RRNL 
and French RNL require at least one infant with NL. In contrast, 
the SickKids NLE Database includes all children exposed in utero 
to maternal anti-Ro±anti-La antibodies, irrespective of the infant’s 
NL status. Consequently, the SickKids NLE Database had signifi-
cantly more controls.

The secondary analysis of this study explored the effect of HCQ 
on the time of onset of cNL. The retrospective multicentre analysis 
of the 262 cNL infants irrespective of maternal diagnosis suggests 
that in utero exposure to HCQ did not significantly delay the onset 
of rash. Despite having a relatively large sample size, there were 
only 23 cNL infants exposed to HCQ. The lack of a statistically 
significant effect of HCQ may be explained by the latter limitation. 
Interestingly, the Kaplan-Meier curves showed a delayed onset of 
rash in HCQ-exposed infants during the first 6 weeks of life. This 
suggests that HCQ could have a protective effect early after birth 
during the time neonatal blood levels are still within a detectable 
range. Transplacental passage of HCQ has been demonstrated in 
neonates with measurable drug levels in cord blood.9 The pharma-
cokinetics and pharmacodynamics of HCQ in fetuses and neonates 

has not been studied. Therefore, the potential therapeutic dose 
range required to prevent cNL and time at which infants’ blood 
levels fall below this threshold remain unknown. HCQ has been 
shown to be transfered into breast milk at very low concentrations 
resulting in estimated HCQ ingested doses by breastfed infants of 
0.1–0.2 mg/kg/day.9 34 Although we did not collect data on breast 
feeding, we believe it is unlikely that the amount of HCQ found 
into breast milk had an impact on timing of cNL.

Our study is the first to address the effect of HCQ exposure 
on cNL. Cutaneous involvement in NL may result in unnecessary 
medical consultations, investigations and treatments and lead to 
permanent scarring.5 25 26 Moreover, the risk of cardiac NL in a preg-
nancy following the birth of a child with cNL has been estimated 
to be 13%.3 Using an inexpensive and safe medication to prevent 
cNL and therefore minimise these issues is definitely appealing. In 
addition, we were able to assemble a relatively large sample size for 
a NL study as our data came from three of the largest NL database/
registries. Despite inconclusive findings regarding HCQ's effect 
on timing of cNL, results of this work are valuable as the survival 
curves showed a delayed onset of rash during the first 6 weeks of 
life in infants exposed to HCQ in utero. All analyses performed 
suggest that prenatal exposure to HCQ may have an impact on 
the development of cNL and support the need for further studies 
addressing the underlying pathophysiology of cNL and potential 
preventive use of maternal HCQ for cNL.

Potential limitations need to be acknowledged. Medication 
adherence in mothers was not measured specifically during 
pregnancy, but women were queried about medication intake 
during routine prenatal rheumatology follow-up and on enrol-
ment into their respective database. It is therefore possible that 
some children categorised as exposed to HCQ were not exposed 
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throughout gestation due to maternal non-adherence to therapy.35 
Because women with SLE are more likely to be prescribed HCQ 
than women with other SARDs, confounding by indication could 
have occurred in our study. To account for this potential issue, 
a subgroup analysis was performed and results were consistent 
with that of the primary analysis. For the secondary analysis, a 
larger sample size may have been required to show a significant 
difference. The age of onset of cNL was obtained from parents 
during postnatal clinic follow-up. Because early cNL may be very 
subtle, parents might not have noticed the cutaneous lesions when 
they first appeared and the age of onset reported could have been 
incorrect.

In this large multicentre study, exposure to HCQ in utero 
was associated with a reduced risk of cNL, and this association 
remained in subgroup analyses limited to mothers with SLE and 
in infants who developed cNL within 4 weeks of life. In addition, 
although not statically significant, cNL cases exposed to HCQ tend 
to have later onset of cNL perhaps due to protection conferred 
by HCQ when neonatal HCQ blood levels still remain within a 
detectable range.
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Key messages 

What is already known about this subject?
 ► The most recent large scale population 
estimates of the incidence and prevalence of 
polymyalgia rheumatica were published in 
2006 and no similar sized estimates exist of the 
duration of glucocorticoid treatment in patients 
with this condition.

What does this study add?
 ► This study confirms that the incidence of 
polymyalgia rheumatica has stabilised since the 
turn of the century and finds that a significant 
proportion of patients remain on glucorticoid 
treatment for much longer than guidelines 
suggest.

How might this impact on clinical practice or 
future developments?

 ► These findings will prompt further work 
to identify those at risk of prolonged 
glucocorticoid treatment and its inherent risks.

AbsTrACT
Objective polymyalgia rheumatica (pMr) is the most 
common inflammatory rheumatic disease in older people. 
Contemporary estimates of the incidence and prevalence 
are lacking, and no previous study has assessed 
treatment patterns at a population level. this study aims 
to address this.
Methods We extracted anonymised electronic medical 
records of patients over the age of 40 years from 
the Clinical practice research datalink in the period 
1990–2016. the absolute rate of pMr per 100 000 
person-years was calculated and stratified by age, gender 
and calendar year. Incidence rate ratios were calculated 
using a poisson regression model. Among persons with 
pMr, continuous and total duration of treatment with 
glucocorticoids (GC) were assessed.
results 5 364 005 patients were included who 
contributed 44 million person-years of follow-up. 42 
125 people had an incident diagnosis of pMr during 
the period. the overall incidence rate of pMr was 95.9 
per 100 000 (95% CI 94.9 to 96.8). the incidence of 
pMr was highest in women, older age groups and those 
living in the South of England. Incidence appears stable 
over time. the prevalence of pMr in 2015 was 0.85 %. 
the median (IQr) continuous GC treatment duration 
was 15.8 (7.9–31.2) months. However, around 25% 
of patients received more than 4 years in total of GC 
therapy.
Conclusions the incidence rates of pMr have 
stabilised. this is the first population-based study to 
confirm that a significant number of patients with pMr 
receive prolonged treatment with GC, which can carry 
significant risks. the early identification of these patients 
should be a priority in future research.

InTrOduCTIOn
Polymyalgia rheumatica (PMR) is an inflamma-
tory rheumatic disease affecting older people. 
Its impact on patients’ lives can be devastating, 
causing stiffness, severe pain and significant 
impairment to daily activities.1 Glucocorticoids 
(GCs) remain the mainstay of treatment.2

The incidence and prevalence of PMR vary 
depending on geography; as latitude increases, so 
do PMR rates.3 Previous studies have estimated 
the prevalence of PMR to lie between 0.1% and 
1%4 5 and the incidence between 12 and 113 per 
100 000 person-years.6–8 The majority of cases of 
PMR are treated in primary care (71%–84%)7 9; 
however, much of the existing literature is based 

on secondary care hospital records. Therefore the 
burden of disease may have been underestimated. 
One large study (Smeeth et al10) used primary care 
data to estimate the incidence of PMR, reporting 
an overall rate of 84 per 100 000 person-years, 
which was increasing with time. However, the 
final year of data published in this study was 
2001; therefore, more contemporaneous esti-
mates of national data are needed to guide health 
service provision.

PMR is managed with gradually reducing GC 
therapy, from moderate to low doses.3 Joint 
guidance released by the American College 
of Rheumatology and the European League 
Against Rheumatism advises GC treatment for 
most patients with PMR should end by 2 years.2 
However, it has been suggested a large propor-
tion of patients experience symptom flare on 
cessation, or even reduction, of GC therapy (a 
‘symptom tail’).11

The aims of this study are to quantify the 
overall incidence and prevalence of PMR in the 
UK using a large population-based database and 
to investigate prescribing of GCs in those diag-
nosed with PMR.
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MeTHOds
data source and study population
Almost all healthcare in the UK is delivered by the National 
Health Service (NHS), a public system funded by taxation that 
provides free, or low-cost, healthcare to all residents. Around 
90% of patient contacts in the UK with the NHS is via primary 
care,12 and 98% of people who live in the UK are registered 
with a general practice. We used data from the Clinical Prac-
tice Research Datalink (CPRD; July 2017 version), which 
contains data for around 17 million contributing patients 
within 718 (7.5% of the total) UK general practices. This 
database, containing electronic, coded information collected 
during the course of routine healthcare, is representative of 
the UK population in terms of age, sex and ethnicity,13 and has 
been used extensively for primary care research.

Incidence
We analysed data collected between 1 January 1990 and 1 January 
2016. Patients contributed data after the latest of four events: (1) 
the study start date, (2) the date at which they became 40 years 
old, (3) the date they registered at a participating practice plus 6 
months, or (4) the date at which the practice was adjudged to reach 
internal quality standards, known as the ‘up-to-standard’ date.

The date at which each follow-up ended was the earliest of five 
events: (1) the end of study period (1 January 2016), (2) the date 
when a patient transferred out of a practice, (3) the date of death, 
(4) the last date of data collection from the practice or (5) the date 
when they were diagnosed with PMR.

Patients with a Read-coded diagnosis of PMR (codes: N20.00 
Polymyalgia rheumatica, N200.00 Giant cell arteritis with poly-
myalgia rheumatica) in their general practice record were included 
as incident cases. The first 6 months following registration with a 
practice were excluded from the incidence analysis to avoid inclu-
sion of prevalent cases which may have been incorrectly recorded 
at the point of registration.10 To improve case ascertainment, we 
only considered PMR diagnosis to be valid if patients received at 
least two prescriptions for oral GCs: one within 6 months of the 
diagnosis date and the second within 6 months of the first prescrip-
tion.10 Patients could have a diagnosis of both PMR and giant cell 
arteritis (GCA). We looked only at the first occurrence of PMR; 
therefore, all subsequent person-time and diagnostic codes were 
excluded. This process is summarised in online supplementary 
figure 1.

Treatment of PMr
To ascertain trends in the management of PMR, we assessed 
patterns of GC prescribing in the incident cases of PMR. All GC 
prescriptions recorded in CPRD using medications from the British 
National Formulary (BNF) chapter 6.3.2 ‘Glucocorticoid therapy’ 
were included.14 CPRD contains information about the quantity 
of medication prescribed, the number of units of medication to 
be taken each day and the prescription duration. The algorithm 
used to define duration and dose of GC therapy (detailed in online 
supplementary figure 2) has been defined elsewhere.15 Kaplan-
Meier survival methods were used to calculate the median duration 
of time from diagnosis until completion of continuous GC therapy. 
The end of a treatment course was determined to have occurred 
when no further GC prescriptions occurred for 90 days after the 
calculated duration of the previous prescription. Patients were 
censored if they were lost to follow-up prior to stopping treat-
ment. The 90-day period was chosen as it is the same as in previous 
CPRD-based studies of medication use.16 As part of a sensitivity 
analysis, we recalculated this duration (1) by increasing the interval 

between prescriptions to 6 months; or (2) in patients who received 
a diagnosis with another rheumatological condition either prior to 
PMR diagnosis or in the 2 years subsequently; or (3) were referred 
to secondary care rheumatology services.

statistical analysis
Crude incidence rates of PMR were calculated by dividing the 
total number of new cases by the total person-years of follow-up 
per 100 000 person-years. Incidence rates were stratified by age, 
gender, region and calendar year. Patient age was grouped into 
decades. Lexis expansion17 was used to calculate incidence rates by 
year following the study start date of 1 January 1990.

To compare the absolute rate of PMR by patient characteristics, 
we used a Poisson regression model and calculated the incidence 
rate ratios (IRR) for each covariate, including sex, age, region 
and calendar year of diagnosis. Age-adjusted incidences for each 
covariate were calculated with direct standardisation, using the 
sample population structure over the whole study.

For treatment pattern analysis, we calculated the average daily 
and total dose of GC prescribed, as well as the cumulative treat-
ment time and the total number of prescriptions and separate 
treatment courses each patient received. Dosage calculations were 
made by converting the strength of all medications to milligrams of 
prednisolone equivalent using the BNF conversion tables of equiv-
alent anti-inflammatory doses.14 Results were stratified by starting 
GC dose, age and sex.

Point prevalence of PMR was calculated for each calendar year 
by dividing the total number of patients who have received a diag-
nosis of PMR at any time in the past and were alive and contributing 
data on 31 December of that year (numerator) by the total number 
of patients alive and contributing data on that date (denominator), 
thereby including incident and prevalent cases. As part of sensi-
tivity analysis, we recalculated the prevalence in patients aged over 
55 years in order to compare with a recent study.9 Statistical anal-
yses were conducted using Stata V.15.1.

resulTs
Overall incidence
A total of 5 364 005 individuals contributed 43.97 million 
person-years of follow-up in the period 1990–2016. The total 
number of new occurrences of PMR that fulfilled the GC 
prescription criteria was 42 145. This equated to 90.4% of 
the total number of PMR cases recorded during this time. The 
overall incidence rate of PMR among patients aged 40 years and 
over was 95.9 (95% CI 94.9 to 96.8) per 100 000 person-years 
(table 1). The incidence rates were significantly higher at older 
ages: those aged >70 years were around 10 times (IRR=9.61 
(95% CI 9.25 to 9.98)) more likely to have PMR compared with 
those between the ages of 50 and 59 years. Women were 67% 
more likely to develop PMR compared with men (IRR=1.67 
(95% CI 1.64 to 1.71)). A marked variation in incidence rates by 
region was found (figure 1), with rates highest in the south-west 
region of the UK (124.1 (95% CI 120.6 to 127.6)) and lowest in 
the north-east (65 (95% CI 59.5 to 70.9)).

Incidence of PMr over time
The variation in incidence rates of PMR over time is displayed in 
table 2 and figure 2. The rate of diagnosis of PMR dipped a little 
after 1990 until 1996 before increasing significantly until just 
after the end of the last century; after this the rate of diagnosis of 
PMR remained relatively stable between 2003 and 2014.

GC prescribing in PMr
In total 1 242 841 GC prescriptions were issued to patients 
after a diagnosis with PMR; of these 99.9% contained 

https://dx.doi.org/10.1136/annrheumdis-2018-213883
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Table 1 Incidence rates of polymyalgia rheumatica, with incidence rate ratios, stratified by age, sex and region

events (n)
Person-time at risk 
(100 000 years)

rate per 100 000
(95% CI)

Incidence rate ratio
(95% CI)*

Age-standardised 
incidence rate† (per 100 
000 person-years)

Overall 42 145 439.70 95.9 (94.9 to 96.8)

 Age

 40–49 409 129.96 3.2 (2.9 to 3.47) 0.11 (0.10 to 0.13)

 50–59 3139 113.75 27.6 (26.7 to 28.6) Reference

 60–69 9683 91.62 105.7 (103.6 to 107.8) 3.80 (3.65 to 3.96)

 70–79 17 620 64.76 272.1 (268.1 to 276.1) 9.61 (9.25 to 9.98)

   80+ 10 405 33.05 314.9 (308.9 to 321) 10.58 (10.17 to 11.13)

 Sex

 Male 13 651 212.06 64.4 (63.3 to 65.5) Reference 69.22

   Female 28 494 227.64 125.2 (123.7 to 126.6) 1.67 (1.64 to 1.71) 114.87

 Region

 North East 500 7.69 65 (59.5 to 70.9) 0.82 (0.75 to 0.90) 62.54

 North West 3843 49.36 77.9 (75.4 to 80.4) Reference 77.54

 Yorkshire and the Humber 1286 16.91 76.1 (72.0 to 80.3) 0.97 (0.92 to 1.04) 73.62

 East Midlands 1461 16.71 87.4 (83.1 to 92.0) 1.14 (1.07 to 1.21) 86.13

 West Midlands 4207 41.45 101.5 (98.5 to 104.6) 1.26 (1.21 to 1.32) 98.44

 East of England 4698 38.44 122.2 (118.8 to 125.8) 1.56 (1.49 to 1.62) 120.41

 South West 4850 39.10 124.1 (120.6 to 127.6) 1.45 (1.39 to 1.51) 112.96

 South Central 4754 46.70 101.8 (98.9 to 104.7) 1.29 (1.24 to 1.35) 101.57

 London 2901 40.63 71.4 (68.9 to 74.1) 0.97 (0.93 to 1.02) 75.76

 South East Coast 5167 43.89 117.7 (114.6 to 121) 1.42 (1.36 to 1.48) 110.23

 Northern Ireland 991 13.76 72 (67.7 to 76.6) 0.93 (0.87 to 1.00) 73.06

 Scotland 3154 40.05 78.7 (76.0 to 81.5) 1.03 (0.99 to 1.08) 81.51

 Wales 4333 45.01 96.3 (93.5 to 99.2) 1.16 (1.11 to 1.21) 90.05

*Adjusted for age, sex, region and year of diagnosis if not stratified as a covariate.
†Incidence rate is adjusted by age using overall proportion of person-time contributed per 10-year age category.

Figure 1 Incidence rates of polymyalgia rheumatica (PMR) by region, 
1990–2015.

information about quantity of medication prescribed and 
48.3% about numeric daily dose. The median time taken for 
patients to stop continuous therapy was 1.31 years (IQR 0.65–
2.6) (figure 3). When the treatment gap was increased to 6 
months, this increased to 1.88 years (0.93–4.00). When the 
total GC treatment time was reviewed, the median duration 
increased further to 1.93 years (0.95–4.03), meaning around 

25% of patients received more than 4 years of therapy. Among 
patients with a rheumatology diagnosis, or those referred to 
rheumatology, the median continual duration of GC therapy 
was greater at 1.49 (IQR 0.73–3.16) and 1.55 (IQR 0.79–
3.06) years, respectively. The median first and average daily 
doses of GC received (in milligrams of prednisolone equiv-
alent) were 15 mg (IQR 8–21) and 6 mg (IQR 4–9), respec-
tively. However, 7138 (16.9%) patients received on average 
greater than 10 mg GC per day. The median total dose of GC 
received (in grams of prednisolone equivalent) was 4 g (IQR 
2–8). Repeating analyses stratified by initial GC dose, age and 
sex were unremarkable, with only patients aged under 50 
receiving significantly fewer prescriptions.

Prevalence of PMr
The point prevalence of PMR in 2015 among patients aged 
over 40 years was 0.85% (table 2) and was markedly different 
between men and women (0.6% and 1.16%). The prevalence 
increased to 1.7% (95% CI 1.69% to 1.71%) in patients aged 
over 55 years.

dIsCussIOn
Main findings
This study estimates the burden of PMR in the UK to be slightly 
higher than previously estimated. In 2015 around 1 in 120 adults 
aged over 40 have received a diagnosis of PMR. Overall, the 
incidence of PMR during the study period 1990–2016 was 95.9 
per 100 000 person-years (95% CI 94.9 to 96.8). However, after 
increasing until 2002, the incidence rate of PMR has stabilised. 
Almost 50% of patients with PMR received more than 2 years 
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Table 2 Incidence rates of polymyalgia rheumatica by calendar year

Year events (n)
Person-years at risk per 
100 000

rate per 100 000
(95% CI)

Incidence rate ratio
(95% CI)*

Age-standardised 
incidence rate†

Point prevalence 
(%)

Overall 42 145 439.70 95.9 (94.9 to 96.8) 0.84

1990 261 3.30 79.2 (70.1 to 89.4) Reference 76.3 0.34

1991 336 4.54 74 (66.5 to 82.3) 0.91 (0.77 to 1.07) 69.4 0.38

1992 401 5.27 76.1 (69 to 83.9) 0.94 (0.80 to 1.09) 72.1 0.44

1993 464 6.02 77.1 (70.4 to 84.4) 0.95 (0.81 to 1.10) 71.9 0.49

1994 476 6.55 72.7 (66.5 to 79.6) 0.90 (0.77 to 1.04) 68.4 0.52

1995 548 7.06 77.7 (71.4 to 84.4) 0.96 (0.83 to 1.11) 74 0.57

1996 657 8.06 81.5 (75.5 to 88) 1.01 (0.87 to 1.16) 77.4 0.60

1997 754 9.34 80.7 (75.2 to 86.7) 1.01 (0.88 to 1.17) 77.6 0.62

1998 863 10.69 80.7 (75.5 to 86.3) 1.01 (0.88 to 1.16) 76.5 0.64

1999 1239 13.00 95.3 (90.1 to 100.8) 1.20 (1.05 to 1.38) 91.7 0.66

2000 1537 15.85 96.9 (92.2 to 101.9) 1.23 (1.08 to 1.40) 93.7 0.68

2001 1792 17.75 100.9 (96.4 to 105.7) 1.28 (1.13 to 1.46) 98.1 0.71

2002 2131 20.05 106.3 (101.9 to 110.9) 1.36 (1.20 to 1.55) 103.5 0.74

2003 2211 21.49 102.9 (98.7 to 107.3) 1.33 (1.17 to 1.51) 101.4 0.77

2004 2296 22.96 100 (96 to 104.2) 1.30 (1.15 to 1.48) 98.5 0.79

2005 2348 23.73 99 (95 to 103) 1.30 (1.14 to 1.48) 98 0.80

2006 2389 24.12 99.1 (95.2 to 103.1) 1.30 (1.15 to 1.48) 97.7 0.83

2007 2451 24.45 100.3 (96.4 to 104.3) 1.32 (1.16 to 1.50) 99.7 0.83

2008 2495 24.60 101.4 (97.5 to 105.5) 1.33 (1.17 to 1.51) 100.7 0.85

2009 2447 24.64 99.3 (95.5 to 103.3) 1.30 (1.15 to 1.48) 98.2 0.85

2010 2497 24.34 102.6 (98.6 to 106.7) 1.35 (1.19 to 1.53) 101.6 0.86

2011 2379 23.83 99.8 (95.9 to 103.9) 1.32 (1.16 to 1.50) 99.1 0.87

2012 2268 23.50 96.5 (92.6 to 100.6) 1.28 (1.12 to 1.45) 95.9 0.87

2013 2198 22.51 97.6 (93.6 to 101.8) 1.29 (1.14 to 1.47) 96.8 0.88

2014 2037 20.58 99 (94.8 to 103.4) 1.30 (1.14 to 1.48) 97.2 0.88

2015 1603 17.60 91.1 (86.7 to 95.6) 1.20 (1.05 to 1.36) 89.1 0.85

*Adjusted for region, age and gender.
†Incidence rate is adjusted by age using overall proportion of person-time contributed per 10-year age category.

of GC therapy following diagnosis, despite guidelines suggesting 
treatment should have ended.

strengths and limitations
We have conducted the largest study yet to calculate a true esti-
mate of the current incidence, prevalence and real-world treat-
ment patterns of patients with PMR. This study uses robust 
methodology in a large, established database of patients who 
are representative of the UK population. It therefore is likely 
to be an accurate estimate of the true burden of PMR. Most 
patients with PMR are managed exclusively in primary care7 9; 
therefore, this is the most appropriate setting to conduct this 
study.

A potential limitation is the ascertainment of cases. This was 
based on medical codes recorded by the primary care physicians, 
rather than research classification criteria,18 as there is no suffi-
cient detail in medical records and therefore CPRD to allow this. 
Patients may therefore subsequently be diagnosed with an alter-
native condition. However, using GC prescriptions to confirm 
PMR diagnosis is well established.10 19 Greater than 90% of 
patients with a diagnosis of PMR received at least two GC 
prescriptions, showing the diagnosis is likely to be accurate in 
the vast majority of patients. Furthermore, in the UK diagnoses 
made in secondary care are communicated to, and recorded in, 
primary care. Therefore although this study examined patients 
in primary care, it will also contain information from secondary 
care.

Comparison with other studies
The highest incidence, 113 per 100 000 patients, previously 
reported was a study from the South West of England.4 Although 
the overall incidence rate we found is lower than this, our esti-
mate for this region was slightly higher (124.1 (120.6, 127.6)). 
In the USA, the most recent estimate of PMR rate reported 
by Raheel et al8 was 63.9 per 100 000. This is lower than our 
figure. However, this study was not conducted in primary care, 
and stricter diagnostic criteria rather than codes were used.20 
We included patients from a much larger sample, and while our 
PMR definition is not ideal our estimates are broadly in line with 
other studies that have used clinical classification criteria. There-
fore we believe that the risk of misclassification is minimal.

Women were more likely to develop PMR, with a female to 
male ratio of approximately 2:1, reflecting previous studies.10 
The strong association between older age and risk of devel-
oping PMR has been demonstrated before, with other studies 
reporting a median age at diagnosis of 709 or 75 years.7 As 
rates of frailty, aches, pains21 and erythrocyte sedimentation 
rate (ESR) measurements22 increase with age, it is possible that 
primary care physicians may overdiagnose PMR in at least some 
of these patients.

The prevalence of PMR has been found to vary between 0.1% 
and 1% in North Europe and North America.4 23 The prevalence 
of 0.85% in 2015 calculated in our study is consistent with this. 
In a recent study in a single large GP practice in the south of the 
UK, Yates et al9 reported a prevalence of 2.27% in those aged 
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Figure 2 Overall, male and female incidence of polymyalgia rheumatica, with 95% CI, 1990–2015.

Figure 3 Kaplan-Meier plot showing time to final glucocorticoid (GC) prescription, defined as a gap of greater than 90 days following end of 
previous prescription.

55 years and over. In our data, the prevalence in this group was 
1.7%. This discrepancy could be explained by the higher inci-
dence of PMR in the south and east of the UK.

Given PMR is known to preferentially affect people of 
Northern European descent, these results are likely to be gener-
alisable to countries with significant number of people from this 

ethnic group. However, the incidence and prevalence figures 
reported in this study are less generalisable to countries at lower 
latitudes, as incidence and prevalence rates have been found to 
reduce with decreasing latitude.5 24 25

The incidence of PMR appears higher in the south of the UK 
compared with the north. This was also demonstrated by Smeeth 
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et al.10 Genetic associations between specific human leucocyte 
antigen molecules and GCA have been found,26 although none 
yet for PMR.27 However, as no major variation has been found in 
the genetic make-up of people between different regions around 
the UK, it is unlikely to be the reason for this difference.28 Other 
potential reasons include an association between social class and 
PMR, a viral aetiological agent, or environmental differences 
such as reduced vitamin D levels in the north of the UK due to 
less sunlight exposure, which may lead to vitamin D deficiency 
being diagnosed preferentially.

Smeeth et al10 found that the incidence of PMR in the UK 
was increasing until 2001, which we replicated. However 
following this date, the incidence rate plateaued.

With regard to GC therapy, 75% received a first dose 
between 8 and 21 mg, which corresponds well to the recom-
mended starting dose of 12.5–25 mg.2 The median duration of 
treatment of patients with GC in our sample is, however, less 
than that found by Shbeeb et al29 in their recent study into GC 
prescribing in a cohort of 359 patients with PMR in Olmsted 
County, Minnesota. The median dose prescribed was similar, 
at around 5 mg, but the length of treatment was greater, with 
only 19% of patients discontinuing therapy in the first year 
of treatment, compared with 27% in our data. A number of 
reasons for this difference could be suggested; for example, 
their patients may represent more severe variants of the condi-
tion; they defined end of treatment as permanent discontinua-
tion of GC therapy rather than a gap of 90 days or 6 months; 
and their inclusion criteria were stricter. Therefore some of 
the patients included in our study may have gone on to be 
reclassified with a different condition and have GC therapy 
curtailed earlier. Our sensitivity analyses of patients who had 
a record of referral to secondary care rheumatology services 
confirmed this group had longer continuous and total treat-
ment. Both studies agreed though that a significant proportion 
of patients were subject to prolonged treatment with GCs.

Previous studies have shown that long-term GC treatment 
increases a person’s risk of a wide range of medical conditions.22 
This is the first study of a large population which confirms the 
existence of a prolonged ‘symptom tail’ in PMR, wherein a 
significant number of patients receive a higher average daily 
dose, a larger total dose, more individual prescriptions of GC 
and receive their treatment over a longer period of time.

The reason behind this symptom tail could be a more severe 
subtype of PMR or a different underlying diagnosis, for 
example rheumatoid arthritis, for which referral for secondary 
care review may be appropriate. Alternatively, it may repre-
sent GCs masking the symptoms of other comorbidities which 
flare on reduction of GC treatment or adrenal insufficiency 
following prolonged GC use.

COnClusIOn And ClInICAl IMPlICATIOns
In conclusion, we have established the burden that PMR 
places on the UK health service. Due to the ageing popula-
tion, the prevalence of PMR in the UK is increasing, although 
the incidence rates appear to have stabilised. Analysis of high-
quality, routinely collected primary care data has enabled us 
to confirm that a significant proportion of patients with PMR 
receive prolonged treatment with GC, contrary to previ-
ously held norms that cure will be achieved within 2 years. 
Long-term GC therapy is associated with a number of serious 
adverse effects,22 which is both dose-dependent30 and dura-
tion-dependent31. Early identification of patients who are 
likely to be subject to prolonged GC therapy is a priority area 

for future research. These patients could then be prioritised 
for referral to secondary care for consideration of GC-sparing 
agents.
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AbsTrACT
Objective Hand osteoarthritis is a prevalent disease 
with limited treatment options. Since joint inflammation 
is often present, we investigated tumour necrosis factor 
(tnF) as treatment target in patients with proven joint 
inflammation in a proof-of-concept study.
Methods this 1-year, double-blind, randomised, 
multicentre trial (ntr1192) enrolled patients with 
symptomatic erosive inflammatory hand osteoarthritis. 
patients flaring after non-steroidal anti-inflammatory 
drug washout were randomised to etanercept (24 weeks 
50 mg/week, thereafter 25  mg/week) or placebo. the 
primary outcome was Visual Analogue Scale (VAS) pain 
at 24 weeks. Secondary outcomes included clinical and 
imaging outcomes (radiographs scored using Ghent 
University Scoring System (GUSS, n=54) and MrIs 
(n=20)).
results of 90 patients randomised to etanercept 
(n=45) or placebo (n=45), respectively, 12 and 10 
discontinued prematurely. More patients on placebo 
discontinued due to inefficacy (6 vs 3), but fewer due 
to adverse effects (1 vs 6). the mean between-group 
difference (Md) in VAS pain was not statistically 
significantly different (−5.7 (95% CI −15.9 to 4.5), 
p=0.27 at 24 weeks; − 8.5 (95% CI −18.6 to 1.6), 
p=0.10 at 1  year; favouring etanercept). In prespecified 
per-protocol analyses of completers with pain and 
inflammation at baseline (n=61), Md was −11.8 (95% 
CI −23.0 to −0.5) (p=0.04) at 1  year. Etanercept-treated 
joints showed more radiographic remodelling (delta 
GUSS: Md 2.9 (95% CI 0.5 to 5.4), p=0.02) and less 
MrI bone marrow lesions (Md −0.22 (95% CI −0.35 to 
−0.09), p = 0.001); this was more pronounced in joints 
with baseline inflammation.
Conclusion Anti-tnF did not relieve pain effectively 
after 24 weeks in erosive osteoarthritis. Small subgroup 
analyses showed a signal for effects on subchondral 
bone in actively inflamed joints, but future studies to 
confirm this are warranted.

InTrOduCTIOn
Osteoarthritis, commonly occurring in knees, hands 
and hips, is a prevalent cause of disability.1 Currently, 
therapeutic options are limited, only moder-
ately addressing symptoms and not preventing or 
retarding disease progression.2 3 Despite consid-
erable efforts to find relevant treatment targets, a 

lack of suitable candidates has hampered the devel-
opment of disease-modifying therapies in osteoar-
thritis. Traditionally, osteoarthritis is known as a 
degenerative disease resulting in bone deformations 
and cartilage loss, although in the last decades it has 
become clear that local inflammation is important 
in its pathophysiology.4 Especially in erosive 
hand osteoarthritis, characterised by subchondral 
erosions and cortical destruction in the interpha-
langeal joints (IPJs), synovitis is frequently demon-
strated.5–8 Recent MRI and ultrasonography studies 
show that synovitis is associated with pain and 
future radiographic damage.9–11 Proinflammatory 
cytokines, including tumour necrosis factor (TNF), 
are produced in the osteoarthritic joints and are 

Key messages

What is already known about this subject?
 ► Hand osteoarthritis (OA) is a prevalent disease 
with limited treatment options.

 ► Evidence for an important role of inflammation 
in hand OA is accumulating.

 ► Previous studies of different anti-inflammatory 
trials led to ambiguous results.

What does this study add?
 ► In this one-year, double-blind, randomised 
trial, etanercept, a tumor necrosis factor (TNF) 
inhibitor, did not relieve pain effectively after 24 
weeks in patients with erosive hand OA.

 ► Small subgroup analyses showed a signal 
for effects on subchondral bone in actively 
inflamed joints, but future studies to confirm 
this are warranted.

How might this impact on clinical practice or 
future developments?

 ► This trial does not provide evidence for the use 
of TNF inhibitors in daily treatment of patients 
with hand osteoarthritis patients.

 ► Studies investigating treatment strategies 
specifically targeting inflammation, for example, 
short-term anti-inflammatory treatment with 
glucocorticoids or TNF inhibitors during ‘flares’ 
of the disease, are warranted.
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Figure 1 Trial profile. ITT, intention-to-treat; PP, per-protocol; TB, tuberculosis.

thought to play a role in the induction of structural damage. 
Thus, TNF could serve as a potential treatment target.12

Earlier clinical trials in hand osteoarthritis have investigated 
the efficacy of anti-inflammatory medication, but with ambig-
uous results.13–20 Although some studies with (systemic) gluco-
corticoids and TNF inhibitors showed symptom relief,14–16 20 
most randomised placebo-controlled trials were negative.13 19 
Furthermore, systemic glucocorticoids did not seem to influence 
osteoarthritic synovitis, as assessed by ultrasound or MRI.15 19 
The lack of efficacy of anti-inflammatory medication in previous 
studies might partly be explained by inclusion of patients without 
proven joint inflammation at baseline. Because of the latter, 
patients most likely to benefit from these drugs may have been 
missed in previous trials, leading to negative results. Results of a 
1-year randomised trial implying that compared with placebo the 

TNF inhibitor adalimumab may lead to less erosive radiographic 
progression in finger joints with palpable soft tissue swelling (as 
a measure of inflammation) support this hypothesis.18

The aim of this proof-of-concept study was thus to investigate 
the efficacy and safety of anti-TNF in patients with erosive hand 
osteoarthritis with proven joint inflammation.

MeTHOds
study design and participants
The EHOA study, an investigator-initiated, 1-year, double-blind, 
randomised, placebo-controlled, multicentre trial in patients 
with symptomatic erosive inflammatory hand osteoarthritis was 
conducted in four European rheumatology outpatient clinics 
(Austria, Belgium, Italy and the Netherlands), which serve as 

http://ard.bmj.com/
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Table 1 Baseline characteristics of the intention-to-treat population

etanercept
(n=45)

Placebo
(n=45)

All 
patients
(n=90)

Age (years) 59.4 (6.5) 60.1 (8.7) 59.7 (7.6)

Sex

 Men 8 (18%) 9 (20%) 17 (19%)

  Women 37 (82%) 36 (80%) 73 (81%)

BMI (kg/m2)* 26.3 (3.8) 25.5 (3.8) 25.9 (3.8)

Symptom duration (years)* 8.8 (6.0) 10.7 (8.0) 9.7 (7.1)

Duration after diagnosis (years)* 6.2 (6.2) 7.3 (8.3) 6.8 (7.3)

Inclusion criteria

 Use of NSAIDs 42 (93%) 44 (98%) 86 (96%)

 Fulfilling ACR hand OA criteria* 42 (96%) 43 (96%) 85 (96%)

 ≥4 IPJs with osteoarthritic nodes* 41 (91%) 41 (93%) 82 (92%)

 ≥1 IPJ with soft tissue swelling 42 (93%) 40 (89%) 82 (91%)

 ≥1 IPJ with positive power Doppler* 40 (93%) 40 (91%) 80 (92%)

 J-phase or E-phase* 38 (93%) 37 (95%) 75 (94%)

 VAS pain at screening >30 mm 44 (98%) 45 (100%) 89 (99%)

 Flare after NSAID washout ≥20 mm 37 (82%) 39 (87%) 76 (84%)

Data are mean (SD) or n (%).
*Data not available for all randomised patients: BMI n=89, symptom duration 
n=86, duration after diagnosis n=87, ACR criteria n=85, paid work n=89, IPJs with 
osteoarthritic nodes n=89, IPJs with power Doppler signal n=87 and J-phase or 
E-phase n=80.
ACR, American College of Rheumatology; BMI, body mass index; IPJ, 
interphalangeal joints; NSAID, non-steroidal anti-inflammatory drug; OA, 
osteoarthritis; VAS, Visual Analogue Scale.

secondary and tertiary care clinics for this condition. Patients 
with ≥4 IPJs with osteoarthritic nodes, ≥1 IPJ with soft tissue 
swelling or erythema, ≥1 IPJ with positive power Doppler 
signal on ultrasound, and ≥1 IPJ with radiographic pre-ero-
sive or erosive disease (represented respectively by loss of joint 
space (J-phase) or by erosions or collapse of the subchondral 
bone (E-phase) according to the Verbruggen-Veys system) were 
eligible.5 Clinical inflammation, ultrasound abnormalities and 
radiographic erosions did not have to be present in the same 
joint. Patients had to have finger pain >30 on a 100 mm Visual 
Analogue Scale (VAS) while using a stable dose of non-ste-
roidal anti-inflammatory drugs (NSAIDs) for ≥5 days/week. 
Moreover, an insufficient response to at least two NSAIDs was 
required. Eligible patients discontinued their NSAIDs, and those 
with a flare, defined as an increase in VAS pain >20 mm (as 
indication of modifiable pain), were included. Exclusion criteria 
were contraindications for TNF inhibitors, such as uncontrolled 
serious comorbidities, active or recurrent infections, malignancy, 
and drug or substance abuse. Patients with another autoimmune 
or inflammatory rheumatic disease, or psoriasis, or patients who 
were using immunomodulating drugs within 90 days before 
baseline were also excluded. The complete list of exclusion 
criteria is provided in the online supplementary appendix.

randomisation and masking
Patients were randomly assigned (1:1) to etanercept or placebo. 
Randomisation was performed using a random-number list in 
blocks of four. Randomisation and study medication coding list 
were supplied to an independent person in each centre, respon-
sible for treatment allocation. The study drug was provided 
as a phial with powder, containing 25 or 50 mg etanercept or 
placebo, and a prefilled syringe containing 1 mL of sterile water 
for subcutaneous injection once weekly. Masking was achieved 

by the similar appearance of placebo and active drug; patients, 
healthcare providers and outcome assessors remained masked 
throughout the study.

Procedures
Etanercept was administered subcutaneously at a dose of 50 mg 
weekly for the first 24 weeks, followed by 25 mg weekly for 
the remainder of the study, or placebo. Study visits were after 
4, 8, 12, 24, 36 weeks and 1 year. Patients who took analgesics 
during screening were allowed to continue at the same dose or 
discontinue if desired. No new analgesics were permitted during 
the first 12 weeks of the study, except paracetamol (up to 2000 
mg/day) as rescue medication, which had to be discontinued 1 
day prior to the study visits. A stable dosage for at least 3 months 
with chondroitin sulfate, glucosamine, bisphosphonate, tetracy-
cline, glucocorticoid and oestrogen was allowed to be continued 
during the study. No intra-articular steroids or hyaluronic acid 
type drugs were allowed during the study.

At every study visit tender and soft swollen IPJ counts (0–18), 
grip strength (in kg; using a hand dynamometer (My-Gripper 
(Yamasa), SH5001 (Saehan), DYNA Test) or vigorimeter), VAS 
pain in IPJs, and patient and physician global assessment on 
VAS were assessed by trained research nurses. Every 4 weeks, 
patients completed the Functional Index for Hand OsteoAr-
thritis (FIHOA). The Short-Form 36 (SF-36) was completed at 
baseline and 1 year.

Hand radiographs were taken at baseline, 24 weeks and 1 
year, and read paired in chronological order blinded for patient 
characteristics and treatment applying the Verbruggen-Veys score 
(GV, RW) and the Ghent University Scoring System (GUSS, 
GV).5 21 Progression was defined as (1) transition towards an 
erosive or remodelling Verbruggen-Veys phase (from normal 
(N-phase), stationary (S-phase) or J-phase, to E-phase (erosive 
progression), or from N-phase, S-phase, J-phase or E-phase, to 
R-phase (remodelling)); or (2) decrease in GUSS score (range 
0–300 per joint). Ultrasound of the IPJs was performed at 
screening, 24 weeks and 1 year by experienced ultrasonogra-
phers according to a standardised scoring system.22 Power 
Doppler signal and synovial thickening were assessed semiquan-
titatively (0–3). Contrast-enhanced MRI of the IPJs of one hand 
was performed in a subset of 20 patients (n=10 in each treatment 
group) at baseline and 1 year. Images were scored according to 
the OMERACT hand osteoarthritis MRI score for synovitis and 
bone marrow lesions (BMLs) (0–3 per joint). Imaging protocols 
and information on reliability are provided in the online supple-
mentary appendix.

Patients were monitored for clinical and laboratory evidence 
of adverse events on a routine basis throughout the study.

Outcomes
The primary endpoint was VAS pain at 24 weeks. Secondary clin-
ical endpoints included VAS pain at 1 year, patient and physician 
global assessment, health-related quality of life (physical compo-
nent summary (PCS) of SF-36), FIHOA, number of tender 
or swollen joints, and grip strength (right and left hand aver-
aged), all at 24 weeks and 1 year. Secondary imaging endpoints 
were the number of joints with synovial thickening and power 
Doppler signal on ultrasound at 24 weeks and 1 year, and radio-
graphic progression assessed with (1) Verbruggen-Veys scores at 
24 weeks and 1 year, and (2) change in GUSS scores over 1 year 
in the per-protocol population. Change in MRI features over 1 
year was defined as post-hoc endpoint.

https://dx.doi.org/10.1136/annrheumdis-2018-213202
https://dx.doi.org/10.1136/annrheumdis-2018-213202
https://dx.doi.org/10.1136/annrheumdis-2018-213202
http://ard.bmj.com/
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Table 2 Joint pain at baseline, 24 weeks and 1 year, and between-group differences at 24 weeks and 1 year in intention-to-treat and per-protocol 
population

etanercept Placebo between-group difference

baseline 24 weeks 1 year baseline 24 weeks 1 year 24 weeks P values 1 year P values

Intention-to-treat

n=45 n=45 n=90 n=90

 VAS pain 71.1
(15.7)

39.2
(24.7)

35.7
(25.1)

68.4
(12.8)

46.5
(23.4)

45.4
(25.7)

−5.7
(−15.9 to 4.5)

0.27 −8.5
(−18.6 to 1.6)

0.10

Per-protocol

n=32 n=32 n=28 n=38 n=38 n=33 n=70 n=61

 VAS pain 69.2
(13.9)

44.8
(22.8)

35.1
(24.4)

67.0
(13.0)

40.6
(24.7)

45.2
(26.1)

−5.6
(−16.9 to 5.6)

0.32 −11.8
(−23.0 to −0.5)

0.04

Data are mean (SD) and mean difference (95% CI).
VAS, Visual Analogue Scale.

Table 3 Secondary clinical and imaging outcome measurements at baseline, and between-group differences at 24 weeks and 1 year

etanercept Placebo between-group difference

baseline baseline 24 weeks P values 1 year P values

Intention-to-treat

 Clinical outcomes n=45 n=45 n=89 n=89*

 VAS patient global 63.7 (18.8) 66.3 (16.2) −2.5 (−12.6 to 7.6) 0.62 −2.3 (−13.0 to 8.4) 0.67

 VAS physician global 58.1 (16.9) 56.1 (13.6) −4.0 (−14.9 to 6.8) 0.53 −2.8 (−17.4 to 11.6) 0.70

 FIHOA 9.9 (5.9) 10.9 (9.9) 0.0 (−1.7 to 1.8) 0.97 0.0 (−2.4 to 2.3) 0.98

 Grip strength 15.9 (10.8) 17.3 (11.9) 0.4 (−1.7 to 2.4) 0.74 0.0 (−2.2 to 2.1) 0.97

 SF-36 PCS† 42.9 (8.4) 42.9 (9.3) 0.7 (−3.6 to 5.1) 0.11

 Tender joint count 8.0 (9.0) 6.5 (4.6) −0.4 (−1.8 to 1.0) 0.58 0.4 (−1.4 to 2.1) 0.66

 Soft swollen joint count 3.0 (2.2) 2.1 (1.8) −0.03 (−0.8 to 0.8) 0.94 −0.01 (−0.9 to 0.9) 0.99

 Ultrasound n=43 n=44 n=89 n=89

 Joints with power Doppler, median (IQR) 2.0 (1.0–3.0) 1.0 (1.0–3.0) −0.3 (−1.04 to 0.4) 0.39 −0.01 (−0.7 to 0.7) 0.98

   Joints with synovial thickening, median (IQR) 3.0 (1.0–6.0) 2.0 (1.0–5.0) 0.2 (−1.02 to 1.3) 0.07 −0.3 (−1.9 to 1.3) 0.73

Selected patient groups

 Radiographs‡§ n=23 n=31 n=54

   GUSS 287 (36) 288 (34) 2.9 (0.5 to 5.4) 0.02

 MRI‡ n=10 n=10 n=20

 Synovitis 1.0 (0.5) 1.4 (0.3) 0.03 (−0.2 to 0.3) 0.81

 Bone marrow lesions 0.6 (0.3) 0.7 (0.3) −0.2 (−0.4 to −0.1) 0.001

Data are mean (SD) and mean difference (95% CI) unless otherwise specified. All analyses are performed in the intention-to-treat population, unless otherwise indicated.
*One patient on etanercept had no baseline or any follow-up assessment.
†Data available from n=32 and n=33 patients in etanercept and placebo groups at baseline.
‡In patients from per-protocol population.
§Data are presented on joint level, between-group difference represents the between-group difference in change over 1 year on joint level.
FIHOA, Functional Index for Hand Osteo Arthritis; GUSS, Ghent University Scoring System; SF-36 PCS, Short-Form 36 physical component scale; VAS, Visual Analogue Scale.

statistical analysis
A sample size of 45 patients per group was calculated to provide 
80% power to detect a between-group difference in mean 10 cm 
VAS pain of 1.1 per week based on an estimated group SD of 1.9, 
based on a previous placebo-controlled trial, using mixed-effect 
models with a two-sided 0.05 significance level.23

All outcomes were analysed in two populations as defined 
in the protocol: the intention-to-treat population including all 
randomised patients receiving at least one dose of study medica-
tion, who underwent at least one outcome assessment, and the 
per-protocol population including only completers with symp-
tomatic, inflammatory and radiographic erosive disease.

VAS pain was analysed using linear mixed models for repeated 
measures (at 4, 8, 12, 24, 36, 48 weeks and 1 year), including 
treatment, study centre, time (categorical), baseline VAS pain 
and the interaction between treatment and time as independent 
variables, using a heterogeneous Toeplitz correlation matrix. 

VAS pain at 24 weeks was the primary outcome. VAS pain at 1 
year and patient global assessment were analysed similarly.

The secondary outcomes, that is, VAS physician global assess-
ment, FIHOA, grip strength, SF-36 PCS, tender and swollen 
joint counts, and number of joints with ultrasound features, 
were analysed with generalised estimating equations (GEE), 
specifying the working correlation as first-order autoregres-
sive. Fixed treatment effects were specified in such a way that 
it excluded a treatment effect on baseline. The SF-36 PCS was 
calculated using the Medical Outcomes Study (MOS) SF-36 
scoring algorithm, applying norm-based scores using age-spe-
cific and sex-specific Dutch population-based norm scores (since 
no such norm values are available for the other countries).24 
Scores were standardised to a scale of 0–100, mean of 50 and 
SD of 10; lower scores represent worse health. Changes in GUSS 
scores and MRI features over 1 year were both analysed on 
joint level using GEE, accounting for within-patient clustering 

http://ard.bmj.com/
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Figure 2 Interaction between etanercept treatment and presence 
of baseline inflammation in a joint (based on soft swelling (A), power 
Doppler signal on ultrasound (B) or MRI-detected synovitis (C)) on 
change in GUSS (A,B) and bone marrow lesions on MRI (C) over 1 year. 
Error bars represent 95% CIs. GUSS, Ghent University Scoring System.

Table 4 List of reported adverse events

etanercept 
(n=45)

Placebo 
(n=45)

Adverse events (n)

Total* 28 24

 Infectious problems 11 10

 Cardiovascular 1 4

 Gastrointestinal 2 2

 Skin/mucosal 3 1

 Exacerbation osteoarthritis 2 0

 Pulmonary 0 1

 Neurological 1 0

 Malignancy 1 0

 Other† 7 6

Serious adverse events (n)

Total 1 1

 Development of breast cancer 1 0

  Infectious diarrhoea 0 1

Dropouts due to adverse events

Total‡ 6 1

 Skin eruptions 2 0

 Development of breast cancer 1 0

 Infectious diarrhoea 0 1

 Progression of polyneuropathy 1 0

 Disturbed liver function tests 1 0

 Musculoskeletal pain and swelling with 
submandibular gland swelling

1 0

*P=0.65.
†Including back pain, bursitis, deep venous thrombosis, disturbed kidney function, 
local reaction after trauma, perineum cyst, pharyngodynia, progression of 
polyneuropathy, radicular pain (n=2), submandibular gland swelling, tendinitis and 
traumatic fracture.
‡P=0.11.

effects, specifying the working correlation exchangeable (pair-
wise correlations of repeated measures considered the same). In 
addition, statistical interaction between the presence of baseline 
inflammation, reflected by soft swelling, power Doppler signal 

or MRI-detected synovitis, and treatment effect on change in 
GUSS scores or BMLs over 1 year was tested. Analyses were 
performed with SPSS V.23. No data monitoring committee was 
appointed. This trial was registered at the Netherlands Trial 
Register, trial registration number NTR1192.

resulTs
Patient population
Patients were recruited between 11 March 2008 and 9 January 
2012. There were 284 patients assessed for eligibility, and 
91 were randomly assigned to a group, of whom 1 withdrew 
consent before receiving a study drug, leaving 90 patients in 
the intention-to-treat population (figure 1). Ten (11%) in the 
placebo and 12 (13%) in the etanercept group prematurely 
discontinued the study medication. Baseline characteristics were 
well balanced between the groups (table 1). The study popula-
tion was representative of patients with hand osteoarthritis, with 
81% women and a mean age of 59.7 years. As shown in table 1, 
not all patients fulfilled the extensive inclusion criteria. At 24 
weeks and 1 year, n=70 and n=61 were eligible for the per-pro-
tocol population, respectively.

Primary and secondary clinical outcomes
Between-group differences after 24 weeks and 1 year in the 
intention-to-treat analysis were −5.7 (95% CI −15.9 to 4.5) and 
−8.5 (95% CI −18.6 to 1.6), respectively, favouring etanercept, 
although not being statistically significant (table 2). At 24 weeks, 
there were no between-group differences in reported analgesic 

http://ard.bmj.com/
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use. In the per-protocol analysis, between-group differences 
were −5.6 (95% CI −16.9 to 5.6) and −11.8 (95% CI −23.0 
to −0.5, p=0.04) at 24 weeks and 1 year, respectively, in favour 
of etanercept (table 2). Between-group differences in the other 
clinical outcome parameters were in favour of etanercept, but 
not statistically significant (table 3).

secondary imaging outcomes
Of 54 patients (31 on placebo, 23 on etanercept) in the per-pro-
tocol population, radiographs were available for scoring at 
baseline and 1 year. Their Verbruggen-Veys phases at baseline 
and the changes during follow-up are provided in online supple-
mentary table S2. Over 1 year, 9 (3.3% of eligible joints) and 
14 (3.5%) joints showed erosive progression (p=0.86), and 24 
(8.0%) and 22 (5.2%) joints showed remodelling in the etaner-
cept and placebo groups (p=0.13), respectively. The GUSS score 
was performed in 862 joints. At baseline the mean (SD; range) 
GUSS score was 287.6 (34.8; 90–300) per joint and similar in 
both groups (table 3). The between-group difference in change 
over 1 year was 2.9 (95% CI 0.5 to 5.4, p=0.02) on joint level, 
indicating more remodelling in the etanercept group. Moreover, 
a statistical interaction was observed between the presence of 
soft swelling at baseline in a joint and the effect of etanercept on 
the GUSS, resulting in a larger improvement in GUSS in those 
joints (p=0.008; figure 2). We found similar results for joints 
with positive power Doppler signal on ultrasound at baseline 
(p=0.005; figure 2).

In the subgroup with MRI available (n=20), no change and 
no between-group difference could be observed in MRI-detected 
synovitis over 1 year, whereas BML scores decreased more in the 
etanercept group (table 3). A similar statistical interaction was 
found as with GUSS, namely between etanercept treatment and 
the presence of MRI-detected synovitis (grade 2 or 3) at baseline 
(p=0.003; figure 2).

On ultrasound, no between-group differences in the number 
of joints with power Doppler signal or synovial thickening were 
observed (table 3).

Adverse events
Fifteen of 45 (33%) patients on etanercept and 12 of 45 (27%) 
on placebo reported at least one adverse event (p=0.65) 
(table 4). Infectious problems were most often reported: 11 
times in the etanercept group and 10 times in the placebo group. 
Six (13%) patients in the etanercept compared with one (2%) 
in the placebo group dropped out due to an adverse event 
(p=0.11). Two serious adverse events occurred (development of 
breast cancer in the etanercept group and hospital admission for 
infectious diarrhoea in the placebo group), both not deemed to 
be related to the study drug.

dIsCussIOn
In this proof-of-concept study on patients with erosive hand 
osteoarthritis, no statistically significant effect of treatment with 
anti-TNF on the primary prespecified clinical endpoint, VAS 
pain at 24 weeks, was seen. However, in subgroup analyses of 
patients with signs of active inflammation, anti-TNF treatment 
led to limited symptomatic relief, as well as structural effects. 
Patients with signs of inflammation at baseline showed a statisti-
cally significant and clinically relevant improvement in pain after 
1 year, based on a minimally clinically important difference in 
pain of 0.37 SD units as used before by others (corresponding to 
9.1 mm on a 100 mm VAS in this study).25 Moreover, we demon-
strated that the possible beneficial effects of TNF inhibition on 

subchondral bone were especially present at baseline in actively 
inflamed joints, marking a possible interplay between synovitis 
and subchondral bone.

Although TNF inhibitors have consistently been shown to be 
effective in other rheumatic diseases like rheumatoid arthritis,26 
trials in hand osteoarthritis are scarce and have led to conflicting 
results, some showing symptom relief and others not.13 14 17 18 
The two randomised trials of anti-TNF failed to show benefi-
cial effects on symptom relief after 6 months and 1 year.13 18 
The difference with previous controlled trials may have been 
the result of selecting different study populations, since none 
of these studies specifically included patients with proven joint 
inflammation as in this trial. Also in the current trial, despite our 
best intentions, some patients were included who had no inflam-
mation at baseline and who indeed appeared to have no benefit 
of etanercept treatment. In addition, the treatment period in 
previous studies may have been too short. We found that the 
reduction in pain was only after 1 year of treatment, at which 
time we also found an effect on structural damage. Therefore we 
cannot rule out that the pain reduction could be associated with 
the observed drug’s structural effects.

This is the first-hand osteoarthritis study investigating the 
effects of anti-TNF on inflammatory signs on ultrasound and 
MRI. Remarkably, no treatment response on ultrasonographic 
or MRI-detected synovitis was seen, although this is in line with 
trials investigating systemic glucocorticoids in hand osteoar-
thritis.15 19 However, the severity of BMLs in a joint did decrease 
on etanercept treatment. Various studies in knee osteoarthritis 
investigating treatments primarily targeting subchondral bone 
have also shown that BMLs, but not synovitis, were modified by 
these interventions.27–29

Surprisingly, synovitis in itself did not improve even though 
we observed that the effect of etanercept on radiographic erosive 
damage and BMLs was more pronounced in actively inflamed 
joints. This is indicative that the interrelation between synovitis, 
subchondral bone marrow inflammation and structural damage is 
not straightforward and clearly distinct in erosive hand osteoar-
thritis compared with rheumatoid arthritis. However, ultrasonog-
raphy was performed in several centres with different equipment, 
focusing on the presence or absence of synovitis, which might 
have hampered sensitivity to change. Moreover, MRI was only 
performed in a small (random) subset of participants. In any case, 
it suggests that there may not be a direct role for synovitis in the 
pathophysiology of osteoarthritis, but rather that synovitis may act 
as an intermediate factor, negatively influencing the subchondral 
bone or cartilage through production of cytokines like TNF. Alter-
natively, the observed synovitis is occurring secondary to structural 
changes, with the primary events occurring in the subchondral 
bone or cartilaginous tissues. This interplay between synovitis and 
subchondral bone or cartilage confirms the suspected importance 
of the entire joint structure that has been emphasised before.30

Several pathways have been described by which TNF-alpha, 
which is known to be produced in the inflamed synovium in 
osteoarthritis, could induce structural damage, including induc-
tion of other proinflammatory cytokines (eg, interleukin (IL)-6 
and IL-8), synthesis of matrix metalloproteinases by chondro-
cytes and synovial cells, an increased synthesis of cyclo-oxy-
genase-pathway products, and an upregulation of nitric oxide 
production.12 Moreover, TNF-alpha has been shown to induce 
osteoclastic bone resorption in vitro, and in an animal osteo-
arthritis model treatment with anti-TNF appeared to improve 
subchondral bone structure.31 32

While this study has a number of strengths, such as its 
randomised, double-blind design, the inclusion of a specific 
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subset of patients with hand osteoarthritis likely to benefit from 
treatment, and the inclusion of ultrasound and MRI evaluation, 
there are also several limitations. The etanercept dose of 50 mg 
weekly was based on experience in inflammatory rheumatic 
diseases such as rheumatoid arthritis. With the eye on safety and 
the uncertainty of clinical efficacy, it was decided to halve the 
dose after 24 weeks to 25 mg weekly, which may have been too 
low for the drug to be efficacious. Not all patients fulfilled all the 
stringent inclusion criteria, but the vast majority fulfilled most 
criteria. Since this trial was set up as a proof-of-concept study, a 
prespecified per-protocol analysis was performed including only 
those who did fulfil all the criteria. Although postrandomisa-
tion exclusion may introduce bias, it is known to lead to more 
informative analyses when applied appropriately.33 Although 
no important imbalance between the groups was noted in the 
number of dropouts, numerically more patients on etanercept 
dropped out due to adverse events and less due to inefficacy. 
Also, for the analysis of the radiographic data, a number of data 
were missing, due to absence of or bad-quality radiographs at 
one or more time points. The potential influence of missing data 
on the results is unclear; however, specific (preplanned) statis-
tical methods were chosen to minimise bias. The study sample 
size, as calculated, resulted in 90 patients, but the sample size of 
the per-protocol analysis was smaller. Nevertheless a difference 
between the groups was seen.

Future research is warranted to elucidate the proposed inter-
action between synovium and subchondral bone. This trial does 
not provide evidence for the use of TNF inhibitors in daily treat-
ment of patients with hand osteoarthritis in general. Rather it 
highlights the possible role of targeted treatment of patients or 
even joints in which inflammation is present. Studies investi-
gating treatment strategies specifically targeting inflammation, 
for example, short-term anti-inflammatory treatment with 
glucocorticoids or TNF inhibitors during ‘flares’ of the disease, 
are warranted.
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ABsTrACT
Objectives rheumatoid arthritis (rA) is an 
autoimmune polyarthritis, in which fibroblast-like 
synoviocytes (FLS) play a key role in cartilage and 
bone destruction through tumour-like proliferation and 
invasiveness. Considering still unsatisfactory remission 
rate in rA even under treatment with biological disease-
modifying antirheumatic drugs, novel therapeutic 
strategy for treatment-resistant rA is still awaited. In 
this study, we analysed the expression and function of 
ras guanine nucleotide-releasing proteins (rASGrps), 
guanine exchange factors for small Gtpase ras, in FLS as 
a potential therapeutic target for rA.
Methods the expression of RASGRPs mrnA was 
quantified by a real-time pCr assay in FLS isolated from 
synovial tissue samples. rASGrp2 protein was also 
evaluated immunohistochemically. then, we transiently 
transfected FLS with rASGrp2 expression vector and 
assessed their proliferation, adhesion, migration and 
invasion by cellular functional assays and downstream 
signalling activation using immunoblot. Finally, the 
therapeutic effect of rASGrp2 silencing was evaluated in 
type-II collagen-induced arthritis rats.
results rASGrp2 was abundantly expressed in FLS 
from rA synovium, whereas scarcely found in those from 
osteoarthritis. Expression of rASGrp2 in rA-FLS was 
enhanced by transforming growth factor-beta. rASGrp2 
activated rAp-1, subsequently affecting nuclear factor 
kappa-light-chain-enhancer of activated B cells pathway 
and actin dynamics in FLS. rASGrp2-overexpressed 
FLS had increased abilities of adhesion, migration and 
interleukin (IL)-6 production. Silencing of rASGrp2 using 
the intra-articular injection of Rasgrp2-specific sirnAs 
dampened experimental arthritis in rats by inhibiting 
pannus formation.
Conclusions rASGrp2 was identified to be involved 
in the pathogenesis of rA by promoting adhesion, 
migration and IL-6 production from FLS, proposed as 
a potential novel non-immunosuppressive therapeutic 
target for rA.

InTrOduCTIOn
Rheumatoid arthritis (RA) is an autoimmune poly-
arthritis characterised by progressive cartilage and 
bone destruction, leading to poor joint and vital 
prognosis. Inflammatory cytokines produced by 
activated macrophages, such as interleukin (IL)-6 
and tumour necrosis factor-alpha (TNF-α), cause 

a tumour-like proliferation and drive an inva-
sive phenotype of fibroblast-like synoviocytes 
(FLS), resulting in pannus formation.1 FLS are 
directly involved in cartilage and bone destruc-
tion by production of matrix metalloproteinases 
(MMPs) and activation of osteoclasts through 
receptor activator of nuclear factor kappa-B ligand 
(RANKL) and also by its potent invasive nature.2 
FLS also contribute to inflammatory amplifier via 
IL-6 production. When in the presence of IL-17A 
produced by Th17 cells, excessive IL-6 produc-
tion is induced by a positive feedback loop of IL-6 
signalling.3 Thus, biological disease-modifying anti-
rheumatic drugs targeting these inflammatory cyto-
kines have dramatically improved the prognosis 
of RA. However, the response to biologic therapy 
depends on patients’ background, in particular 
disease duration and treatment history. In general, 
the more drugs the patients experience, the lower 
the response rates become.4 In addition, opportu-
nistic infections related to cytokine blockade are 
also inevitable clinical disadvantages. Therefore, 
further exploration for novel therapeutic strategy 
in treatment-resistant/refractory RA is still awaited. 
Although cell proliferation/inflammatory cytokines/
co-stimulatory molecules have been feasible targets 
for RA treatment, there has never been a treatment 
strategy targeting specifically on the motility of FLS. 

Ras-mitogen-activated protein kinase (MAPK) 
pathway is a cascade consisting of signalling mole-
cules that control various cellular functions from 
proliferation, apoptosis, differentiation to stress 
responses and immune function. Ras-MAPK 
pathway is extensively involved in tumour-like 
proliferation of FLS in RA as cellular responses 
to inflammatory cytokines.5 Ras guanine nucle-
otide-releasing proteins (RASGRPs, also called 
CalDAG-GEFs) that comprise RASGRP1–4 are 
a calcium and diacylglycerol-regulated guanine 
exchange factor (GEF) for Ras, which mainly 
contribute to activation of Ras-MAPK pathway 
and subsequent cell proliferation.6 We previously 
reported that RASGRP4 was abundantly expressed 
in the FLS from a subset of patients with RA and 
promote proliferation of FLS and MMP-1 produc-
tion from FLS. Moreover, intra-articular injection 
of Rasgrp4-specific small interfering RNA (siRNA) 
dampened experimental arthritis in rats, suggesting 
RASGRP4 as a candidate target for treatment of 
proliferative synovitis.7 In addition, RASGRP1, 
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which is preferentially expressed in T cells, but smaller amounts 
in other leucocytes such as B cell, neutrophils, mast cells and 
natural killer cells, has recently implicated as one of the disease 
susceptible gene for RA.8 However, the role of RASGRPs other 
than RASGRP4 in FLS has remained unclear.

To explore the possibility of suppressing RASGRPs in FLS 
as a novel treatment for RA, we evaluated the expression of 
RASGRP1–4 in RA-FLS. During this procedure, we unexpect-
edly identified that RASGRP2, which is generally accepted as a 
GEF for RAP-1 in platelets,9 was highly expressed in RA-FLS.

MATerIAls And MeTHOds
Detailed explanation of each procedure was described in the 
online Supplementary file 1.

Synovial tissues were acquired during synovectomy or joint 
replacement surgery from patients with RA or osteoarthritis 
(OA) after written informed consent. Every patient with RA 
fulfilled the American College of Rheumatology criteria for 
the classification of RA.10 In quantitative reverse transcrip-
tion (qRT)-PCR experiments for RASGRPs transcripts, FLS from 
RA with various treatments or from OA at their passages 4–5 
were utilised, whereas in RASGRPs overexpression or cytokines 
stimulation experiment, biologics-pretreated RA or OA-FLS at 
passages 6–8 were utilised.

FLS were isolated from the synovial tissue samples using 
type-I collagenase. Total RNA was obtained from FLS using 
TRIzol RNA Reagent, and the expression of RASGRPs mRNA in 
FLS was quantified by a real-time qRT-PCR analysis. The syno-
vial tissue samples were evaluated immunohistochemically for 
the presence of RASGRP2. The expression of RASGRP2 mRNA 
and RASGRP2 protein in FLS cultured under cytokine stimula-
tion was evaluated by real-time qRT-PCR and immunoblotting, 
respectively.

Open reading frame encoding RASGRP2 was cloned from 
Jurkat cell and was inserted into pcDNA3.1/V5-His-TOPO 
expression vector. RASGRP2-expression vector was transfected 
to FLS using Neon Transfection System. RASGRP2-trans-
fected FLS were assessed in vitro for proliferation ability using 
5-bromo-2′-deoxyuridine (BrdU)-based assay, migration using 
wound-healing assay by scratching, adhesion using extracellular 
matrices (ECM) coated or non-coated plastic plate, migration 
and invasion using two-chamber chemotaxis assay in the pres-
ence or absence of ECM. The production of RA-related proteins 
from FLS was evaluated by real-time qRT-PCR or ELISA. Signal-
ling pathway in FLS was assessed by immunoblotting and actin 
dynamics by immunofluorescence.

Collagen-induced arthritis (CIA) was installed in a 7-week old 
female Lewis rats by immunisation at the base of the tail with 
bovine type-II collagen emulsified in Incomplete Freund’s Adju-
vant, as previously described.11 On day 14, the CIA rats received 
an intra-articular injection of 50 µL solution that contained 
10 µM siRNA-atelocollagen complex into both the right and left 
ankle joints. Arthritis score,12 diameter, radiographic severity 
on micro-CT13 and pannus formation14 in the specimens of the 
ankle joints were evaluated.

resulTs
rAsGrP2 is abundantly expressed in rheumatoid synovium
To evaluate the expression of RASGRPs in FLS, we obtained syno-
vial tissue samples from patients with RA or OA who underwent 
knee joint replacement surgery. Levels of RasGRP1–4 transcripts 
were quantified in early passages of cultured FLS from patients 
with RA or OA using real-time qRT-PCR analyses. RASGRP2 

as well as RASGRP4 mRNA were highly expressed in FLS from 
some of our patients with RA compared with those from patients 
with OA (figure 1A). Synovial tissue samples were evaluated 
immunohistochemically for the presence of RASGRP2/4. FLS in 
synovial tissue were identified by H&E stain and by immuno-
histochemistry using antibody against cadherin-11, a marker of 
FLS as well as a possible treatment target in RA.15 RASGRP2 
protein was abundant in FLS and vascular endothelium from RA 
synovial tissues, whereas scarcely found in OA synovial tissues 
(figure 1B,C). RASGRP4 positive areas were increased in FLS 
from RA synovial tissues compared with OA synovial tissues 
(online Supplementary figure S1), as we previously reported.7 
The expression of RASGRP2 was also confirmed in the lining 
layer, in particular pannus formation site, of the synovial tissues 
from CIA mice (online Supplementary figure S2). Thus, here 
we identified for the first time that RASGRP2 was abundantly 
expressed in FLS from patients with RA and CIA mice, indicating 
the involvement of this GEF in the pathogenesis of destructive 
arthritis.

We next determined whether inflammatory cytokines have 
any effects on the expression of RASGRP2 since the expres-
sion levels of RASGRP2 mRNA tended to be lower in FLS from 
patients with RA treated with biologics than those without 
biologics (figure 1A). We evaluated the expression of RASGRP2 
in FLS cultured under stimulation of cytokines using qRT-PCR 
analyses and immunoblotting. Stimulation with transforming 
growth factor-beta (TGF-β) significantly increased the expres-
sion of RASGRP2 mRNA transcription as well as RASGRP2 
protein in RA-FLS. Vascular endothelial growth factor (VEGF) 
and platelet-derived growth factor (PDGF) seemed to increase 
RASGRP2 protein in RA-FLS, whereas increment of mRNA was 
not statistically significant (figure 1D). These enhancement of 
RASGRP2 expression by the growth factors was not found in 
FLS from patients with OA (online Supplementary figure S3). 
TNF-α, IL-6, IL-1β, interferon-gamma or IL-17A stimulation 
did not significantly increase the expression of RASGRP2 at 
transcription/protein levels (figure 1D).

rAsGrP2 promotes adhesion/migration and Il-6 production 
of Fls
To determine the function of RASGRP2 in FLS, we established 
RASGRP2-overexpressed FLS (RASGRP2+FLS) by transfecting 
RASGRP2 expression vector. This approach was taken because 
FLS tend to lose their expression of RASGRP2 during passages 
when cultures in the absence of growth factors/inflammatory 
cytokines (online Supplementary figure S4). First, we evaluated 
cell proliferation of RASGRP2+FLS by BrdU assay. As a result, 
cell proliferation of RASGRP2+FLS did not differ from that of 
control FLS transfected with empty vector (figure 2A). In contrast, 
overexpression of RASGRP4 increased proliferation of FLS 
(online Supplementary figure S5), consistent with our previous 
report.7 Second, we assessed cell migration of RASGRP2+FLS 
by wound healing assay. RASGRP2+FLS increased the ability of 
migration and promoted wound healing after 24 and 48 hours 
compared with control FLS (figure 2B,C). Third, to evaluate 
cell adhesion of RASGRP2+FLS, we applied FLS into poly-
carbonate membrane inserts in a 24-well plate and observed 
the membrane after 24 hours. Adhesion of RASGRP2+FLS 
increased onto the membrane with ECM coating, but not onto 
the membrane without ECM coating (figure 2D,E). This finding 
suggests that RASGRP2 might increase the adhesive ability of 
FLS through activation of integrin as found in platelets.9 Because 
activated integrin binds ECM and mediates cell adhesion,16 no 
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Figure 1 Expression of Ras guanine nucleotide-releasing proteins (RASGRPs) in fibroblast-like synoviocytes (FLS). (A) Levels of RASGRPs transcript 
in FLS from patients with rheumatoid arthritis (RA) or osteoarthritis (OA). Patients (3–8) with RA were treated with biologics. (B) Representative 
synovial tissue specimens of patients with RA or OA stained with H&E, anticadherin-11 antibody or anti-RASGRP2 antibody. Arrows show FLS and 
arrowheads endothelium. Original magnification ×200. (C) RASGRP2 positive area was quantified in the lining layer of the synovial tissues from 
patients with RA or OA. Values are the mean±SD. (D) Change of RASGRP2 transcript and protein level in RA-FLS after cytokine stimulation (10 ng/
mL, 24 hours). In this experiment, biologics-pretreated RA-FLS at passages 6–8 were utilised. Upper: RASGRP2 mRNA expression levels shown as the 
mean±SEM (n=3). Lower: immunoblotting using anti-RASGRP2 or anti-β-actin antibody. Results are representative of independent three experiments. 
Lanes were run on the same gel but were non-contiguous. **P<0.01, t-test.

increment of adhesion onto non-ECM-coating membrane in 
RASGRP2+FLS also may support this molecular mechanism. We 
also evaluated the number of FLS passing through the membrane 
into a lower well-plate using serum as chemoattractants. Passing 
through the polycarbonate membrane represents cell migration, 
meanwhile passing through the polycarbonate membrane with 
ECM coating represents cell invasion requiring ECM proteol-
ysis step in addition to migration. RASGRP2+FLS increased the 
ability of migration consistent with the results of wound healing 
assay, but not the ability of invasion (figure 2F). These findings 
indicate that RASGRP2 is involved in adhesive and migrating 
function of FLS.

We also asked if overexpression of RASGRP2 affects 
production of RA-related cytokines, growth factors and 
proteinases from FLS. The expression of IL-6 mRNA was 
increased in RASGRP2+FLS, whereas none of the expression 
of RANKL, MMP-1, MMP-3 or VEGF mRNA differ between 

RASGRP2+ and control FLS (figure 2G). We confirmed that 
IL-6 concentrations were increased in the culture supernatant 
of RASGRP2+FLS by ELISA (figure 2H). These data shows that 
RASGRP2 is associated with IL-6 production of FLS, but not 
with RANKL, MMPs and VEGF. Thus, we can understand that 
RASGRP2 does not increase the invasive ability since RASGRP2 
is not associated with MMPs production, main ECM proteolytic 
enzymes. Those results provided the evidence that overexpres-
sion of RASGRP2 is involved in RA phenotype of FLS through 
increased ability of adhesion, migration and IL-6 production.

rAsGrP2 affects nuclear factor kappa-light-chain-enhancer 
of activated B cells (nF-κB) pathway and actin dynamics in 
Fls via rAP-1 activation
To clarify the molecular mechanisms in which RASGRP2 
promotes adhesion, migration and IL-6 production of FLS, we 
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Figure 2 Function of Ras guanine nucleotide-releasing protein 2 (RASGRP2)-overexpressed fibroblast-like synoviocytes (FLS). (A) 
Bromodeoxyuridine taken in by proliferative FLS was quantified using ELISA. (B) Wound was made in 12-well plate with confluent FLS using pipette 
tips. Wound healing through FLS migration was observed sequentially (0 hour, 24 hours and 48 hours) by light microscopy. Original magnification ×40. 
(C) Wound area was quantified. (D) Light microscope images of polycarbonate membrane with or without extracellular matrix (ECM) coating. The 
membrane was stained with adhesive FLS. Original magnification ×20. (E) FLS adhesive area was quantified. (F) The number of FLS passing through 
the polycarbonate membrane with ECM (invasive FLS) or without ECM (migrating FLS) was quantified using fluorimetric assay. (G) Levels of IL-6, 
RANKL, MMP-1, MMP-3 and VEGF transcript in FLS 48 hours after transfection. (H) Interleukin (IL)-6 concentration in culture supernatant of FLS 
was measured by ELISA. In these experiments, biologics non-pretreated RA-FLS at passages 6–8 were utilised. All values are the mean±SEM of 
independent four experiments. Panels B and D are representative data. *P<0.05, **P<0.01, t-test.

assessed evoked changes in the signalling pathway by overexpres-
sion of RASGRP2 in FLS. First, we evaluated three well-defined 
Ras-MAPK pathways: the extracellular signal-regulated kinase 
(ERK), the p38 and the c-Jun N-terminal kinase. Our immu-
noblotting assay revealed that signalling proteins belonging to 
these three Ras-MAPK pathways were not activated by overex-
pression of RASGRP2, at least at their steady state (figure 3A). 
The results are consistent with the fact that overexpression of 
RASGRP2 did not affect cell proliferation as shown in figure 2A. 
Similarly, the transcription of MMPs, RANKL and VEGF is regu-
lated by Ras-MAPK pathways,17 thus, unaffected by RASGRP2 
(figure 2G). On the other hand, overexpression of RASGRP4 

activated the ERK and p38 pathway as expected, because 
RASGRP4 is one of Ras GEFs (online Supplementary figure 
S5B).

We next evaluated RAP-1 activation by active RAP-1 pulldown 
assay. GTP-bound RAP-1, the activated form, was pulled down 
from cell lysates using the glutathione resin through the specif-
ically GTP-binding protein and was then evaluated by immuno-
blotting using anti-RAP-1 antibody. We confirmed that RAP-1 
was activated by RASGRP2 in FLS (figure 3B). RAP-1 forms a 
complex with inhibitor κB kinases (IκB) and mediates the activa-
tion of NF-κB, a major transcription factor of IL-6.18 We demon-
strated that overexpression of RASGRP2 caused degradation 
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Figure 3 Signalling pathway of RASGRP2-overexpressed FLS. (A and B) FLS lysates 72 hours after transfection were analysed by immunoblotting 
with the indicated antibodies. GTP-bound RAP-1, the activated form of RAP-1, was pulled down from cell lysates using the glutathione resin through 
the specifically GTP-binding protein. Results are representative of independent three experiments. (C) Double immunofluorescence detection of 
β-actin (green) and RASGRP2 (red) on FLS 72 hours after transfection. Original magnification ×400. In these experiment, biologics non-pretreated RA-
FLS at passages 6–8 were utilised. Representative data from three independent experiments. ERK, extracellular signal-regulated kinase; FLS, fibroblast 
like synviocytes; JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated protein kinase; NF-κB, nuclear factor kappa-light-chain-enhancer of activated 
B cells; RASGRP, Ras guanine nucleotide-releasing proteins. 

of the IκB proteins and phosphorylation of the p65 subunit of 
NF-κB though RAP-1 activation (figure 3B), leading to increased 
IL-6 production.

RAP-1 contributes to integrin-mediated cellular adhesion 
and migration,19 and RASGRP2 is an essential activator of 
RAP-1. The mutation of RASGRP2 gene causes severe defects 
in the β-subunits of integrins.9 Several members of the β1 
integrins, in particular α5/β1 integrin, are highly expressed 
by FLS and facilitate anchoring of FLS to components in the 
cartilage ECM.20 These integrins also modulate cell adhesion 
and migration through regulation of actin dynamics. Although 
flow cytometry analysis showed that the expression level of β1 
integrin subunit did not differ between RASGRP2+ and control 
FLS (online Supplementary figure S6), it is reasonable because 
RAP-1 activates integrin by inducing conformational change.21 
We evaluated the change of actin dynamics as a result of inte-
grin activation by immunofluorescence. Gathered and polymer-
ised actin filaments form spindle shape of the cells in control 
FLS. In contrast, actin remodelling by accelerated polymerisa-
tion/depolymerisation cycles of actin filaments was observed in 
RASGRP2+FLS, including foot process formation participating 
in the cell adhesion and movement (figure 3C). These findings 
indicate that RASGRP2 promotes adhesion and migration of FLS 
through changing actin dynamics.

Intra-articular injection of Rasgrp2-specific sirnA hinders the 
development of CIA in rats
To clarify whether RASGRP2 could be a therapeutic target 
for RA in vivo, we evaluated the potential clinical efficacy of 
RASGRP2 knockdown using an animal model of RA, CIA in rats. 
The rats received an intra-articular injection of negative control 
siRNA or Rasgrp2-specific siRNA into both of the ankle joints. 
Atelocollagen was concomitantly injected into the ankle joints 
to be resistant to nucleases and be efficiently transduced into 
cells, thereby allowing long-term gene silencing.22 Intra-articular 
injection of Rasgrp2-specific siRNAs significantly improved both 

the clinical arthritis score and the diameter of the ankle joints in 
the arthritic rats compared with the rats injected with control 
siRNA (figure 4A). Micro-CT revealed that arthritic rats injected 
with the Rasgrp2-specific siRNAs had significantly lower erosion 
scores compared with the rats injected with control siRNA 
(figure 4B,C). The RASGRP2+ area in the synovial lining was 
significantly decreased in relevant tissues of the rats that received 
intra-articular injections of Rasgrp2-specific siRNAs compared 
with those received control siRNA (figure 4D,E). Arthritic rats 
with Rasgrp2-knockdown had significantly lower pannus scores 
in the ankle joints relative to arthritic rats with control siRNA 
(figure 4D,F).

Intra-articular injection of Rasgrp2-specific and Rasgrp4-
specific sirnAs in CIA rats
Next, we compared the effect of Rasgrp2 knockdown, 
Rasgrp4 knockdown and Rasgrp2/4 double knockdown in CIA 
rats. Silencing of RASGRP4 seemed to have a bigger effect size 
in improving clinical arthritis score and the diameter of the 
ankle joints than silencing of RASGRP2 (online Supplemen-
tary figure S7A). In contrast, silencing of RASGRP2 and that 
of RASGRP4 showed a comparable inhibitory effect on bone 
erosion and pannus formation (online Supplementary figure 
S7B,C,D), although silencing of either RASGRP2 or RASGRP4 
did not completely inhibit bone erosion/pannus formation 
(online Supplementary figure S7B). Rasgrp2/4 double knock-
down showed a synergistic effect in decreasing bone erosion 
and pannus scores, even half—each dose of siRNA was given in 
combination (online Supplementary figure S7C,D). 

dIsCussIOn
In this study, we identified for the first time that RASGRP2 was 
ectopically and highly expressed in FLS from a subset of patients 
with RA. Although RASGRP2 is known as a factor essential for 
platelet activation, its contribution in inflammatory arthritis has 
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Figure 4 Intra-articular injection of Rasgrp2-specific small interfering RNA (siRNA) to rats with collagen-induced arthritis (CIA). (A) Arthritis scores 
and ankle diameters of ankle joints were monitored for 35 days in the CIA rats. The rats received intra-articular injection of negative control siRNA 
(n=8), Rasgrp2-specific siRNA (1) s167867 (n=4) or (2) s167865 (n=4), respectively. (B) Representative micro-CT images of the rats’ ankles. Arrows 
show ankle joints. (C) Erosion scores were determined in control and Rasgrp2-specific siRNAs group (n=8 per group). (D) Representative ankle joints 
specimens stained with H&E or immunohistochemistry using anti-RASGRP2 antibody in the CIA rats. Arrows show pannus formation sites. Original 
magnification ×20 (H&E) and ×40 (RASGRP2). (E) RASGRP2+ area in the synovial lining and (F) pannus scores were determined in control and 
Rasgrp2-specific siRNAs group (n=8 per group). Values are the mean±SEM. *P<0.05, **P<0.01, t-test.

not been evaluated. Therefore, ectopic RASGRP2 expression in 
inflammatory synovium was an unexpected result. RASGRP2 
was induced in RA-FLS, at least in response to PDGF, VEGF 
and TGF-β stimulation. Supporting our data, PDGF, VEGF and 
TGF-β are increased in synovial tissue and fluid of patients with 
RA.23–25 Moreover, PDGF is reported as a growth factor for 
FLS,23 whereas TGF-β stimulates proliferation of FLS and can 
induce synovitis in rat joints.24 VEGF is known to induce angio-
genesis in synovial tissue and interacts with inflammatory signal-
ling to promote and maintain synovitis in RA.25 We propose that 
these growth factors are involved in the pathogenesis of RA, at 
least in part, mediated by increasing the expression of RASGRP2 
in FLS. Interestingly, enhancement of RASGRP2 expression by 
the growth factors was not found in OA-FLS. Although it has 
been unclear how RASGRP2 expression is regulated in FLS, 
epigenetic status might affect the expression of RASGRP2.

RASGRP2 was originally cloned and named as CalDAG-GEFI by 
Kawasaki and coworkers from cortex cDNA library as an activator 
for RAP-1.26 27 More wide expression of RASGRP2 was identified 

in platelets, lymphocytes, neutrophils and endothelial cells, as 
dual guanine exchange factor of Rap and Ras, but preferentially 
of the former small GTPase.28–31 RASGRP2 activates RAP-1 and 
subsequently integrin to perform proper adhesive function and 
inside-out signalling.9 Patients with mutation of RASGRP2 gene 
and Rasgrp2-−/− mice lack adhesive function of platelets and cause 
severe bleeding.32 33 RASGRP2 is also essential for lymphocytes 
and neutrophils to adhere onto stimulated vascular walls and to 
migrate into inflammatory sites33 34 and for blood vessel formation 
of endothelial cells in response to VEGF stimulation.35

The present study showed that overexpression of RASGRP2 in 
FLS activated RAP-1, which resulted in increased ability of adhe-
sion and migration through changing actin dynamics. RASGRP2 
simultaneously activated NF-κB pathway, resulting in IL-6 
production. In contrast, we previously reported that RASGRP4 
promotes cell proliferation and MMP-1 production.7 Here we 
propose that RASGRP2/4 in concert promotes vicious cycle of 
inflammatory cytokines, tumour-like proliferation and invasive-
ness of FLS in patients with RA (figure 5).
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Figure 5 Graphical abstract. Expression of Ras guanine nucleotide-releasing proteins (RASGRP2) in fibroblast-like synoviocytes (FLS) is enhanced 
by transforming growth factor-beta (TGF-β). RASGRP2 in FLS activates RAP-1 and subsequently increases abilities of adhesion onto extracellular 
matrices and migration by changing actin dynamics. In addition, RASGRP2 affects nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
κB) pathway and increases interleukin (IL)-6 production from FLS. On the other hand, RASGRP4 is increased by tumour necrosis factor-alpha (TNF-α) 
stimulation and promotes cell proliferation and matrix metalloproteinase -1 (MMP-1) production through Ras, extracellular signal-regulated kinase 
(ERK) pathway. RASGRP2/4 in concert contributes to the pathophysiology of rheumatoid arthritis.

Silencing of RASGRP2 by intra-articular injection of 
Rasgrp2-specific siRNAs dampened experimental arthritis in rats 
by inhibiting pannus formation. The fact that RASGRP2 in FLS 
is relevant to development of destructive synovitis proposes this 
RAP-1 GEF as a potential therapeutic target for RA. However, 
platelets, endothelial cells and other inflammatory cells as well 
as FLS could also express RASGRP2 in rheumatoid synovium. 
Intra-articular injection of Rasgrp2-specific siRNAs might affect 
these cells in addition to FLS. Because contribution of RASGRP2 
to the immune system has not been known, dampening of 
RASGRP2 is expected as a novel strategy in the treatment for RA 
with minimum immunosuppressive side effects. Of course we 
have to take into account the possibility of platelet dysfunction 
when RASGRP2 is systemically abrogated, complete blockade 
of this signalling protein is rather unlikely by administration 
of a specific chemical inhibitor. In conclusion, we identified 
RASGRP2 to be involved in the pathogenesis of RA by promoting 
adhesion, migration and IL-6 production from FLS, and thus we 
propose RASGRP2 as a potential novel non-immunosuppressive 
therapeutic target for RA, in concert with RASGRP4.
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ABsTrACT
Objectives Mast cells (MCs) are involved in the 
pathogenesis of rheumatoid arthritis (rA). However, their 
contribution remains controversial. to establish their 
role in rA, we analysed their presence in the synovium 
of treatment-naïve patients with early rA and their 
association and functional relationship with histological 
features of synovitis.
Methods Synovial tissue was obtained by ultrasound-
guided biopsy from treatment-naïve patients with early 
rA (n=99). Immune cells (Cd3/Cd20/Cd138/Cd68) and 
their relationship with Cd117+MCs in synovial tissue 
were analysed by immunohistochemistry (IHC) and 
immunofluorescence (IF). the functional involvement 
of MCs in ectopic lymphoid structures (ELS) was 
investigated in vitro, by coculturing MCs with naïve B 
cells and anticitrullinated protein antibodies (ACpA)-
producing B cell clones, and in vivo in interleukin-27 
receptor alpha (IL27ra)-deficient and control mice during 
antigen-induced arthritis (AIA).
results High synovial MC counts are associated with 
local and systemic inflammation, autoantibody positivity 
and high disease activity. IHC/IF showed that MCs reside 
at the outer border of lymphoid aggregates. Furthermore, 
human MCs promote the activation and differentiation of 
naïve B cells and induce the production of ACpA, mainly 
via contact-dependent interactions. In AIA, synovial MC 
numbers increase in IL27ra deficient mice, in association 
with ELS and worse disease activity.
Conclusions Synovial MCs identify early rA patients 
with a severe clinical form of synovitis characterised by 
the presence of ELS.

InTrOduCTIOn
Mast cells (MCs) are tissue-resident cells of the 
innate immunity, involved in several physiological 
and pathological processes, including infections, 
cancer and chronic inflammatory diseases.1 2 
They are present in the synovial membrane (SM) 
and have been implicated in contributing to the 
inflammatory response in several rheumatic 
diseases,3 including rheumatoid arthritis (RA).4 
Notably, MCs are present in healthy synovia,5 
but their number significantly increases accom-
panying the cellular hyperplasia characteristic of 
RA synovitis.6–8 Many MC mediators have direct 

proarthritogenic effects,9–12 and MCs can be acti-
vated by several stimuli present in the synovium/
synovial fluid, such as anticitrullinated protein 
antibodies (ACPA) IgG immune complexes.13 
However, recent evidence suggests that MC contri-
bution to autoimmune diseases can be complex 
and multifaceted.14 In the context of RA, for 
example, human MCs have been shown to exert 
immunomodulatory functions in vitro.15In vivo, 
initial findings were contrasting,16–18 most likely 
because of the use of animal models in which MC 
depletion was accompanied by anomalies of other 
immune cells.19 In recent years, thanks to the devel-
opment of new specific models of MC depletion,20 
their contribution has been confirmed to be essen-
tial in collagen-induced arthritis (CIA) but redun-
dant in serum-transfer arthritis.21 Additionally, 
their depletion in the preclinical phases of CIA, 
rather than in the established phases, was shown 
to influence the disease outcome.22 These results 
in vivo suggest that the contribution of MCs to RA 
may be different at various disease stages, that is, 
essential during the early phases (assessed by CIA) 
but somehow dispensable during the late effector 
phases (serum transfer). However, while these 
models are self-resolving, in RA, there is chronic 
inflammation with a perpetuation of the aber-
rant autoimmune response; therefore, the results 
cannot be easily translated to the clinical setting. 
Overall, despite the substantial amount of data, the 
role of MCs in RA remains to be clarified.4 As RA 
is well-recognised as a heterogeneous syndrome 
in terms of genetic predisposition, pathogenesis, 
clinical23 24 and histological25 features, it could be 
hypothesised that MC presence and functions in 
the synovium may be different in various disease 
subsets. To explore this hypothesis, we systemati-
cally analysed the presence of MCs in the synovia 
of a large cohort of disease-modifying antirheu-
matic drugs (DMARD)-naïve patients with early 
RA. Furthermore, we assessed their interactions 
with immune cells at synovial level and analysed in 
vitro the crosstalk of MCs with B cells. Finally, we 
evaluated the relationship between MC synovial 
infiltration and ectopic lymphoid structures (ELS) 
in an experimental model of synovial ectopic 
lymphoid neogenesis.
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Table 1 Summary of patient characteristics (n=99)

Age (years), mean (SD), range 52 (16) 19–89

Sex (female), % 70.7%

Disease duration (Months), mean (SD), range 6 (3) 1–12

ACPA+, % 75.8%

RF+, % 73.7%

ESR (mm/hour), mean (SD), range 38 (30) 2–120

CRP (mg/L), mean (SD), range 17 (25) 0–162

DAS-28, mean (SD), range 5.62 (1.41) 1.88–8.92

TJC, mean (SD), range 11.33 (7.14) 1–28

SJC, mean (SD), range 7.33 (5.88) 1–26

VAS (PGA), mean (SD), range 66.25 (24.57) 0–100

HAQ, mean (SD), range 1.51 (0.79) 0–3

ACPA, anticitrullinated protein antibodies; CRP, C reactive protein; DAS-28, 
disease activity score 28 joints; ESR, erythrocyte sedimentation rate; HAQ, health 
assessment questionnaire; PGA, Patient Global disease Activity; RF, rheumatoid 
factor; SJC, swollen joint count; TJC, tender joint count; VAS visual analogue scale.

MeTHOds
Patient samples and ultrasound-guided synovial biopsy
Synovial tissue was obtained by ultrasound-guided synovial 
biopsy from DMARD-naïve patients with early (<12 months) RA 
(n=99), enrolled in the Pathobiology of Early Arthritis Cohort 
of the Centre for Experimental Medicine and Rheumatology of 
Queen Mary University (London), as previously described.26 All 
patients fulfilled the 2010 European League Against Rheuma-
tism criteria for RA.27

Histological analyses of synovial samples
Synovial sections underwent standard H&E staining and 
semiquantitative (SQ) assessment of synovitis according to a 
previously validated score (Krenn).28 Sequentially cut sections 
underwent immunohistochemical (IHC) staining and SQ assess-
ment (0–4) for immune cells, as previously reported29 and auto-
mated image analysis and counting for CD117-positive MCs. 
Patients were classified into high, medium and low MC groups 
(>66th, 33rd–66th, <33rd percentiles, respectively) (online 
supplementary methods).

Peripheral blood-derived MCs
CD34+ haematopoietic stem cells (StemPro CD34+ kit, 
ThermoFisher) were differentiated into MCs as previously 
described30 (online supplementary methods and online supple-
mentary figure 1 for MC purity).

naïve B cell isolation and coculture with MCs
IgD+ B cells isolated by immunomagnetic sorting (Miltenyi) 
from tonsil mononuclear cells were cultured for 7 days alone 
or together with MCs, in the presence of TLR-9 ligand CpG 
oligodeoxynucleotides (ODN-2006, Invitrogen), in contact or 
separated by a Transwell membrane. In parallel experiments, B 
cells were marked with CFSE (Biolegend) to measure prolifer-
ation. Where indicated, mouse antihuman CD154 (CD40L) or 
isotype control (Biolegend) were added at a concentration of 
0.1–10 µg/mL (online supplementary methods).

Visualisation of MC–B cell interaction
Please see online supplementary methods.

ACPA B cell clone and coculture with MCs
ACPA-producing immortalised B cells (2×105) were obtained as 
described (Germar et al. Manuscript submitted and ref 31) and 
cultured as indicated in online supplementary methods.

Flow cytometry
Flow cytometry staining was performed as previously described32 
(online supplementary methods).

Measurement of immunoglobulins
Please check online supplementary methods.

Antigen-induced arthritis (AIA) in wild-type and 
interleukin-27 receptor (IL27ra) knock out
AIA was induced in adult (8–12 weeks) IL27ra−/− mice and 
age-matched/sex-matched WT as previously described.33 
Five-micrometre sections of synovia from animals culled at 
different intervals (days 3, 10 and 35) were processed and anal-
ysed as described.33 To visualise MCs, sequentially cut sections 
were stained with acidic Toluidine Blue (Sigma) 0.1% solution 
(pH 2.0~2.5) (online supplementary methods).

statistical analyses
Measures of central tendency and dispersions and statistical 
analyses are indicated in each figure legend and in online supple-
mentary methods. P values of <0.05 were considered statisti-
cally significant.

resuLTs
MCs strongly associate with defined histological features 
of synovitis and markers of disease activity in patients with 
early rA
To evaluate the association of MCs with different clinical and 
histological phenotypes of RA in an unbiased setting, we studied 
their presence in the SMs of patients with early RA, naïve to 
treatment with DMARDs. Table 1 summarises the demographic 
features of the patient cohort, which are as expected for a popu-
lation with early untreated RA, that is, active disease, with a 
mean disease activity score (DAS)-28 of 5.62, high inflamma-
tory markers, with a mean erythrocyte sedimentation rate (ESR) 
of 38 mm/hour and approximately 70% autoantibody positive 
– rheumatoid factor (RF) or ACPA.

First, we assessed the correlation of MC density with markers 
of both local (synovial) and systemic inflammation and disease 
activity. Figure 1A demonstrates that MC counts significantly 
correlate with inflammatory markers (ESR and C reactive 
protein (CRP)), disease activity (DAS-28) and synovial inflam-
mation (Krenn Score). Interestingly, MCs correlated with other 
immune cells in SMs, with particularly high correlation indexes 
for B cell and T cells (Spearman r 0.617 and 0.519, respectively, 
p<0.001). Since MC infiltration in synovial specimens was 
heterogenous, we stratified patients according to the number of 
MCs into three groups (low, medium and high MC counts), as 
shown in figure 1B. Consistent with the strong correlation shown 
in figure 1A, high T cell and B cell scores were predominant in 
patients with high MC counts (figure 1C,D). As these data indicate 
that MCs correlate with synovial inflammation and the degree of 
lymphocyte infiltration, we evaluated the presence of MCs in three 
classified forms of synovitis (pathotypes): lymphoid, myeloid and 
pauci-immune/fibroid.25 Interestingly, more than 80% of patients 
with high MC synovial counts displayed a lymphoid-rich patho-
type, characterised by synovial T cell and B cell aggregates; vice 
versa, as expected, the number of MCs was significantly higher in 
patients with a lymphoid pathotype (figure 1E,F). These data indi-
cate that MCs are strongly associated with lymphoid aggregates 
in the synovia of patients with early RA. Next, we investigated 
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Figure 1 Association of high MC counts with synovial inflammation, disease severity and lymphoid aggregates. (A) Correlations of MC numbers 
with inflammatory markers, disease activity and histological scores. Line at p=0.05. (B) Patients stratified according to MC numbers into low (<33rd 
percentile) medium (33rd–66th percentile) and high (>66th percentile) groups. (C and D) Distribution of CD3 (C) and CD20 (D) scores in patients 
stratified according to MC numbers as in panel B. (E) Distribution of pathotypes in patients stratified according to MC numbers. (F) MC density in 
patients stratified according to pathotypes. n=99. *p=0.05, Spearman correlation in panel A, χ2 in panels C–E, one-way analysis of variance with 
Bonferroni post hoc test in panel F. CRP, C reactive protein; DAS-28, disease activity score 28 joints; ESR, erythrocyte sedimentation rate; HAQ, health 
assessment questionnaire; MCs, mast cells; SJ, swollen joint count; TJ, tender joint count.

the heterogeneity of synovial MCs. Two types of MCs have 
been described in humans, expressing tryptase alone (MC_T) or 
tryptase and chymase (MC_TC), with the following distribution in 
synovium: predominance of MC_TC in normal synovium,5 expan-
sion of both in RA,7 with relative increase of MC_T described in 
early8 and late RA.34 By performing double immunofluorescence 
in a subgroup of patients from our early RA cohort (n=15), we 

found both types of MCs expressed in the synovia, with signifi-
cantly higher levels of MC_TC (online supplementary figure 
S2A) and an average ratio MC_T:MC_TC of 1:3. When patients 
were stratified according to pathotypes, we observed a signif-
icant increase of both types of MCs in the lymphoid pathotype 
(online supplementary figure S2B), with the ratio MC_T:MC_TC 
shifting from 1:6 (fibroid) to 1:2 (lymphoid). Additionally, MC_T, 

https://dx.doi.org/10.1136/annrheumdis-2018-213418
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https://dx.doi.org/10.1136/annrheumdis-2018-213418
http://ard.bmj.com/


1776 Rivellese F, et al. Ann Rheum Dis 2018;77:1773–1781. doi:10.1136/annrheumdis-2018-213418

Basic and translational research

Table 2 Clinical phenotype of patients stratified according to MC 
numbers.

MCs

Low
(n=32)

Medium
(n=33)

High 
(n=34) 

Age, mean 
(SD)

52 (16) 50 (15) 54 (17) 52 (15) 0.300

Female, % 70.7 68.8 71.9 72.7 0.704

ESR, mean 
(SD)

38 (30) 27 (28) 42 (30) 45 (30) 0.033

CRP, mean 
(SD)

17 (25) 10 (29) 21 (23) 18 (24) 0.174

RF+, % 73.7 68.8 60.6 91.2 0.031

ACPA+, % 75.8 78.1 60.6 88.2 0.009

DAS-28, 
mean (SD)

5.65 (1.41) 4.97 (1.54) 6.05 (1.22) 5.91 (1.24) 0.003

Fisher’s exact test or one - way  analysis of variance (ANOVA) as appropriate.
ACPA, anticitrullinated protein antibodies; CRP, C reactive protein; DAS-28, disease 
activity score 28 joints; ESR, erythrocyte sedimentation rate; MCs, mast cells; RF, 
rheumatoid factor.

and not MC_TC, showed a significant correlation with synovial 
inflammation (online supplementary figure S2C and D). Online 
supplementary figure S2E shows a representative image with an 
abundance of MC_T in a patient with lymphoid pathotype. These 
data suggest an enrichment of tryptase expressing synovial MCs 
(MC_T) in the lymphoid pathotype in association with the degree 
of inflammation.

Finally, we assessed the clinical phenotype of patients strat-
ified according to MCs. As shown in table 2, patients with 
medium and high MC counts have significantly raised ESR 
and disease activity (DAS-28) compared with low MC counts, 
and patients with high MCs have a significantly higher prev-
alence of autoantibody positivity (ACPA and RF) compared 
with low and medium MCs. To exclude that the association 
of MCs with disease severity was exclusively driven by their 
association with lymphoid cells, we performed additional 
analyses excluding lymphoid patients and found that MCs 
were significantly correlated with ESR (Spearman r=0.272, 
p=0.007), CRP (r=0.217, p=0.033) and DAS-28 (r=0.308, 
p=0.002). Overall, this suggests that the stratification of 
patients according to synovial MCs identifies patients with a 
severe clinical phenotype.

MCs interact with T and B cells in follicular structures in rA 
synovium and tonsil tissue
Having established the presence of MCs in the synovial biop-
sies from early RA patients with lymphoid-rich sysnovitis, 
we next investigated the distribution of MCs in the synovia 
of patients with a lymphoid pathotype. A representative 
example of the synovial histology of these patients is shown in 
figure 2A. IHC staining of sequential sections confirmed the 
presence of CD117+ synovial MCs (figure 2B). By immuno-
fluorescence, we identified MCs bordering lymphoid aggre-
gates, in close contact with B and T cells (figure 2C). A similar 
distribution was observed in the highly organised secondary 
lymphoid organs (SLOs) from tonsil tissue, used as controls 
(figure 2D).

Thus, MCs reside on the outer boundary of B and T cell aggre-
gates and are a histological feature of both synovial ELS and 
SLOs.

MCs enhance B cell survival, proliferation and differentiation 
and production of class-switched Ig and ACPA
As MCs were found in the proximity of B and T cell aggregates in 
SMs, and because the activation of B cells towards the production 
of autoantibodies locally contributes to the pathogenic process 
in RA,29 we hypothesised that human MCs could influence the 
activation of B cells. To test this hypothesis, we cultured naïve 
B cells isolated from tonsils with in vitro differentiated human 
MCs, using the TLR9 ligand CpG to boost B cell activation.35 
MCs enhanced the survival of naïve B cells (figure 3A) with a 
significant increase in IgG secretion but only minor changes in 
IgM production (figure 3B). Since CpG per se lacks the ability to 
induce a full differentiation of naïve B cells,36 37 the production 
of IgG on coculture of MCs with naïve B cells suggest that MCs 
can provide additional signals allowing B cell differentiation 
and the isotype switch towards IgG (figure 3B). Interestingly, 
cell contact was not necessary to induce the MC-mediated effect 
on B cell survival, indicating that soluble factors were sufficient 
(figure 3C). Additionally, MCs were enhancing the prolifera-
tion of CFSE-labelled naïve B cells, and this effect was again 
not dependent on cell contact (figure 3D). On the contrary, the 
production of IgG was significantly dependent on cell contact, 
suggesting that membrane-bound factors were responsible 
(figure 3E). Similarly, MCs were able to enhance the production 
of RA-specific autoantibodies (ACPA) by B cells (figure 3F), an 
effect again dependent on cell contact. Collectively, these data 
indicate that MCs can induce the survival, proliferation and 
differentiation of naïve B cells towards IgG-secreting B cells via 
indirect and direct cell–cell contact.

Next, we investigated the mechanisms by which human MCs 
promote IgG production by B cells and demonstrated that this 
is CD40L dependent (figure 3G), confirming previous reports 
indicating that murine MCs mediate B cell activation through 
this cell surface costimulatory molecule.38 39

To further confirm the ability of MCs to induce the differ-
entiation of naïve B cells towards antibody-producing memory 
B cells, we analysed B cells by flow cytometry after 7 days of 
coculture with MCs. Figure 3H shows that coculture of naïve 
B cell with MCs increased the number of antibody-producing 
memory B cells (CD27+/CD38+). Interestingly, this effect 
could be inhibited by treatment with anti-CD40L in a dose-de-
pendent manner, further confirming the ability of MCs to 
induce of B cell differentiation via CD40L-CD40 interaction 
(figure 3H).

As cell contact was crucial for the MC-induced differentiation 
of B cells, we performed phalloidin staining on MCs and B cells 
after 24 hours of coculture, which showed actin reorganisation 
in the region of contact between MCs and B cells (figure 3I). 
This suggests an active cellular interaction between MCs and B 
cells.

synovial MC infiltration occurs early and is associated with 
eLs and disease severity in AIA in IL27ra-deficient mice
Having demonstrated that human MCs enhance B cell activation 
and differentiation in vitro and are associated with synovial ELS 
in patients with early RA, we wished to investigate in vivo the 
relevance of the interaction between MCs and B cells within ELS 
in the pathogenesis of arthritis. To this end, we examined MCs 
synovial infiltration in AIA, a model in which acute inflamma-
tory arthritis is induced by intra-articular injection of methylated 
bovine serum albumin following systemic immunisation with the 
same antigen. We used IL27ra-deficient mice, which develop 
exacerbated synovitis comprising ELS.33

https://dx.doi.org/10.1136/annrheumdis-2018-213418
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Figure 2 MCs border synovial lymphoid aggregates (A) IHC staining for CD3, CD20, CD138 and CD68 in an ultrasound-guided biopsy of a patient 
with early RA classified as lymphoid pathotype. Semiquantitative (SQ) scores for each marker are indicated. (B) IHC staining for CD117 (c-kit) showing 
synovial MCs. High magnification, on the right, shows synovial MCs (arrows) close to cellular aggregates. (C) Immunofluorescence staining of the RA 
synovia showing the interactions between CD20+ B cells (in green) and CD3+ T cells (in red), forming an ectopic lymphoid aggregate, and CD117+ 
MCs (in clear blue). The high magnification shows MCs surrounded by B and T cells at the edge of one aggregate. (D) Immunofluorescence of a human 
tonsil showing MCs (clear blue) at the edge of a germinal centre formed by aggregates of B (green) and T cells (red). DAPI, nuclei in dark blue.

Figure 4A,B shows that MCs were present already in the early 
phases of AIA (3 days after intra-articular injection), with their 
numbers further increasing at day 10 (d10) and day 35 (d35) 
postarthritis induction. Importantly, in IL27ra-deficient mice, 
synovial MC infiltration was significantly higher compared with 
wild-type littermates at d10 and d35 (figure 4C,D). Moreover, 

at the peak of inflammation (d10) synovial MCs showed a posi-
tive correlation with arthritis index, synovial infiltrate and the 
presence of erosions (figure 4E). Finally, in IL27ra-deficient 
animals at d10, there was a trend towards a correlation between 
MCs and the area of lymphoid aggregates (figure 4F), and MCs 
were found at the borders of lymphoid aggregates (figure 4G), 

http://ard.bmj.com/
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Figure 3 MCs support survival, proliferation and differentiation of naïve B cells into antibody secreting cells and induce the production of ACPA 
autoantibodies. (A) Proportion of live B cells, measured by flow cytometry, after 7 days of culture without (o) or with (■) MCs, at a ratio of 1:6, 
together with CpG ODN at 1 µg/mL, n=4 (B) IgG and IgM measured by ELISA in the supernatants of naïve B cells harvested after 7 days of culture, 
n=13 for IgG and n=7 for IgM. (C) Proportion of live cells, when naïve B cells were cultured alone or cocultured with MCs in contact or in transwell, 
n=3. (D) Proliferation measured by CFSE staining and flow cytometry after 7 days of culture. Representative histograms on the left and cumulative 
data with division index on the right, n=3. (E) IgG production, naïve B cells cultured alone or cocultured with MCs in contact or in transwell, n=3. 
(F) ACPA measured by CCP2 ELISA on coculture ACPA producing B cell clone with MCs in contact or transwell, n=3. (G) IgG production on inhibition 
of CD40L in the coculture of MCs and B cells. n=3 (H) Proportion of antibody-producing cells (CD27+ and CD38+), after gating on live/CD117−/
CD19+. Representative histograms from three independent experiments. (I) IF of MCs (light blue) and B cells (red) after 24 hours of coculture and CpG 
triggering. Actin reorganisation is shown in green (phalloidin). Nuclei in blue (DAPI). Measure bar 5 µm. Representative image of three independent 
experiments. *P<0.05, Mann-Whitney (A and B), one-way analysis of variance with Bonferroni post hoc (C,D, E, F and G). n=number of independent 
experiments with n MC donors and n B cell donors. ACPA, anticitrullinated protein antibodies; CFSE, carboxyfluorescein succinimidyl ester; CpG ODN, 
CpG oligodeoxynucleotides; DAPI,  4′,6-diamidino-2-phenylindole;  IF, immunofluorescence; MCs, mast cells.
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Figure 4 Mast cells (MCs) associate with ELS and disease severity in antigen-induced arthritis in IL27ra deficient mice. (A and B) Representative 
images (A) of toluidine blue staining showing metachromatic MCs (arrows) at different time-points during antigen-induced arthritis, with results 
summarised in panel B; n=>6 for each time-point. (C) Comparison of MC infiltration in WT and IL27ra KO mice and (D) representative images of 
toluidine blue staining with metachromatic MCs (red arrows) at day 35 time-point. N=>6/ time-point/group. (E) Correlation of synovial MC numbers 
with arthritis index, synovial infiltrate and erosions at day 10. (F) Correlation of MC number with ELS area in IL27ra KO mice at day 10 and (G) 
representative image. Size bars 100 µm, unless specified. *P<0.05, one-way analysis of variance with Bonferroni in B, Mann-Whitney comparing WT 
and IL27ra KO  at each timepoint in panel C, Spearman correlation in panels E and F. ELS, ectopic lymphoid structures; IL27ra, interleukin-27 receptor 
alpha;KO, knock out;  MCs, mast cells; WT, wild type.

reflecting the observations in RA patients with a lymphoid 
pathotype.

Overall, these observations confirm the association of MCs 
with ectopic lymphoid neogenesis and disease severity, during 
arthritis induction in vivo.

dIsCussIOn
In this manuscript, we present the first systematic anal-
ysis of MCs in the SM of patients with early RA obtained 
by ultrasound-guided synovial biopsy prior to therapeutic  
intervention. Our data demonstrate that synovial MCs are strongly 
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associated with specific pathobiological and clinical phenotypes 
potentially linked to their ability to induce the activation/differ-
entiation of B cells and the production of ACPA autoantibodies.

Although MCs have long known to be part of the inflamma-
tory infiltrate in RA, their presence in the SM has only been anal-
ysed in a few studies, which described increased MC numbers 
and mediators in the SM and synovial fluid of patients with RA, 
possibly in correlation with disease activity.6–8 More recently, in a 
study describing the immunopathological characteristics of ultra-
sound-defined synovitis in patients with RA in remission, the pres-
ence of synovial MCs and B cells at baseline was associated with 
disease reactivation at follow-up.40 At the same time, studies in 
vitro and in vivo have yielded contradictory results, so that their 
exact contribution is still unclear.4

To obtain further insight into the relevance of MCs in RA, we 
analysed the SM of a large cohort of patients with early (<12 
months) RA (n=99), unbiased by treatment and disease duration.

Our data demonstrate high synovial MC counts in patients 
with a severe clinical phenotype at baseline. Furthermore, MCs 
correlate with synovial inflammation and, in particular, with ELS, 
which are found in approximately 40% of patients with RA and 
have been associated with disease severity, T cell priming and auto-
antibody production, including the local ongoing production of 
class-switched autoantibodies, such as ACPA.29 41 Interestingly, we 
found a higher prevalence of tryptase-expressing MCs (MC_T) in 
the synovia of patients with ELS. Although the concept of MC 
heterogeneity is still ill-defined,42 the abundance of MC_T in asso-
ciation with the lymphoid pathotype would be in line with the 
proinflammatory role of this subpopulation described in asthma.43 
The strong association of MCs with ELS led us to hypothesise that 
MCs could modulate the local adaptive immune response. The 
ability of human MCs to influence T cells interaction has already 
been shown.44 45 Murine MCs have been shown to activate B 
cells and promote their differentiation toward effector cells.38 46 
Interestingly, murine MCs were also shown to control, via CD40/
CD40L interaction, the expansion and differentiation of inter-
leukin-10 competent B cells, which is in line with their immuno-
modulatory functions.39 The interaction of human MCs and B cells 
has been poorly studied: in the context of allergic responses, MCs 
have been shown to express CD40L and induce IgE production by 
B cells,47 48 while in the context of cancer, they have been shown 
to activate lymphoplasmacytic cells via CD40L.49 Nonetheless, 
the interaction between human MCs and B cells has never been 
studied in the context of autoimmune diseases characterised by 
local B cell responses.

Here, we show that MCs are at the border of B and T cell aggre-
gates in the synovia of patients with RA, similarly to the distribu-
tion observed in SLOs. Furthermore, we show that human MCs 
support the survival, activation, proliferation and differentiation of 
naive B cells into IgG-producing B cells, in line with recent results 
in mice.46 This effect is dependent on cell contact and, specifically, 
on CD40L–CD40 interaction. Importantly, we demonstrate that 
MCs induce ACPA production by B cells, also in a contact-de-
pendent manner, although the relevance of CD40L expression 
by MCs in the induction of ACPA remains to be confirmed. 
Furthermore, we provide the first evidence of an active interac-
tion between human MCs and B cells, as previously shown for 
MC–T cells50 and MC–Dendritic Cells.51In vivo, we used AIA to 
assess the time course and magnitude of synovial MC infiltration, 
and IL27ra-deficient mice as a model of exacerbated synovitis 
accompanied by ELS formation,33 thus resembling RA patients 
with a lymphoid pathotype. In both wild-type and IL27ra deficient 
animals, we observed an early synovial MC infiltration, before the 
formation of ELS, further increasing at later stages. Whether the 

early synovial infiltration of MCs means that they are essential to 
lymphoid neogenesis remains to be established. In fact, in addition 
to the direct modulation of lymphocyte activation, MCs are also 
known to produce several mediators,52 including angiogenic and 
lymphangiogenic factors,53 54 that could support the organisation 
of ELS.55 Interestingly, MC numbers were significantly higher in 
IL27ra-deficient animals, in association with synovial ELS and a 
worse disease outcome. As IL27ra deficiency has been shown to 
enhance the activation of MCs in the context of Th2 responses,56 57 
it will be of interest to further assess the specific role of IL27-medi-
ated MC inhibition in autoimmune diseases.

In conclusion, our study points to the relevance of MCs in RA 
and their role as novel markers of synovial inflammation. In fact, 
their presence contributes to the definition of an MC-rich highly 
inflamed synovial pathotype and helps identifying patients with a 
severe clinical phenotype.
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ABsTrACT
Objectives Chronic renal impairment remains a feared 
complication of lupus nephritis (Ln). the present work 
aimed at identifying mechanisms and markers of disease 
severity in renal tissue samples from patients with Ln.
Methods We performed high-throughput 
transcriptomic studies (Illumina HumanHt-12 v4 
Expression BeadChip) on archived kidney biopsies from 
32 patients with Ln and eight controls (pretransplant 
donors). Histological staging (glomerular and tubular 
scores) and immunohistochemistry experiments were 
performed on the same and on a replication set of 37 Ln 
kidney biopsy samples.
results A group of Ln samples was identified by 
unsupervised clustering studies based on their gene 
expression features, that is, the overexpression of 
transcripts involved in antigen presentation, t and B 
cell activation. these samples were characterised by 
a significantly lower estimated glomerular filtration 
rate (eGFr) at the time of biopsy (t0) compared with 
the other systemic lupus erythematosus samples. Yet, 
apparent disease duration at t0, double-stranded dnA 
antibody titres at t0 and other relevant characteristics 
(serum C3, proteinuria, histological scores, numbers of 
previous flares) were not different between groups.
Immunohistochemistry studies confirmed the association 
between interstitial infiltration by adaptive immune 
effectors and decreased renal function in the same 
and in a replication group of Ln kidney biopsies. this 
was associated with transcriptomic, histological and 
immunohistochemical evidence of renal tubular cell 
involvement.
Conclusion Interstitial infiltration of Ln kidney biopsies 
by adaptive immune effectors is associated with impaired 
renal tubular cell function and decreased eGFr. these 
results open new perspectives in evaluating and treating 
patients with Ln, focusing on intrarenal mechanisms of 
immune cell activation.

InTrOduCTIOn
Lupus nephritis (LN) is a severe complication of 
systemic lupus erythematosus (SLE), initiated by 
the deposition of anti-double stranded DNA (anti-
dsDNA) autoantibodies in glomerular basement 
membranes.1–3 Treatment of LN requires the use 
of immunosuppressants, in order to avoid evolu-
tion to end-stage renal disease.4–6 Yet, despite major 

improvements in treatment strategies over the last 
decades, a significant proportion of patients display 
renal damage accrual, and 10% develop renal failure 
after 10 years.7 8 Because the disease mainly affects 
young women, these numbers represent a heavy toll 
in terms of quality of life and health expenditures.

In recent years, it appeared that the lupus kidney 
is not just a passive target of systemic autoimmunity 
features, but also hosts mechanisms that contribute 
to the pathogenesis of the disease, independently of 
the systemic activation of immune effectors.9 10 The 
identification of anti-dsDNA-producing long-lived 
plasma cells in kidneys from SLE mice is a good 
illustration of how second wave immune effectors 
take advantage of the local inflammatory environ-
ment to perpetuate the production of pathogenic 
autoantibodies.11 12 In human SLE kidneys, the 
presence of T and B cell aggregates and germinal 
centres is another indication of the development of 
an organised immune response in the target organ.10

In this study, we intended to establish a compre-
hensive map of intrarenal molecular profiles 
associated with disease severity, by performing 
high-throughput transcriptomic studies on kidney 
biopsies from patients with LN, followed for a 
long period of time in a single LN reference centre, 
and controls (cadaveric donors). An independent 
set of LN kidney biopsies was used for histolog-
ical and immunohistochemistry confirmation of 
our findings. In all patients, longitudinal clinical 
and biological data were collected systematically, 
which enabled us to correlate transcriptomic and/
or immunohistochemistry patterns with longitu-
dinal markers of renal and systemic disease activity. 
Although we used a ‘bottom-up’ approach to our 
analyses (ie, predefined clinical variables were not 
used to categorise the samples; instead, the samples 
were categorised based on their transcriptomic 
characteristics), our hypothesis was that intrarenal 
molecular patterns in our samples were associated 
with impaired renal function.

During the course of our study, our observa-
tions made us focus on tubulointerstitial involve-
ment as a variable associated with renal outcomes 
in LN. Evaluation of tubulointerstitial structures 
is not part of the present International Society of 
Nephrology/Renal Pathology Society (ISN/RPS) 
classification of LN. Yet, several groups developed 
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Table 1 Characteristics of the patients with SLE included in this 
study

discovery set 
(transcriptomic and 
immunohistochemistry 
studies)

Confirmation set 
(immunohistochemistry 
studies)

Number of patients (female/
male)

32 (23/9) 37 (34/3)

Age (years, median, IQR) 30 (35.7–35.7) 27 (22–40)

Apparent renal disease 
duration (months; median, 
range)

4 (0–144) 0 (0–156)

Duration of follow-up after 
the biopsy (months; median, 
range)

82 (5–258) 109 (37–256)

Ethnicity

 Caucasian 26 31

 African 3 3

 Asiatic 3 1

  Other 0 1

SLEDAI (median; range) 16 (4–25) 16 (6–24)

Serum dsDNA antibody titres 
(U/mL; median, IQR)

87.3 (32.2–291.3) 300.5 (66.7–686.7)

Serum C3 (mg/dL, median, 
IQR)

64 (48.7–80.2) 58.0 (33–68.5)

eGFR (mL/min/1.73 m2, 
median, IQR)

73.0 (48.7–93.0) 82.0 (60.0–104.0)

Proteinuria (g/24 hours, 
median, IQR)

2.6 (1.9–4.4) 2.0 (1.2–5.2)

Immunosuppressive therapy 
at biopsy

 None (patients, n) 16 19

 Methylprednisolone 
(patients, n; dose range)

7 (4–16) 16 (4–6)

 Azathioprine (patients, n) 5 5

 Mycophenolate mofetil 
(patients, n) 

4 0

Glomerular histology

 Class III (+V) 4 6

 Class IV (+V) 27 31

 Class V 1 0

 Activity index (median, IQR) 8 (5–11) 10 (5–12)

 Chronicity index (median, 
IQR)

1 (1–2) 1 (0–2)

There are no significant differences between the groups using Mann-Whitney and 
Χ2 tests.
eGFR, estimated glomerular filtration rate; SLE, systemic lupus erythematosus; 
SLEDAI, SLE Disease Activity Index. 

semiquantitative scores of interstitial fibrosis, inflammation and 
tubular cell damage in order to address the issue in the context 
of the disease. In this study, we also took advantage of the recent 
identification of Syndecan-1 (SDC1, CD138) as a marker of 
renal tubular cell stress. SDC1 is a lectin expressed at the surface 
of plasma cells, but also epithelial cells. In epithelial cells, cell 
surface SDC1 is cleaved by inflammation-induced proteases (eg, 
ADAMTS, MMP), and loss of cell surface SDC1 is associated 
with higher susceptibility to cell damage, in gastroenterological, 
but also renal disorders.13–19

PATIenTs And MeTHOds
Patients and kidney biopsies
All patients with LN included in this study were recruited in 
a single centre (Université catholique de Louvain, Brussels, 
Belgium). They met the 1982 American College of Rheuma-
tology revised classification criteria for the diagnosis of SLE,20 
and had biopsy-proven nephritis. Patients’ demographics are 
displayed in table 1. See online supplementary file 1 for addi-
tional specifications and ethical approval.

High-throughput transcriptomic studies
RNA was extracted from 60 SLE and 27 control biopsies using 
NucleoSpin technology (Macherey-Nagel). The samples were 
tested for RNA integrity by Bioanalyzer (Agilent) measurements. 
Samples with an RNA integrity number >6 and RNA quantity 
>50 ng were used for target synthesis (ie, from 32 SLE and eight 
control biopsies). There was no significant bias in clinical, biolog-
ical or histological characteristics between the samples with 
good quality RNA and the samples dropped from the study. See 
online supplementary file 1 for the description of HumanHT-12 
v4 Expression BeadChip (Illumina) hybridisations.

Histological and immunohistochemistry experiments
ISN/RPS classification of the SLE renal biopsies and glomerular 
activity/chronicity indices (Morel-Maroger semiquantitative 
scores) were retrieved from the medical files of the patients. In 
addition, a semiquantitative score for renal tubular cell atrophy 
and interstitial fibrosis (0–3) was generated using H&E stained 
slides.

See online supplementary file 1 for the description of CD3, 
CD20, CD8 and SDC1 immunostaining experiments.

statistical analyses
See online supplementary file 1.21 22

resulTs
High-density transcriptomic studies (Illumina BeadChip arrays) 
were performed using renal biopsies from 32 patients with LN 
and eight controls. All patients had proliferative (class III or class 
IV) nephritis with or without membranous (class V) involve-
ment, except for one who had an isolated class V (table 1). After 
normalisation of the transcriptomic data, we found that LN 
samples were characterised by the overexpression of 478 tran-
scripts compared with controls. Further data mining indicated 
that these transcripts were significantly enriched in the following 
pathways: inflammatory response, antigen presentation, leuco-
cyte activation, interferon signature and chemokine signalling 
(figure 1A, online supplementary table 1). Conversely, 329 tran-
scripts were downregulated in LN compared with control renal 
biopsies (online supplementary table 2). In the latter, pathway 
analyses showed a significant enrichment in the following gene 
ontologies: mitochondrion, oxidation reduction, organic acid 

transport, hydrogen ion transmembrane transporter activity and 
glutathione transferase activity, many of which point at renal 
proximal tubular cell functions.

LN samples were not homogeneous in the differential expres-
sion of these transcripts, and unsupervised hierarchical clustering 
studies distributed the biopsies in three groups (figures 1B and 
2). Out of these, one group of samples overexpressed transcripts 
belonging to pathways pointing at local activation of adaptive 
immune effectors: antigen presentation, T and B cell activation. 
From a clinical and biological point of view, these patients had 
a significantly lower estimated glomerular filtration rate (eGFR) 
at baseline. Yet, there were no clinical or biological factors 
explaining this difference: renal disease duration, number of 
renal flares prior to the renal biopsy, number of renal flares after 
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Figure 1 Transcripts overexpressed in systemic lupus erythematosus (SLE) compared with control kidney biopsies. (A) Gene expression was 
determined in kidney biopsies by microarray analyses. Moderated t-tests with Benjamini-Hochberg corrections for multiple comparisons identified 
478 transcripts upregulated in SLE compared with control biopsies with a p value <0.05. The figure displays log2-transformed mean-centred cyclic 
loess-normalised intensities across all samples. Pathway analyses indicated that a significant percentage of transcripts clustered into the indicated 
gene ontology terms. The complete lists of transcripts and pathways are available in online supplementary table 1. (B) An unsupervised hierarchical 
clustering algorithm (Pearson-centred algorithm, Ward’s linkage rule) using the same transcripts distributed the samples in three clusters, identified by 
a colour (same colours as in figure 2).

biopsy, glomerular activity and chronicity indices; even anti-
dsDNA antibody titres were not different in these compared 
with the other LN samples (figure 2, table 2). Intriguingly, eGFR 
was still significantly lower in these patients at 1 year, and at last 
follow-up visit (figure 2, table 2). Univariate analyses indicated 
a link between eGFR at follow-up and eGFR at baseline, renal 
molecular cluster, glomerular chronicity index in the biopsy and 
induction therapy with cyclophosphamide, but only eGFR at 
baseline remained as an independent variable predictive of eGFR 
at follow-up using multivariate analyses.

Thus, our transcriptomic data indicated a link between the 
presence of transcripts associated with the activation of an 
adaptive immune response in the lupus kidney, and decreased 
renal function at baseline. We therefore performed immuno-
histochemistry experiments aiming at the detection of CD3+ 
T, CD8+ T and CD20+ B cells in renal biopsies from patients 
with LN. In view of previous reports indicating the presence 
of tertiary lymphoid structures in LN biopsies, we also tried to 
detect CD21+ follicular dendritic cells. At first, we stained the 
samples used in the high-throughput transcriptomic studies. Out 
of the 30 stained biopsy specimens available, we found very little 
CD21 positive samples (n=3). In these few samples, CD21+ 
cells colocalised with CD3+ and CD20+ cells, indicating the 
presence of tertiary lymphoid structures. Otherwise, CD3+ 
and CD20+ cell aggregates were found in the majority of the 
samples with either a periglomerular or an intertubular distribu-
tion (figure 3A,B). After digital quantification of the stains, we 
confirmed that the group of samples enriched in antigen presen-
tation, T and B cell activation transcripts were significantly more 
positive for CD3, CD8 and CD20 than the other LN samples 

(figure 3C). Accordingly, digital quantification of the CD3 and 
CD8 stains was significantly higher in samples from patients with 
a baseline eGFR≤60 mL/min/1.73 m2 compared with >60 mL/
min/1.73 m2. Although CD20 correlated significantly with the 
CD3 stain (Spearman r=0.4985, p=0.0112), and negatively 
with eGFR (Spearman r=−0.4947, r=0.0119), there was no 
significant difference in CD20 quantification between eGFR≤60 
and eGFR>60 mL/min/1.73 m2 (online supplementary figure 1).

These immunohistochemistry experiments were repeated in 
an independent set of 37 LN biopsies. Again, CD21 positive cells 
and tertiary lymphoid structures were found in three samples 
only. Aggregates of CD3+, CD8+ and CD20+ cells were found 
in a majority of samples in the kidney interstitium. After digital 
quantification, we also found that CD3 and CD20 correlated 
significantly with each other (Spearman r=0.4950, p=0.0034). 
CD3+, CD8+ and CD20+ cells were significantly higher in 
the biopsy samples from patients with an eGFR≤60 mL/min 
compared with >60 mL/min in this second cohort of samples 
(figure 3D).

In order to understand the link between the presence of adap-
tive immune effectors in lupus kidney biopsies and decreased 
kidney function, we went back to the high-throughput transcrip-
tomic data and identified transcripts and pathways that correlated 
(positively or negatively) with CD3, CD4, CD8 and CD19 tran-
scripts (there was no transcript corresponding to CD20 on the 
Illumina platform) in lupus kidney biopsy samples. Not surpris-
ingly, a positive correlation was found between the expression 
of these transcripts and transcripts involved in inflammatory 
responses, adaptive immune responses, antigen presentation, T 
cell activation and chemotaxis. By contrast, a negative correlation 
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Figure 2 Transcriptomic profiling singles out a subgroup of systemic 
lupus erythematosus (SLE) kidney biopsy samples with decreased 
estimated glomerular filtration rate (eGFR). (A) A cluster of SLE 
kidney biopsy samples, identified by hierarchical clustering algorithm 
(Pearson-centred algorithm, Ward’s linkage rule), is characterised 
by the overexpression of 271 transcripts (by moderated t-test, with 
Bonferroni correction for multiple comparisons) compared with the 
other lupus samples, significantly enriched in the indicated pathways. 
Samples designated by a black box are SLE samples. The complete lists 
of transcripts and pathways are available in online supplementary table 
3. (B) Distribution of biological data in sera of patients with SLE at the
time of the biopsy and at 1 year, according to the transcriptomic clusters 
determined in (A). Horizontal lines represent the median values and 
IQRs. P values were calculated by Mann-Whitney test. APC, antigen-
presenting cells.

was found with transcripts associated with renal tubular cell 
functions: oxidation reduction, mitochondrion, peroxisome and 
proton transport (figure 4A). Accordingly, digital quantification 
of the CD3+ T and CD20+ B cell stains in the kidney intersti-
tium of these samples was significantly associated with increased 
histological scores of renal tubular cell damage (CD3: Spearman 
r=0.6229, p=0.0015; CD20: Spearman r=0.4771, p=0.0213). 
Renal tubular cell damage itself displayed a significant negative 
correlation with eGFR (Spearman r=−0.4732, p=0.0226).

Finally, we evaluated the loss of SDC1 expression at the surface 
of renal tubular cells by immunohistochemistry. SDC1 is cleaved 
at the surface of renal tubular cells by MMP7 (online supple-
mentary file 1 and supplementary figure 2). In both cohorts of 
lupus biopsy samples, we found that SDC1 was expressed by a 
few infiltrating plasma cells, but the vast majority of stained cells 
were renal tubular cells (figure 4B). Quantitative evaluation of 
the SDC1 stain correlated positively with the expression of tran-
scripts associated with renal tubular cell functions (figure 4A). 
Hence, it was significantly higher in biopsies where no tubular 
damage was evidenced at histological evaluation. Accordingly, 
it was significantly higher in patients with an eGFR higher than 
60 mL/min, due to the significant association between tubular 
damage and eGFR (figure 4C). Of note, quantitative evaluation 
of the SDC1 stain correlated negatively with transcripts associ-
ated with T, B and antigen-presenting cell activation in the same 
set of samples (figure 4A), providing further support to the link 
between the presence of adaptive immune effectors in the lupus 
kidney, and renal tubular cell damage-mediated impairment of 
renal function.

dIsCussIOn
The development of new therapeutic strategies using immuno-
suppressive drugs (intravenous cyclophosphamide, mycophe-
nolate mofetil in association with corticosteroids) significantly 
improved renal outcomes in LN.23 Yet, up to 10% of the patients 
develop end-stage renal disease at 10 years, which is a major 
concern in a population of mainly young female patients. In 
this perspective, several studies were performed in order to 
identify early markers of disease severity in patients with LN. 
Thus, evidence indicates that decreased eGFR and high glomer-
ular chronicity indices at histological evaluation of baseline 
kidney biopsies are associated with poor renal outcomes.24–29 
More recently, it appeared that reaching a proteinuria <0.7–
0.8 g/24 hours at 1 year after initiation of therapy was predic-
tive of a good renal outcome at 10 years, an observation that 
potentially translates into a treat-to-target approach of LN.30 31 
Yet, our current approach to the care of patients with LN is still 
hampered by an incomplete understanding of the pathogenic 
events characteristic of the disease.

Our present results bring important additional information 
on markers and mechanisms of renal inflammation in LN, by 
pointing at the role of activated T and B cells in the kidney 
interstitium as potential mediators of renal tubular cell damage. 
In two independent groups of kidney biopsies, we did not find 
an association between decreased renal function and markers 
of systemic disease activity or histological indices of glomer-
ular involvement (activity and chronicity indices). By contrast, 
a decreased eGFR was observed in patients with histological 
evidence of tubular damage, and transcriptomic evidence of T 
and B cell activation in the kidney, which was further confirmed 
by immunohistochemistry.

In a recent study, Parikh et al evaluated the expression of 
511 immune response genes in longitudinal (before and after 
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Table 2 Clinical, biological and histological characteristics of patients with LN categorised according to the transcriptomic clusters determined in 
figure 2A

APC, T and B cell cluster Other ln samples P values

Number of patients 14 18

Sex (male/female) 5/9 14/4 0.3997*

Ethnicity (Caucasians/non-Caucasians) 3/11 15/3 0.7321*

Age (years, median, IQR) 28.5 (25.5–36.2) 31.0 (24.7–38.5) 0.9545†

Baseline

eGFR (mL/min/1.72 m2, median, IQR) 49.5 (29.2–69.2) 88 (72.0–129.3) 0.0007†

Proteinuria (g/24 hours, median, IQR) 3.39 (2.04–5.88) 2.45 (1.14–3.89) 0.0839†

Serum C3 (mg/dL, median, IQR) 70.5 (42.5–93.2) 64 (51.5–77.5) 0.6213†

Serum dsDNA antibody titres (U/mL; median; IQR) 34.1 (14.9–315.1) 155.5 (77.1–306.8) 0.0654†

SLEDAI-2K (median; IQR) 18 (13–20) 16 (16–20) 0.9229†

Glomerular histology 0.5127*

 Class III (+V) 3 2

 Class IV (+V) 11 15

 Class V 0 1

 Activity index (median, IQR) 10 (4–13) 7 (5–10) 0.1759†

 Chronicity index (median, IQR) 2 (1–2) 1 (1–2) 0.1544†

Apparent renal disease duration (median, months; IQR) 4.5 (1–39) 3.5 (2.7–16.2) 0.9847†

Number of renal flares at biopsy (median; months; IQR) 1 (1–2) 1 (1–1) 0.1832†

Immunosuppressive therapy at biopsy 0.3086*

 None (patients, n) 9 7

 Methylprednisolone (patients, n; mg/day; dose range) 2 (4–16) 5 (8–32)

 Azathioprine (patients, n) 1 5

 Mycophenolate mofetil (patients, n) 2 2

  Intravenous cyclophosphamide (Euro-Lupus) (patients, n) 1 0

At year 1

eGFR (mL/min/1.72 m2, median, IQR) 54.5 (45.7–96.2) 101.5 (80.5–121.8) 0.0150†

Proteinuria (g/24 hours, median, IQR) 0.97 (0.34–2.51) 0.87 (0.13–2.0) 0.5590†

Serum C3 (mg/dL, median, IQR) 87.55 (76.7–107.3) 86.5 (70.5–103.0) 0.8196†

Serum dsDNA antibody titres (U/mL; median; IQR) 13.3 (8.5–46.2) 33.5 (17.7–72.1) 0.0984†

Immunosuppressive therapy after renal biopsy 0.1038*

 Intravenous steroids alone (patients, n) 2 0

 Mycophenolate mofetil (patients, n) 7 5

 Intravenous cyclophosphamide (Euro-Lupus) (patients, n) 3 11

 Intravenous cyclophosphamide (NIH) (patients, n) 1 1

  Rituximab 1 0

At follow-up

Duration of follow-up (months; median; IQR) 91 (20–129) 86 (41–136) 0.8197†

Total number of renal flares at follow-up (n; median; IQR) 1.5 (1.0–3.0) 1.5 (1.0–2.0) 0.4835†

eGFR (mL/min/1.72 m2, median, IQR) 51.0 (11.7–72.0) 88.5 (67.7–114.5) 0.0215†

ESRD (patients, n) 5 3 0.1476‡

Significant P values are in bold.
*P values calculated by Χ2 tests.
†P values calculated by Mann-Whitney tests.
‡P values calculated by Gehan-Breslow-Wilcoxon test.
APC, antigen-presenting cells, eGFR, estimated glomerular filtration rate; ESRD, end- stage renal disease; LN, lupus nephritis; NIH, National Institutes of Health; SLEDAI, SLE 
Disease Activity Index. 

administration of induction therapy) kidney biopsies from four 
patients with LN who did not respond to therapy, compared 
with five patients who displayed a complete response, and four 
controls. In line with our own results, they reported that tran-
scripts associated with leucocyte infiltration, T cell activation, 
complement pathway and interferon signature increased between 
baseline and follow-up in non-responders.32 In the present study, 
we instead used an unbiased analytical approach, grouping the 
samples based on their molecular characteristics rather than 
predefined clinical categories, resulting in the identification of 

a link between T and B cell infiltration and activation, tubular 
damage and decreased renal function in LN.

Tubulointerstitial lesions were previously already identified 
as a prognostic marker in LN.33–37 Interstitial infiltration by 
inflammatory cells and tubular atrophy potentially result from 
or are amplified by several kinds of insults in the context of LN: 
proteinuria, deposition of immune complexes in the interstitium, 
rupture of the Bowman’s capsule and presentation of cryptic 
antigens by juxtaglomerular antigen-presenting cells, induction 
of proinflammatory molecules at the surface of renal tubular cells 

http://ard.bmj.com/
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Figure 3 The presence of adaptive immune effectors in the 
systemic lupus erythematosus (SLE) kidney interstitium is associated 
with decreased estimated glomerular filtration rate (eGFR). (A) 
CD21-negative and (B) CD21-positive T and B cell aggregates in the 
interstitium are shown in serial sections from two SLE kidney biopsies. 
(C) Digital quantification of the CD3, CD8 and CD20 stains (Log2 scale) 
confirms higher numbers of T and B cells in SLE kidney biopsy fragments 
from the cluster of samples overexpressing T and B cell-associated 
transcripts in the microarray data. (D) Digital quantification of the CD3, 
CD8 and CD20 stains in an independent group of SLE kidney biopsies 
indicates higher numbers of T and B cells in patients with decreased 
baseline eGFR. Horizontal lines represent the median values and IQRs. P 
values were calculated by Mann-Whitney test. APC, antigen-presenting 
cells.

(eg, ICAM-1, CD40).38–43 Several lines of evidence are in favour 
of an antigen-dependent local expansion of adaptive immune 
effectors. Thus, Chang et al demonstrated the presence of cells 

from the adaptive immune system in the interstitium of lupus 
kidney biopsies, organised either in T and B cell aggregates, or in 
germinal centres in the presence of CD21+ follicular dendritic 
cells. By sequencing the Ig repertoire of one germinal centre and 
four T:B cell aggregates, they found evidence of clonal restriction 
in all samples tested, and extensive somatic hypermutation in all 
but one T and B cell aggregate, in line with an antigen-driven 
clonal selection.10 In a later publication, authors from the same 
group found that vimentin is overexpressed by mononuclear 
cells infiltrating the renal interstitium in lupus biopsies, and is 
a recurrent target of locally produced immunoglobulins.44 Simi-
larly, evaluation of the local T cell receptor repertoire is also 
indicative of a clonal expansion of a restricted population of T 
cells.45 46 Local antigens, driving the proliferation of these T cells 
in the lupus kidney, were not identified yet.

Our high-density transcriptomic data provide further support 
to the hypothesis that infiltrating adaptive immune effectors 
display a toxic effect on renal tubular cells, thereby contributing 
to the development of renal failure. Thus, transcripts associated 
with CD3, CD4, CD8 and B cells displayed strong correlations 
with each other, which is not a surprise in the context of an 
organised immune response. Little CD21+ follicular dendritic 
cells were found, but this could be biased by the small size of 
the renal biopsy samples. Negative correlations were found with 
transcripts associated with renal tubular cell functions. The link 
between the presence of T and B cells in the renal interstitium 
and tubular cell damage was confirmed by immunohistochem-
istry and histological scoring of biopsy specimens. The stron-
gest and most consistent correlations between cell infiltration 
and renal tubular cell involvement were observed for CD3 and 
CD8 positive cells. These data are in line with observations by 
Couzi et al, who reported that CD8 T cells are the most preva-
lent T cells infiltrating lupus kidneys, and also found a significant 
correlation between CD8 T cells in the kidney interstitium and 
decreased renal function in 25 patients with LN.47 The possi-
bility that in particular CD8 T cells play an amplificatory role in 
LN-related renal lesions is also emphasised by the observation 
that the presence of a T effector-memory signature in CD8 T 
cells isolated from the peripheral blood of patients with LN is 
associated with a higher probability of renal relapses and a higher 
number of disease flares per month.48 Based on data from the 
same group, that is, presence of a similar CD8 effector-memory 
T cell signature in the blood of patients with ANCA-associated 
vasculitis (AAV) and a higher rate of renal relapses, it is tempting 
to speculate that secondary activation of immune effectors 
against autoantigens locally modified by an initial renal injury 
is not restricted to LN. Thus, evidence indicates that intersti-
tial infiltration by CD3 T cells and tubular damage is associated 
with poor response to rituximab therapy and lower eGFR at 12 
months in AAV.49 Similarly, previous studies had identified the 
presence of interstitial inflammation as a significant prognostic 
marker in patients with AAV treated with cyclophosphamide and 
corticosteroids.50

That renal tubular cells in the lupus kidney are particularly 
targeted by infiltrating adaptive immune effectors is also illus-
trated by our SDC1 data. Although SDC1 is expressed by a few 
plasma cells infiltrating the lupus kidney, this lectin is mainly 
expressed by renal tubular cells.13–15 SDC1 is cleaved from the 
surface of epithelial cells by inflammation-induced proteases.16 17 
In the lupus kidney, MMP7 is a good candidate in view of the 
strong correlation between the loss of SDC1 and MMP7 expres-
sion, and our in vitro data demonstrating the loss of SDC1 
expression at the surface of a renal tubular cell line after expo-
sure to MMP7. In inflammatory bowel diseases, loss of SDC1 

http://ard.bmj.com/


1788 Pamfil C, et al. Ann Rheum Dis 2018;77:1782–1789. doi:10.1136/annrheumdis-2018-213485

Basic and translational research

Figure 4 The presence of adaptive immune effectors in the systemic lupus erythematosus (SLE) kidney interstitium is associated with impaired renal 
tubular cell phenotype and functions. (A) The microarray data set was analysed to identify genes that show >0.4 or <−0.4 value of Pearson correlation 
to CD3, CD8, CD4, CD19 transcripts from the same microarray data set, or to the digital quantification of SDC1 in the histological specimens from the 
same biopsies. The resulting gene sets were then annotated using DAVID software and the selected top pathway enrichment scores (−log10 p value) 
are shown as different hues of green (for the sets of genes showing positive correlation with the respective variable) and red (negative correlation). 
Grey squares indicate that the pathway is not enriched in the list of transcripts. Transcripts and pathways are listed in online supplementary tables 
4–8. (B) H&E and SDC1 stains on consecutive slides from patients without (upper line) or with (lower line) tubular infiltration by mononuclear cells. 
The arrow indicates CD138-positive infiltrating plasmablasts. (C) Quantification of the SDC1 stain in SLE kidney biopsies used in the microarray 
experiments indicates lower SDC1 in patients with higher renal tubular cell damage and lower estimated glomerular filtration rate (eGFR). P values 
were calculated by Mann-Whitney tests.

at the surface of intestinal epithelial cells is associated with a 
higher susceptibility to cell damage,18 19 and the same holds true 
in renal tubular cells in view of our transcriptomic and histolog-
ical data linking SDC1 expression and renal tubular cell viability 
and function. Using the SDC1 stain as a marker of renal tubular 
cell integrity, we confirmed the negative correlation with the 
expression of genes associated with the activation of adaptive 
immune effectors.

Elevated SDC1 concentrations are found in the sera of patients 
with SLE as compared with controls.15 It will be of interest to 
evaluate whether serum SDC1 in these patients is associated 
with renal disease and poorer renal outcomes. Overall, our 
data are a strong trigger to evaluate the link between markers 
of renal tubular cell damage and poorer renal outcomes in LN 
individuals, together with an assessment of the distribution and 
activation patterns of immune cells in urine specimens of these 
patients. In addition, mechanistic data are needed, in order to 
provide definite evidence about the pathogenic amplificatory 
role of CD8 T cells in LN. Also, while our observations were 
made in a mainly Caucasian population of patients with LN, it 
will be of importance to extend our studies to ethnically diverse 
populations, in particular due to the known influence of ethnicity 
on renal outcomes in LN. Would such observations confirm 
our data, they would open new perspectives in evaluating and 
treating patients with LN, focusing on intrarenal mechanisms of 
immune cell activation.
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ABsTrACT
Objectives neutrophil extracellular traps (nEts) act 
in various rheumatic diseases. Although nEt formation 
was originally described as a nicotinamide adenine 
dinucleotide phosphate (nAdpH) oxidase (nox)-
dependent pathway, it appears that there are also 
nox-independent pathways of nEt release. Currently, 
no tools are available that can discriminate between 
both nEt-forming pathways. We aimed to develop a 
serological method allowing the discrimination between 
nEts generated through nox-dependent or nox-
independent pathways.
Methods Histones from in vitro generated 
nox-dependent and nox-independent nEts 
were characterised with a panel of lupus-derived 
antibodies against n-terminal histone tails using 
immunofluorescence microscopy, western blot and ELISA. 
nEts in patients with nEt-associated diseases, that is, 
rheumatoid arthritis (rA), systemic lupus erythematosus 
(SLE), psoriatic arthritis (psA) and sepsis, were 
characterised in sandwich ELISAs employing antibodies 
against myeloperoxidase (Mpo) and n-terminal histone 
tails as detecting and capturing antibodies, respectively. 
Functional responses of endothelial cells to nox-
dependent and nox-independent nEts were assessed 
as well.
results neutrophil elastase cleaves the n-terminal tails 
of core histones during nox-dependent, but not during 
nox-independent nEt formation. Consequently, the 
detection of Mpo–histone complexes with antibodies 
against n-terminal histone tails allows discrimination 
between nEts formed through a nox-dependent 
or nox-independent manner. Characterisation of 
in vivo circulating nEts revealed the presence of 
nox-independent nEts in rA, SLE and sepsis, but 
nox-dependent nEts in psA. nox-independent nEts 
displayed an increased capacity to activate endothelial 
cells when compared with nox-dependent nEts.
Conclusions these results indicate heterogeneity in 
nEt-forming pathways in vivo and highlight the need 
for disease-specific strategies to prevent nEt-mediated 
pathology.

InTrOduCTIOn
In addition to phagocytosis and degranulation, 
neutrophils can release the so-called neutrophil 

extracellular traps (NETs) into the extracellular 
space.1 NETs are web-like structures of chromatin 
and granule-derived antimicrobial proteins that 
serve to entrap and eliminate pathogens that are too 
large for phagocytic uptake or have evolved ways 
to circumvent phagocytosis.2 Despite their pivotal 
role in host defense, NETs have also been linked 
to a wide variety of infectious, haematological and 
autoimmune diseases.3 4

To date, two distinct pathways involved in NET 
release have been identified.5 In the canonical 
pathway of NET release, often referred to as nico-
tinamide adenine dinucleotide phosphate (NADPH) 
oxidase (NOX)-dependent or lytic NET formation, 
the assembly of NOX at cytoplasmic or phago-
somal membranes and the subsequent generation 
of reactive oxygen species (ROS) initiates a series 
of events which culminate in explosive cell death 
accompanied by NET release.2 4 6 Among others, 
the exposure of neutrophils to phorbol myristate 
acetate (PMA) or lipopolysaccharides (LPS) lead to 
NOX-dependent (lytic) NET formation. The signal-
ling events underlying the non-canonical pathway 
of NET release, often referred to as NOX-inde-
pendent or non-lytic NET formation, have been 
less studied. However, it has become clear that the 
NOX-mediated production of ROS is not involved 
in non-lytic NET formation.7 During NOX-inde-
pendent NET formation, neutrophils are not lysed, 
but instead they release NETs through blebbing of 
the nuclear envelope and the subsequent vesicular 
inside-out transportation of NETs.7 8 Activated 
platelets appear to be potent inducers of NOX-in-
dependent NET formation.9 10

The ELISA-based detection of complexes 
consisting of myeloperoxidase (MPO) and DNA is 
currently often employed when attempting to quan-
tify NET formation in vivo in biological fluids.11–14 
However, the detection of MPO–DNA complexes 
fails to distinguish between NETs that have been 
generated through NOX-dependent or NOX-in-
dependent pathways, as both contain MPO and 
DNA.10 Discrimination between NOX-dependent 
and NOX-independent NETs is important to deci-
pher differences in physiological function, as well as 
differences in pathophysiological relevance.5 Since 
it has previously been demonstrated that histones 
are subjected to post-transcriptional modifications 
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at their N-terminal regions during NOX-dependent NET forma-
tion,15–17 we explored whether the use of antihistone antibodies 
directed against N-terminal histone tails could be utilised in 
MPO-based ELISAs in order to discriminate between NOX-de-
pendent or NOX-independent NETs.

MATerIAls And MeTHOds
A more elaborate description of the methods is described in the 
online Supplementary methods.

Isolation of neutrophils
Neutrophils were isolated by Ficoll density gradient centrifuga-
tion as described previously.10

Characterisation of in vitro generated neTs
Neutrophils were stimulated with 50 nM PMA or 10 µg/
mL of LPS from Pseudomonas aeruginosa (Sigma-Aldrich) to 
generate NOX-dependent NETs. NOX-independent NETs were 
generated as described previously.10 NETs were either directly 
visualised and characterised by immunofluorescence microscopy 
or isolated with 5 U/mL micrococcal nuclease for further charac-
terisation with ELISAs.

Preparation of cell extracts, sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (sds PAGe) and Western 
blotting
Preparation of cell extracts, SDS PAGE and Western blotting was 
performed as described previously.18

Anti-histone antibodies
A panel of lupus-derived monoclonal antibodies consisting of 
#34, KM-2, LG11-2 and BT164 was used to detect N-terminal 
histone tails in NOX-dependent and NOX-independent NETs.

endothelial cell experiments
Human umbilical vein endothelial cells were exposed to 
NOX-dependent or NOX-independent NETs up to 24 hours. 
Functional responses were determined by immunofluores-
cence microscopy or quantitative real time-PCR (qRT-PCR) 
analyses.

Human material
All analyses of patient and healthy volunteer material were 
performed in accordance with institutional guidelines. Demo-
graphical and clinical characteristics of study cohorts are in the 
online Supplementary information.

statistical analyses
Values are expressed as mean±SEM. Significance was either 
determined by Student’s t-test or one-way analysis of variance 
followed by Bonferroni correction using GraphPad Prism V.5.0 
(La Jolla, USA). P values less than 0.05 were considered as statis-
tically significant.

resulTs
n-terminal histone tails are lacking in nOX-dependent neTs
It was recently described that neutrophil elastase exerts proteo-
lytic activity on core histones during NOX-dependent NET 
formation.19 As the N-terminal regions of histones appear to be 
particularly sensitive to degradation by proteases,20 we hypoth-
esised that histones present within NOX-dependent NETs may 
lack N-terminal tails as the result of their proteolysis. To test this 

hypothesis, we stimulated neutrophils with LPS or PMA to form 
NOX-dependent NETs and subsequently analysed these NETs by 
immunofluorescence microscopy for their reactivity with anti-
bodies against N-terminal histone tails. After 2 hours of stimula-
tion, reactivity of antihistone antibodies against N-terminal tails 
was maintained or enhanced in LPS-exposed or PMA-exposed 
neutrophils, respectively (online Supplementary figure 1A). 
Although the chromatin was clearly decondensated at this time 
point, NET-like structures were not observed yet. At a later time 
point (4 hours), NET-like extracellular stretches of DNA could 
be clearly identified in response to both stimuli. However, at this 
time point, our panel of monoclonal antibodies against N-ter-
minal histone tails had lost reactivity with NETs (figure 1A,B, 
left panel; online Supplementary figure 1A). In contrast, a poly-
clonal antibody reacting with the C-terminal region of all core 
histones showed clear reactivity with NETs at this time point 
(figure 1A,B, right panel). Additionally, we used necrostatin-1, 
an inhibitor of mixed lineage kinase domain-like protein pore 
formation that has been suggested to play a role in NET forma-
tion, although conflicting results have been reported in the liter-
ature.21 22 Nevertheless, we observed that necrostatin-1 prevents 
lysis of neutrophils exposed to LPS and could prevent the loss 
of N-terminal histone tails in neutrophils (online Supplemen-
tary figure 1B). Necrostatin-1 clearly arrested neutrophils at 
the stage of maximum intracellular chromatin decondensation, 
where reactivity of antibodies against N-terminal histone tails 
was preserved. Altogether, these results show that histones are 
present within NOX-dependent NETs, but that N-terminal 
histone tails disappear when neutrophils lyse and release their 
NETs extracellularly.

The loss of n-terminal histone tails in nOX-dependent neTs is 
mediated by extracellular activity of neutrophil elastase
To assess whether neutrophil elastase is responsible for the 
loss of N-terminal histone tails in NOX-dependent NETs, 
we co-incubated neutrophils with sivelestat or alpha1-anti-
trypsin while stimulating them with LPS or PMA for 4 hours. 
Sivelestat and alpha1-antitrypsin are cell impermeable and 
therefore inhibit the proteolytic activity of neutrophil elas-
tase extracellularly.23 24 Indeed, in the presence of both elas-
tase inhibitors, reactivity of NOX-dependent NETs with 
antihistone antibodies against N-terminal tails was preserved 
(figure 1C,D; online Supplementary figure 2A, second and 
third panel). GW311616A, a potent cell-permeable inhibitor 
of elastase, fully blocked NOX-dependent NET formation 
(online Supplementary figure 2A, fourth panel), confirming 
earlier work that intracellular elastase activity is required for 
NOX-dependent NET formation.19 Indeed, elastase translo-
cates to the nucleus during early stages of NOX-dependent 
NET formation; yet, the reactivity against N-terminal histone 
antibodies is preserved and only disappears after cell lysis 
(online Supplementary figure 3). Inhibition of matrix metal-
loproteinases or cathepsins with batimastat or chymostatin, 
respectively, did not prevent loss of N-terminal histone tails 
(online Supplementary figure 2A, fifth and sixth panel). The 
proteolytic cleavage of N-terminal histone tails after NOX-de-
pendent NET formation was also confirmed by Western blot 
analyses. It appeared that cleaved histones are predominantly 
present in neutrophils 3 and 4 hours after PMA stimulation, 
that is, after cells lyse and release chromatin extracellularly, 
whereas platelet-induced NET formation did not result in 
histone cleavage (online Supplementary figure 2B). Alto-
gether, these data indicate that neutrophil elastase mixes with 

https://dx.doi.org/10.1136/annrheumdis-2018-213223
https://dx.doi.org/10.1136/annrheumdis-2018-213223
https://dx.doi.org/10.1136/annrheumdis-2018-213223
https://dx.doi.org/10.1136/annrheumdis-2018-213223
https://dx.doi.org/10.1136/annrheumdis-2018-213223
https://dx.doi.org/10.1136/annrheumdis-2018-213223
https://dx.doi.org/10.1136/annrheumdis-2018-213223
https://dx.doi.org/10.1136/annrheumdis-2018-213223
https://dx.doi.org/10.1136/annrheumdis-2018-213223
https://dx.doi.org/10.1136/annrheumdis-2018-213223
https://dx.doi.org/10.1136/annrheumdis-2018-213223
http://ard.bmj.com/


1792 Pieterse E, et al. Ann Rheum Dis 2018;77:1790–1798. doi:10.1136/annrheumdis-2018-213223

Basic and translational research

Figure 1 Histones in NOX-dependent NETs lack N-terminal histone tails. (A) Representative images (n=3 donors) showing that reactivity of an 
antibody against histone H2B-K12Ac is lost during NOX-dependent NET formation by LPS (left panel), while a pan antibody against C-terminal 
regions of all core histones remains reactive (right panel). Additional stainings are included in the online Supplementary figure 1. (B) Quantification 
of reactivity of antihistone antibodies during NOX-dependent NET formation induced by PMA (blue triangles; n=2) or LPS (green squares; n=3). 
Reactivity was quantified after 120 and 240 min of stimulation. (C) Representative images (n=3 donors) showing that the presence of sivelestat, 
an inhibitor of elastase, preserves reactivity of the anti-H2B-K12Ac antibody with NOX-dependent (LPS induced) NETs. Additional stainings with 
other protease inhibitors are included in the online Supplementary figure 2. (D) Effects of elastase inhibitors (sivelestat and hAAT) on reactivity 
of antihistone antibodies with NOX-dependent NETs induced by PMA (blue triangles; n=2) or LPS (green squares; n=2). ***P<0.001, **P<0.01, 
*P<0.05 PMA compared with control, ###P<0.001, ##P<0.01, #P<0.05 LPS compared with control. Scale bar=20 µm. hAAT, human alpha1-antitrypsin; 
LPS, lipopolysaccharide; NET, neutrophil extracellular trap; PMA, phorbol myristate acetate.

chromatin to facilitate early stages of NOX-dependent NET 
formation,19 but that the proteolysis of N-terminal histone 
tails by neutrophil elastase is mainly occurring extracellularly, 
thus after NET release.

n-terminal histone tails remain present in nOX-independent 
neTs
Next, we explored whether histones present within NOX-in-
dependent NETs also lack their N-terminal tails. To evaluate 
this, we exposed neutrophils to activated platelets and anal-
ysed these NETs by immunofluorescence microscopy for their 
reactivity with antibodies against the N-terminal histone tails. 

In contrast to NOX-dependent NETs, NOX-independent 
NETs showed a strong reactivity with our panel of antihistone 
antibodies against N-terminal tails (figure 2A). NOX-inde-
pendent NETs appeared within 1 hour after stimulation with 
activated platelets (online Supplementary figure 4A). At this 
time point, stimulation of neutrophils with PMA or LPS had 
not yet resulted in chromatin decondensation or NET release, 
thereby confirming an earlier report that NOX-independent 
NET formation is a much faster process than NOX-depen-
dent NET formation.25 Platelets activated by LPS, ADP or 
thrombin appeared equally potent in inducing fast NOX-in-
dependent NET formation (online Supplementary figure 
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Figure 2 N-terminal histone tails are present in NOX-independent NETs. (A) Activated platelets induced rapid NET formation after 1 hour of 
stimulation, whereas exposure to LPS does not cause NET release at this timepoint. Antibodies recognising N-terminal histone tails show strong 
reactivity against platelet-induced NETs (representative of n=3 donors). (B) The presence of N-terminal histone tails in isolated NETs, induced by 
PMA (4 hour), LPS (4 hour) or activated platelets (1 hour) (n=5 donors), was quantified by ELISA in which NETs were coated as antigen. The reactivity 
of our panel of antihistone antibodies was plotted as a ratio to the reactivity of a monoclonal antibody recognising NET-associated DNA. Green 
lines represent reactivity of our antibody panel with 1 µg/mL of apoptotic chromatin, which was obtained as described in Papayannopoulos et al.19. 
(C) Stimulation of neutrophils with LPS or activated platelets yields NETs containing MPO. Inhibition of NOX with DPI prevents NET release by LPS, 
but not by activated platelets (representative of n=3 donors). (D) The presence of MPO in isolated NETs, induced by either PMA, LPS or activated 
platelets (n=4 donors), was quantified in the same way as outlined for panel B. (E) NOX-independent NETs (platelets), but not NOX-dependent NETs 
(PMA, LPS) can be measured in sandwich ELISAs employing antihistone antibodies against N-terminal tails and anti-MPO as detecting antibody (n=4 
donors). Obtained reactivity of these ELISAs was plotted as a ratio compared with the reactivity of an ELISA with anti-DNA as capturing antibody. (F) 
Supernatants from neutrophils undergoing NET formation (LPS, PMA) but not those from neutrophils undergoing apoptotic (4NQO 4 hour), secondary 
necrotic (4NQO 30 hours) or necrotic cell death (S. aureus) contain soluble MPO–DNA complexes (n=2 donors). ***P<0.001, **P<0.01, *P<0.05 
compared with PMA and LPS in (B) and (E) and compared with v in (F). Scale bar=20 µm. DPI, diphenyleneiodonium; hAAT, human alpha1-antitrypsin; 
LPS, lipopolysaccharide; MPO, myeloperoxidase; 4NQO, 4-nitroquinoline 1-oxide; NET, neutrophil extracellular trap; PMA, phorbol myristate acetate. 

4B). Reactivity of NOX-independent NETs with antihistone 
antibodies was preserved up to 4 hours after stimulation 
with activated platelets (online Supplementary figure 5A). In 
addition to platelets, exposure of neutrophils to the calcium 
ionophore A23187, a reported stimulus of NOX-indepen-
dent NET formation,21 26 yielded NETs recognised by anti-
histone antibodies directed against N-terminal tails (online 
Supplementary figure 5B). To mimic the presence of protease 
inhibitors in the extracellular environment, we also induced 
NET formation with PMA-activated and LPS-activated plate-
lets in the presence of 10% autologous serum. In line with 
the previous reports,27 we observed a general reduction in 
the number of NETs in the presence of serum; however, the 
presence of serum did not essentially alter the difference in 
staining of N-terminal histone tails between the NOX-depen-
dent and NOX-independent pathway (online Supplementary 
figure 6). To more precisely quantify the differences in reac-
tivity of antihistone antibodies against N-terminal tails within 
NOX-independent and NOX-dependent NETs, we applied an 
ELISA in which NETs were coated as antigens after which the 
reactivity of our antibody panel was evaluated. This ELISA 
revealed the low and high reactivity of our antihistone anti-
body panel with, respectively, NOX-dependent and NOX-in-
dependent NETs (figure 2B). In summary, NOX-independent 
NETs contain N-terminal histone tails in contrast to NOX-de-
pendent NETs.

nOX-independent neTs are detected in sandwich elIsAs 
employing anti-MPO and antihistone antibodies directed 
against n-terminal tails
In order to allow discrimination between NOX-independent 
and NOX-dependent NETs in biological fluids, we aimed to 
establish a sandwich ELISA employing anti-MPO and anti-
histone antibodies directed against N-terminal tails. For this 
purpose, we first validated the presence of MPO within both 
NOX-dependent and NOX-independent NETs. Immuno-
fluorescence microscopy confirmed that MPO was present 
within both NOX-dependent and NOX-independent NETs 
(figure 2C, online Supplementary figure 7), with NET-as-
sociated MPO being equally present in NOX-dependent 
and NOX-independent NETs when corrected for the total 
amount of NET-associated DNA (figure 2D). To confirm 
that the observed NETs were derived from either NOX-de-
pendent or NOX-independent pathways, we also stimulated 
neutrophils in the presence of the NOX inhibitor diphenyl-
eneiodonium (DPI), which confirmed that activated platelets 
induced NOX-independent NET formation whereas both 
PMA and LPS triggered NOX-dependent NET formation 
(figure 2C). Next, we employed sandwich ELISAs using our 
panel of antihistone antibodies against N-terminal tails or 
a commercially available pan anti-histone antibody reacting 
with the C-terminal regions of all core histones as capturing 
antibodies and anti-MPO as detecting antibody. Complexes 
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Figure 3 Different forms of NETs in sepsis and autoimmune disease. (A) Circulating NETs in patients with sepsis (n=10) versus HC (n=10). Cut-off 
values for positivity in either the MPO–DNA, MPO–H2BAc or MPO–H4Ac ELISA was calculated by the mean value+3× SD of the HC group. Positivity 
in all three ELISAs was classified as NI-NETs, whereas sole positivity in the MPO–DNA ELISA was classified as ND-NETs. (B) Kinetics of in vivo NET 
formation in two healthy volunteers undergoing experimental endotoxemia. (C) The 10% pooled plasma of the two healthy volunteers from graph B 
was used for ex vivo NET induction in healthy donor neutrophils. Plasma sampled at time point 90 min after LPS challenge induced NETs, in contrast 
to plasma sampled 60 min prior to LPS challenge. Of note, these NETs stained positive for H2B-K12Ac (yellow arrows), indicating NOX-independent 
NET formation. (D) Circulating NETs in patients with PsA (n=20), RA (n=20) and SLE (n=20) were characterised in MPO–DNA ELISAs (X-axis) and 
MPO–H2BAc ELISAs (Y-axis) and based on cut-off values for positivity (red lines), NETs were classified as being derived from NI or ND pathways; 
some samples were unclassifiable (MPO–DNA negative, MPO–H2BAc positive). Scale bar=20 µm. HC, healthy controls; LPS, lipopolysaccharide; MPO, 
myeloperoxidase; ND-NET, NOX-dependent NETs; NET, neutrophil extracellular trap; NI-NETs, NOX-independent NETs; PsA, psoriatic arthritis; RA, 
rheumatoid arthritis; SLE, systemic lupus erythematosus; Uncl, unclassifiable.

consisting of MPO and histones with intact N-terminal tails 
could only be detected in case of NOX-independent NETs 
(figure 2E). In contrast, the pan antibody against C-terminal 
histone regions showed similar reactivity for both NOX-de-
pendent and NOX-independent NETs. Importantly, other 
neutrophil cell death pathways such as apoptosis, secondary 
necrosis and Stahylococcus aureus toxin-induced necrosis, 
did not result in the detection of MPO–DNA complexes, indi-
cating that the detection of soluble MPO–DNA complexes 
most likely is specific for NET formation (figure 2F). In 
conclusion, the detection of MPO–histone complexes in a 
sandwich ELISA with antihistone antibodies against N-ter-
minal tails as capturing antibodies allows measurement of 
NOX-independent, but not NOX-dependent NETs.

Circulating NETs in patients with septic shock, rheumatoid arthritis 
(RA) and systemic lupus erythematosus (SLE) are derived from NOX-
independent pathways
Being able to discriminate between NETs derived through 
NOX-dependent or NOX-independent pathways, we next 
assessed whether we could detect NOX-dependent or 
NOX-independent NETs in blood plasma obtained from 
patients with prototype NET-associated diseases; that is, 
septic shock,28 RA,13 psoriatic arthritis (PsA)29 and SLE.30 
We first measured circulating MPO–DNA complexes and 
then evaluated whether positivity in the MPO–DNA ELISA 

coincided with positivity in additional ELISAs employing 
anti-histone antibodies directed against N-terminal tails 
(H2B-K12Ac and/or H4-K8,12,16Ac). Positivity in all 
ELISAs was classified as NET formation through NOX-inde-
pendent pathways, whereas positivity in only the MPO–DNA 
ELISA was classified as NOX-dependent NET formation. We 
first validated this approach in patients with septic shock, 
as sepsis can be perceived as a positive control for NOX-in-
dependent NET formation.31 Positivity in the MPO–DNA 
ELISA was found in 7/10 patients with sepsis. All patients 
except one were also positive in the MPO–H2B-K12Ac and 
MPO–H4-K8,12,16Ac ELISAs, thus indeed revealing NETs 
derived from NOX-independent pathways (figure 3A). One 
patient was borderline positive in the MPO–DNA ELISA, 
but did not reach positivity in the MPO–H2B-K12Ac or 
MPO–H4-K812,16Ac ELISAs, and these NETs were thus 
classified as being derived through a NOX-dependent 
pathway. As NOX-dependent and NOX-independent NET 
formation also differ in their kinetics of NET release, we 
evaluated the kinetics of NET formation in two healthy 
volunteers enrolled in a human endotoxemia trial, a systemic 
inflammatory model partially mimicking sepsis. A rapid 
extrusion of NETs (ie, within 1 hour after intravenous LPS 
challenge) hereby supports a NOX-independent pathway 
to be involved. Indeed, NETs were detectable in plasma 
sampled at 30 and 60 min after LPS administration, reaching 

http://ard.bmj.com/


1795Pieterse E, et al. Ann Rheum Dis 2018;77:1790–1798. doi:10.1136/annrheumdis-2018-213223

Basic and translational research

Figure 4 Stimulatory potential of NOX-independent NETs on endothelial cells. (A) Assessment of nuclear translocation of NFκB p65 after 
24 hours of exposure to LPS (positive control), NI-NETs and ND-NETs (n=3 donors). The percentage of endothelial cells with nuclear positivity for 
NFκB p65 (illustrated by red arrows) was scored in three independent fields and plotted in the right panel. (B) Quantitative real time-PCR analyses 
reveals the upregulation of adhesion markers (ICAM-1, VCAM-1) and cytokines (IL-8, IL-6) particularly in response to NI-NETs (n=3 donors). (C) 
Representative images (n=3 donors) confirming upregulation of ICAM-1 at the protein level after 24 hours exposure to NI-NETs. ***P<0.001, 
**P<0.01, *P<0.05 compared with control if not specified otherwise. Scale bar=20 µm. ICAM-1, intercellular adhesion molecule-1; IL, interleukin; LPS, 
lipopolysaccharide; NFκB, nuclear factor kappa-light-chain-enhancer of activated B cells; ND-NETs, NOX-dependent NETs; NET, neutrophil extracellular 
trap; NI-NETs, NOX-independent NETs; VCAM-1, vascular cell adhesion molecule-1.

its peak at 90 min (figure 3B). After 90 min, the concentra-
tion of NETs declined again. Pooled plasma from these two 
LPS-challenged volunteers was also capable of inducing NET 
formation in healthy donor neutrophils ex vivo. Of note, the 
extruded NETs stained positive with our antibody against the 
N-terminal histone tail of H2B, thereby confirming NOX-in-
dependent NET release (figure 3C). Having validated that 
our ELISAs are suitable for the characterisation of in vivo 
circulating NETs, we subsequently analysed whether circu-
lating NETs in RA, PsA and SLE patients are derived from 
NOX-dependent or NOX-independent pathways. Positivity 
in the MPO–DNA ELISA was found in 8/20 patients with 
PsA (40%), 14/20 patients with RA (70%) and 6/20 patients 
with SLE (30%). Whereas all patients with PsA except one 
were negative in the MPO–H2B-K12Ac ELISA, patients with 
RA and SLE were mainly positive in the MPO–H2B-K12Ac 
ELISA (figure 3D). The detection of NOX-independent NETs 
in SLE plasma is in line with earlier reports showing that 
low-density granulocytes (LDGs) present in SLE patients 

undergo spontaneous NOX-independent NET formation.32 
Indeed, spontaneously formed NETs from LDGs of patients 
with SLE had a strong reactivity with our antibody panel 
against N-terminal histone tails (online Supplementary 
figure 8). Taken together, NETs in PsA seem derived from 
a NOX-dependent pathway, whereas NETs in RA and SLE 
are generated through a NOX-independent pathway. Thus, 
these data show that NETs are detectable in the circulation 
of patients with sepsis or autoimmune disease, but that the 
molecular pathway through which they originate (NOX-de-
pendent vs NOX-independent) differs between diseases.

nOX-dependent and nOX-independent neTs differ in their 
endothelial cell stimulatory potential
To demonstrate that the ability to discriminate between NOX-de-
pendent and NOX-independent NETs is relevant, we finally 
performed functional assays in which the potential of NOX-de-
pendent and NOX-independent NETs to activate endothelial 
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Figure 5 Schematic representation of distinction between 
NETs that have been generated through NOX-dependent or NOX-
independent pathways of NET formation using antibodies recognising 
N-terminal histone tails. The formation of ROS during NOX-dependent 
NET formation leads to the activation of neutrophil elastase that 
subsequently degrades N-terminal histone tails within NETs (upper 
panel). During NOX-independent NET formation, neutrophil elastase 
remains proteolytically inactive, thereby yielding NETs that are 
recognised by antibodies directed against N-terminal histone tails 
(bottom panel). MPO, myeloperoxidase; NET, neutrophil extracellular 
trap; ROS, reactive oxygen species.

cells in vitro was evaluated. To this end, endothelial cells were 
exposed to NOX-dependent and NOX-independent NETs at a 
concentration of 200 ng/mL. NOX-independent NETs induced 
the nuclear translocation of cytosolic NFκB p65 (figure 4A) 
and increased mRNA levels of adhesion markers (intercellular 
adhesion molecule 1 (ICAM-1), vascular cell adhesion mole-
cule-1 (VCAM-1)), as well as proinflammatory cytokines (inter-
leukin (IL)-8, IL-6) (figure 4B). Of note, the increased ICAM-1 
mRNA expression in endothelial cells exposed to NOX-indepen-
dent NETs was also confirmed at the protein level (figure 4C). 
NOX-dependent NETs had significantly less immunostimulatory 
effects on endothelial cells compared with NOX-independent 
NETs. Collectively, these data further highlight the relevance 
of the ability to discriminate between NOX-dependent and 
NOX-independent NETs, since they show different immuno-
stimulatory potential at disease-relevant concentrations.

dIsCussIOn
This study shows that the predominant protease within NETs, 
neutrophil elastase, cleaves N-terminal histone tails from NETs 
formed via a NOX-dependent pathway, a phenomenon that 
does not occur during NOX-independent NET formation. This 
observation was exploited to design ELISAs for the detection 
of MPO–histone complexes that allowed the discrimination 
between NETs derived from NOX-dependent or NOX-inde-
pendent pathways. Whereas NOX-independent NETs could be 
captured in such ELISAs, NOX-dependent NETs were not, as 
these were negative for N-terminal histone tails.

We have previously shown that elastase has proteolytic activity 
in NOX-dependent NETs, but not in NOX-independent NETs.10 
Why the proteolytic activity of elastase differs between NOX-de-
pendent and NOX-independent NETs is not completely clear, but 
is likely explained by the differential requirement of NOX-de-
rived ROS during both pathways of NET formation. Hence, it 
was previously demonstrated that antioxidants prevent elastase 
activity on exposure of neutrophils to PMA.33 The degrada-
tion of core histones during NOX-dependent NET formation 
was previously described and was shown to be required for 
NOX-dependent NETs to be released.19 In addition to intra-
cellular histone cleavage during the process of NET formation, 
our data indicate that histone cleavage continues after NETs 
have been expelled. Hence, the loss of N-terminal histone tails 
only occurred after neutrophils had been lysed to release their 
NET. Experiments with sivelestat and alpha1-antitrypsin, which 
both inhibit extracellular elastase activity only,34 35 support this 
conclusion as they both prevented the loss of N-terminal tails of 
NET-associated histones. We speculate that the extracellular elas-
tase-mediated degradation of N-terminal histone tails in NETs 
may function to potentiate the antimicrobial activity of NET-as-
sociated histones,36 reduce their cytotoxicity to host cells37 or 
facilitate the timely removal of NETs by nucleases.38 The loss 
of N-terminal histone tails in NOX-dependent NETs may also 
explain their reduced immunostimulatory effects on endothelial 
cells compared with NOX-independent NETs; however, other 
explanations including differences in (total or modified) protein 
content15 or NET conformation10 could also account for this.

To our knowledge, evidence supporting the in vivo existence 
of NOX-independent NET formation has been exclusively 
described in the pathogenic context of sepsis.31 Intriguing in vivo 
imaging during sepsis has shown that neutrophils become lodged 
to the sinusoids of the liver, where activated platelets interact 
with neutrophils to induce NET release independent from 
NOX-mediated neutrophil lysis.39 Direct platelet–neutrophil 

interactions do not per se seem to be required for NOX-in-
dependent NET formation as is illustrated by the finding that 
plasma from patients with sepsis induced NOX-independent 
NET formation in the absence of platelets in our ex vivo exper-
iments. The presence of soluble P-selectin or platelet-derived 
microparticles, generated during platelet activation in vivo, may 
explain NOX-independent NET formation in response to septic 
plasma ex vivo.40 41 Similar to sepsis, our data suggest that in 
vivo formed NETs in patients with RA and SLE are generated 
through a similar NOX-independent pathway. Indeed, platelets 
have an activated phenotype in both RA and SLE.42–44 Further-
more, besides platelets, other circulating factors in patients with 
RA and SLE (eg, immune complexes or apoptotic cell-derived 
microparticles) have previously been shown to induce NOX-in-
dependent NET formation ex vivo.26 45 Notably, depending of 
the nature of immune complexes, also NOX-dependent NET 
formation may occur.46 The fact that circulating NETs in SLE 
appear to have been generated through a NOX-independent 
pathway may explain why NOX deficiency, potentially reducing 
NOX-dependent NET formation, does not ameliorate disease 
activity in MRL/lpr mice,47 nor in a pristane-induced lupus 
model.48 Similarly, the finding that individuals with chronic 
granulomatous disease, that is, patients who fail to produce ROS 
through NOX, have a propensity of developing SLE has ques-
tioned the involvement of NOX-dependent NET formation in 
SLE.49–51

It is worth noting that not all patients within the screened 
cohorts were positive for circulating NETs. For instance, in case 
of SLE, only 6 out of 20 patients were positive for circulating 
NETs. Since all SLE patients were treated with immunosup-
pressive agents, had low disease activity (SLE Disease Activity 
Index <4) and did not have signs of lupus nephritis, these data 
imply that a direct causal relationship between circulating NETs 
and disease activity cannot be made. Similarly, 3 out of 10 patients 
with septic shock were negative for circulating NETs, while all 
patients were severely ill and required vasopressor treatment 
with norepinephrine. Altogether, these data suggest that NETs do 
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not per se contribute to disease activity or that additional factors 
are required to turn NETs into pathogenic structures. As this 
was not the aim of our study, these observations warrant further 
investigation with larger cohorts containing more heterogeneity 
in terms of disease activity.

In summary, we conclude that N-terminal histone tails are 
lacking in NOX-dependent, but not in NOX-independent 
NETs due to a different activity of neutrophil elastase in both 
conditions. Therefore, we propose that the use of antibodies 
recognising N-terminal histone tails in MPO-based ELISAs can 
discriminate between NETs that have been generated through 
either NOX-dependent or NOX-independent NET formation 
pathways (figure 5). Identifying the involved pathways through 
which NETs emerge in different disease contexts will facilitate 
the identification of appropriate molecular targets for future 
therapeutics to inhibit NET formation.
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Key messages

What is already known about this subject?
 ► More recent studies suggested that defects in 
autophagy contribute to the pathogenesis of 
SLE, especially in adaptive immunity.

 ► Occurrence and progression of lupus nephritis 
(LN) is the end result of complex interactions 
between regulation of immune responses and 
pathological process by renal resident cells, but 
there is still a lot of missing information for 
an establishment on the role of autophagy in 
pathogenesis of LN and as a therapy target.

What does this study add?
 ► This study demonstrates that autophagy is 
activated in LN, especially in podocyte.

 ► In vitro assays, many of the most important 
mediators of the disease—patients’ sera, 
patients’IgG and IFN-α —could induce 
autophagy in both murine and human 
podocytes.

 ► Autophagy activation negatively associated 
with podocyte injury.

 ► In intervention, autophagy activator could 
protect podocyte injury whereas its inhibitor 
aggravated it.

How might this impact on clinical practice or 
future developments?

 ► As autoantibodies and IFN play an important 
role in a variety of cell populations, autophagy 
may also be relevant for biomarker, translational 
and therapeutic studies in several immune 
related diseases.

 ► New insights into the molecular mechanisms of 
podocyte autophagy in LN may shed promising 
therapeutic strategies.

ABsTrACT
Objective More recent studies suggested that defects 
in autophagy contribute to the pathogenesis of SLE, 
especially in adaptive immunity. occurrence and 
progression of lupus nephritis (Ln) is the end result of 
complex interactions between regulation of immune 
responses and pathological process by renal resident 
cells, but there is still a lot of missing information for an 
establishment on the role of autophagy in pathogenesis 
of Ln and as a therapy target.
Methods Systemic and organ-specific aetiologies 
of autophagy were first evaluated by autophagy 
protein quantification in tissue homogenates in MrLlpr/

lpr lupus prone and female C57BL mice. Analysis of 
gene expression was also adopted in human blood 
and urine sediments. then, some key mediators of the 
disease, including complement inactivated serum, IgG 
from patients with Ln (IgG-Ln) and interferon (IFn)-α 
were chosen to induce podocyte autophagy. podocyte 
injuries including apoptosis, podocin derangement, 
albumin filtration and wound healing were monitored 
simultaneously with autophagy steady-state and flux.
results Elevated LC3B in kidney homogenates and 
increased autophagosomes in podocyte from MrLlpr/

lpr were observed. In humans, mrnA levels of some 
key autophagy genes were increased in blood and 
urinary sediments, and podocyte autophagosomes 
were observed in renal biopsies from patients with 
Ln. Complement inactivated serum, IgG-Ln and IFn-α 
could induce podocyte autophagy in a time-dependent 
and dosage-dependent manner, and by reactive oxygen 
species production and mtorC1 inhibition, respectively. 
Autophagy inhibition aggravated podocyte damage 
whereas its inducer relieved the injury.
Conclusion podocyte autophagy is activated in lupus-
prone mice and patients with lupus nephritis. Increased 
autophagy is cytoprotective against antibody and 
interferon-α induced podocyte injury.

Systemic lupus erythematosus (SLE) is a spectrum 
of autoimmune disease in which defects can occur 
at multiple points of the immune cascade, resulting 
in a striking heterogeneity of clinical presenta-
tions.1–4 The central pathology is the recognition 
of, and reaction to, self-antigens by the immune 
system, leading to type I interferon signalling and 
the production of pathogenic autoantibodies, which 
mediate much of the disease.1–4

More recent genetic and cellular studies 
suggested that defects in the evolutionarily 

conserved catabolic pathway of autophagy contrib-
uted to the pathogenesis of SLE, especially in the 
adaptive immune response.5–12 Hypothesis-free 
genome-wide association studies and further 
follow-up studies revealed that variants locating in 
autophagy-related genes associated with suscepti-
bility to SLE.13–22 Increased ATG5, MAP1LC3B 
and BECN1 expressions were observed in blood 
of patients with lupus.13 18 23 And exposure to 
serum from patients with active SLE in SH-SY5Y 
cells was associated with increased formation 
of autophagic vacuoles.24 It was observed that 
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autophagy was upregulated in B cells during plasma cell 
differentiation in SLE,25 and macrophages from patients with 
SLE also exhibited increased levels of autophagy.26 In a toll-
like receptor 7 transgenic mouse model of lupus, ATG5-de-
pendent B-cell autophagy was necessary for the induction of 
lupus-like disease.27 In addition, autophagy in T cells from 
both lupus-prone mice and patients with SLE was deregulated 
and not distributed homogeneously.28–30 More recently, it 
was observed that, in transgenic mouse models, disruption of 
LC3-associated phagocytosis (LAP) resulted in defective clear-
ance of exogenous dead cells, leading to increased serum levels 
of anti-dsDNA antibodies, anti-nuclear antigens and inflam-
matory cytokines—all of which were hallmarks of SLE.10 31 
However, to what extent autophagy contributes to the organ 
damage in human SLE remains obscure.

Lupus nephritis (LN) is one of the most serious mani-
festations of SLE and is an important predictor of poor 
outcome. Occurrence and progression of LN is the end 
result of complex interactions between regulation of immune 
responses and pathological process involved by renal resi-
dent cells. Similar to other diseases, autophagy is also impli-
cated in the pathological process of renal diseases. Studies 
from renal cells in culture, human kidney tissues and exper-
imental animal models implicate that autophagy regulates 
many critical aspects of normal and disease conditions in the 
kidney.32–35 By specific gene knockout mice, it is indicated 
that constitutive and induced autophagy is a major protec-
tive mechanism against podocyte ageing and glomerular 
injury.36 Also, LAP-deficient animals displayed indications of 
kidney damage and exhibited increased functional markers 
of kidney injury,10 such as increased serum creatinine, blood 
urea nitrogen and proteinuria. And variants of APOL1 and 
MTMR3, key drivers in autophagy, have been associated with 
LNs.37–39

Rapamycin/sirolimus, as an inhibitor of TOR, would acti-
vate autophagy and was observed to prolong survival, main-
tain normal renal function, normalise proteinuria, restore 
protein levels of podocyte-specific markers including nephrin 
and podocin, reduce anti-dsDNA titres, ameliorate histolog-
ical lesions, and reduce Akt and mammalian target of rapa-
mycin (mTOR) activation in LN.11 40–45 But there is still a lot 
of missing information necessary for a full establishment on 
the role of autophagy in pathogenesis of LN and as a therapy 
target. Thus, the aim for the current study is to reveal the 
role and function of autophagy in kidney pathology in LN, 
checking whether modulating autophagic activity in certain 
cell types may be therapeutically beneficial.

MeTHOds
Patients and healthy donors
All the 44 patients, recruited from Peking University First 
Hospital, fulfilled the American College of Rheumatology 
revised criteria for the classification of SLE and were diag-
nosed with LN by renal biopsy. A total of 37 volunteer 
controls were reported to be healthy by medical examination.

Quantification of autophagy-related gene expression
The quantifications of autophagy-related gene expressions 
were conducted using both peripheral blood mononuclear 
cells (PBMCs, 13 patients with LN and 12 healthy donors) 
and urinary sediments (16 patients with LN and 15 healthy 
donors) (online supplementary methods and table 1).

Purification of IgG from patient sera
IgG were purified from sera of five patients with LN and five 
healthy donors by protein G affinity chromatography (GE 
Healthcare).

Mice
Ten female MRLlpr/lpr lupus-prone mice and 10 control female 
C57BL mice were acquired from Nanjing Medical Univer-
sity. Thymus, spleen, inguinal lymph nodes and kidneys were 
harvested at 6 months.46 Lupus nephritis was proven by 
pathology (online supplementary figure 1). All the proce-
dures were approved by the Institutional Animal Care and Use 
Committee of Peking University First Hospital.

eleCTrOn MICrOsCOPy
Kidney tissue for electron microscopy was fixed in 3% glutar-
aldehyde and 1% osmium tetroxide (OsO4), followed by dehy-
dration in graded ethanol series and washed with acetone, and 
finally embedded in Epon 812. Ultrathin sections were stained 
with uranyl acetate and lead citrate and examined with a trans-
mission electron microscope (JEM-1230; JEOL, Japan).

A total of 20 human renal biopsy specimens were examined 
by light microscopy, immunofluorescence (IF) microscopy and 
transmission electron microscopy (TEM). The average number 
of autophagosomes per podocyte was counted.

Cell culture and treatments
The immortalised human podocyte cell line was a gift from 
Moin A Saleem47 and the mouse podocyte was purchased 
from Cell Resource Centre of Peking Union Medical College 
(3111C0001CCC000230). Both human and mouse podocytes 
were cultured and differentiated as described in online supple-
mentary methods.

Podocytes were maintained and exposed to complement inac-
tivated sera from patients with LN,24 purified IgG from patients 
with LN, purified IgG from healthy donors, and commercial IgG 
(Sigma, I4506) and interferon (IFN)-α 2 (PBL Interferon Source, 
11 105-1) for human podocyte or IFN-α (PBL Interferon Source, 
12 100-1) for mouse podocyte. For autophagy inhibition, 5 mM 
3-methyladenine (3-MA, M9281; Enzo) and 20 µM bafilomycin 
A1 (BafA1, BML-CM110; Enzo) were used. And for autophagy 
induction, 400 µM rapamycin (BML-A275; Enzo) was added.

lentiviral vector infection
The immortalised human podocyte cell line was seeded at 1×105 
cells/well in six-well plates and infected with lentivirus vector 
ATG5 shRNA (Hanbio, Shanghai, China) for 12 hours after 30 
min incubation with polybrene. Then, the media was changed 
regularly and experiments were performed after 10 days in 
differentiation condition. An empty lentiviral vector (Hanbio) 
was used as the negative control (online supplementary figure 2).

Western blotting
The primary antibodies against SQSTM1/p62 protein (5114; 
CST), LC3B (L7543; Sigma) and ACTB/β-actin (sc-47778; Santa 
Cruz), podocin (ab50339; Abcam), RPS6KB (2708P; CST), 
phospho-RPS6KB (Thr389, 9205S; CST), RPS6 (2317S; CST), 
phospho-RPS6 (Ser240/244, 2215S; CST), EIF4B (3592P), 
phospho-EIF4B (Ser422, 3591; CST) and the horseradish perox-
idase–conjugated secondary antibodies (sc-2004 and sc-2005; 
Santa Cruz) were used.

https://dx.doi.org/10.1136/annrheumdis-2018-213028
https://dx.doi.org/10.1136/annrheumdis-2018-213028
https://dx.doi.org/10.1136/annrheumdis-2018-213028
https://dx.doi.org/10.1136/annrheumdis-2018-213028
https://dx.doi.org/10.1136/annrheumdis-2018-213028
http://ard.bmj.com/


1801Qi Y, et al. Ann Rheum Dis 2018;77:1799–1809. doi:10.1136/annrheumdis-2018-213028

Basic and translational research

Immunocytochemical staining
Indirect immunofluorescence staining was performed as 
described previously.48 49 The primary antibodies included 1:100 
anti-LC3B (L7543; Sigma) or 1:100 podocin (ab50339; Abcam). 
Images were captured by IF microscopy (Zeiss, Oberkochen, 
Germany).

mrFP-GFP-lC3
To analyse autophagy flux, cells were infected with dual-tagged 
LC3 (mRFP-GFP-LC3) adenovirus (Hanbio Biotechnology) 
according to the manufacturer’s instructions. GFP and mRFP 
dots/cell and the ratio of mRFP/GFP were used for quantitation 
of autophagy flux, and 20 cells were counted in each group.

Flow cytometry assay
Podocyte apoptosis was determined by flow cytometry using an 
Annexin V-PE apoptosis detection kit (559763; BD Biosciences, 
USA) following the manufacturer’s protocol. Then 10 000 cells 
were analysed by FACScan flow cytometer (BD Biosciences) to 
analyse cellular apoptosis. The levels of intracellular reactive 
oxygen species (ROS) were determined by 2′, 7′-dichlorofluo-
rescin diacetate (Sigma) assay.

In vitro ‘wound healing’ assay
It is assumed that foot process retraction is a migration event 
caused by podocyte injury.50 Podocytes were thus seeded in 
six-well tissue culture dishes 10 days in 37°C for differentia-
tion. At the time point 0 hour, the cell monolayer was wounded. 
Afterward, the cell culture medium was replaced by test 
medium containing either standard medium or medium supple-
mented with IFN-α with 3-MA or rapamycin or shATG5, or 
IFN-α, 3-MA, rapamycin, shATG5 alone. The wounds closure 
were observed at 12 hours by phase contrast microscopy and 
documented by photography. Each condition was examined in 
triplicates.

Albumin influx assay
The filtration barrier function of podocyte monolayer was eval-
uated by a simple albumin influx assay as described previously.51

sTATIsTICAl AnAlysIs
All the analysis was done using SPSS V.14.0. All the results are 
presented as mean±SD. Two group comparisons were assessed 
by two-tailed t-test. Values of p<0.05 were considered statisti-
cally significant.

(Please refer to online supplementary methods for detailed 
information).

resulTs
elevated lC3 quantification in kidney homogenates of Mrllpr/

lpr mice
We first examined the LC3B protein quantification in the thymus, 
spleen, inguinal lymph node and kidney tissue homogenate from 
6-month-old lupus-prone MRLlpr/lpr mice and C57BL6/J mice. 
It was observed that LC3B-II was decreased in MRLlpr/lpr spleen 
homogenate but increased in fraction of lymph nodes (online 
supplementary figure 3). No significant difference was observed 
in the thymus. Five (50%) MRLlpr/lpr murine lupus mice were 
histologically proven with glomerulonephritis at 6 months, 
and the level of LC3B-II significantly increased in kidney tissue 
homogenate from MRLlpr/lpr mice with nephritis, compared with 
MRLlpr/lpr mice without nephritis or C57BL6/J mice (figure 1A).

Increased frequency of observed autophagosome in Mrllpr/lpr 
podocyte
Autophagy level detected from homogenates of the whole organ 
included organelles from infiltrated cells as well as from renal 
resident cells. We thus further directly checked the presence 
of autophagosomes in renal resident cells using TEM (online 
supplementary figure 4). It was observed that autophagic vacu-
oles were present in podocytes instead of endothelial cells, 
mesangial cells or tubular epithelial cells. And the observation 
was present in four out of five MRLlpr/lpr mice with nephritis, but 
absent in MRLlpr/lpr mice without renal impairment or C57BL6/J 
mice (figure 1B).

Increased autophagy mrnA levels in PBMC and urinary 
sediment from human patients with ln
Compared with healthy controls, 31 out of 117 Kyoto Encyclo-
paedia of Genes and Genomes/KEGG autophagy genes (26%) 
were differentially expressed in PBMC from patients with LN. 
Twenty-three genes were significantly upregulated and eight 
genes were significantly downregulated in patients with LN 
(figure 1C, p<0.05; details in online supplementary table 2). 
MTMR3 (myotubularin-related protein 3) (case vs controls, 
7.55±0.12 vs 7.12±0.26; p=1.75×10−5) and RRAGD (Ras-re-
lated GTP binding D) (8.58±0.30 vs 7.56±0.36; p=7.28×10−8) 
showed the most significance and can survive from multiple 
testing (p threshold 0.05/117=4.27×10−4) (figure 1D).

Urinary sediment analysis indicated significantly increased 
mRNA levels of ULK1 (p=0.035), BECN1 (p=0.021) and 
MAP1LC3B (p=0.04) (figure 1E) in patients with LN compared 
with healthy controls. But ATG5, ATG12 and ATG16 showed 
non-significantly differed expression (data not shown).

Observed podocyte autophagosome in renal biopsy from 
human patients with ln
Autophagosomes in podocyte were further analysed by TEM in 
20 patients with LN (each five patients were selected in every 
subgroup of types II, III, IV and V according to 2003 ISN/
RPS classification of LN). Podocyte autophagosomes could be 
observed in 17 out of 20 patients (85%) with LN (figure 1F). 
And only three patients showed no podocyte autophagosome 
and were all belonging to subclass II. However, the number of 
autophagosomes per podocyte (ranged from 0 to 9) correlated 
with no clinical data (data not shown).

sera from patients with ln could induce podocyte autophagy 
in vitro
We hypothesised that a serum factor present with LN may induce 
podocyte autophagy. To test for the presence of such a factor, we 
incubated human podocytes in the presence of complement inac-
tivated sera from healthy donors or LN. It indicated that auto-
phagy was stimulated by sera from patients with LN compared 
with sera from healthy donors (1:10 dilution) (figure 1G). As 
sera contained multiple mediators in disease pathogenesis, we 
then focused on IFN-α and IgG from patients with LN (IgG-LN).

IFn-α could induce podocyte autophagy in vitro
IFN-α, a central cytokine in the pathogenesis of SLE, can 
induce and accelerate SLE tissue damage in patients and mice. 
It remained unknown whether IFN-α can induce autophagy in 
human and murine podocytes. We observed that treatment with 
IFN-α induced autophagy in both human and murine podo-
cytes, as indicated by an increase of LC3B-II and a decrease of 
p62 expression. And this kind of induction was time and dose 
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Figure 1 Upregulated autophagy in MRLlpr/lpr mice, patients with lupus nephritis (LN) and in podocytes treated by sera from patients with LN. 
(A) Western blot analysis of autophagy marker LC3B was shown with long and short exposure in kidney tissue homogenate from MRLlpr/lpr mice. 
Quantification of LC3B-II levels relative to ACTB or LC3B-I was present with mean and range. (B) A representative human podocyte autophagosome 
by transmission electron micrographs (TEMs) is shown (scale bar 1 µm, 200 nm and enlarged image). (C) Heatmap of genes in autophagy pathway 
(pathway: hsa04140) expression in 13 patients with LN and 12 healthy donors. A total of 128 genes were included in autophagy pathway according 
to the Kyoto Encyclopaedia of Genes and Genomes in which 11 genes were not included in the Illumina HT-12 v4 Expression BeadChip. Among them, 
MTMR3 and RRAGD showed the most significance (D). (E) Scatter plot from selected autophagy gene expressions in peripheral blood mononuclear 
cells and urinary sediments (data were expressed relative to their respective 18S expression with means±SEM). (F) A representative human 
podocyte autophagosome by TEM is shown (scale bar 2 µm and 0.5 µm). (G) Sera from patients with LN could induce podocyte autophagy in vitro. 
Densitometry analysis of LC3B-II levels relative to GAPDH is also shown. Values are expressed as mean. P value is indicated in the figure.

dependent (figure 2A–D). Our results also showed enhanced 
LC3-II and p62 expression levels in IFN (−) podocytes from 6 
h to 48 h, indicating that autophagic vacuole accumulation was 
partially attributed to impaired autophagic degradation.

By indirect immunofluorescence, a large number of GFP-LC3B 
puncta formed in the cytoplasm and the average number of 
GFP-LC3B puncta per cell was significantly increased after 

exposure to IFN-α (figure 2E–H) compared with untreated cells. 
And by checking autophagic flux by GFP-RFP-LC3 system, there 
were more GFP+RFP+LC3 puncta (autophagosomes) as well 
as GFP-RFP+LC3 puncta (autophagolysosomes) in podocytes 
under IFN-α treatment than in untreated controls, indicative 
of accumulation of LC3. When co-treated with the lysosomal 
inhibitor (bafilomycin A) to block autophagic flux, more 
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Figure 2 Autophagy was induced by interferon (IFN)-α in podocyte. (A–D) Western blot analysis of autophagy markers LC3B and p62 in human 
and mouse podocytes after exposure to 1000 U/mL IFN-α at various time points and after exposure to different concentrations of IFN-α for 48 
hours. (E–H) Immunofluorescence staining and quantative changes of LC3B (green) in human and mouse podocytes after exposure to 1000 U/mL 
IFN-α for 48 hours. Quantitation of autophagy vacuoles (green dots) were shown in histogram with mean±SEM from three experiments. GFP-LC3B 
displayed a diffuse cytoplasmic distribution in the absence of autophagy. In contrast, after the induction of autophagy, LC3B forms autophagic 
membranes and can be observed as visible puncta representing autophagic vacuoles. (I and K) Fluorescence imaging of mRFP-GFP-LC3 acquired 
by confocal microscopy and (J and L) quantitation of dots per cell and mRFP:GFP ratio in podocytes with or without bafilomycin A1 treatment. The 
GFP signal (green) can be quenched in a lysosomal environment; in contrast, the RFP signal (red) is more stable in an acidic environment. Therefore, 
autophagosomes (GFP+RFP+LC3 puncta) were labelled with yellow (merge from green and red) and autolysosomes (GFP-RFP+LC3 puncta) red 
colour. By detecting and analysing the two different fluorescent signals, the autophagic flux can be monitored. Scale bar 20 000 nm. *p<0.05. 
**p<0.01. (M–P) Western blotting of LC3B-II with co-treatment of bafilomycin A and IFN-α, compared with single or no treatment (untreated vs 
BafA1; IFN-a vs IFN-a +BafA1). **p<0.01. HPC, human podocyte; MPC, murine podocyte.

autophagosomes (GFP+RFP+LC3) were observed (figure 2I–L). 
By Western blotting, it was observed LC3B-II protein quantifica-
tion was significantly increased with co-treatment of bafilomycin 
A and IFN-α, compared with single (IFN-α treatment alone or 
bafilomycin A alone) or no treatment. It suggested that the treat-
ment increased the synthesis of autophagy-related membranes 
instead of autophagic flux block (figure 2M–P).

IgG isolated from patients with ln could induce podocyte 
autophagy in vitro
Because most of the pathogenic autoantibodies were of IgG 
isotype, to examine the likely link between autoantibodies and 
the induction of autophagy in podocytes, IgGs were isolated. 
IgG from the sera of human patients with LN (IgG-LN), enrolled 
healthy donors (IgG-Control) and commercial immunoglob-
ulin from healthy donors were adopted to stimulate podocytes 
in vitro. Podocytes exposed to IgG-LN displayed significantly 
elevated LC3B-II levels compared with exposure to IgG-Con-
trol and commercial IgG. This increase occurred in both a 
time-dependent and dose-dependent manner, peaking at 6 hours 
post-treatment (figure 3A–F). Simultaneously, the levels of p62 
decreased in a time-dependent and dose-dependent manner 
in IgG-LN-treated podocytes. It was thus indicative of potent 
induction of autophagy.

Indirect immunofluorescence experiments also demonstrated 
an increased number of LC3-positive dots in podocytes with 
increased autophagic activity in response to IgG-LN. In untreated 
or IgG-Control-treated cells, only a few LC3 puncta were detected, 
but increased number of LC3-positive puncta could be observed 
after exposure to IgG-LN addition (figure 3G–H). Assays using 
GFP-RFP-LC3 further confirmed this. Podocytes treated with 
IgG-LN displayed increased mature GFP-RFP+autophagolyso-
somes. An additive effect in increased levels of GFP+RFP+LC3 
puncta (autophagosomes) in the presence of both IgG-LN and 
lysosomal inhibition (with bafilomycin A1) indicated that IgG-LN 
enhanced autophagic flux (figure 3I–J). Increased levels of LC3-II 
in the presence of lysosomal inhibition were also confirmed by 
Western blotting, which increased the confidence that an induc-
tion of autophagic process was observed (figure 3K).

IgG-ln regulated generation of rOs and podocyte apoptosis
ROS production was observed to be considerably increased in 
podocytes treated with IgG-LN in a dose-dependent manner 
(figure 3L). To study the effect of IgG-LN on podocyte apop-
tosis in vitro, podocytes were further treated with IgG-LN. Flow 
cytometry revealed that apoptosis rates significantly increased to 
threefold when treated with IgG-LN (13.9%) compared with no 
treatment (4.65%) (figure 3M–N).
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Figure 3 Autophagy induced by IgG extracted from patients with lupus nephritis played a protective role in podocyte apoptosis. (A–F) Western 
blot analysis of autophagy markers LC3B and p62 at various time points (100 µg/mL IgG) and at different IgG concentrations (exposure to IgG for 6 
hours). (G–H) Immunofluorescence staining and quantative changes of LC3B (green) of untreated podocytes and after exposure to 100 μg/mL IgG 
from patients with lupus nephritis and healthy donors for 6 hours. Quantitation of autophagy vacuoles (green dots in G) were shown in histogram 
with mean±SEM from three experiments. (I–J) Fluorescence imaging of mRFP-GFP-LC3 acquired by confocal microscopy and quantitation of dots 
per cell and mRFP:GFP ratio in podocytes with or without bafilomycin A1 treatment. (K) Western blotting of LC3B-II with co-treatment of bafilomycin 
A and IgG-LN, compared with single or no treatment (untreated vs BafA1; IFN-a vs IFN-a+BafA1). **p<0.01>. (L) Reactive oxygen species levels 
in podocytes after treatment with various concentrations of IgG-LN for 6 hours by flow cytometric analysis and quantitation of geometric means 
were shown in histogram with mean±SEM from three experiments. (M–N) Representatives of Annexin V-PE/7-AAD double staining in different 
groups and quantative of apoptosis was shown in histogram (N) with mean±SEM from three experiments. Scale bar 20 000 nm. *p<0.05, **p<0.01, 
***p<0.001.

IFn-α treatment linked mTOrC1 inhibition and podocyte 
damage
It was reported that type I interferon induced autophagy in 
certain human cancer cell lines involving mTORC1 signalling. 
The activity of mTORC1 can be monitored by phosphoryla-
tion changes in downstream target proteins like RPS6KB and 
EIF4EBP1.

To examine the effect of IFN-α on mTORC1, human and 
mouse podocytes were treated with 1000 U for 6, 24 and 48 
hours. We observed decreased phosphorylation of RPS6KB 
(Thr389) and decreased phosphorylation changes of two 

RPS6KB-dependent proteins, RPS6 (Ser240/Ser242) and 
EIF4B (Ser422) (figure 4A–B), indicating that IFN-α attenuated 
mTORC1 signalling. Direct inhibition of mTORC1 activity can 
lead to induction of autophagy.

IFN-α treatment was not observed to affect cell apoptosis 
(online supplementary figure 5). Thus, maintenance of integrity 
of the structure and function of podocytes were further checked. 
By immunofluorescence staining, it was observed that podocin 
was in derangement (figure 4C–D). Expression of podocin, a 
podocyte-specific marker, was detected to be decreased in IFN-α 
using western blotting analysis (figure 4E). The scratch gap 
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Figure 4 Detection of mTORC1 activity and autophagy protected podocytes from interferon (IFN)-α-induced injury. (A–B) Western blot analysis of 
mTORC1 downstream phosphorylation of RPS6 (Ser240/Ser242), EIF4B (Ser422) and RPS6KB (Thr389) in human and mouse podocytes after exposure 
to 1000 U/mL IFN-α for 48 hours. (C–D) Immunofluorescence staining showed the localisation of podocin (green) in human and mouse podocytes 
after exposure to 1000 U/mL IFN-α for 48 hours. Scale bar 20 µm. (E) Western blotting of podocin under different treatments. (F) Podocyte monolayer 
on collagen-coated transwell filters and albumin permeability across podocyte monolayer was determined in human and mouse podocytes after 
exposure to 1000 U/mL IFN-α for 48 hours and was shown in histogram (G–H) with mean±SEM from three experiments. Scale bar 20 000 nm. 
*p<0.05, **p<0.01.
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dimension with IFN-α treatment for 12 hours was larger than 
with no treatment (online supplementary figure 6), implying 
some compromise of the migration capability by IFN-α treat-
ment. To assess the functional consequence, we examined the 
filtration barrier function of podocyte by using a paracellular 
permeability influx assay, which measured the albumin flux 
rate across the differentiated podocyte monolayer. Differen-
tiated podocytes were incubated with IFN-α for 12 hours and 
then subjected to albumin influx assay (figure 4F). As shown in 
figure 4G–H, addition of IFN-α increased albumin influx across 
the podocyte monolayer from 4.84±1.00 µg/mL to 8.14±0.32 
µg/mL in the human podocyte and from 3.52±0.45 µg/mL to 
6.43±0.96 µg/mL in the mouse podocyte. These results indi-
cated that the filtration barrier function of podocytes was 
severely impaired by IFN-α.

Autophagy inhibition aggravated podocyte damage whereas 
its inducer relieved the injury
It was important to demonstrate an effect resulting from inhi-
bition or stimulation of autophagy. We thus applied chemical 
sequestration inhibitors of autophagy, including 3-MA and 
wortmannin, which inhibited class I phosphoinositide 3-kinases 
(PI3Ks) as well as class III PtdIns3Ks. As they were not entirely 
specific, some data were confirmed using RNA silencing of 
ATG5. On the contrary, the most commonly used inducer of 
autophagy was rapamycin, an allosteric inhibitor of mTORC1, 
and was adopted as autophagy activator.

In IgG-LN-induced podocyte apoptosis, addition of autophagy 
inhibitor further increased frequencies of podocyte apoptosis, 
from 13.9% with IgG-LN alone to 19.8% and 24.6% with addi-
tion of wortmannin and 3-MA, respectively, whereas it seemed 
that addition of rapamycin could moderately decrease apop-
tosis induced by IgG-LN, from 13.9% to 11.3% (figure 3M). It 
suggested that induction of autophagy partly protected podocyte 
from IgG-LN-induced apoptosis and the inhibition of autophagy 
may aggravate .

It was observed that both IFN-α treatment and shATG5 
could decrease podocin quantification, whereas rapamycin 
could partially restore its expression in IFN-α-treated cells. 
Inhibition of autophagy by 3-MA made podocin derangement 
more pronounced. In contrast, upregulation of autophagy 
with rapamycin could ameliorate podocin derangement to 
some extent (figure 4C–D). Compared with untreated cells, 
all IFN-a, 3-MA and shATG5 12-hour treatments could 
weaken the scratch healing potential to some extent. Combi-
nation of IFN-α and shATG5 and 3-MA made worse impaired 
podocyte migration. However, rapamycin can restore podo-
cyte migration to some extent (online supplementary figure 
6). In paracellular permeability influx assay, it was observed 
that inhibition of autophagy by 3-MA or shATG5 alone can 
significantly increase podocyte layer permeability, even more 
significant than addition of IFN-α. However, when combina-
tional treatment was applied, a higher loss of podocyte layer 
permeability was observed. Inhibition of autophagy by adding 
3-MA (16.00±0.80 µg/mL in human podocyte, 13.30±0.99 
µg/mL in mouse podocyte) and shAtg5 (14.50±0.68 µg/mL in 
human podocyte) in IFN-α worsened podocyte barrier func-
tion with increased albumin influx. Induction of autophagy by 
rapamycin (6.64±0.48 µg/mL in human podocyte, 4.34±0.60 
µg/mL in mouse podocyte) ameliorated this kind of podocyte 
injury (figure 4G–H).

dIsCussIOn
Autophagy, an intracellular degrading system, is highly depen-
dent on lysosomes and has existed universally in eukaryotic 
cells.52 As a ‘nonselective’ degradation system for long-lived 
cytoplasmic proteins and dysfunctional organelles, it has been 
repeatedly confirmed to be actively involved in pathogenesis in 
SLE, especially in systemic immunity.10 25–28 30 36 38 53 54 The patho-
genesis of LN involves pathomechanisms outside and inside the 
kidney. But there is a lack of investigation on autophagy inside 
the kidney in LN. Although some observational studies indicated 
autophagy involved in some other immune-related nephritis 
in recent years,35 36 inconsistent conclusions have been made. 
There have been studies that provide evidence to support a cyto-
protective role of autophagy and others that support deleterious 
effects of autophagy. It is plausible that it is context dependent.

In the current study, we first checked whether autophagy is 
involved in pathogenesis of LN. The data indicated that auto-
phagy is activated in LN, especially in podocyte. In lupus-prone 
MRLlpr/lpr mice, we observed that the levels of autophagy varied 
in different immune organs of MRLlpr/lpr comparing with C57BL 
mice. In kidney tissues, the levels of autophagy were significantly 
elevated in MRLlpr/lpr mice with renal injury comparing with 
MRLlpr/lpr mice without renal injury and C57BL control mice. In 
addition, in patients with LN, we observed that the expression 
of autophagy-related genes were increased in PBMC and urinary 
sediments. It reinforced the notion that both aberrant systemic 
immunity and intrarenal immunopathology contribute to lupus 
nephritis, in which autophagy may exert an important effect. 
However, as PBMC and urinary sediments were all mixtures 
of different cell types, they may be not optimal specimens, but 
they both shed light on autophagy upregulation, which was also 
consistent with all the previous reports in SLE.28–30 Isolation of 
blood lineage–specific lymphocytes and urine podocytes surely 
will be more illuminating in future non-invasive biomarker 
studies in the field of autophagy.

To understand the precise role of autophagy activation in renal 
injury response and the pathogenesis of LN, we further checked 
relations between autophagy induction and podocyte injury.

We observed that many of the most important mediators of 
the disease—patients’ sera, patients’ IgG and IFN-α—could 
induce autophagy in both murine and human podocytes. In 
general, baseline autophagy in mammalian systems occurs under 
normal conditions, but can be stimulated by various patholo-
gies including by ischaemic, toxic, immunological and oxida-
tive insults. Other autophagy stimulators are pharmacological 
agents like the macrolide antibiotic rapamycin, the best-known 
trigger for autophagy, which acts by inhibiting mTOR. Although 
previous studies showed that deregulated autophagy plays an 
essential role for the induction of SLE, the precise nature of the 
stimulus leading to increased autophagic activity in lupus is not 
defined. We checked the effect of key known mediators of lupus, 
including sera from patients, IgG-LN and IFN-α. Although 
complement was inactivated, sera contain multiple layers of 
mediators in disease pathogenesis, so we further focused on 
IgG from patients with LN (IgG-LN) and IFN-α. The produc-
tion of pathogenic autoantibodies and type I interferon signal-
ling are key pathogenic mechanisms in the development of 
SLE and LN.2–4 55 It was reported that autoimmune mice with 
systemic inflammation but impaired autoantibody production 
were protected from LN.55 It has been estimated that anti-
dsDNA deposition in LN accounts for no more than 10%–20% 
of overall eluted IgG overall, implying that IgG not recognising 
DNA represents the vast majority of antibodies in glomeruli. 
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And it was reported that anti-podocyte antibodies in lupus 
nephritis were multiple and secondary events after autoantibody 
deposition included complement deposition, and activation of 
podocyte intracellular mediators such as phosphorylated protein 
kinase C and free oxygen radicals. And ROS played a key role 
in mediating autophagy formation in podocytes and determined 
podocyte depletion. We thus speculated that increased genera-
tion of ROS was associated with the IgG-induced autophagy in 
podocytes. Exposure of NZB/W mice to IFN-α can accelerate 
pathogenic autoantibody production, proteinuria development 
and glomerular IgG deposition.56 And type I IFNs synthesised 
by resident renal cells (mesangial and endothelial cells) induced 
renal dysfunction, glomerulonephritis, crescent formation and 
tubulointerstitial nephritis.57

We observed that autophagy activation negatively associated 
with podocyte injury. Terminally differentiated podocytes are 
vulnerable to various kinds of injury, and the loss of podocytes is 
considered a key feature of progressive glomerular disease. Podo-
cyte injury is responsible for proteinuria, and loss of podocytes 
by cell death or detachment is a critical step for the progression 
of glomerular diseases. In LN, podocytes are injured at the struc-
tural and molecular level.58 In the study, autophagosomes were 
observed in the podocyte but not in other glomerular resident 
cells (such as mesangial cells or endothelial cells), suggesting 
the regulation and function of autophagy is likely cell type and 
context specific. In clinical situations, it is difficult to demonstrate 
autophagy clearly in tissues of formalin-fixed and paraffin-em-
bedded biopsy samples retrospectively because tissues fixed in 
formalin have low or no LC3 detectable. More recently, LC3B or 
GFP-LC3 has been used to monitor autophagy through indirect 
IF or direct fluorescence microscopy. However, it was reported 
that IF assay pointing to LC3 could not differentiate cell types 
in kidney tissues.35 36 Thus, confirmatory data on involved cell 
types may warrant future transgenic mice study. We observed 
that autophagy levels negatively associated with podocyte apop-
tosis, derangement of podocin, paracellular permeability influx 
and albumin influx, which were all indicators of podocyte injury. 
And we observed autophagosomes in all proliferative classes 
except from some patients with class II. As type class II was char-
acterised by fewer immune deposits and less podocyte injury 
compared with classes III–V, which may be the underlying cause 
for the difference in which autophagy was cytoprotective against 
damage caused by IgG-LN. Some observational studies also 
suggested increased autophagosomes were detected in podocytes 
in FSGS, membranous nephropathy and IgA nephropathy.35 36 
It thus highlighted the fundamental role of autophagy for the 
long-time maintenance of glomerular podocytes in LN and other 
immune-related glomerulonephritis. But we observed no clinical 
correlation. The reasons may be several. First, the occurrence of 
LN is the interaction outcome between systemic/local immunity 
and renal intrinsic mechanism by resident cells. Every patient 
has his own key pathophysiological pathway. Such is also the 
fact that no single histological lesion or score could precisely 
predict clinical findings. Second, to correlate every single histo-
logical lesion with clinical parameters, it may need hundreds of 
patients. Lastly but not the least, the formation of autophago-
somes is to protect podocyte against damage, which is a feed-
back or compensatory mechanism instead of direct damage. 
The production of autoantibodies to self-antigens followed by 
formation of immune complexes in glomeruli was the core step 
in leading to nephritis in SLE. Serum IgG from patients with SLE 
could induce the apoptosis of endothelial cell59 and induce auto-
phagy of T lymphocytes.29 And anti-dsDNA antibodies could 
bind to podocytes in vitro and in vivo, resulting in segmental 

effacement of podocyte foot processes and proteinuria.60 61 Our 
data provided evidence that serum IgG from patients with SLE 
could induce apoptosis and also autophagy in podocyte. With 
the increase of the concentration of serum IgG from patients 
with SLE, more ROS produced and levels of LC3B increased in 
podocytes, suggesting that ROS mediated podocyte autophagy 
induction by IgG from patients with SLE. In contrast, consistent 
to previous report,62 we observed that IFN-α was not involved 
in podocyte loss, but impairment of cell structure and function. 
We observed that the induction of autophagy correlated with 
mTORC1 inhibition in human and mouse podocytes and that 
autophagy ameliorated IFN-α-induced podocyte injury. Taken 
together, our data indicated that activation of podocyte auto-
phagy protected from cell injury at least under conditions of 
IFN and IgG-LN, which was in accordance with the data that 
LAP-deficient mice showed nephritis and loss of autophagy in 
podocytes resulted in a markedly increased susceptibility to 
glomerulosclerosis. Similarly, based on reported in vivo models 
of kidney injury, autophagy is often regarded as a renoprotec-
tive factor in the development and progression of renal diseases. 
But a defect in autophagy regulation itself is not (yet) proven to 
be able to cause human kidney diseases. In this study, we also 
observed an association of autophagy with LN and then iden-
tified some factors that could lead to its occurrence, in which 
autophagy played a protective role in feedback. This explains 
some mechanism of autophagy and its role in LN. Future inves-
tigations, for instance by using cell-type-specific targeted auto-
phagic gene knockout mice in LN, are necessary to elucidate and 
clarify the precise functional role of autophagy in renal injuries. 
As autoantibodies and IFN play an important role in a variety of 
cell populations, autophagy may also be relevant for biomarker, 
translational and therapeutic studies in several other diseases.

Last but not the least, in interventional study, we observed 
autophagy activator could protect podocyte injury whereas its 
inhibitor aggravated it. Rapamycin, also known as sirolimus, 
is considered to be non-nephrotoxic in the normal kidney. In 
most pathophysiological cases, rapamycin showed renal protec-
tion, including decreasing proteinuria in lupus-prone mice.63 
However, it may also produce renal injury, including increasing 
proteinuria in long-term therapy. The possible reason is, inhi-
bition of mTOR activates autophagy, but prolonged starvation 
reactivates mTOR with degradation of autolysosomal products, 
and mTOR reactivation is required to regenerate functional 
lysosomes and completion of autophagic process.64 In Mtor 
pod-KO mice or prolonged rapamycin treatment, mTOR activity 
is blocked at both points.65 Thus, inhibition of mTOR activates 
autophagy, but mTOR reactivation is also blocked, resulting 
in disruption of autophagic flux. Development of de novo or 
worsening proteinuria is well recognised in patients with long-
term use of rapamycin. Given that disruption of the autophagic 
pathway may play a role in the pathogenesis of proteinuria, 
therapy with mTOR inhibitors can be a double-edged sword 
with both favourable and unfavourable consequences. In our 
current assay, rapamycin was added in quite a short time period, 
and it supported its effects on autophagy activation and renal 
protection. Future more specific and selective regulators of the 
autophagic machinery (without off-target effects) are urgently 
needed. Intermittent upregulation of autophagy may be more 
effective with fewer side effects than chronic use of such strategy. 
And studies using targeted autophagic gene knockout mice or 
transgenic mice are necessary to elucidate and clarify the precise 
therapeutic role of autophagy in lupus nephritis.

We systemically checked autophagy in both lupus-prone mice 
and human patients, confirming the involvement of autophagy 
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Figure 5 Schematic of the key observations of the current study.

in LN, as the exact effect that autophagy might exert in renal 
disease is multifaceted and complex, depending on different 
stimulations, types of disease or cells. We have thus further taken 
multiple mediators of the disease in checking their effect in two 
different podocyte cell lines and by combining different auto-
phagy detection systems, different types of injuries and different 
drug interventions. Combining assays with multiple confirma-
tion, we concluded that increased autophagy is cytoprotective 
against podocyte injury induced by antibody and interferon-α 
in LN. However, there were also some limitations of the current 
study. First, we checked different autophagy levels in lupus-
prone mice; similar to previous reports,28 53 it was observed that 
different tissues showed different autophagy states. But different 
mice models, metabolic state and time of assay may all be 
confounding factors. Future gene knockout or transgenic mice 
study will be more informative in explaining cause effect and 
intervention value. Second, we observed only IgG from patients 
with LN could induce autophagy, but how differences in the type 
of autoantibodies or glycosylation affect autophagy is not clear. 
Third, an optimal condition and therapeutic window in which 
induction of autophagy would yield protective effects is still not 
clear. Fourth, whether autophagy levels could be monitored as 
disease biomarker is still an open question.

In the current study, we evaluated the levels of autophagy 
in kidney in MRLlpr/lpr mice and patients with LN and further 
explored the role of autophagy in podocyte injury of LN. 
Notably, we found that induction of autophagy (rapamycin) 
protected podocyte from IgG-LN-induced apoptosis and IFN-α 
induced derangement of podocin and increased albumin influx. 
Likewise, drugs acting as autophagy inducers such as rapamycin 
were shown to be beneficial in LN treatment. Our findings 
proved the protective role of autophagy in LN, especially in the 
podocyte (figure 5). New insights into the molecular mecha-
nisms of podocyte autophagy in LN may shed promising ther-
apeutic strategies.
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Key messages

What is already known about this subject?
 ► The interferon signature is an imporant 
biomarker for disease activity and vascular 
disease in systemic lupus erythematosus and 
antiphospholipid syndrome.

 ► The interferon signature is assessed by 
gene-expression analysis which hampers its 
implication in clinical practice.

What does this study add?
 ► Galectin-9 correlates with disease activity and is 
a robust and easy to measure serum biomarker 
to detect the interferon signature in systemic 
lupus erythematosus and antiphospholipid 
syndrome.

 ► Galectin-9 outperforms CXCL-10 or traditional 
markers of disease activity to detect the 
interferon signature in systemic lupus 
erythematosus and antiphospholipid syndrome.

How might this impact on clinical practice or 
futue developments?

 ► Serum levels of galectin-9 may aid clinical 
decision making in steering anti-interferon 
targeted therapies in patients with systemic 
lupus erythematosus and antiphospholipid 
syndrome.

ABsTrACT
Objective the interferon (iFn) signature is related to 
disease activity and vascular disease in systemic lupus 
erythematosus (sLe) and antiphospholipid syndrome 
(Aps) and represents a promising therapeutic target. 
Quantification of the iFn signature is currently performed 
by gene expression analysis, limiting its current 
applicability in clinical practice. therefore, the objective of 
this study was to establish an easy to measure biomarker 
for the iFn signature.
Methods serum levels of galectin-9, CXCL-10 (ip-10) 
and tumour necrosis factor receptor type ii (tnF-rii) 
were measured in patients with sLe, sLe+Aps and 
primary Aps (pAps) and healthy controls (n=148) after 
an initial screening of serum analytes in a smaller cohort 
(n=43). Analytes were correlated to measures of disease 
activity and the iFn signature. the performance of 
galectin-9, CXCL-10 and tnF-rii as biomarkers to detect 
the iFn signature was assessed by receiver operating 
characteristic curves.
results Galectin-9, CXCL-10 and tnF-rii were elevated 
in patients with sLe, sLe+Aps and pAps (p<0.05) 
and correlated with disease activity and tissue factor 
expression. Galectin-9 correlated stronger than CXCL-10 
or tnF-rii with the iFn score (r=0.70, p<0.001) and 
was superior to CXCL-10 or tnF-rii in detecting the iFn 
signature (area under the curve (AUC) 0.86). importantly, 
in patients with sLe(±Aps), galectin-9 was also superior 
to anti-dsDnA antibody (AUC 0.70), or complement C3 
(AUC 0.70) and C4 (AUC 0.78) levels in detecting the 
iFn signature.
Conclusion Galectin-9 is a novel, easy to measure 
hence clinically applicable biomarker to detect the iFn 
signature in patients with systemic autoimmune diseases 
such as sLe and Aps.

Systemic lupus erythematosus (SLE) is a chronic 
relapsing autoimmune disease in which immune 
complexes of autoantibodies are deposited in tissues 
inducing tissue damage. Approximately 20% of 
patients with SLE have antiphospholipid syndrome 
(APS), defined as the persistent presence of anti-
phospholipid (aPL) antibodies in patients who 
experienced at least one thrombotic or predefined 
obstetric complication. APS also affects the patients 
without an underlying disease and is then termed 
primary APS (PAPS). The pathogenesis of SLE and 

APS is partly overlapping including shared genetic 
risk loci and perturbations in both the innate and 
adaptive immune system, although both conditions 
are only rarely studied together.1

Transcriptomic studies in SLE and APS have 
revealed a markedly increased expression of inter-
feron (IFN) inducible genes, known as the IFN 
signature which is present in ~75% of patients 
with SLE (±APS) and ~50% of patients with 
PAPS.2–5 In SLE, the IFN signature is associated 
with elevated autoantibody levels, disease activity, 
future flares and congenital heart block.3 4 6 7 In 
(P)APS, the IFN signature has only recently been 
reported and has been linked to endothelial 
progenitor cell dysfunction and increases in proin-
flammatory monocytes.2 5

http://www.eular.org/
http://ard.bmj.com/
http://dx.doi.org/10.1136/annrheumdis-2018-213497
http://dx.doi.org/10.1136/annrheumdis-2018-213497
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-213497&domain=pdf&date_stamp=2018-10-12
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Table 1 Clinical characteristics

HC (n=27) sLE (n=50) sLE+APs (n=40) PAPs (n=29)

Female (%) 93 96 95 97

Age 43 (34–50) 40 (28–48) 45 (37–53) 40 (33–50)

Disease manifestations 

 SLEDAI 4 (2–6) 4 (1–5) –

 Malar rash (%) 66 55 0

 Discoid rash (%) 22 18 0

 Photosensitivity (%) 42 53 0

 Oral ulcers (%) 36 35 0

 Arthritis (%) 70 65 0

 Serositis (%) 28 20 0

 Lupus nephritis (%) 60 45 0

 Neurologic disorder (%) 4 18 10

 Haematological disorder (%) 60 85 35

 Arterial thrombosis (%) 10 43 59

 Venous thrombosis (%) 4 60 38

 Obstetrical morbidity (%) 6 23 31

Current drug use 

 Hydroxychloroquine (%) 80 55 21

 Prednisone (%) 64 45 0

 Azathioprine (%) 34 33 0

 Oral anticoagulant (%) 2 75 62

 Aspirin (%) 22 28 48

Serology 

 C3 (g/L) 0.88 (0.69–1.03) 0.79 (0.68–0.92) –

 C4 (g/L) 0.16 (0.13–0.20) 0.15 (0.11–0.22) –

 a-dsDNA (IU/mL) 27 (6–114) 14 (5–58) –

 Lupus anticoagulant (%) 13 65 82

 IgG aCL (%) 15 78 86

 IgM aCL (%) 11 15 38

 IgG aβ2GPI (%) 7 26 35

 IgM aβ2GPI (%) 7 5 10

Medians with IQR or percentage of total.
aβ2GPI, anti-β2 glycoprotein I antibodies; aCL, anticardiolipin antibodies; a-dsDNA, anti-double stranded DNA antibodies; APS, antiphospholipid syndrome; HC, healthy control; 
PAPS, primary APS; SLE, systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index.

The IFN signature is a promising therapeutic target. 
Anifrolumab, a monoclonal antibody against IFNAR, the 
receptor for type I IFN, showed clinical efficacy in a phase IIb 
clinical trial in SLE, particularly in those patients with an IFN 
signature.8 The detection of the IFN signature may therefore 
soon be used to guide treatment decisions in SLE and possibly 
other autoimmune diseases.

The IFN signature is measured by gene expression analysis. 
Therefore, easier to measure biomarkers for IFN signature 
detection are urgently needed. Measuring IFNα in periph-
eral blood seems the most straightforward method. However, 
IFNα is difficult to detect by standard techniques9 and the 12 
different IFNα proteins cannot be measured by a single assay. 
In addition, other type I IFNs (including IFNβ) as well as type 
II and III IFN (IFNγ and IFNλ) contribute to the IFN signa-
ture.10 Therefore, surrogate markers for the IFN signature 
were searched for Siglec-1 and CD64 expression on mono-
cytes, and serum levels of CXCL-10 correlate with the IFN 
signature in SLE and serve as alternatives to detect the IFN 
signature in SLE.6 11–13

Here, using an identification and replication approach we 
identified that galectin-9, CXCL-10 and tumour necrosis factor 
receptor type II (TNF-RII) correlate with the IFN signature 
and disease activity in patients with SLE and APS. Importantly, 

galectin-9 outperformed CXCL-10 or traditional markers of 
disease activity as an easy measurable biomarker to detect the 
IFN signature both in SLE and APS.

METHOds
Blood was drawn from patients with SLE, SLE+APS, PAPS and 
healthy controls (HC, table 1). Patients with PAPS did not meet 
the American College of Rheumatology criteria for SLE.14 The 
medical ethical committee of the UMC Utrecht approved the 
study and written informed consent was obtained.

Clinical and laboratory assessments
Serum analytes were measured as described in the online supple-
mentary methods15 in an initial identification cohort (n=43), 
followed by a replication step (n=148). For serum analytes, 
elevated levels were defined as 2 SDs above the mean of HC. 
Anti-dsDNA antibodies and complement levels were determined 
by EliA or nephelometry. Details on the assessment of the IFN 
signature, tissue factor (TF) expression and mRNA expression 
of galectin-9 in dendritic cells (DC) are provided in the online 
supplementary methods.

statistics
All tests were conducted two sided at an α level of 0.05. Statis-
tical tests used are provided in the figure legends.

https://dx.doi.org/10.1136/annrheumdis-2018-213497
https://dx.doi.org/10.1136/annrheumdis-2018-213497
https://dx.doi.org/10.1136/annrheumdis-2018-213497
https://dx.doi.org/10.1136/annrheumdis-2018-213497
http://ard.bmj.com/
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Figure 1 Galectin-9 is a biomarker for disease activity and tissue factor expression in SLE and APS. (A) Galectin-9, CXCL-10 and TNF-RII were 
measured by Luminex in sera of patients with SLE, SLE+APS and PAPS (Statistics: Kruskal-Wallis with post hoc Dunn’s). Dotted line represents the 
mean of HC+2 SD. (B) Correlation of galectin-9, CXCL-10 and TNF-RII with disease activity in patients with SLE and SLE+APS. (C) Correlation of 
galectin-9, CXCL-10 and TNF-RII tissue factor (TF) expression in monocytes in patients with SLE+APS and PAPS as assessed by qPCR (-dCq, delta 
quantification cycle). Statistics: (A) Kruskal-Wallis followed by post hoc Dunn’s. (B, C) Spearman correlation coefficients. APS, antiphospholipid 
syndrome; HC, healthy control; PAPS, primary APS; SLE, systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index; TNF-RII, tumour necrosis 
factor receptor type II.

rEsuLTs
Galectin-9, CXCL-10 and TNF-rII are biomarkers of disease 
activity in sLE and APs
In an initial screening of 22 serum analytes, galectin-9 (r=0.81, 
p<0.001), CXCL-10 (r=0.72, p<0.001) and TNF-RII (r=0.42, 
p=0.007) correlated significantly with the IFN score in patients 
with SLE, SLE+APS and PAPS (n=43, online supplementary 
table and figure 1). We next assessed these analytes in a larger 
replication step (n=148). Galectin-9, CXCL-10 and TNF-RII 
levels were significantly elevated in patients with SLE, SLE+APS 
and PAPS as compared with HC (figure 1A). Elevated levels of 
galectin-9 were present in 74%, 68% and 41% of patients with 
SLE, SLE+APS and PAPS, respectively, compared with 46%, 55% 
and 45% for CXCL-10% and 46%, 50% and 41% for TNF-RII. 
All three analytes correlated with anti-dsDNA antibodies and 
complement levels in patients with SLE (online supplementary 
figure 2). Furthermore, galectin-9 and TNF-RII, not CXCL-
10, correlated with disease activity as assessed by SLE Disease 
Activity Index (figure 1B). In patients with APS, the increased 
expression of TF by monocytes is induced by aPL antibodies and 
reflects a prothrombotic phenotype,1 and we found significant 

correlations between galectin-9, CXCL-10 and TNF-RII and the 
expression of TF by monocytes in patients with APS (figure 1C).

Galectin-9 is a biomarker to detect the IFN signature in sLE 
and APs
A superior correlation of galectin-9 with the IFN score 
(r=0.70, p<0.001) as compared with CXCL-10 (r=0.52, 
p<0.001) and TNF-RII (r=0.46, p<0.001) was found 
(figure 2A). Receiver operating characteristic curve analysis 
revealed the highest area under the curve (AUC, 0.86) for 
galectin-9, followed by CXCL-10 (0.78) and TNF-RII (0.75) 
for the detection of the IFN signature (figure 2B) among 
patients with SLE or APS. When focusing only on patients 
with SLE(±APS), galectin-9 (AUC 0.84) remained a supe-
rior biomarker to detect the IFN signature compared with 
CXCL-10 (AUC 0.75) or TNF-RII (AUC 0.70) or traditional 
markers of SLE disease activity such as anti-dsDNA anti-
bodies (AUC 0.70) or complement levels (C3: AUC 0.70, C4: 
AUC 0.78) (figure 2C). Elevated levels of galectin-9 had a 
sensitivity of 84% and a positive predictive value of 91% of 
detecting the IFN signature among patients with SLE(±APS) 

https://dx.doi.org/10.1136/annrheumdis-2018-213497
https://dx.doi.org/10.1136/annrheumdis-2018-213497
https://dx.doi.org/10.1136/annrheumdis-2018-213497
https://dx.doi.org/10.1136/annrheumdis-2018-213497
http://ard.bmj.com/
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Figure 2 In SLE and APS, galectin-9 outperforms CXCL-10 and traditional markers for disease activity as biomarker for the IFN signature and is 
upregulated in dendritic cells. (A) Correlation of galectin-9, CXCL-10 and TNF-RII with the IFN score. (B) ROC curve analysis of galectin-9, CXCL-10 
and TNF-RII in the detection of the IFN signature in patients with SLE, SLE+APS and PAPS. (C) ROC curve analysis of galactin-9, CXCL-10 and TNF-RII 
as compared with traditional markers of SLE disease activity in detecting the IFN signature among patients with SLE±APS. (D) Test characteristics of 
elevated galectin-9, CXCL-10, TNF-RII, anti-dsDNA antibodies or reduced complement levels to detect the IFN signature in patients with SLE(±APS). 
(E) Expression of galectin-9 coding gene LGALS9 in myeloid and plasmacytoid DCs as assessed by RNAseq in patients with SLE and APS stratified by 
IFN status. (F) Expression of LGALS9 assessed by qPCR after in vitro stimulation of DCs with IFNα for 3 hours (n=3/group). Statistics: (A) Spearman 
correlation coefficients. (E) ANOVA with post hoc Tukey’s or Student’s t-test. (F) Student’s t-test. ANOVA, analysis of variance; APS, antiphospholipid 
syndrome; AUC, area under the curve; HC, healthy control; IFN, interferon; mDC, myeloid dendritic cells; NPV, negative predictive value; PAPS, primary 
APS; pDC, plasmacytoid dendritic cells; PPV, positive predictive value; ROC, receiver operating characteristic; SLE, systemic lupus erythematosus; TNF-
RII, tumour necrosis factor receptor type II.

(figure 2D). In multivariate linear regression analysis 
galectin-9 was an independent predictor for the IFN score, 
and remained significant after correction for anti-dsDNA 
antibodies, complement levels and disease activity.

Increased expression of galectin-9 in dCs of IFN-positive 
patients with sLE and APs
Galectin-9 is a β-galactoside-binding lectin, encoded by the gene 
LGALS9 which is highly expressed in DCs.16 Therefore, we 
explored the expression of LGALS9 in myeloid and plasmacy-
toid DCs (mDC/pDC) in SLE and APS. LGALS9 expression was 
markedly higher in circulating DCs of patients with SLE and APS 
with an IFN signature and IFNα increased LGALS9 expression 
in vitro in mDCs and pDCs (figure 2E,F).

dIsCussION
Here we report that galectin-9, CXCL-10 and TNF-RII are 
elevated and associated with disease activity in SLE and APS. 
Notably, we identified galectin-9 as a robust and easy to measure 
biomarker to detect the IFN signature, outperforming tradi-
tional biomarkers for the IFN signature such as CXCL-10.

Measuring the IFN signature in patients with SLE might in 
the future be used in clinical decision-making.8 The necessity to 
quantify gene expression and the lack of a uniformly accepted 
gene set or scoring system hamper its implementation in clin-
ical practice. Furthermore, serum biomarkers are more easily 
standardised and are less laborious as compared with previously 
proposed biomarkers for the IFN signature that are assessed by 
flow cytometry.12 13 In this respect, galectin-9 is a promising 

http://ard.bmj.com/
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stable biomarker, which is superior to CXCL-10 in the detection 
of the IFN signature, both in SLE and APS, and can furthermore 
be reliably detected in serum samples stored for long periods.17

Besides serving as a biomarker, galectin-9 may play a role in 
the pathogenesis of SLE and APS. Galectin-9 induces the matura-
tion of DCs by increasing the expression of HLA-DR and costim-
ulatory molecules and galectin-9 produced by DCs activates T 
cells.16 Galectin-9 expression was markedly increased in DCs of 
IFN-positive patients with SLE and APS and may therefore drive 
the unabated activation of DCs seen in these patients. Further-
more, in the pristane-induced SLE mouse model, knockout of 
LGALS9 results in reduced nephritis and arthritis,18 supporting a 
pathogenic role for galectin-9 in the pathogenesis of SLE. Besides 
IFNα, galectin-9 may also be induced by other proinflammatory 
mediators implicated in the pathophysiology of autoimmune 
diseases,19 hence the applicability of galectin-9 as a biomarker 
for immunopathology in other diseases warrants further study.

The treatment of SLE and APS has remained largely unchanged 
for decades. The revolution in the treatment of other rheumatic 
conditions, most notably rheumatoid arthritis, in the last decades 
has not been paralleled in SLE and APS in which few clinical trials 
have met their primary outcome. A major reason for the failure 
of these trials is the molecular heterogeneity of these diseases. 
Consequently, for SLE and APS there is an urgent need for a 
more personalised treatment approach, guided by the molecular 
phenotype rather than clinical diagnosis. Treatment of patients 
on the basis of the presence of an IFN signature could represent 
such a molecular phenotype, supported by the results from the 
anifrolumab trial.8 Galectin-9 may serve as a robust and easy to 
measure biomarker to detect the IFN signature in patients with 
SLE and APS, as well as other (systemic) autoimmune diseases.
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ABsTrACT
Objectives the pathogenesis of giant cell arteritis 
(GCA) remains unclear. tH1 and tH17 pathways are 
implicated, but the proximal initiators and effector 
cytokines are unknown. our aim was to assess the role 
of interleukin 12 (IL-12) and interleukin 23 (IL-23) in 
GCA pathogenesis.
Methods IL-12 and IL-23 expression were quantified 
by immunohistochemistry in temporal artery biopsies 
(tABs). temporal artery (tA) explant, peripheral blood 
mononuclear cell (pBMC) and myofibroblast outgrowth 
culture models were established. pBMCs and tA explants 
were cultured for 24 hours in the presence or absence of 
IL-12 (50 ng/mL) or IL-23 (10 ng/mL). Gene expression 
in tA was quantified by real-time pCr and cytokine 
secretion by ELISA. Myofibroblast outgrowths were 
quantified following 28-day culture.
results Immunohistochemistry demonstrated 
increased expression of interleukin 12p35 (IL-12p35) 
and interleukin 23p19 (IL-23p19) in biopsy-positive 
tAs, localised to inflammatory cells. IL-12p35 tA 
expression was significantly increased in those with 
cranial ischaemic complications (p=0.026) and large 
vessel vasculitis (p=0.006). IL-23p19 tA expression was 
increased in those with two or more relapses (p=0.007). 
In pBMC cultures, exogenous IL-12 significantly 
increased interleukin 6 (IL-6) (p=0.009), interleukin 22 
(IL-22) (p=0.003) and interferon γ (IFn-γ) (p=0.0001) 
and decreased interleukin 8 (IL-8) (p=0.0006) secretion, 
while exogenous IL-23 significantly increased IL-6 
(p=0.029), IL-22 (p=0.001), interleukin 17A (IL-17A) 
(p=0.0003) and interleukin 17F (IL-17F) (p=0.012) 
secretion. In ex vivo tA explants, IL-23 significantly 
increased gene expression of IL-8 (p=0.0001) and 
CCL-20 (p=0.027) and protein expression of IL-6 
(p=0.002) and IL-8 (p=0.004). IL-12 (p=0.0005) and 
IL-23 (p<0.0001) stimulation increased the quantity of 
myofibroblast outgrowths from tABs.
Conclusion IL-12 and IL-23 play central and distinct 
roles in stimulating inflammatory and proliferative 
pathways relevant to GCA pathogenesis.

InTrOduCTIOn
Giant cell arteritis (GCA) is the most common 
form of systemic vasculitis.1 However, its patho-
genesis remains incompletely understood.2 While 
the initiating trigger for GCA is unknown, one 
of the primary events is the activation of arterial 

wall resident dendritic cells (DCs) through toll-
like receptors.3 Activated DCs release mediators 
which initiate the process ultimately resulting in 
the arterial wall inflammation characteristic of 
GCA.4 Central to this is the stimulation of two 
distinct helper T-cell subsets, T helper 1 (TH1) 
and T helper 17 (TH17) cells. TH1 cells secrete 
interferon γ (IFN-γ) which is hypothesised to be 
primarily responsible for the ischaemic manifesta-
tions of GCA. TH17 cells secrete several cytokines, 
including interleukin 17A (IL-17A) and inter-
leukin 22 (IL-22), hypothesised to be primarily 
responsible for the constitutional and polymyalgic 
symptoms of GCA.2

Interleukin 12 (IL-12) and interleukin 23 (IL-23) 
are heterodimeric members of the IL-12 super-
family of cytokines, secreted by DCs with subse-
quent effects on T-lymphocytes.5–7 IL-12 induces 
T-lymphocytes to differentiate towards the TH1 
pathway and regulates TH1 cell function.8 The prin-
cipal cellular target of IL-23 is TH17 cells where it 
promotes release of IL-17A.9 While IL-12 and IL-23 
have been identified as important cytokines in the 
pathogenesis of several diseases, there are limited 
data in GCA.10 11

Plasma IL-12 is virtually undetectable in 
healthy controls, increased in untreated patients 
with GCA and persistently elevated despite gluco-
corticoid treatment.12 Monocyte gene expression 
of interleukin 12p35 (IL-12p35) and interleukin 
12p40 (IL-12p40) are increased in patients with 
GCA compared with healthy controls and persists 
despite glucocorticoid treatment.12 IL-12p35 
and IL-12p40 gene expression are persistently 
increased in temporal arteries (TAs) following 
glucocorticoid treatment.12 In one small study, 
higher serum IL-12p40 predicted a relapsing 
disease course and relapsing patients appeared 
to have persistent elevations in IL-12p40 mRNA 
but paradoxically lower expression of IL-12p35, 
IL-12p40 and interleukin 23p19 (IL-23p19) by 
immunohistochemistry.13 TH17 cells, a key target
of IL-23, are increased in the blood of patients 
with GCA.12 IL-23p19 and IL-17A have previously 
been demonstrated to be increased at mRNA level 
in inflamed TAs from patients with GCA.13 14 The 
aim of the current study was to assess the expres-
sion and effects of IL-12 and IL-23 on inflamma-
tory and proliferative pathways in GCA.
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MeTHOds
GCA registry
Patients included in the current study were recruited from 
the participants in an existing GCA Registry, as previously 
reported (see online supplementary methods).15 All patients 
were receiving glucocorticoids at the time of peripheral blood 
mononuclear cell (PBMC) sampling and temporal artery biopsy 
(TAB). All patients gave written informed consent and the study 
received ethical approval.

TA immunohistochemistry
Immunohistochemistry for IL-12p35 and IL-23p19 was 
performed, see online supplementary methods. All slides were 
stained and scored under blinded conditions by an independent 
senior histopathologist (AF). IL-12p35 and IL-23p19 expres-
sion were scored using a semiquantitative method based on that 
described by Chatelain et al.16 The proportion of inflammatory 
cells (excluding smooth muscle cells and vessels) stained was 
scored with 0=no staining, 1+=10–25%, 2+=25–50% and 
3+=>50% of inflammatory cells. For each slide, the entire arte-
rial section present was examined and scored.

We compared IL-12 and IL-23 expression in patients with 
and without cranial ischaemic complications (CICs), headache, 
scalp tenderness, TA abnormality, large vessel vasculitis (LVV) 
(definitive evidence of vasculitis of aorta or major branches on 
CT angiogram), jaw claudication, polymyalgia or constitutional 
symptoms at initial presentation. We compared IL-12 and IL-23 
expression in those with and without GCA relapse (recurrence 
of symptoms of active GCA with or without elevated acute-
phase reactants), multiple (≥2) relapses and those subsequently 
prescribed an immunosuppressive agent for the treatment of 
GCA. GCA relapse was defined as the occurrence of symp-
toms of active GCA (including polymyalgia) with or without 
elevated acute-phase reactants (erythrocyte sedimentation rate 
(ESR) >30 mm/hour, C-reactive protein (CRP) >10 mg/L) in a 
patient previously in remission. Isolated fluctuations in acute-
phase reactants or alterations in glucocorticoid dose without the 
presence of symptoms attributable to GCA were not classified 
as a relapse. We evaluated correlations between IL-12 and IL-23 
expression and CRP, ESR, haemoglobin and platelet count.

Isolation and culture of PBMCs
PBMCs were isolated from blood obtained from patients with 
GCA at their baseline assessment. PBMCs were seeded at a cell 
density of 1×106 cells/250 µL and cultured in the presence or 
absence of 10 ng/mL of IL-23 (R&D Systems, Minneapolis, 
Minnesota, USA), 50 ng/mL of IL-12 (R&D Systems) or the 
combination of both for 24 hours in humidified air at 37oC in 
5% CO2, and cultured supernatants were harvested.

TA explant culture model
TABs from patients with suspected GCA were used to establish 
an ex vivo TA explant culture model as described previously,15 
outlined in online supplementary methods. TA explants were 
cultured in the presence or absence of 10 ng/mL of IL-23 (R&D 
Systems), 50 ng/mL of IL-12 (R&D Systems) or the combination 
of both IL-12 and IL-23 for 24 hours in humidified air at 37oC in 
5% CO2. Culture supernatants were harvested and TA explants 
were processed for RNA isolation and gene expression.

mrnA extraction and PCr analysis
mRNA was extracted from TA explants, see online supple-
mentary methods. Relative quantification of gene expression 

was quantified by SYBR Green Real-Time PCR on the Applied 
Biosystems QuantStudio Real-Time PCR System. Gene quan-
tification of signal transducer and activator of transcription 3 
(STAT3), interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 
10 (IL-10), IL-12p35, IL-12p40, IL-23p19, IFN-γ, IL-17A, 
tumour necrosis factor-α (TNF-α), chemokine (c-c motif) ligand 
20 (CCL-20), angiopoietin2 (ANG-2), Regulated upon Activa-
tion, Normal T cell Expressed and Secreted (RANTES), vascular 
endothelial growth factor (VEGF) and vascular cell adhesion 
molecule 1 (VCAM-1) was performed using mRNA-specific 
primers as shown in online supplementary Table S1. Relative 
changes in gene expression were determined using the ΔΔCT 
method with normalisation to the expression of the housekeeper 
ribosomal protein lateral stalk subunit p0 (RPLPO) as an endog-
enous control.

Myofibroblast outgrowth culture model
To examine effects on migration/invasion in GCA, a myofi-
broblast outgrowth culture model was established as described 
previously.15 Matrigel (50 µL) was plated in 96-well culture 
plates and allowed to polymerise at 37°C in 5% CO2 for 30 min. 
Serial TA explant sections were carefully embedded in the 
Matrigel and cultured in 200 µL Dulbecco’s Modified Eagle’s 
Medium supplemented with 10% fetal bovine serum, 10 mL of 
1 mmol/L 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
(Gibco-BRL), penicillin (100 units/mL; Gibco-BRL), strepto-
mycin (100 units/mL; Gibco-BRL) and amphotericin B (0.25 µg/
mL; Gibco-BRL). TA explants were cultured in the presence or 
absence 10 ng/mL of IL-23, 50 pg/mL of IL-12 or the combina-
tion of both over a time course of 1–28 days. Media and exper-
imental agents were replenished every 3 days. Myofibroblast 
outgrowths were assessed using phase-contrast microscopy and 
photographed at day 28. The number of outgrowths per high 
power field (hpf) was counted by two independent observers 
(RC and UF). The mean number of outgrowths per hpf was 
calculated for each condition.

Cytokine and chemokine quantification
See online online supplementary methods.

statistical analysis
Descriptive statistics were reported as mean and SD, median 
and IQR or number (n) and percentages as appropriate. For 
between-group comparisons, χ2 tests were used for categorical 
variables and independent samples t-tests for continuous vari-
ables. Student’s t-tests were used to analyse parametric data. 
For non-parametric data, Wilcoxon signed rank test for related 
samples and Mann Whitney U test for unrelated samples were 
used. Statistical significance was set at p<0.05 throughout. 
All analyses were performed using IBM SPSS Statistics (IBM 
Corp. Released 2011. IBM SPSS Statistics for Windows, V.24.0. 
Armonk, New York: IBM Corp.) and GraphPad Prism V.7.03 for 
Windows (GraphPad Software, La Jolla, California, USA, www. 
graphpad. com).

resulTs
Il-12 and Il-23 immunohistochemistry
Representative images of TA histology H&E are shown in 
online supplementary figure S1 showing varying combinations 
of luminal narrowing due to intimal hyperplasia, fragmenta-
tion of the internal elastic lamina, mononuclear inflammatory 
infiltrates and multinucleated giant cells (GCs) in positive TABs. 
IL-12 and IL-23 expression in positive controls are shown in 
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online supplementary figure S2. IL-12 and IL-23 were absent in 
biopsy-negative sections and were variably expressed in inflam-
matory cells in biopsy-positive sections. GCs showed intense 
expression of IL-12 and IL-23 (figure 1).

IL-12 expression in TAs was significantly greater in patients 
with CICs (p=0.026), LVV (p=0.006) or without headache 
(p=0.030). IL-23 expression was not increased in those with CICs 
(p=0.967), LVV (p=0.264) or without headache (p=0.634). 
There was no significant difference in IL-12 or IL-23 expression 
in those with scalp tenderness (p=0.245 and p=0.720, respec-
tively) or TA abnormality on clinical examination (p=0.698 and 
p=0.606, respectively). IL-12 (p=0.051) and IL-23 expression 
were not increased in those with jaw claudication (p=0.892). IL-12 
and IL-23 expression were not different based on polymyalgic 

(p=0.664 and p=0.265, respectively) or constitutional (p=0.101 
and p=0.798, respectively) symptoms. IL-12 and IL-23 expression 
were not significantly associated with the occurrence of relapses 
of GCA (p=0.562 and p=0.470, respectively) or the need for the 
use of another agent in addition to glucocorticoids (p=0.117 and 
p=0.140, respectively). However, IL-23 (p=0.007), but not IL-12 
(p=0.053) expression was significantly increased in those with two 
or more relapses (figure 2).

There was a moderate correlation between IL-12 expression and 
baseline CRP levels, r=0.487 (p=0.004). There was no correlation 
between IL-12 expression and ESR (r=0.114, p=0.527), haemo-
globin (r=0.041, p=0.822) or platelets (r=0.11, p=0.556). There 
was no correlation between IL-23 expression and CRP (r=0.203, 
p=0.257), ESR (r=0.166, p=0.356), haemoglobin (r=0.102, 

Figure 1 Interleukin 12 (IL-12) and interleukin 23 (IL-23) Immunohistochemistry. Representative images of the microscopic analysis of temporal 
artery (TA) sections staining for IL-12 and IL-23. Blue arrows indicate representative examples of specific cellular staining. (A) 0, negative staining 
(100x); (B) 1+IL-12 expression (100x); (C) 2+IL-12 expression (100x); (D) 3+IL-12 expression (100x); (E) IL-12 expression in giant cell (GC) (400x); (F) 
IL-12 expression in blood vessel (vx) endothelial cells (400x); (G) IL-23 expression in GC (400x); (H) 1+IL-23 expression (100x); (I) 2+IL-23 expression 
(100x) and (J) 3+IL-23 expression (100x). SM, smooth muscle. IL-12 was expressed in inflammatory cells in biopsy-positive TAs (n=29) but not in 
biopsy-negative TAs (n=4) (K). IL-23 was expressed in inflammatory cells in biopsy-positive TAs (n=29) but not in biopsy-negative TAs (n=4) (L).
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Figure 2 Interleukin 12 (IL-12) and interleukin 23 (IL-23) expression and clinical features. IL-12 expression (A) was significantly increased in those 
with cranial ischaemic complications (CICs), and those with imaging evidence of large vessel vasculitis (LVV), and significantly decreased in those 
with headache. There was no difference in IL-12 expression in those with jaw claudication, scalp tenderness or an abnormal temporal artery (TA) on 
clinical examination. IL-12 expression was not increased in those with relapses, multiple relapses and in those requiring a second-line treatment. IL-
23 expression (B) was not increased in those with CICs, headache, scalp tenderness, LVV, jaw claudication or in those with an abnormal TA on clinical 
examination. There was no difference in IL-23 expression in those with and without relapses; however, IL-23 expression was significantly increased in 
those with multiple relapses. IL-23 expression was not increased in those requiring a second-line treatment. Data were analysed using Mann Whitney 
U test and are expressed as mean± SE of the mean (SEM). n=33. *p<0.05, **p<0.01.
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1819Conway R, et al. Ann Rheum Dis 2018;77:1815–1824. doi:10.1136/annrheumdis-2018-213488

Basic and translational research

p=0.571) or platelets (r=−0.203, p=0.273). IL-12 expression 
was increased in biopsies with GCs (p=0.034) and decreased in 
biopsies with intimal hyperplasia (p=0.045). IL-23 was increased 
in biopsies with GCs (p=0.032) and no different in those with 
intimal hyperplasia (p=0.681).

Il-12 and Il-23 stimulation in PBMC culture model
IL-12 stimulation significantly increased IL-6 (p=0.009, n=17) 
(figure 3A), IFN-γ (p=0.0001, n=14) (figure 3E) and IL-22 
(p=0.003, n=16) (figure 3F) secretion. IL-12 significantly 
decreased IL-8 (p=0.0006, n=15) secretion (figure 3B). IL-12 
did not increase IL-17A (p=0.669, n=16) (figure 3G), inter-
leukin 17F (IL-17F) (p=0.074, n=9) (figure 3H), interleukin 2 
(IL-2) (p=0.875, n=4), interleukin-1β (IL-1β) (p=0.875, n=4) 
or TNF-α (p=0.125, n=3) secretion.

IL-23 stimulation significantly increased IL-6 (p=0.029, 
n=40) (figure 3C), IL-17A (p=0.0003, n=16) (figure 3G), 
IL-17F (p=0.012, n=9) (figure 3H) and IL-22 (p=0.001, n=16) 
(figure 3F) secretion. IL-23 stimulation did not increase IL-8 
(p=0.554, n=41) (figure 3D), IFN-γ (p=0.903, n=14) (figure 3E), 
IL-2 (p=0.125, n=4), IL-1β (p=0.875, n=4) or TNF-α (p=1, 
n=3) secretion.

effect of Il-12 and Il-23 stimulation on gene expression in TA 
explants
IL-12 stimulation significantly increased IL-8 (p=0.048, n=6), 
IL-6 (p=0.048, n=6) and ANG-2 (p=0.048, n=6) mRNA 
expression (figure 4A-C). IL-12 stimulation did not increase 
CCL-20 (p=0.683, n=6), STAT3 (p=1, n=6) or RANTES 
(p=0.364, n=6) gene expression (figure 4D-F). IL-23 stimula-
tion significantly increased IL-8 (p=0.0001, n=13) and CCL-20 
(p=0.027, n=9) mRNA expression (figure 4G,K). IL-23 stim-
ulation did not increase IL-6 (p=0.380, n=11), STAT3 (n=8, 
p=0.382), ANG-2 (n=3, p=0.5) or RANTES (n=3, p=0.5) 
gene expression (figure 4H-J,K). IFN-γ, IL-10, IL-17A, TNF-α, 

VEGF and VCAM-1 were consistently at or below the limit of 
detection and further analysis was not possible.

Il-12 and Il-23 stimulation in TA explant culture model
IL-12 stimulation did not increase IL-6 (p=0.855, n=14) 
(figure 5A), IL-8 (p=0.903 n=14) (figure 5B), IL-1β (p=0.978, 
n=15) (figure 5E) or TNF-α (p=0.679, n=15) (figure 5F) 
secretion. IL-23 stimulation increased IL-6 (p=0.002, n=61) 
(figure 5C) and IL-8 (p=0.004, n=60) (figure 5D) secretion. 
IL-23 stimulation did not increase IL-1β (p=0.389, n=15) 
(figure 5E) or TNF-α (p=0.252 , n=15) (figure 5F) secretion. 
IFN-γ, IL-2, IL-17A, IL-17F and IL-22 were consistently at or 
below the limit of detection and therefore not evaluable.

Il-12 and Il-23 stimulation in myofibroblast outgrowth 
culture model
Following 28-day culture, myofibroblast outgrowths were 
evident extending from the TAB sections into the Matrigel matrix 
as indicated by red arrows (figure 6A-D). IL-12 (p=0.0005, 
n=20) (figure 6I), IL-23 (p<0.0001, n=33) (figure 6J) and 
IL-12 and IL-23 co-stimulation (p<0.0001, n=20) (figure 6K) 
significantly increased the quantity of myofibroblast outgrowths 
compared with basal conditions with no evident additive effect 
with combination treatment (figure 6L).

effects in patient subgroups
We further analysed the results of our experiments in specific 
disease subgroups, biopsy-positive GCA, biopsy-negative GCA 
and disease controls; these are illustrated in online supplemen-
tary figures S3–S14. For the majority of outcomes, there were no 
differences between the groups. However, some outcomes were 
significant only in the biopsy-positive GCA group; IL-12 stimu-
lated IL-6 (p=0.03) (online supplementary figure S3) and IL-23 
stimulated IL-17A (p=0.031) (online supplementary figure S4) 

Figure 3 Effect of interleukin 12 (IL-12) and interleukin 23 (IL-23) stimulation on peripheral blood mononuclear cells. IL-12 stimulation significantly 
increased interleukin 6 (IL-6) secretion at 24 hours, n=17 (A). IL-12 stimulation significantly decreased interleukin 8 (IL-8) secretion at 24 hours, n=15 
(B). IL-23 stimulation significantly increased IL-6 secretion at 24 hours, n=40 (C). IL-23 stimulation did not increase IL-8 secretion at 24 hours, n=40 
(D). IL-12 but not IL-23 stimulation significantly increased interferon γ (IFN-γ) secretion at 24 hours, n=14 (E). IL-12 and IL-23 stimulation significantly 
increased interleukin 22 (IL-22) secretion at 24 hours, n=16 (F). IL-23 but not IL-12 stimulation significantly increased interleukin 17A (IL-17A), n=16 
(G) and interleukin 17F (IL-17F), n=9 (H) secretion at 24 hours. Data were analysed using Wilcoxon signed rank test and are expressed as mean±SE of 
the mean (SEM). *p<0.05, **p<0.01, ***p<0.001.
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in PBMC cultures, and IL-23 stimulated IL-6 (p=0.040) (supple-
mentary figure S5) and IL-8 (p=0.037) (online supplementary 
figure S6) in TA cultures. In the myofibroblast outgrowth model, 
significant increases were seen in both GCA groups but not in 
disease controls (online supplementary figure S7).

dIsCussIOn
We have investigated the potential pathogenic roles of IL-12 
and IL-23 in a variety of different models using TA tissue 
and cells from patients, thus closely reflecting the in vivo 

microenvironment. We have demonstrated the increased expres-
sion of IL-12p35 and IL-23p19 at protein level in inflammatory 
cells using immunohistochemistry in TABs from patients with 
biopsy-positive GCA. IL-12 and IL-23 were both increased in 
those with GCs, and IL-12 was decreased in those with intimal 
hyperplasia. The relevance of this differential expression is 
unclear; however, differential expression of IL-12 and IL-23 
has previously been reported.13 Expression of IL-12p35 was 
significantly increased in patients who had suffered CICs. This 
suggests that IL-12, and by extension the TH1 pathway, may be 

Figure 4 Effect of interleukin 12 (IL-12) and interleukin 23 (IL-23) stimulation on mRNA expression in temporal artery explants. IL-12 significantly 
increased interleukin 8 (IL-8) n=6 (A), interleukin 6 (IL-6) n=6 (B) and ANG-2 n=6 (C) mRNA expression. IL-12 did not increase STAT3 n=6 (D), CCL-20 
n=6 (E) or RANTES n=6 (F) mRNA expression. IL-23 significantly increased IL-8 n=13 (G) and CCL-20 n=9 (K) mRNA expression. IL-23 did not increase 
IL-6 n=11 (H), STAT3 n=8 (J), ANG-2 n=3 (I) or RANTES n=3 (L) mRNA expression. Data were analysed using Wilcoxon signed rank test and are 
expressed as mean± SE of the mean (SEM) compared with endogenous controls. *p<0.05, ***p<0.001.

https://dx.doi.org/10.1136/annrheumdis-2018-213488
https://dx.doi.org/10.1136/annrheumdis-2018-213488
https://dx.doi.org/10.1136/annrheumdis-2018-213488
https://dx.doi.org/10.1136/annrheumdis-2018-213488
https://dx.doi.org/10.1136/annrheumdis-2018-213488
http://ard.bmj.com/


1821Conway R, et al. Ann Rheum Dis 2018;77:1815–1824. doi:10.1136/annrheumdis-2018-213488

Basic and translational research

the key contributor to ischaemic events in GCA. IL-12p35 was 
also significantly increased in those with LVV, while IL-23p19 
expression was significantly greater in those experiencing two 
or more relapses. IL-12p35 and IL-23p19 protein expression in 
TA sections from four patients has previously been reported.13 A 
subsequent study from the same group also reported the identifi-
cation of intracellular IL-23p19 but not IL-12p40 in endothelial 
cells in TA sections, suggesting a potential proinflammatory role 
of intracellular IL-23p19 monomers.17 IL-12p35 and IL-23p19 
expression have not previously been reported to have an associa-
tion with disease outcomes; however, in contrast to our findings 
for IL-23p19, higher expression of IL-17A has been negatively 
associated with disease relapse.14 We have seen in previous 
studies, for example, with TNF-α, that immunohistochem-
ical evidence of cytokine presence in TAB does not necessarily 
imply pathophysiological or therapeutic significance; therefore, 
our extension of our immunohistochemical findings with both 
functional responses in explant culture models and a previously 
reported clinical study is important.18 19

We used PBMC and TA explant culture models to further 
examine the pathways related to IL-12 and IL-23 in GCA patho-
genesis. Stimulation with either IL-12 or IL-23 increased IL-6 
secretion from PBMCs; in contrast, in the TA explant culture 
model, IL-23 increased IL-6 at protein level, whereas IL-12 
increased IL-6 at gene level. This suggests a differential effect 
possibly from different lymphocyte populations in the TA or 
indeed from non-lymphocyte cell types. IL-12 and IL-23 have 
previously been demonstrated to stimulate IL-6 release from 
T-cells in murine models, consistent with what we have shown 
here in ex vivo human models.20 21 In active GCA, IL-6 is 
increased in both serum and tissue.22 23 Persistent elevations of 

IL-6 are associated with relapsing disease and higher glucocorti-
coid requirements.24 Paradoxically, increased production of IL-6 
is protective from CICs.25 The potential for both IL-12 and IL-23 
to increase IL-6 levels is intriguing given the recent evidence of 
the effect of IL-6 blockade in GCA in two randomised controlled 
trials.26 27

The functional importance of IL-8 in GCA has not been 
explored until now.28 High levels of IL-8 secretion from GCA 
TAs and the suppression of IL-8 mRNA expression with dexa-
methasone have been reported.19 Our group has previously 
shown that acute-phase serum amyloid-A (A-SAA) augments the 
production of IL-8 in PBMC and TA explant culture models, 
demonstrating the inducibility of this chemokine.18 The classic 
function of IL-8 is neutrophil recruitment; however, important 
ancillary roles in angiogenesis and in the proliferation and migra-
tion of fibroblasts and of tumour cells have been identified.29–31 
IL-12 decreased the release of IL-8 from PBMCs, whereas in TA 
explants it increased IL-8 gene expression. IL-23, in contrast, 
increased the release of IL-8 from TA explants but had no effect 
in PBMCs. The changes observed may represent a bystander 
effect but given the high levels of IL-8 found in patients with 
GCA warrant further investigation.

Our findings that IL-12 stimulated IFN-γ and IL-23 stimulated 
interleukin 17 (IL-17) release from PBMCs are consistent with 
the known roles of these cytokine axes; confirming the function-
ality of these pathways in GCA.8 12 32 IFN-γ is increased in GCA 
plasma and TABs and persists despite clinically efficacious treat-
ment.12 33 Culturing normal TAs with recombinant IFN-γ results 
in macrophage infiltration, while blockade of IFN-γ ameliorates 
macrophage infiltration, GC formation and chemokine secre-
tion.33 IL-17A is increased at both gene and protein levels in 

Figure 5 Effect of interleukin 12 (IL-12) and interleukin 23 (IL-23) stimulation of temporal artery explants. IL-12 stimulation did not increase 
interleukin 6 (IL-6) n=17 (A), interleukin 8 (IL-8) n=15 (B), interleukin 1β (IL-1β) n=15 (E) or tumour necrosis factor α (TNF-α) n=15 (F) secretion at 
24 hours, n=17 (A). IL-23 stimulation significantly increased IL-6 n=61 (C) and IL-8 n=60 (D) secretion at 24 hours. IL-23 stimulation did not increase 
IL-1β n=15 (E) or TNF-α n=15 (F) secretion at 24 hours. Data were analysed using Wilcoxon signed rank test and are expressed as mean±SE of the 
mean (SEM). **p<0.01.
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TABs from patients with GCA and correlates with the acute-
phase response.14 34 35 IL-17A stimulates lymphocyte and macro-
phage chemotaxis and induces expression of IL-6, IL-8, matrix 
metalloproteinase (MMP)-236–38 and MMP-9 (34–36). We have 
also demonstrated that IL-12 and IL-23 stimulated the secretion 
of IL-22 from PBMCs. Increased expression of IL-22 in GCA 
and its stimulatory effects on viability and gene expression in 
arterial cells have recently been reported.39

We demonstrated the ability of IL-12 and IL-23 to stimulate 
myofibroblast outgrowths. The magnitude was similar with both 
cytokines and there was no evident additive effect. The ability 
of vascular smooth muscle cells (VSMCs) to transform to an 
invasive phenotype followed by migration to the intimal layer 
and subsequent proliferation is believed to be a key feature in 
the pathogenesis of GCA; in particular in the development of 
ischaemic events.40 Endothelin-1 has recently been shown to 
stimulate VSMC migration across the arterial wall.41 Previous 
work from our group has shown the ability of A-SAA (but not 

TNF-α) to stimulate myofibroblast outgrowths, suggesting the 
importance of specific inflammatory pathways in this process.15

In general, similar effects were observed across all three 
patient groups in our study; significant differential effects were, 
however, observed in the biopsy-positive GCA group for IL-12 
stimulated IL-6 and IL-23 stimulated IL-17A in PBMC cultures, 
and IL-23stimulated IL-6 and IL-8 in TA cultures. There was a 
trend towards greater increases in biopsy-positive patients for 
some other outcomes and it may be that these patients have more 
marked responses; however, we did see biological responses 
to IL-12 and IL-23 stimulation across the subgroups. This is 
in contrast to the majority of other cytokines studied in GCA 
where responses have been reported in biopsy-positive patients 
but not biopsy-negative patients.28 33 One explanation for this 
may be due to activity of IL-12 and IL-23 on stromal cells in 
addition to their activity on inflammatory cells.

There are several limitations to this study. We have used 
functional ex vivo models; replication in other models such 

Figure 6 Effect of interleukin 12 (IL-12) and interleukin 23 (IL-23) stimulation in the myofibroblast outgrowth culture model. Representative images 
of the microscopic analysis of myofibroblast outgrowths (red arrows) from temporal artery sections. Experiments representing two patients are shown, 
first patient (A–D), second patient (E–H). (A), (E) Basal (Dulbecco’s Modified Eagle’s Medium (DMEM)); (B), (F) IL-23 (10 ng/mL in DMEM); (C), (G) IL-
12 (50 pg/mL in DMEM); (D),(H) IL-12 (50 pg/mL)+IL-23 (10 ng/mL) (in DMEM). Original magnification 100x. IL-12 stimulation (50 pg/mL) significantly 
increased myofibroblast outgrowths at day 28, n=20 (I). IL-23 stimulation (10 ng/mL) significantly increased myofibroblast outgrowths at day 28, 
n=33 (J). IL-12 (50 pg/mL) and IL-23 (10 ng/mL) co-stimulation significantly increased myofibroblast outgrowths at day 28, n=20 (K). No significant 
additive effect was seen with IL-12 and IL-23 co-stimulation, n=20 (L). Data were analysed using Wilcoxon signed rank test and are expressed as 
mean±SE of the mean (SEM). *p<0.05, **p<0.01, ****p<0.0001.
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as the TA-severe combined immunodeficiency (SCID) chimera 
mouse would help confirm our results.42 The included patients 
were receiving glucocorticoids at the time of blood and tissue 
sampling, which may have influenced the results; however, GCA 
requires urgent treatment to prevent ischaemic complications 
and it would be unethical to withhold treatment to facilitate 
research sampling. Our results were not corrected for multiple 
testing; this is consistent with other papers in this field but does 
increase the risk of a type 1 error.28 43 We detected IL-12 and 
IL-23 at the protein level by immunohistochemistry but not at 
the gene level by PCR; these discordant results may possibly be 
explained by the low level of mRNA for these cytokines and the 
advantage of immunohistochemistry in terms of the visualisation 
of single cells. Finally, the disease control TAs used in this study 
represent a heterogeneous group of other diseases which while 
representing histologically normal arterial tissue may not be a 
true healthy control.

In conclusion, our results suggest key roles for IL-12 and 
IL-23 in the inflammatory and proliferative pathways involved 
in GCA pathogenesis.
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Key messages 

What is already known about this subject?
 ► Neutrophils are abundant in tissues of patients 
with pyoderma gangrenosum and acne (PAPA) 
syndrome but their role in the pathogenesis of 
this condition remains unclear. 

What does this study add?
 ► This study demonstrates that PAPA syndrome 
is characterised by dysregulation in neutrophil 
phenotype and function, including enhanced 
formation and decreased clearance of 
neutrophil extracellular traps (NETs).

 ► These NETs infiltrate affected organs and 
promote activation of macrophages and 
exacerbation of inflammation. 

How might this impact on clinical practice or 
future developments?

 ► As such, targeting aberrant neutrophil 
responses may be an effective therapeutic 
strategy in patients diagnosed with PAPA 
syndrome. 

ABsTrACT
Objectives pyogenic arthritis, pyoderma gangrenosum 
and acne (pApA) syndrome is characterised by flares 
of sterile arthritis with neutrophil infiltrate and the 
overproduction of interleukin (IL)-1β. the purpose of this 
study was to elucidate the potential role of neutrophil 
subsets and neutrophil extracellular traps (nEt) in the 
pathogenesis of pApA.
Methods neutrophils and low-density granulocytes 
(LdG) were quantified by flow cytometry. Circulating 
nEts were measured by ELISA and pApA serum was 
tested for the ability to degrade nEts. the capacity of 
nEts from pApA neutrophils to activate macrophages 
was assessed. Skin biopsies were analysed for nEts and 
neutrophil gene signatures.
results Circulating LdGs are elevated in pApA subjects. 
pApA neutrophils and LdGs display enhanced nEt 
formation compared with control neutrophils. pApA sera 
exhibit impaired nEt degradation and this is corrected 
with exogenous dnase1. recombinant human IL-1β 
induces nEt formation in pApA neutrophils but not 
healthy control neutrophils. nEt formation in healthy 
control neutrophils is induced by pApA serum and 
this effect is inhibited by the IL-1 receptor antagonist, 
anakinra. nEts from pApA neutrophils and LdGs 
stimulate IL-6 release in healthy control macrophages. 
nEts are detected in skin biopsies of patients with pApA 
syndrome in association with increased tissue IL-1β, 
IL-8 and IL-17. Furthermore, LdG gene signatures are 
detected in pApA skin.
Conclusions pApA syndrome is characterised by an 
imbalance of nEt formation and degradation that 
may enhance the half-life of these structures in vivo, 
promoting inflammation. Anakinra ameliorates nEt 
formation in pApA and this finding supports a role for 
IL-1 signalling in exacerbated neutrophil responses in 
this disease. the study also highlights other inflammatory 
pathways potentially pathogenic in pApA, including 
IL-17 and IL-6, and these results may help guide 
new therapeutic approaches in this severe and often 
treatment-refractory condition.

InTrOduCTIOn
Autoinflammatory disorders are characterised 
by abnormalities in the innate immune system 
resulting in excessive production of proinflam-
matory cytokines and exuberant inflammatory 

responses.1 2 One of these conditions is pyogenic 
arthritis, pyoderma gangrenosum and acne (PAPA) 
syndrome, a rare autosomal dominant inherited 
disorder caused by mutations in the proline-ser-
ine-threonine phosphatase interacting protein 1 
(PSTPIP1/CD2BP1) gene.3 PSTPIP1 is a cytoskel-
eton-associated protein that acts as a bridge to 
proteins that interact with proline, glutamic acid, 
serine and threonine (PEST)-type protein tyro-
sine phosphatase (PTP) (PEST-PTP) and regulates 
actin reorganisation,4 T cell activation,5 the phos-
phorylation status of Wiskott-Aldrich syndrome 
protein6 and cAbl tyrosine kinase,7 and the release 
of interleukin (IL)-1β.8 The phosphorylation status 
of PSTPIP1 is likely important for its function.8 
Three missense mutations in PSTPIP1 account for 
most patients with PAPA syndrome,9 resulting in 
a hyperphosphorylated protein that interacts more 
avidly with the pyrin protein inflammasome and 
leading to dysregulated IL-1β and downstream 
tumour necrosis factor (TNF)-α production in 
mononuclear cells.8 10 PAPA syndrome subjects 
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present with a variable disease expressivity and severity of 
skin lesions. Within the clinical spectrum of disease, patients 
with milder presentations can often be effectively treated with 
the IL-1 receptor antagonist, anakinra.11 12 There are also 
patients who can achieve sustained clinical remission while 
taking the anti-TNF agents.10 However, there are patients with 
highly refractory disease who require combination (anti-IL-1/
anti-TNF) or even triple (anti-IL-1/anti-TNF/glucocorticoid) 
therapy to effectively suppress the intense inflammation effects 
resulting from this disease. 

A putative role for neutrophils has been considered in PAPA 
syndrome, given the presence of neutrophilic dermatoses and 
sterile joint effusions with prominent neutrophilic infiltrates.8 9 13 
Indeed, patients with PAPA syndrome have elevated circulating 
levels of various neutrophil serine proteases and antimicrobial 
proteins including myeloperoxidase (MPO), neutrophil elastase 
(NE) and lactoferrin, suggesting global neutrophil activation 
and/or enhanced neutrophil cell death.9 Modular analyses of 
peripheral blood mononuclear cells (PBMC) from patients with 
PAPA syndrome previously revealed an overexpression of genes 
expressed in neutrophils and other myeloid cells.1 Among the 
upregulated neutrophil-associated genes were those encoding 
for neutrophil granule proteins including lipocalin 2 (LCN-2) 
and defensin A4, which are highly expressed in low-density 
granulocytes (LDG).1 14 LDGs are a proinflammatory subset of 
neutrophils that were first described in systemic lupus erythe-
matosus (SLE) as a population of granulocytes that, due to 
their ‘low buoyancy’, sediment within the PBMC fraction after 
density centrifugation.15 In addition to SLE,14 16–18 LDGs have 
been reported in other conditions such as antineutrophil cyto-
plasmic antibody (ANCA)-associated vasculitis19 and psoriasis20 
but have yet to be described in autoinflammatory syndromes. 
LDGs represent a mixed population of neutrophils that express 
cell-surface markers of terminally differentiated neutrophils 
(CD15high/CD14lo/CD10+/CD16+)16 despite in some cases 
having less segmented nuclear morphology that is character-
istic of immature neutrophils.17 Transcriptional analysis of lupus 
LDGs has been consistent with the presence of cells representing 
immature stages of neutrophil differentiation.14 17

Importantly, LDGs in SLE and other conditions have an 
enhanced capacity to spontaneously undergo neutrophil cell 
death through the formation of neutrophil extracellular traps 
(NET). NETs are an extracellular meshwork of chromatin fibres 
decorated with immunostimulatory molecules and various 
enzymes and proteins from the cytosol and neutrophil gran-
ules.18 21 NETs can be induced with various infectious and sterile 
inflammatory stimuli including several cytokines.17 21–24 During 
NET formation, various histones and other peptides become 
post-translationally modified by the enzyme peptidyl arginine 
deiminase 4 through citrullination. Histone citrullination may 
contribute to chromatin decondensation, a hallmark of death 
by NET formation.25 26 Besides their antimicrobial role, NETs 
can cause vascular damage and stimulate immune cells in pleio-
tropic ways, including promoting type I interferons (IFN) and 
proinflammatory cytokine synthesis by target cells if not readily 
cleared by host DNase enzymes.16 17 27 Given the putative role 
of neutrophils in PAPA syndrome, we characterised neutrophil 
subsets in this condition and determined a potential role of NETs 
in the disease pathogenesis.

MATerIAls And MeTHOds
Materials and methods are included in the online supplementary 
material. 

resulTs
Identification and characterisation of ldGs in PAPA syndrome
The demographic and clinical characteristics of patients studied 
are included in online supplementary tables 1 and 2. Among the 
subjects studied, genetic screening for PAPA mutations identi-
fied a family that included five PAPA subjects that all carried the 
A230T mutation (online supplementary figure 1). To determine 
if LDGs are present in the circulation of PAPA subjects, we quan-
tified by fluorescence-activated cell sorting (FACS) the presence 
of CD10−/+/CD14lo/CD15 cells in the PBMC fraction as previ-
ously reported.14 16 28 When compared with healthy controls, 
both SLE (n=18; range 3.4%–46%) and PAPA subjects (n=12; 
range 0.7%–53%) had higher percentage of LDGs within their 
total PBMC fraction compared with healthy control subjects 
(n=5; range 0.9%–6.1%) (figure 1A). To determine the absolute 
number of LDGs, negative selection magnetic bead procedure 
was performed on PBMCs.14 16 We confirmed that both SLE and 
PAPA subjects had increased numbers of LDGs compared with 
healthy control subjects (figure 1B). We developed a scoring 
model to quantify disease activity in PAPA syndrome to deter-
mine its correlation with LDG numbers. PAPA disease activity 
significantly associated with the percentage (β=0.699, p=0.004) 
and absolute numbers (β=0.623, p=0.01) of LDGs (figure 1C 
and data not shown).

Previous reports suggest that lupus LDGs represent, at least 
in part, a subset of immature neutrophils, given the elevated 
expression of mRNAs encoding for granule proteins.14 17 We 
performed RNASeq analysis on PAPA LDGs and compared gene 
expression with autologous normal-density PAPA neutrophils 
(NDN) and healthy control neutrophils. Indeed, similar to lupus 
LDGs, PAPA LDGs have increased gene expression of mRNAs 
encoding for granule proteins (figure 1D, online supplementary 
table 3). Findings were confirmed by qRT-PCR, where both PAPA 
LDGs and SLE LDGs express significantly higher mRNA levels 
of primary (MPO), secondary (LCN-2) and tertiary (MMP8) 
granule proteins compared with healthy control neutrophils 
and autologous normal-density PAPA and lupus neutrophils 
(figure 1E–H). In summary, elevated levels of LDGs are found 
in PAPA syndrome at comparable levels to those in SLE, and 
they associate with PAPA syndrome disease activity. PAPA LDGs 
upregulate mRNAs encoding for granule proteins, suggesting an 
immature phenotype.

PAPA neutrophils undergo enhanced neT formation
To further characterise neutrophil subsets in PAPA, we exam-
ined their ability to undergo spontaneous NET formation when 
compared with controls and SLE. Unstimulated LDGs from PAPA 
and SLE subjects displayed an enhanced ability to form NETs 
compared with autologous NDNs and healthy control neutro-
phils (figure 2A,B). PAPA NDNs also had significantly higher 
levels of NET formation compared with healthy control neutro-
phils (p=0.0043) but to a lesser degree than LDGs (p=0.0022) 
(figure 2A,B). To further confirm whether enhanced NET 
formation occurs in vivo in PAPA syndrome, we quantified NET 
remnants in circulation using an assay previously described by 
our group and others.18 29 PAPA subjects had significantly higher 
levels of citrullinated histone H3-DNA complexes compared 
with healthy control individuals, suggesting that NET formation 
is enhanced in vivo in PAPA neutrophils (figure 2C).

Previous studies have reported that sera from a subset of 
patients with lupus degrade NET inefficiently due to disruptions 
in DNase1 activity.30 We tested the sera of 10 PAPA subjects for 
its ability to degrade NETs. We determined that 80% of the PAPA 
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Figure 1 Identification and characterisation of LDGs in PAPA syndrome. (A) Percentage of LDGs in the PBMC fraction of healthy controls (HC) (n=5), 
patients with SLE (n=18) and patients with PAPA syndrome (n=12). (B) Total LDG numbers per mL of whole blood in HC (n=5), patients with SLE 
(n=18) and patients with PAPA syndrome (n=10). (C) A linear regression analysis of the percentage of LDGs in PBMC fraction and disease activity 
(n=15). (D) RNASeq analysis of HC normal-density neutrophils (NDN), PAPA NDN and PAPA LDG (n=1/each group) identified upregulated expression 
of neutrophil granule genes in PAPA LDGs. (E–H) Total RNA was extracted from unstimulated HC NDN, SLE NDN and autologous LDGs, and PAPA 
NDN and autologous LDGs (n=5/group), and neutrophil granule gene expression was measured by qRT-PCR. Expression values were normalised to 
the expression of the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) housekeeping gene and fold induction over HC NDN was calculated. The 
results shown in (A) to (H) represent the mean±SEM (*P<0.05; **P<0.01). LDG, low-density granulocyte; MPO, myeloperoxidase; PAPA, pyogenic 
arthritis, pyoderma gangrenosum and acne; PBMC, peripheral blood mononuclear cell; SLE, systemic lupus erythematosus. 

subjects’ sera (n=8, called ‘PAPA1’) were impaired in the ability 
to degrade NETs when compared with healthy control sera and a 
minor subset of PAPA sera (20%, n=2, called ‘PAPA2’) that effi-
ciently degraded NETs (figure 3A,B). To determine if this defi-
ciency was due to insufficient serum DNase I activity, we added 
recombinant DNase I to the ‘PAPA1’ sera and this restored the 
ability to degrade NET efficiently (figure 3C,D). Taken together, 
both NDNs and LDGs in patients with PAPA syndrome display 
enhanced NET formation in vitro and in vivo. Elevated levels 
of circulating NET products may be due to an imbalance in 
NET formation and degradation caused by insufficient DNase I 
activity in the sera of PAPA subjects.

serum from PAPA subjects induces neT formation in an Il-1-
dependent manner
Healthy control neutrophils were incubated with healthy control 
or PAPA serum and NET formation was measured. PAPA, but 
not healthy control, sera induced significant NET formation in 
healthy control neutrophils (figure 4A). Moreover, this process 
was dependent on IL-1 signalling as healthy control neutrophils 
pretreated with the IL-1R antagonist anakinra, prior to addition 
of PAPA serum, had a significant decrease in NET formation 
compared with untreated neutrophils (figure 4B). These results 
suggest that increases in serum IL-1β levels in PAPA contribute 
to enhanced NET formation.

Since IL-1 blockade abrogates PAPA serum-induced NETosis, 
we examined if recombinant human IL-1β would induce NETs in 
PAPA neutrophils. Recombinant IL-1β induced significant NET 
formation in PAPA neutrophils and this induction was reduced to 
basal levels with anakinra pretreatment (figure 4C). In contrast, 
healthy control neutrophils and lupus neutrophils did not undergo 
enhanced NET formation in response to recombinant IL-1β stim-
ulation (figure 4D and online supplementary figure 2C). Previous 
studies have suggested that priming neutrophils with recombinant 
TNF-α can enhance their responsiveness to uric acid in gouty 
arthritis.31 We primed healthy control and lupus neutrophils with 
recombinant TNF-α and stimulated with recombinant IL-1β to 
recapitulate the enhanced NETosis in PAPA neutrophils after IL-1β 
stimulation. We did not observe a significant increase in NETosis 
in healthy control and lupus neutrophils after TNF-α priming and 
IL-1β stimulation when compared with unstimulated controls 
(online supplementary figure 2). To determine if the reason for 
increased responsiveness to IL-1 in PAPA neutrophils was due to 
elevated surface expression of IL-1R, we quantified this receptor 
by FACS in PAPA and healthy control neutrophils and found no 
significant difference (online supplementary figure 3). Collectively, 
these results suggest that IL-1β is one of the circulating NET-in-
ducing molecules found in patients with PAPA syndrome and that 
PAPA neutrophils may be specifically primed to respond to IL-1β 
stimulation.
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Figure 2 PAPA neutrophils and LDGs undergo enhanced NET formation. (A) Representative images of unstimulated HC NDN, SLE NDN, SLE 
LDGs, PAPA NDN and PAPA LDGs isolated from peripheral blood after 1 hour (LDG) or 2 hours (NDN) of incubation at 37°C. NETs were identified 
by colocalisation of extracellular myeloperoxidase (MPO) (red) and DNA labelled with Hoechst 33342 (blue). Original magnification x40. (B) 
Quantification of the percentage of cells undergoing NET formation is plotted as mean±SEM (n=6 for HC and PAPA, n=5 for SLE, **p<0.01). (C) 
Circulating NET remnants in HC and PAPA subjects quantified (n=10 subjects/group) plotted as mean±SEM (*p<0.05). The OD index was calculated 
by dividing the individual OD450 values by the average of HC OD450 values. HC, healthy control; LDG, low-density granulocyte; NDN, normal-density 
neutrophil; NET, neutrophil extracellular trap; OP, optical density; PAPA, pyogenic arthritis, pyoderma gangrenosum and acne; SLE, systemic lupus 
erythematosus. 

Proinflammatory cytokines are elevated in PAPA serum
It has previously been shown that proinflammatory cytokines 
including IL-1β, TNF-α, IL-17A and IFN-γ can induce/prime 
NET formation in neutrophils and that patients with PAPA 
syndrome have elevated levels of IL-1β and TNF-α in circula-
tion.8–10 24 32 We next investigated if these cytokines were present in 
the serum of PAPA subjects to help explain the observed enhanced 
NET formation. PAPA subjects had significant elevations in circu-
lating IL-1β, TNF-α, IL-6, IL-17A and IFN-γ while most of these 
cytokines were largely undetected in healthy controls (figure 5). 
Even the PAPA subjects who were in clinical remission had detect-
able levels of circulating IL-1β and TNF-α (figure 5A,B). IL-17A, a 
cytokine not previously associated with PAPA but found in skin of 
patients with psoriasis,33 was elevated in three PAPA subjects with 
current or recent history of pyoderma gangrenosum (PG) lesions 
(figure 5C and online supplementary table 1). Linear regression 
analysis revealed that serum IL-6 levels correlated with circulating 
NET complexes (β=0.931, p=0.007) (figure 5F). Furthermore, 
NETs generated by PAPA neutrophils and LDGs significantly 
induced IL-1β and IL-6 mRNA gene expression and IL-6 protein 
release in healthy control monocyte-derived macrophages 
(figure 5G–I). In summary, PAPA is associated with elevated levels 
of proinflammatory cytokines that may contribute to dysregulated 
NET formation and these NETs in turn may enhance the produc-
tion of proinflammatory mediators by macrophages.

neTs are present in PAPA skin lesion
Infiltrating netting neutrophils were previously shown to be 
present in kidney, skin and placentas of patients with lupus14 34 
and have been described in tissues in other diseases.24 29 Immuno-
histochemistry was performed on the skin biopsy from a patient 
with PAPA syndrome with active PG despite combination immu-
nosuppressive therapy and in skin tissue from another patient with 
PAPA syndrome with no active skin manifestations (figure 6A). A 

meshwork of extracellular traps (ET) identified by positive extra-
cellular citrullinated histone H4 (cit-H4) staining was present in the 
skin lesion but absent in the non-lesional tissue sample (figure 6B). 
We confirmed that the ETs in the skin lesion were derived from 
neutrophils because of colocalisation of extracellular cit-H4 with 
NE (online supplementary figure 4). RNA was purified from PAPA 
skin lesion as well as from healthy control skin. Transcripts of 
neutrophil granule genes previously found to be upregulated in 
lupus and vasculitis LDGs were quantified by real-time PCR.16 19 
Neutrophil granule genes were highly expressed at the mRNA 
level in PAPA skin lesion and were significantly lower in skin tissue 
from a healthy control (figure 6F–H). This was confirmed at the 
protein level by quantifying skin MPO levels (online supplemen-
tary figure 5). Expression of IL-1β mRNA and protein and IL-8 
and IL-17A mRNA, but not TNF, IL-6 or IL-18, was significantly 
increased in the PAPA skin lesion (figure 6C–E, online supplemen-
tary figure 5 and data not shown), when compared with control 
skin. RNASeq was performed on PAPA and healthy control skin 
samples to determine the transcriptional environment in active skin 
disease (PG). Ingenuity pathway analysis (IPA) revealed that upreg-
ulated pathways included IL-17A signalling, and cytotoxic T cell 
(CTL) and natural killer (NK) cell signalling pathways (figure 6I, 
online supplementary table 7). Overall, these results suggest that 
enhanced NET formation by various neutrophil subsets may 
contribute to tissue injury in PAPA and that mutations in PSTPIP1 
may cause dysregulation of CTL and NK cell function that may 
further contribute to tissue destruction.

dIsCussIOn
Despite considerable advances into the molecular mechanism of 
inflammation in PAPA syndrome,8 the role that neutrophil subsets 
and NETs may play in the pathogenesis of this condition has yet 
to be explored. In recent years, some reports have revealed that 
neutrophils are dysregulated in PAPA syndrome.1 9 One particular 
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Figure 3 Impaired NET degradation in a subset of PAPA subjects. (A, B) HC normal-density neutrophils (NDN) were stimulated with PMA (2.5 µM) 
for 4 hours to induce NETs and subsequently incubated with 1% serum from either HC (n=5) or PAPA subjects (n=10) for 16 hours. ‘PAPA1’ represents 
PAPA subjects who did not degrade NETs efficiently and ‘PAPA2’ represents PAPA subjects that were efficient degraders of NETs. (C, D) HC NDNs were 
stimulated with PMA (2.5 µM) for 4 hours to induce NETs, followed by incubation with or without 1% serum from PAPA1 subjects (n=7) in the 
presence or absence of 1 U/mL DNase1 for 16 hours. (A) Represents the mean+SEM from three independent experiments (*P<0.05; **P<0.01; 
***P<0.001). HC, healthy control; NET, neutrophil extracellular trap; PAPA, pyogenic arthritis, pyoderma gangrenosum and acne. 

study identified a granulocyte gene expression signature in PBMCs 
from patients with PAPA syndrome, suggesting the presence of an 
abnormal subset of neutrophils called LDGs that were previously 
described in SLE.1 14 16–18 We sought to determine if LDGs were 
indeed present in the blood from patients with PAPA syndrome and 
if so, characterise their phenotype using LDGs from SLE as a bench-
mark. The results of these studies suggest that circulating LDGs are 
elevated in PAPA and at comparable levels relative to LDGs in SLE. 

We found that LDGs significantly associate with disease activity 
in PAPA, similar to what has been described in ANCA-associated 
vasculitis.19 Previous studies have reported that LDGs express 
higher levels of transcripts for serine proteases and bactericidal 
proteins found in azurophilic granules, secondary granules and 
tertiary granules of maturing neutrophils.14 17 Similar to SLE, this 
was confirmed in PAPA LDGs in our study.16 35 The expression of 
these genes is greatest during the myeloblast/promyelocytic stage 
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Figure 4 PAPA serum induces NET formation in healthy control neutrophils in an IL-1-dependent manner. (A) HC normal-density neutrophils (NDN) 
were stimulated with 10% serum from either HC (n=4) or PAPA subjects (n=6) for 2.5 hours and NET formation was quantified and reported as 
mean±SEM (**P<0.01). (B) HC NDNs were pretreated with/without anakinra (149 µg/mL) for 15 min prior to stimulation with 10% PAPA serum (n=6) 
for 2.5 hours and NET formation was quantified and plotted as mean±SEM (**P<0.01). (C, D) PAPA or HC NDNs were left unstimulated or stimulated 
with recombinant human IL-1β (100 ng/mL) for 2.5 hours in the absence/presence of anakinra (149 µg/mL) pretreatment, respectively. (C) and (D) are 
the mean±SEM from four different samples for each group (*P<0.05). HC, healthy control; IL, interleukin; NET, neutrophil extracellular trap; PAPA, 
pyogenic arthritis, pyoderma gangrenosum and acne. 

of neutrophil differentiation suggesting that PAPA LDGs represent 
an immature neutrophil subset.17 36 It is unclear why neutrophil 
precursors would be prematurely released from the bone marrow 
in PAPA but previous studies have reported that proinflammatory 
cytokines/chemokines produced during an inflammatory episode 
or infection can trigger the proliferation and release of immature 
granulocytes.37 Various chemokines including IL-8, macrophage 
inflammatory protein-2, leukotriene B4 and complement compo-
nent C5a have been shown to regulate neutrophil mobilisation 
during inflammation.38–40 Granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) is one of the main cytokines that regulate 
the production and egress of neutrophils from the bone marrow.41 
Indeed, while circulating levels of GM-CSF have yet to be reported 
for PAPA syndrome, SLE PBMCs produce increased GM-CSF and 
IL-1 signalling can promote the production of this cytokine.42 43 
Future studies should address the role of GM-CSF in neutrophil 
dysregulation in PAPA.

It was previously described that patients with PAPA syndrome 
have elevated circulating levels of neutrophil granule enzymes, 

suggesting a global neutrophil activation.9 The marked release 
of neutrophil granule enzymes into the periphery could be a 
result of enhanced degranulation or dysregulated NET forma-
tion.14 17 21 Indeed, spontaneous NET formation was enhanced 
in PAPA LDGs, similar to what has been observed in SLE. These 
results were confirmed by identifying circulating NET remnants in 
PAPA and that the majority of these subjects exhibited enhanced 
NET formation and decreased ability of their serum to degrade 
NETs. Unlike SLE, where some serum samples could not rescue 
the ability to degrade NETs with the addition of recombinant 
DNase1 (suggesting the presence of DNase1-specific inhibitors),30 
all of the poor-degrading PAPA serum samples restored their ability 
to disassemble NETs with the addition of recombinant DNase1. 
These results suggest that DNase1 activity in mutant PAPA cells 
is not sufficient to degrade an overproduction of NETs and that 
DNase1-specific inhibitors do not play a major role in aberrant 
NET clearance in PAPA. Future studies should focus on under-
standing how DNase1 activity or levels may be perturbed in PAPA 
syndrome.
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Figure 5 Proinflammatory cytokines are elevated in PAPA serum. (A–E) Serum concentrations of IL-1β, TNF-α, IFN-γ and IL-6 (A, B, D, E) and 
OD index for IL-17A (C) in HC and PAPA subjects (n=9/group). Results represent mean±SEM (*P<0.05; **P<0.01). (F) A linear regression analysis 
of the OD index from citrullinated histone (H3)-DNA complexes in the plasma from PAPA subjects and IL-6 protein in PAPA sera (n=6). (G–I) HC 
macrophages were stimulated with spontaneously formed NETs from PAPA NDN or LDGs for 2 hours (G, H) or 24 hours (I). (G, H) Total RNA was 
isolated and qRT-PCR was performed to measure IL-1β and IL-6 gene expression; results represent mean±SEM from four independent experiments 
(*P<0.05). (I) Culture supernatants were analysed by ELISA for IL-6 protein and results represent the mean±SEM from four independent experiments 
(*P<0.05). HC, healthy control; IFN, interferon; IL, interleukin; LDG, low-density granulocyte; NDN, normal-density neutrophil; NET, neutrophil 
extracellular trap; OD, optical density; PAPA, pyogenic arthritis, pyoderma gangrenosum and acne; TNF, tumour necrosis factor. 

The enhanced NET formation in PAPA is likely driven by inflam-
matory stimuli characteristic of this disease, as serum from these 
patients stimulated NET formation in healthy control neutrophils 
in an IL-1-dependent manner. As control neutrophils formed NETs 
after stimulation with PAPA serum but not recombinant IL-1β, it is 
possible that PAPA neutrophils are primed due to chronic inflam-
mation and other proinflammatory cytokines. It has previously 
been reported that priming of healthy neutrophils is necessary to 
induce responses to various stimuli, including toll-like receptor 
agonists and cytokines.44 To support this hypothesis, the serum 
of PAPA subjects showed elevated levels of several proinflamma-
tory cytokines that may prime neutrophils and make them more 
prone to NET formation. Furthermore, NETs derived from PAPA 
neutrophils and LDGs induced the release of IL-6 by macrophages, 
suggesting a vicious cycle where NETs are induced by proinflam-
matory cytokines and these NETs in turn enhance production of 
proinflammatory mediators. In a subset of PAPA subjects, mark-
edly elevated levels of circulating IL-17 were detected. IL-17 has 
been associated with conditions characterised by skin inflamma-
tion including psoriasis and atopic dermatitis.45 Of note, all the 
PAPA subjects with increased circulating IL-17A had history of 
cystic acne or PG and we found evidence of marked upregulation 
of IL-17 transcripts in PAPA skin. These observations should be 

systematically studied in future studies to better understand the 
source of cells contributing to higher IL-17 levels in PAPA, as well 
as the pathogenic role that this cytokine has in the disease and 
whether it could represent an important therapeutic target.

One of the most difficult aspects of treating PAPA syndrome is 
PG refractory to many immunosuppressive and immunomodula-
tory therapies.12 46 In proof of concept studies, we found evidence 
of significant NET formation in PG skin in PAPA but not in unaf-
fected skin. This suggests that NETs may contribute to tissue 
destruction in PAPA syndrome. LDGs have been previously shown 
to cause vascular damage in lupus and netting neutrophils were 
reported in skin and kidneys from patients with dermatological 
and renal manifestations.14 16 Although the study by Villanueva et 
al was unable to determine whether these cells were neutrophils 
or LDGs, we made this differentiation in our PAPA skin lesion.14 
Neutrophils and LDGs share many similarities including surface 
markers and the ability to form NETs,16 17 but they can be distin-
guished based on their gene expression of granule proteins.14 17 19 
Indeed, PAPA skin lesion expressed elevated mRNA levels of genes 
encoding for granule proteins previously reported for SLE LDGs. 
Given higher IL-1β, IL-17 and IL-8 expression in PAPA skin, it 
is possible that local production of these cytokines in the skin 
microenvironment promotes neutrophil recruitment, in situ skin 
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Figure 6 Neutrophil extracellular traps (NET) are present in PAPA skin lesion. (A) Pyoderma gangrenosum lesion that developed in a patient 
with PAPA syndrome with the A230T mutation. The lesion developed while receiving anakinra, infliximab and prednisone at doses up to 60 mg/
daily. A skin biopsy taken from this lesion was obtained and used to perform experiments depicted in (B)–(I). (B) Immunohistochemistry was 
performed on skin lesions from the patient with PAPA syndrome described in (A) and in non-lesional skin sample from another PAPA subject. NETs 
are identified by colocalisation of citrullinated histone H4 (cit-H4) (red) and DNA labelled with Hoechst 33342 (blue). Main figure scale bar 100 µM, 
inset scale bar 20 µM. (C–H) Total RNA was extracted from HC skin biopsy and from lesional skin from the patient with PAPA syndrome described 
in (A). Proinflammatory cytokine and neutrophil granule gene expression were measured by qRT-PCR, normalised to the expression of GAPDH, and 
fold induction was calculated to HC skin. (I) RNASeq analysis of HC skin (n=1) and PAPA lesional skin (n=1) identified upregulated expression of 
neutrophil/LDG, IL-17A signalling and cytotoxic T cell and NK cell signalling genes. CTL, cytotoxic T cell; HC, healthy control; IL, interleukin; LDG, 
low-density granulocyte; MPO, myeloperoxidase; NFAT, nuclear factor of activated T cells; NK, natural killer; PAPA, pyogenic arthritis, pyoderma 
gangrenosum and acne. 

NET formation and tissue damage. Indeed, RNASeq on PAPA 
skin tissue uncovered numerous pathways related to neutrophil 
processes including granulocyte adhesion, diapedesis and IL-17 
and IL-8 signalling, further supporting the role of neutrophils in 
skin pathology in PAPA. Of note, we observed that eicosanoid 
signalling was upregulated in PAPA skin and Denny et al previously 
reported that SLE LDGs secrete enhanced levels of eicosanoids.16 
The RNASeq analysis also revealed that CTL, NK and granzyme B 
signalling were upregulated in PAPA skin. The role of these cyto-
toxic pathways in PAPA skin involvement remains to be better 
characterised in future studies.

Aberrant neutrophil phenotypes have previously been described 
in other autoinflammatory conditions47 and we now report that 

neutrophil subsets are dysregulated in PAPA syndrome in associa-
tion with enhanced NET formation in blood and tissues that may 
further exacerbate inflammatory processes by other myeloid cells 
and contribute to the dysregulated immune microenvironment in 
this disease. Within the field of autoinflammatory diseases, where 
a number of conditions have had marked expansion in targeted 
treatment options, patients with PAPA syndrome remain refrac-
tory to treatment in a number of cases. At times, this necessi-
tates the use of dual biologic treatment such as anti-IL1/anti-TNF 
agents to try and decrease the inflammatory cascade. This study 
suggests that other pathways may potentially represent novel ther-
apeutic targets. In addition to IL-17, future studies should address 
the role of specifically targeting NET formation as a therapeutic 
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option in this group of conditions, as recently shown for autoim-
mune diseases.48 A better understanding of neutrophil biology in 
syndromes with aberrant innate immune responses should provide 
better insight into the pathogenesis of the disease and further ther-
apeutic development.
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Table 1 Characteristics of patients presenting with demyelinating 
disorders during TNF inhibitor (TNFi) therapy

Total n=24

Demographics

 Age, years median (range) 40 (30–75)

  Female n (%) 16 (67)

Neurological involvement

 Central n (%) 15 (62.5)

 Among central optic neuritis n (%) 9 (37.5)

 Peripheral n (%) 9 (37.5)

Underlying disease

 Spondyloarthritis n (%) 13 (54.2)

 Rheumatoid arthritis n (%) 8 (33.3)

 Ulcerative colitis n (%) 3 (12.5)

Last TNFi before demyelination

 Infliximab n (%) 11 (46)

 Etanercept n (%) 8 (33)

 Adalimumab n (%) 4 (17)

 Golimumab n (%) 1 (4)

Relapse of demyelination n (%) 3 (12.5)

Table 2 Percentage of carriage of the different alleles in the case and control population 

Single nucleotide 
polymorphism Allele

Rheumatoid 
arthritis cases with 
demyelination N (%)

Rheumatoid arthritis 
cases with central 
demyelination N (%)

Rheumatoid arthritis 
cases with peripheral 
demyelination N (%)

Multiple sclerosis 
(MS) population 
from GWAS ref.5

Rheumatoid arthritis 
controls N (%)

rs1800693 A 29 (60.5%) 18 (60%) 11 (61.1%) 55% 360 (61.4%)

G (MS risk allele) 19 (39.5%) 12 (40%) 7 (38.9%) 45% 228 (38.6%)

rs4149584 C 47 (98%) 29 (96.7%) 18 (100%) 97.8 227 (98.7%)

T (MS risk allele) 1 (2.1%) 1 (3.3%) 0 (0%) 2.2% 3 (1.3%)

GWAS; genome wide association study.

Frequency of tumour necrosis factor alpha 
receptor superfamily 1A multiple sclerosis-
associated variants in patients with rheumatoid 
arthritis with anti-tumour necrosis factor 
therapy-related demyelinating complications

Tumour necrosis factor alpha (TNFα) is a key cytokine in inflam-
matory rheumatic diseases but is also implicated in multiple scle-
rosis (MS) where TNFα is elevated in demyelinating plaques. 
However, TNFα inhibitors (TNFi) have opposite effects: they 
have revolutionised the treatment of chronic rheumatic diseases 
but may cause flares of MS.1 Several studies have suggested 
an association between TNFi use and occurrence of demyelin-
ating disorders.2 3 Their incidence is estimated up to 4% after 
18 months of treatment in a recent prospective study with 
systematic neurological examination before and after treatment 
initiation.4

In addition, two TNF receptor superfamily 1 (TNFRSF1A) 
single nucleotide polymorphisms, (SNPs) rs1800693 and 
rs4149584 (TNFRSF1A R92Q), have been shown to increase 
the risk of developing MS.5 The rs1800693*G allele leads to a 
dysfunctional TNFα soluble receptor that inhibits TNFα signal-
ling.6 Rare variants of TNFRSF1A locus have also been implicated 
in an autoinflammatory disease called TNF receptor-associated 
periodic syndrome.7

The aim of this study was to test for the association of the 
TNFRSF1A MS risk variants with TNFi-related demyelinating 
complications (central or peripheral) in the rheumatoid arthritis 
population.

Cases were recruited between March 2013 and December 
2015, through successive newsletters over 6 months to report 
cases sent via the Club Rhumatismes et Inflammation (CRI) 
nationwide network (http://www. CRI- net. com), a section of 
the French Society of Rheumatology of almost 2400 clinicians 
using biological treatments for patients with immune-mediated 
inflammatory diseases. Patients with rheumatoid arthritis treated 
with TNFi, from the ReAct cohort8 or rheumatoid arthritis with 
interstitial lung disease,9 and who did not develop demyelin-
ating complication constituted the control population (n=294). 
The local ethics committee approved the study and patients 
gave their informed consent. Genotypes were established after 
DNA extraction from peripheral blood mononuclear cells using 
TaqMan allelic discrimination in cases, with specific probes for 
the rs1800693 and rs4149584 SNPs (Thermo Fisher Scientific, 
France) or whole exome sequencing in controls.9 Frequencies of 
carriage of either of the alleles were compared using a Fisher’s 
exact test.

Twenty-four cases from 11 centres presented demyelinating 
disorders. Their median age was 39.7 years (range 30.4–75.8) 
and 16 (67%) were women. Neurological symptoms occurred 
after a median of 18.3 months (1–66) of anti-TNF therapy; 15 
(62.5%) had central neurological involvement and 9 (37.5%) 
had peripheral involvement. The median follow-up was 26 
months (4–54) for cases and 30 months for controls (table 1).

Genotyping studies revealed no significant difference in the 
frequency of the rs1800693 and rs4149584 MS risk alleles 
between cases and controls (table 2).

This study did not find an association between TNFRSF1A 
MS-associated SNPs and the occurrence of demyelination 
events related to TNFi. However, as our study was under-
powered to detect association signals with an OR lower than 
4 for rs1800693, we cannot definitely exclude the contribu-
tion of these TNFRSF1A risk variants for lower ORs. Thus, 
we saw a non-significant increase of the percentage of T MS 
risk allele of rs4149584 in cases, especially in central demy-
elinating involvement (1.3% vs 3.3% for controls and cases, 
respectively). We acknowledge the effect that mixed ances-
tral groups would have on detecting a difference in allele 
frequencies between cases and controls. Patients of Asian 
ancestries have a lower frequency of the risk allele for both 
SNPs compared with Europeans. This might have favoured 
the absence of difference observed. This effect cannot be 
measured since gathering information on ethnic groups is 
not allowed in France.

The reported TNFRSF1A MS risk variants do not seem to 
be associated with the risk of TNFi-related demyelinating 
complications.

http://www.eular.org/
http://ard.bmj.com/
http://www.CRI-net.com
http://ard.bmj.com/
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In RA, becoming seronegative over the first year 
of treatment does not translate to better 
chances of drug-free remission

In rheumatoid arthritis (RA), it is becoming common to attempt 
to taper or stop medication, aiming for sustained drug-free 
remission (SDFR). Autoantibody seropositivity is a poor prog-
nostic factor for this treatment goal. However, autoantibody 
levels may change and patients may become seronegative, some-
times termed ‘immunological remission’.1 Understanding how 
often this occurs and whether it is favourable for achieving 
SDFR is important to determine whether becoming seronegative 
is a meaningful prognostic marker for drug tapering decisions. 
Furthermore, it will elucidate pathways that lead to long-term 
resolution of the pathophysiology underlying RA.

To that end, we investigated the relationship between serocon-
version and SDFR. In baseline and 1-year serum of 381 patients 
with seropositive RA, we measured 14 RA-associated autoan-
tibodies by ELISA2: anti-CCP2 IgG, IgM and IgA; rheumatoid 
factor IgM and IgA; anti-CarP IgG, IgM and IgA; anti-acetyl-
ated   lysine vimentin IgG and anti-acetylated ornithine 
vimentin IgG (Orgentec Diagnostika , Germany); and anti-ci-
trullinated vimentin 59–74 IgG, anti-citrullinated fibrinogen β 
36–52 and α 27–43 IgG, anti-citrullinated enolase 5–20 IgG. 
Patients originated from the IMPROVED study,3 a randomised 
controlled treat-to-target trial of early (<2 years) untreated 
RA, steered at disease activity score remission (DAS44<1.6) 
and DFR, with initial treatment of methotrexate and high-dose 
prednisone. We investigated whether becoming seronegative 
over the first year of treatment improves chances of long-term 
SDFR, defined as remission lasting at least 1 year, starting at any 
time point and held until the last moment of that individual’s 
follow-up (maximum 5 years).

The prevalence of seroconversion from positive to nega-
tive between 0 and 12 months varied substantially depending 
on the autoantibody from 2% (anti-CCP2 IgG) to 66% (anti-
CarP IgA) (figure 1), occurring mostly in low-positive patients 
(online supplementary table S1). Demographic and clinical 
characteristics at baseline and 1 year in patients with serocon-
version versus those without did not show marked differences 
(online supplementary table S1). Of the 359 patients who had 
outcome data available, 48 (13.4%) achieved long-term SDFR. 
Intriguingly, seroconversion from positive to negative was not 
associated with a greater chance of achieving long-term SDFR 
for any of the 14 antibodies tested (figure 1A). To investigate 
whether these findings were influenced by low-positive patients 
whose autoantibody levels merely fluctuated around the cut-off, 
a sensitivity analysis was conducted including only patients 
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Figure 1 (A) Number and percentage of baseline seropositive patients 
seroconverting (‘Pos to Neg’) or non-converting (‘Stable pos’) between 
0 and 12 months are listed on the left, and the percentage of each 
subset subsequently reaching long-term sustained drug-free remission 
(DFR) is graphically depicted on the right. (B) Number and percentage 
of baseline seropositive patients reaching long-term sustained DFR, 
categorised by the amount of antibody reactivities that were lost (i.e. 
composite of positive-to-negative seroconversion) between 0 and 12 
months. Anti-acetyl pept Abs, anti-acetylated peptide antibodies; Anti-cit 
pept Abs, anti-citrullinated peptide antibodies; RF, rheumatoid factor.

whose baseline autoantibody levels were above the median, 
with similar results (online supplementary figure S1). Of the 
170 seropositive patients with complete antibody data at 0 and 
12 months, only six (3.5%) seroconverted to completely sero-
negative by 12 months; 33% (2/6) of these completely serocon-
verted patients achieved long-term SDFR, compared with 11.6% 
(19/164) of patients who were positive for at least one antibody 
(p=0.11). Patients who seroconverted to negative for a larger 
number of autoantibodies did not achieve long-term SDFR more 
often than those who seroconverted for  fewer (figure 1B). Rela-
tive changes in autoantibody levels between 0 and 12 months 
did not differ between patients with or without long-term SDFR 
(data not shown).

The clinical significance of seroconversion in RA and espe-
cially its relationship with long-term SDFR, an approximation of 

disease ‘cure’ of RA, is a topic of major interest.1 Previous studies 
found no association of seroconversion with remission or radio-
graphic damage.4 5 We here investigated the association between 
seroconversion and the most favourable long-term outcome of 
RA, SDFR, and found no association. Thus, it appears that sero-
conversion (as measured by current standards) does not identify 
a group of patients in whom the underlying immunopathology 
has been favourably modulated, that is, patients in true immuno-
logical remission, and is not superior to signals of low inflamma-
tory load (e.g. by DAS 6) for predicting successful drug tapering. 
Future studies are needed to identify whether other immunolog-
ical parameters such as the numbers or phenotype of circulating 
autoreactive B or T cells might be a better reflection of disease 
persistence and markers for immunological remission.
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Figure 1 Characteristics of the absolute numbers and proportions of Th17 cells and CD4Treg cells in the PB of patients with pSS. Lymphocytes in the 
PB of the healthy control (n=30), treated pSS (n=169) and new pSS (n=21) groups were assessed by flow cytometry. (A and B) Neither the absolute 
number nor proportion of Th17 cells was altered significantly. (C and D) The absolute number but not the proportion of CD4Treg cells was significantly 
decreased. (E) Reduction of CD4Treg cells led to an imbalance between Th17 cells and Treg cells (increased ratio of Th17/CD4Tregs). (F and G) 
Comparison of the absolute number and percentage of CD4Treg cells and CD4 +CD25+T cells among these three groups. All data below are presented 
as medians (Q1, Q3). Statistical analyses were performed using the independent-samples Kruskal-Wallis test and one-way analysis of variance. 
*P<0.05; **P<0.01; ***P<0.001 vs healthy control group.

Short-term and low-dose IL-2 therapy restores 
the Th17/Treg balance in the peripheral blood of 
patients with primary Sjögren’s syndrome

Based on evidence that low-dose interleukin-2 (IL-2) increases 
CD4+CD25+FOXP3+ Treg (CD4Treg) cells in patients with graft-
versus-host disease, induction of autoimmune tolerance has been 
proposed as a treatment.1 However, evidence-based guidelines for 
the management of primary Sjögren’s syndrome (pSS) are lacking.2 
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Figure 2 Relationship between the CD4 +T cell subsets and disease activity and the impact of interleukin (IL) 2 on these cells. (A–C) Correlation 
of the levels of Th17 cells and CD4Treg cells and the ratio of Th17/Treg cells with disease activity. All patients were divided into low (0≤ESSDAI<5, 
n=110), medium (5≤ESSDAI≤14, n=67) or high (ESSDAI >14, n=13) disease activity groups. (D–F) After receiving treatment with a short-term low-
dose IL-2 (5.0*105 international units (IU) for 5 days) (n=82), CD4Treg cells were amplified more than Th17 cells, and the ratio of Th17/CD4Treg cells 
was restored. Data are presented as medians (Q1, Q3). Statistical analyses were performed using the independent-samples Kruskal-Wallis test and 
one-way analysis of variance. *P<0.05; **P<0.01; ***P<0.001.

Using a modified method of flow cytometry, we aimed to revaluate 
the exact levels of Th17 and CD4Treg cells in the peripheral blood 
(PB) of patients with pSS and explore the effects of short-term and 
low-dose IL-2.3 4

A total of 190 patients with pSS (169, treated with immunosup-
pressants; 21, new-onset (sampled as treated or new pSS patients 
below)) consented at enrolment to donate PB samples for compre-
hensive immunophenotyping (see online supplementary table 
S1 and figure S1). In the study, BD Trucount tubes were used to 
determine the absolute counts of total CD4+ T cells in the PB, and 
then, the absolute number of CD4+ T subsets, such as CD4Treg 
cells, were calculated. Detailed methods and statistical analysis is in 
online version (see online supplementary text). 

Among the CD4+ T subsets in the PB of the healthy control 
group, Th1 cells had the highest absolute number, and CD4Treg 
cells were sixfold more abundant than Th17 cells (see online 
supplementary table S3 and figure 1A–D). Both treated and 
new pSS patients had significantly fewer absolute CD4Treg 
cells in their PB (p<0.01) than healthy patients (see figure 1C). 
CD4Treg cells were the only cell subset with a significant differ-
ence in absolute numbers. Notably, neither the absolute number 
nor proportion of Th17 cells was increased (figure 1A,B). In 
addition, no significant changes were found in CD4 +CD25+T 
cells or the percentage of CD4Treg cells (figure 1F,G).5

When all patients with pSS were divided into low (0≤ EULAR 
Sjögren's syndrome disease activity index (ESSDAI)<5), moderate 

(5≤ESSDAI≤14) and high (ESSDAI >14) disease activity groups 
(see online supplementary figure S2), the smallest absolute number 
of CD4Treg cells in PB were identified in patients with high disease 
activity (figure 2B). However, no significant difference in levels of 
Th17 cell was observed among the groups (figure 2A,C).

After low-dose IL-2 treatment, all CD4 +T cells were increased 
(see online supplementary figure S3), but CD4Treg cells were 
greatly amplified (fourfold increase) (see online supplemen-
tary figure S5, figure 2E). Although the absolute number of 
Th17 cells also increased, the ratio of Th17/Treg decreased to 
normal levels (figure 2D,F). Although no obvious improve-
ment in disease activity was found in IL-2 group compared with 
non-IL-2 group during short-term observation (supplementary 
figure S4), we observed significant reductions in glucocorticoid 
and disease-modifying antirheumatic drugs (DMARDS) usage 
(unpublished data) during long-term observation. No obviously 
abnormal indicators of laboratory examination were observed 
during treatment, except for a few cases of rashes around the 
injection sites and influenza-like symptoms (see online supple-
mentary tables S5–S7). It is possible that low-dose IL-2 can 
induce antigen-specific CD4+ Treg cells during the treatment 
process.1 6

In conclusion, our study demonstrates that the absolute 
number of circulating CD4Treg cells in patients with pSS is 
significantly lower than that in healthy patients; however, 
the absolute number and proportion of Th17 cells are not 
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significantly different. Notably, low-dose IL-2 treatment restores 
CD4Treg cells and the ratio of Th17/Treg which are helpful 
for controlling disease activity.7–10 Our findings strengthen the 
concept of immunoregulation but not immunosuppression in the 
treatment of pSS.1
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Clinical associations and expression pattern of 
the autoimmunity susceptibility factor DIORA-1 
in patients with primary Sjögren’s syndrome

Sjögren’s syndrome (SS) is characterised by B cell abnormal-
ities and immune-mediated destruction of exocrine glands, 
primarily the salivary and lacrimal glands.1 2 Among the 
reported genetic polymorphisms associated with primary 
SS (pSS), the FAM167A-BLK locus distinguishes itself as an 
interesting candidate for further analysis based on the strong 
expression quantitative locus effect of pSS-associated polymor-
phisms on FAM167A (member A of the Family with sequence 
similarity 167), contrasted with only moderate or no effect on 
BLK.3 4 Little is known about the FAM167A gene and its rele-
vance to rheumatic disease pathogenesis. We recently explored 
FAM167A and its encoded protein Disordered autoimmu-
nity-1 (DIORA-1),4 and reported that DIORA-1 is conserved 
in vertebrates, has an intracellular, cytoplasmic localisation 
and in mice is predominantly expressed in lung and spleen—
two organs with a high content of immune cells. In the present 
study, we investigated the expression of DIORA-1 in human 
immune cells and in salivary glands of patients with pSS, 
and assessed DIORA-1 expression in relation to pSS clinical 
manifestations.

Notably, we observed expression of DIORA-1 in CD19+ 
B cells, but little or no expression in monocytes or T cells 
(figure 1A). DIORA-1 expression in CD19+ B cells was similar 
in patients with pSS and healthy donors (figure 1B). To further 
define the expression pattern in B cells, we analysed DIORA-1 
expression in cell lines representing discrete differentiation 
stages of B cells. Interestingly, we observed a graded expres-
sion of DIORA-1 in these cell lines, with the highest expression 
found in the two plasma cell myeloma lines and intermediate 
expression in other B cell lines, and little or no expression in T 
cells and other investigated cell types (figure 1C).

We next assessed the expression of DIORA-1 in salivary 
glands, which constitute the main target organs in pSS. Minor 
salivary gland biopsies from 38 patients taken at the time of 
diagnosis and from 20 individuals investigated for SS due to 
sicca symptoms but not fulfilling the classification criteria (non-
SS)5 were analysed by immunohistochemistry. The included 
individuals and their characteristics are summarised in online 
supplementary table 1. In patients with pSS, we observed 
expression of DIORA-1 in focal infiltrates and in discrete 
cells interstitially (figure 1D). Few or no positive cells were 
observed in biopsies from non-SS individuals (online supple-
mentary figure 1). Assessment of the percentage of cells in 
the focal infiltrates expressing DIORA-1 demonstrated a 
significant difference between pSS and non-SS individuals 
(figure 1E, online supplementary figure 2). Quantification of 
DIORA-1-expressing cells as the percentage of positive inter-
stitial cells also revealed the presence of significantly more 
DIORA-1+ cells in biopsies of patients with pSS compared 
with non-SS controls (figure 1F). The interstitial DIORA-1-
expressing cells had a plasma cell-like morphology, being 
large cells with a considerable cytoplasm-to-nucleus ratio and 
an eccentrically positioned nucleus. Double immunofluores-
cence staining using CD138 or CD38 as plasma cell surface 
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Figure 1 Expression of DIORA-1 and clinical associations in Sjögren’s syndrome (SS). (A) Expression of DIORA-1 in CD19+ B cells, CD14+ monocytes 
and CD3+ T cells sorted from buffy coats of healthy donors (n=10) assessed by real-time PCR. (B) Expression of DIORA-1 in CD19+ B cells sorted from 
peripheral blood of healthy donors (n=16) and patients with primary SS (pSS) (n=17) assessed by real-time PCR. (C) Expression of DIORA-1 in panel 
of cell lines: HeLa (cervical cancer), A375 (malignant melanoma), HEK293 (human embryonic kidney), Jurkat (acute T cell leukaemia), Nalm6 (B cell 
precursor leukaemia), Raji (B lymphoblast, Burkitt lymphoma), Daudi (B lymphoblast, Burkitt lymphoma), KM3 (plasma cell myeloma), LP-1 (plasma 
cell myeloma) assessed by real-time PCR. (D) Representative minor salivary gland biopsies of a patient with pSS and a non-SS patient stained for 
DIORA-1 by immunohistochemistry. (E) Semiquantitative assessment of DIORA-1 staining of inflammatory foci expressed as per cent DIORA-1+ cells 
of the infiltrate in patients with pSS and non-SS. (F) Semiquantitative assessment of DIORA-1 staining of interstitial cells expressed as per cent stained 
cells in patients with pSS and non-SS. (G) Representative double immunofluorescence staining of a salivary gland from a patient with pSS by anti-
DIORA-1 (green) and anti-CD138 plasma cell surface marker (red). DAPI stain visualising cell nuclei is represented by blue colour. In the merged image 
white arrows indicate examples of CD138+ cells with intracellular DIORA-1 expression. Correlation between interstitial cells expressing DIORA-1 and 
discrete pSS parameters: focus score (H), serum IgG levels (I) and presence of Ro/SSA autoantibodies in serum (J). ***P<0.001. Scale bar represents 
200 µm.

markers confirmed that plasma cells in salivary gland tissue 
from patients with pSS express DIORA-1 (figure 1G, online 
supplementary figure 3). DIORA-1 expression in other B cell 
populations was confirmed by CD20 staining (online supple-
mentary figure 3).

Analysing expression of DIORA-1 in relation to clin-
ical manifestations of pSS, we found that the percentage of 
DIORA-1+ cells positively correlated with salivary gland focus 
score as well as serum IgG levels and the presence of Ro/SSA 
autoantibodies (p<0.001) (figure 1H–J). Detailed information 
on patients and all methods are available in online supplemen-
tary methods. We observed no correlation with patient gender, 
age, salivary flow rate, extraglandular manifestations or 
adverse predictors of lymphoma (salivary gland enlargement, 
rheumatoid factor and lymphopenia) (data not shown). Inter-
estingly, however, a recent study reported a blood plasmablast 

signature correlating with glandular inflammation in Ro/
SSA+ patients with pSS.6 Limitations of the study relate to 
the fact that mechanistic studies were not performed and that 
additional patient groups were not investigated.

In summary, our study reveals that the novel protein 
DIORA-1, encoded by the FAM167A gene linked to pSS, is 
expressed in B cells and plasma cells in the target organs 
of patients with pSS and positively correlates with focus 
score, serum IgG levels and the presence of Ro/SSA autoanti-
bodies. Our findings indicate a role for DIORA-1 in distinct 
B cell subsets, and suggest that DIORA-1 may contribute to 
the inflammatory process and disease pathogenesis in pSS 
through B cell involvement.
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Increase in circulating cells coexpressing M1 
and M2 macrophage surface markers in 
patients with systemic sclerosis

Alterations in macrophage polarisation are recognised among the 
possible immune system abnormalities contributing to systemic 
sclerosis (SSc) pathogenesis.1

Macrophages have been classified as classically (M1) or alter-
natively (M2) activated, although growing evidence indicates 
that they may exhibit characteristics shared by more than one of 
the described phenotypes.2–5

An M2 pre-eminent phenotype has been postulated for SSc 
monocytes/macrophages.2 The aim of the study was to widen 
a phenotype characterisation (M1, M2 and mixed M1/M2) of 
circulating monocytes/macrophages in patients with SSc and 
healthy subjects (HSs) through flow cytometry analysis. Fifty-
eight consecutive patients with SSc (38 limited and 20 diffuse 
SSc) and 27 age-matched and gender-matched HSs were enrolled 
after signing informed consent. SSc diagnosis was based on the 
2013 American College of Rheumatology/European League 
Against Rheumatism criteria (online supplementary file 1).6 For 
flow cytometry analysis, peripheral blood was collected and 
anti-CD14 and anti-CD45 antibodies were used to identify the 
monocyte/macrophage lineage; macrophage scavenger receptors 
(CD204, CD163) and mannose receptor 1 (CD206) were used 
as M2 phenotype markers; and co-stimulatory molecules (CD80, 
CD86) and Toll-like receptors (TLR4, TLR2) were used as M1 
phenotype markers. CD66b was used to distinguish granulocytes 
(Miltenyi Biotech, Germany). Flow  c ytometry analysis was 
performed using the Navios flow cytometer and Kaluza analysis 
software (Beckman Coulter). A total of  5 × 10 6 cells   were 
evaluated and more than 30 events were detected in the smallest 
subset investigated, according to the consensus guidelines for 
minimal residual disease. Results were expressed in percentages 
over total circulating leu c ocytes, unless otherwise specified. 
The non-parametric al Mann-Whitney U test was used for statis-
tical analysis and any p value lower than 0.05 was considered 
statistically significant.  Two initial gating strategies were used 
to study circulating M2-like monocytes/macrophages, the first 
gated CD14+cells and the second gated CD204+cells.1 2 7

Using CD14+cells for the initial gating strategy, patients with 
SSc showed a significantly increased percentage of CD14+C-
D163+CD206+cells compared with HSs (6.35%±2.8% vs 
5.38±1.98%, p=0.047) (figure 1A). In this subset, cells expressing 
CD204 were significantly higher in patients with SSc compared 
with HSs (0.23±0.25 vs 0.14±0.13; p=0.02) (figure 1B). In 
circulating CD14+CD206+CD163+CD204+M2 cells, a signifi-
cantly higher percentage of TLR4+cells was observed compared 
with HSs (0.0091%±0.013% vs 0.003±0.0026%; p=0.003) 
(figure 1C).

Using CD204+cells for the initial gating strategy, the percentage 
of CD204+CD163+CD206+M2 cells was significantly higher in 
patients with SSc compared with HSs (5.6%±6.9% vs 1.4±1.3% 
of CD204+cells; p<0.0001), representing 0.042% of the leuco-
cyte population in patients with SSc compared with 0.01% in 
HSs (figure 1D). In this cell population, cells expressing TLR4 
were significantly higher in patients with SSc than in HSs 
(4.65%±6.8% vs 0.66±0.6% of CD204+cells; p<0.0001) 
(figure 1E). In the CD204+CD163+CD206+TLR4+cell subset, 
CD14+cells made up 1% of the CD204+cells in patients with 
SSc compared with 0.31% in HSs (p=0.002), whereas the 
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Figure 1 Evaluation of circulating cells expressing M1 and M2 phenotype markers in patients with systemic sclerosis (SSc) and healthy 
subjects (HSs). Representative flow cytometry panels with quadrant regions and box plot representation of the percentage (%) of circulating 
(A) CD14+CD206+CD163+cells in the CD14+cell population; (B) CD14+CD206+CD163+CD204+cells in the CD14+CD206+CD163+cell subset; (C) 
CD14+CD206+CD163+CD204+TLR4+cells in the CD14+CD206+CD163+cell subset, detecting CD14+cells in the leucocyte population as the initial 
gating strategy in HSs and patients with SSc. Representative flow cytometry panels with quadrant regions and box plot representation of the % 
of circulating (D) CD204+CD163+CD206+cells in the CD204+CD163+cell subset; (E) CD204+CD163+CD206+TLR4+cells in the CD204+CD163+cell 
subset; (F) CD14+ and CD14cells in the CD204+CD163+CD206+TLR4+cell subset; (G) CD204+CD163+CD206+TLR4+CD80+CD86+cells in the 
CD204+CD163+CD206+TLR4+cell subset, detecting the CD204+cells in the leucocyte population as the initial gating strategy in HSs and SSc pts. The 
flow cytometry panels are representative of the mean % that was obtained. The box plots show the median and the whiskers (which represent the 
ninth and the ninety-first centiles). The results were expressed as mean±SD. 

CD14 cells made up 3.65% of CD204+cells in patients with 
SSc compared with 0.35% in HSs (p<0.0001) (figure 1F). 
Moreover, 41.6% of the CD204+CD163+CD206+TLR4+-

cells in patients with SSc were characterised by the coexpres-
sion of CD80 and CD86 (M1) compared with 26.8% in HSs 
(0.02%±0.07% vs 0.001±0.002% of the leucocyte popula-
tion, p<0.0001) (figure 1G).Interestingly the four outliers with 
higher percentages of M2 and M1/M2 cells calculated over the 
total CD204+cells in the  patient   populations  with SSc , are 
always related to the same  patients   (figure 1D, E, F, G). These  
patients   are all  women   of different ages,  characterised   by 
Scl70 positivity,  interstitial lung disease (ILD) at lung CT scan, 
reduced  diffusing capacity of the lung for carbon monoxide 
(DLCO),   presence of oesophageal or  heart   involvement. Two 
of them were treated with glucocorticoids. 

No difference in circulating M1 cell percentage was observed 
between patients with SSc and HSs (online supplementary file 2).

The patient subgroup analysis according to the different treat-
ment regimens pointed out that the lowest percentages of M2 and 
M1/M2 circulating cell populations were observed in HSs, while 
the highest values were observed in  patients   taking only gluco-
corticoids. Intermediate values were observed for circulating M2 
and M1/M2 populations in not treated  patients   or in  patients   
treated with both drugs. Highly significant differences in the 
percentages of the circulating M2 and M1/M2 studied populations 
were constant between patients with  SSc  not treated with any 
of the considered medications and HSs. No significant correlation 
was reported with other treatment regimens (ie, ERAs) (figure 2). 
Moreover, no correlations were observed with either limited or 
diffused cutaneous disease form.

Based on a wide flow cytometry surface marker analysis of circu-
lating monocytes/macrophages, the study demonstrated that M2 
and more significantly cells expressing both M1 and M2 surface 
markers characterise patients with SSc compared with HSs. No 
difference was identified when only M1 markers were used. More-
over, the initial gating strategy based on the CD204+cells resulted 
the most efficient to describe monocyte/macrophage phenotype 
differences between patients with SSc and HSs.

The result is supported by a recent study demonstrating a 
remarkable plasticity of circulating monocytes/macrophages, 
resulting in a ‘spectrum’ of activation states.5 Consistently with 
our data, a recent study from Moreno-Moral et al showed a 
downregulation of interferon-γ response and IL6/JAK/STAT3 
pathway in SSc monocyte-derived macrophages, possibly 
describing a ‘SSc specific macrophage’.8–10
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Figure 2 Graphic representation of the subgroup analysis according to treatment regimens. For sample size reasons, patients were stratified 
according to different treatment regimens. Treatments that could theoretically influence the variables of interest, that is, immunosuppressants, 
glucocorticoids or endothelin-1 receptor antagonists (ERAs), were considered in the analysis. Patients were defined ‘on immunosuppressant’ if they 
were steadily under treatment with: ciclosporin 3–5 mg/kg per day, methotrexate 7.5 mg per week or 2.5 mg every 12 hours for three sequential 
doses per week, mycophenolate 1500–2000 mg per day; ‘on glucocorticoids’ if they were steadily under treatment with prednisone 2.5–5 mg per 
day; ‘on ERAs’ if they were steadily under treatment with bosentan 250 mg per day or macitentan 10 mg per day. Each enrolled patient was under 
steady treatment regimen from at least 6 months. (A) Means and SD of the percentage of each cell subset are reported for patients treated with 
glucocorticoids (GCs), immunosuppressants (IMM), immunosuppressants and glucocorticoids (IMM + GCs) or not treated with any of the two drugs 
(NO IMM/GCs), and healthy subjects (HSs). (B) Graphic representation of the subgroup analysis of M2 and M1/M2 cell percentages in patients with 
SSc stratified according to treatment regimens and in HSs. Percentages are calculated over total CD204+cells (%CD204+) or over the total leucocyte 
population (%leucocytes). PTs, patients with SSc.
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Table 1 Demographic and clinical characteristics of patients with 
very early diagnosis of systemic sclerosis (VEDOSS) and systemic 
sclerosis (SSc) (whose sera sample collection was used in the study).

Characteristics SSc (n=28) VEDOSS (n=34)

 Age (years) 56.56±12.45 50.50±13.66

 Male – – 

 Female 28 34

 lcSSc subsets 25 (89%) – 

 dcSSc subsets 3 (11%) – 

 Disease duration (months) 91.3±11.73 11.1±4.2

 ANA 26 (93%) 31 (91%)

 ACA 16 (57%) 17 (50%)

 Anti-topoisomerase I (Scl-70) 4 (14%) 5 (15%)

 Digital ulcers 4 (14%) – 

 Normal NVC pattern 1 (4%) 13 (38%)

 Early NVC pattern 6 (21%) 11 (32%)

 Active NVC pattern 13 (46%) 9 (26%)

 Late NVC pattern 8 (29%) 1 (3%)

 Interstitial lung disease 6 (21%) – 

Age and disease duration were expressed as mean±SD/SE; disease duration was 
calculated since the first Raynaud phenomenon in VEDOSS and non-Raynaud 
symptom of SSc. Patients were not receiving corticosteroids, immunosuppressant 
or other disease-modifying drugs; patients with cardiac disease, pulmonary artery 
hypertension or active diseases other than SSc were excluded. Interstitial lung 
disease was determined by high-resolution computed tomography CT scan. ACA, 
anti-centromere antibodies; ANA, antinuclear antibodies; dcSSc, diffuse cutaneous 
SSc; lcSSc, limited cutaneous SSc; NVC, nailfold videocapillaroscopy. 

Figure 1 CXCL10 and CXCL11 serum-level modifications associated 
with very early diagnosis of systemic sclerosis (VEDOSS) and systemic 
sclerosis (SSc) condition. Baseline serum CXCL10 and CXCL11 levels in 
VEDOSS versus SSc and healthy subjects (A, B); CXCL10 and CXCL11 
serum concentration according to capillaroscopic patterns in VEDOSS 
and SSc (C, D)—normal, early, active and late; CXCL10 and CXCL11 
baseline (T0) and follow-up (T1) determination in sera of VEDOSS 
subjects shifted (grey boxes) or not (empty boxes) to SSc (E, F); receiver 
operating characteristic (ROC) curves constructed using chemokine 
baseline levels (T0) to identify CXCL10 and CXCL11 threshold (cut-off 
value) capable of discriminating VEDOSS subjects shifting or not to 
SSc (G, H); CXCL10 and CXCL11 serum-level correlation (I). GraphPad 
Prism V.5 software (GraphPad Software, La Jolla, California, USA) 
and SPSS V.24.0 software (SPSS) were used for statistical analysis. 
The Kolmogorov-Smirnov test was used for normal distribution of 
the data. Groupwise comparisons were performed using the Mann-
Whitney U test. ROC curves were to give a graphic representation of 
the relationship between true-positive fraction (sensitivity, SE) and 
false-positive fraction (1 – specificity, Sp); ROC curves were assessed 
by plotting the values of 1 – Sp against Se in a squared box, where the 
ROC’s area under the curve (AUC) is used to measure the performance 
of a diagnostic test. The AUC lies in the interval 0.5–1.0, so that the 
greater the area, the better the performance of the variable being 
examined. Chemokine association was determined using Pearson’s 
correlation coefficient. For all tests, a two-sided p value <0.05 was 
considered significant. NVC, nailfold videocapillaroscopy. 

Association of circulating CXCL10 and CXCL11 
with systemic sclerosis

Systemic sclerosis (SSc) is an autoimmune disorder defined 
‘vascular’ disease1 due to early defective angiogenesis ending in 
severe multiorgan fibrosis.2 Biomarker(s) mirroring early micro-
vascular derangements in SSc,3 potentially useful for very early 
diagnosis, are lacking.

C-X-C angiostatic chemokines induced by interferon-γ, like 
CXCL10 and CXCL11, are involved in vasculopathy and asso-
ciate with more severe SSc.4 5 We investigated whether the shift 
from very early diagnosis of SSc (VEDOSS), when vasculopathy 
and fibrosis are at very low degree, to definite SSc elicits serum 
CXCL10/CXCL11 modifications.

CXCL10/CXCL11 were measured by multiplatform 
bead array in 26 healthy subjects; 62 sera from women admitted 
to the Scleroderma Clinic of Policlinico Umberto I, Sapienza 
University of Rome: 34 sera were from VEDOSS6 (mean age 
50.50±13.66 years, mean disease duration 11.1±4.2 months) 
and 28 sera from patients with SSc (mean age 56.56±12.45 years, 
mean disease 91.3±11.73 months) fulfilling the new American 
College of Rheumatology/European League Against Rheuma-
tism 2013 classification7; table 1 reports patient characteristics.

Within VEDOSS, 29 subjects had a second blood sample 
collected during follow-up (T1, 40.67±5.46 months); for each 
one, we compared baseline (T0) and T1 serum chemokines.
Informed consent   was obtained. 
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 CXCL10/CXCL11 were significantly higher in SSc (median: 
CXCL10 497.70 (range: 48.49–2206) pg/mL; CXCL11 107.20 
(15.00–882) pg/mL) versus VEDOSS (CXCL10 168.70 (21.66–
1202) pg/mL; CXCL11 23.30 (1.47–217.20) pg/mL) or healthy 
subjects (CXCL10 145.40 (15.86–310.30) pg/mL; CXCL11 
10.90 (4.30–189.20) pg/mL) (figure 1A, B). All patients showed 
serum chemokines stratification according to capillaroscopic 
patterns (figure 1C, D), while chemokine levels did not signifi-
cantly differ when related to anti-centromere antibodies or 
anti-topoisomerase positivity (not shown). VEDOSS subse-
quently shifted to SSc showed higher baseline chemokines 
(T0: CXCL10 217 (53.68–469.00) pg/mL; CXCL11 40.57 
(15.74–92.04) pg/mL) versus subjects persistent in VEDOSS 
condition (T0: CXCL10 137.70 (21.66–339) pg/mL; CXCL11 
17.47 (1.47–32.03) pg/mL) (figure 1E, F). Only VEDOSS 
shifted to SSc showed CXCL10/CXCL11 increase at T1 (570.80 
(53.25–875.20) pg/mL). Both chemokines were able to discrim-
inate VEDOSS subjects developing SSc (figure 1G, H) with the 
following cut-off values, identified by receiver operating char-
acteristic (ROC) analysis: CXCL10 ≥165 pg/mL, area under 
the curve (AUC)=0.70 (95% CI 0.52 to 0.94, p<0.01) with 
0.75 sensitivity and 0.70 specificity; CXCL11 ≥29.67 pg/mL, 
AUC=0.80 (95% CI 0.67 to 0.99, p<0.01) with 0.75 sensitivity 
and 0.88 specificity. Serum CXCL10 and CXCL11 positively 
correlated (ρ=0.6, p<0.0001) (figure 1I).

Due to CXCL10/CXCL11 detrimental effects on vessel 
homeostasis,5 8 9 their higher baseline concentration in VEDOSS 
thereafter developing SSc likely mirrors the earliest vascular 
bed alteration(s)/modification(s)/rearrangement(s) occurring 
when vasculopathy is still at low degree. With vascular damage 
progression, serum chemokines increased, as suggested by level 
stratification according to the capillaroscopic patterns. VEDOSS 
subjects retaining lower CXCL10/CXCL11 overtime (at T0 and 
T1) did not evolve to definite SSc and maintained normal capil-
laroscopic pattern.

The small sample size investigated did not allow more robust 
combined analysis, completed by several validation stages, 
required by studies on functional biomarkers.10 Result confirma-
tion needs larger sample size, including more clinical variables 
and closer follow-up. This preliminary cross-sectional/retrospec-
tive analysis encourages further and larger works to ascertain if 
chemokines may be really the turning point from VEDOSS to 
definite SSc.
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Calprotectin is not independent from baseline 
erosion in predicting radiological progression in 
early rheumatoid arthritis. Comment on 
‘Calprotectin as a marker of inflammation in 
patients with early rheumatoid arthritis’ by 
Jonsson et al

We have read with great interest the article by Jonsson et al that 
was recently published online in ARD,1 which suggested that 
calprotectin, also known as S100A8/S100A9 heterodimer, was 
associated with radiographic progression in early rheumatoid 
arthritis (RA). Calprotectin correlates significantly with inflam-
matory markers and disease activity score.2 Besides correlations 
between baseline calprotectin levels, Clinical Disease Activity 
Index and ultrasonography power Doppler, the authors showed 
that baseline calprotectin levels correlated with van der Heijde 
modified Sharp score (SHS) progression (defined as an increase 
≥1 unit/year from 0 to 24 months), independently of age, 
gender, Clinical Disease Activity Index, erythrocyte sedimenta-
tion rate (ESR), C reactive protein (CRP) levels and rheumatoid 
factor positivity.1 

We analysed the initial serum calprotectin among patients with 
early RA fulfilling American College of Rheumatology/European 
League Against Rheumatism 2010 of the French observational 
cohort Etude et Suivi des POlyarthrites Indifférenciées Récentes 
(ESPOIR). Calprotectin serum concentrations were assessed 
according to manufacturer method (Hycult, Frontstraat, Neth-
erlands; standard range from 1.6 to 25 ng/mL). Univariate and 
multivariate risk Cox models with a backward stepwise were 
constructed for 615 patients with early RA for whom radio-
logical data were available. Outcome measures included in the 
analysis were gender, CRP, anti-citrullinated peptide antibody 
(ACPA), Disease Acivity Score, age, smoking status, calprotectin, 
disease-modifying antirheumatic drugs (DMARDs) treatment 
and typical initial erosion. The radiological progression was 
defined as an increase ≥5 of the total SHS score/year.

CRP, ACPA, DMARD treatment and calprotectin were 
significantly associated with structural evolution in the univar-
iate analysis. When baseline erosion was removed from the 
multivariate analysis, calprotectin was the only predictor of 
the structural evolution over 3 years (HR 1.06, 95% CI (1.00 
to 1.11), P=0.045, table 1). These results confirmed that 

calprotectin predicts radiological progression in a large cohort 
of early RA. When the presence of baseline typical erosion was 
combined in the multivariate Cox model, calprotectin was not 
an independent predictor of structural evolution anymore (HR 
1.03, 95% CI (0.97 to 1.10), P=0.297).

Calprotectin, which is predominantly expressed by myelo-
monocytic cells and constitutes 40% of the polymorphonuclear 
neutrophil cytosolic proteins,3 was identified as a marker of RA 
in the synovial fluid and in the serum, with serum concentra-
tions differentiating RA from other rheumatic diseases.4 Besides 
their intracellular functions,5 calprotectin has been introduced 
as an important proinflammatory factor mainly secreted by acti-
vated neutrophils. A direct role in radiological damage has been 
suggested because of the activation of matrix metalloproteases 
by S100 proteins.6

We acknowledge the putative role of new biomarkers,2 such as 
calprotectin, in early RA management. Jonsson et al showed that 
calprotectin is a better predictor of structural progression than 
ESR or CRP. In order to know whether calprotectin should be 
implemented in daily practice, it is critical to determine whether 
calprotectin is also independent from major predictors of struc-
tural evolution in RA, such as ACPA and baseline erosion.7 In 
ESPOIR cohort, calprotectin is no more associated with struc-
tural damage when baseline erosion is considered.
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Table 1 Univariate analyses and multivariate analyses—risk factors of van der Heijde modified Sharp score (SHS) progression in the first 3 years

N = 615 
No radiological 
progression, n=290

Radiological 
progression, n=325

Univariate analysis HR 
(95% CI) P value

Multivariate 
analysis HR (95% CI) P value

Female gender (%) 79.3% (230) 76.9% (250) 0.95 (0.73 to 1.23) 0.696 – – 

CRP (mg/dL) 7 (4 to 18) 12 (5 to 28) 1.03 (1 to 1.06) 0.047 Not selected

ACPA (IU) 0 (0 to 256) 121 (0 to 572) 1.01 (1 to 1.01) 0.040 1.01 (1 to 1.01) 0.093

DAS-28 5.2±1.22 5.3±1.2 1.07 (0.98 to 1.17) 0.148 – – 

Age (years) 48.7 (38 to 56.3) 52.4 (41.1 to 58.4) 1.01 (1 to 1.02) 0.082 – – 

Current smoking 48.3% (140) 46.8% (152) 1.04 (0.84 to 1.29) 0.732 – – 

DMARDs (%) 77.2% (224) 86.8% (282) 1.50 (1.09 to 2.07) 0.013 1.36 (0.99 to 1.89) 0.060

Calprotectin (µg/cL) 3.2 (1.88 to 4.8) 3.8 (2.3 to 5.3) 1.06 (1.01 to 1.12) 0.027 1.06 (1 to 1.11) 0.045

Univariate and multivariate analyses: Cox model; HR (95% CI).
Percentage (number); mean ±SD or median (25th, 75th centiles) where appropriate.
ACPA, anti-citrullinated protein/peptide antibody; CRP, C reactive protein (mg/dL); DAS-28, Disease Activity Score-28; DMARDs, disease-modifying antirheumatic drugs, that is, 
methotrexate ≥7.5 mg/week, leflunomide at the visit before radiological evolution or at the last follow-up visit; IU, international unit; Not selected, outcome was excluded from 
multivariate Cox model because P value for model entry was >0.5 or P value for model retention was>0.10. Radiological progression was defined as an increase ≥5 of the total 
SHS score.
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Response to: ‘Calprotectin is not independent 
from baseline erosion in predicting radiological 
progression in early rheumatoid arthritis’ by 
Chevreau et al

We appreciate the additional data regarding calprotectin and 
radiographic progression provided by Chevreau et al1 as an 
eLetter addressing our published research paper.2 It is important 
to explore new biomarkers in different cohorts of patients with 
early and established rheumatoid arthritis (RA). Calprotectin 
levels have previously been shown to be associated with joint 
damage in established RA.3 4 Hammer et al5 have shown that 
calprotectin was an independent predictor of radiographic joint 
damage after 10 years of follow-up. Chevreau et al present data 
on baseline calprotectin as a predictor of rapid radiographic 
progression (defined as an increase of ≥5 van der Heijde Sharp 
score units/year) in a large cohort of patients with early RA, and 
did not find calprotectin to be associated with structural damage 
when baseline erosions were considered.1 

In order to address the issues raised by Chevreau et al1 we 
performed additional statistical analyses. When introducing 
baseline van der Heijde modified Sharp erosion score in the 
multivariate model (including erythrocyte sedimentation rate, C 
reactive protein, age, gender, Clinical Disease Activity Index and 
rheumatoid factor (RF)), baseline erosion score was a significant 
predictor of radiographic progression (OR 1.14, 95% CI 1.02 to 
1.28; table 1). Importantly, calprotectin in the highest quartile 
remained a significant independent predictor of radiographic 
damage in the multivariate model (OR 3.52, 95% CI 1.15 to 
10.72; table 1). RF was a stronger predictor than anticitrullinated 
peptide antibody (ACPA) in univariate models; thus, we chose to 
include RF in our initial model.2 When assessing the multivar-
iate model including ACPA instead of RF, both calprotectin and 

baseline erosions remained significant independent predictors 
of radiographic progression, while ACPA was not a significant 
predictor (OR 1.27, 95% CI 0.52 to 3.08, p=0.60).

Comparison between cohorts should be done with caution, 
and the Aiming for Remission in Rheumatoid Arthritis: a 
Randomized Trial Examining the Benefit of Ultrasonography in 
a Clinical TIght Control Regimen (ARCTIC)6 and Etude et Suivi 
des Polyarthrites Indifférenciées Récentes (ESPOIR) cohorts7 are 
different. Serologically, 44% vs 39% of patients were positive for 
RF-IgM and ACPA in the ESPOIR cohort compared with 71% and 
82% in the ARCTIC cohort. Treatment strategies were different 
in the two cohorts; in ESPOIR there were no protocol-based 
treatment strategies, as opposed to ARCTIC with a structured, 
aggressive tight control algorithm aiming for remission. In the 
ARCTIC cohort, 41% of disease-modifying antirheumatic drug-
naïve patients with early RA progressed radiographically during 
the 2 years of follow-up, with radiographic progression defined 
as ≥1 unit/year from 0 to 24 months.2 However, rapid radio-
graphic progression was rare, occurring in only 11 out of the 
230 patients included in the full analyses set.

In modern RA care, patients are identified at an early stage and 
often before radiographic damage is evident. In such a setting, 
our results indicate that calprotectin may be an independent 
predictor of radiographic damage, but the role of calprotectin 
needs to be further investigated in different cohorts before being 
fully implemented in routine care.
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Table 1 Predictors of radiographic progression ≥1 unit/year from 0 to 24 months (n=215)

Baseline variables

Univariate Multivariate

OR p value OR p value

Age 1.04 (1.02 to 1.07) <0.001 1.02 (1.00 to 1.05) 0.09

Gender (female) 0.61 (0.35 to 1.07) 0.09 0.71 (0.36 to 1.37) 0.30

Calprotectin quartile (range)

 First quartile (186–556 µg/L) Ref Ref Ref Ref

 Second quartile (567–1028 µg/L) 1.51 (0.66 to 3.46) 0.33 1.55 (0.60 to 4.01) 0.37

 Third quartile (1045–2158 µg/L) 1.39 (0.61 to 3.20) 0.44 0.97 (0.36 to 2.60) 0.94

 Fourth quartile (2235–48079 µg/L) 6.06 (2.62 to 14.02) <0.001 3.62 (1.20 to 10.93) 0.02

ESR, quartile (range)

 First quartile (1–10 mm/hour) Ref Ref Ref Ref

 Second quartile (11–18 mm/hour) 1.07 (0.47 to 2.43) 0.87 0.80 (0.31 to 2.04) 0.64

 Third quartile (19–31 mm/hour) 1.26 (0.55 to 2.86) 0.59 0.82 (0.30 to 2.19) 0.69

 Fourth quartile (32–110 mm/hour) 3.74 (1.64 to 8.52) 0.002 0.99 (0.29 to 3.35) 0.99

CRP, quartile (range)

 First quartile (0.3–2.8 mg/L) Ref Ref Ref Ref

 Second quartile (3–6 mg/L) 0.69 (0.29 to 1.64) 0.41 0.41 (0.15 to 1.09) 0.07

 Third quartile (7–16 mg/L) 1.29 (0.54 to 3.04) 0.57 0.75 (0.25 to 2.19) 0.59

 Fourth quartile (18–117 mg/L) 2.85 (1.20 to 6.76) 0.02 0.89 (0.24 to 3.22) 0.85

CDAI (0-76) 1.02 (1.00 to 1.04) 0.08 1.01 (0.98 to 1.04) 0.50

RF positivity 1.86 (0.99 to 3.48) 0.053 1.92 (0.91 to 4.06) 0.09

vdHS erosion score (0–280) 1.18 (1.07 to 1.29) 0.001 1.14 (1.01 to 1.27) 0.03

P values <0.05 in bold.
CDAI, Clinical Disease Activity Index; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; h, hour; L, liter; mg, milligram; mm, millimeter; OR, odds ratio; Ref, reference 
category (lowest quartile as reference); RF, rheumatoid factor; µg, microgram; vdHS, van der Heijde modified Sharp. 
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Simultaneous inhibition of α4/β7 integrin and 
tumour necrosis factor-α in concomitant 
spondyloarthritis and inflammatory 
bowel disease

We read with interest the article by Varkas et al1 suggesting a 
temporal association between the initiation of vedolizumab 
(VDZ) for inflammatory bowel disease (IBD) and induction 
or worsening of spondyloarthritis (SpA). This suggests that in 
patients with IBD, there may be limited efficacy of α4/β7 inte-
grin blockade for management of extraintestinal manifestations, 
particularly for arthritis and sacroiliitis.2 3 Treatment of SpA in 
subjects on VDZ for associated IBD is highly challenging for the 
treating physician. We describe below two patients who were 
treated with a combination treatment of VDZ and certolizumab 
pegol (CZP) (table 1). 

Patient 1 is a 24 year-old man diagnosed with juvenile-onset 
SpA in 2008 and Crohn’s disease (CD) in 2011. Sequential treat-
ments with numerous tumour necrosis factor (TNF)-α inhibitors 
were associated with loss of efficacy or intolerance. In 2014, 
initiation of CZP was able to control articular symptoms. During 
follow-up, he developed uncontrolled disease activity of his CD, 
and in 2016 it was decided to add VDZ to the CZP treatment. 
Excellent responses of both gastrointestinal and musculoskeletal 
symptoms were noted. After 10 months of ongoing combination 
therapy, the patient is still without any symptoms of either IBD 
or SpA. No adverse events were reported.

Patient 2 is a 48 year-old woman diagnosed with ulcerative 
colitis (UC) in 2012. After inadequate response to numerous 
TNF-α inhibitors, she was initiated on VDZ. Despite good 
clinical and endoscopic response of her colitis, she developed 
inflammatory back pain, peripheral arthritis and enthesitis 5 

months following the initiation of VDZ. A pelvic MRI confirmed 
bilateral sacroiliitis. CZP was initiated in lieu of VDZ to provide 
adequate control of the arthritis. Nine months after the last infu-
sion of VDZ, the patient presented with a flare of UC. It was 
then decided to reinitiate VDZ in addition to CZP. After the 
fourth infusion of VDZ, recurrence in the symptoms of arthritis 
was noted, and it was decided to discontinue CZP given its loss 
of efficacy. No adverse events were reported neither during the 
time of combination therapy nor following its cessation.

In spite of a relatively short follow-up, it is reassuring that no 
serious adverse events or infectious complications were recorded 
in our patients. Sustained remission was observed in patient 1, 
whereas recurrence of arthritis was observed in patient 2. Our 
report suggests that combination of VDZ and TNF-α could be 
considered in the therapeutic armamentarium for patients with 
SpA and IBD. Previous reports similarly showed no increased safety 
signals4–6; however, larger studies are needed in order to assess the 
outcomes of simultaneous inhibition of α4/β7 integrin and TNF-α.
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Table 1 Patient characteristics, treatment and outcome of subjects 
treated with VDZ and CZP combination therapy

Patient 1 Patient 2

Age (years) 24 48

Sex Male Female

Ethnicity Caucasian Caucasian

HLA-B27 Negative Negative

Family history Positive Negative

Modified New York criteria* Yes No

Age at SpA onset (years) 15 47†

Age of onset of IBD (years) 21 43

Biologic use prior to combination 
therapy

GOL, IFX, ADA, CZP IFX, ADA, GOL, VDZ, CZP

Reason for combination therapy Active colitis‡ Active colitis‡

Treatment VDZ+CZP VDZ+CZP

Duration of follow-up (months) 10 3.5

Infections None None

Outcome Remission Flare of SpA

*Sacroiliitis ≥ bilateral grade 2 or unilateral grade 3.
†Symptoms onset 5 months following initiation of VDZ.
‡Despite adequate control of SpA on CZP.
ADA, adalimumab; CZP, certolizumab pegol; GOL, golimumab; HLA, human 
leucocyte antigen; IBD, inflammatory bowel disease; IFX, infliximab;  SpA, 
spondyloarthritis; VDZ, vedolizumab. 
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Response to: ‘Simultaneous inhibition of α4/β7 
integrin and tumor necrosis factor-α in 
concomitant spondyloarthritis and inflammatory 
bowel disease’ by Richard et al

We thank Dr Richard et al for their interest in our work and the 
communication of their experiences in daily practice.1 In patients 
affected with both spondyloarthritis (SpA) and refractory inflam-
matory bowel disease (IBD) despite anti-tumour necrosis factor 
(TNF) therapy, treatment options are limited. While anti-TNF 
therapy has shown remarkable efficacy in the treatment of both 
axial and peripheral SpA, even long term, the results in IBD were 
less satisfying.2 3 With the introduction of vedolizumab, a new 
mode of action and hope for refractory patients was installed.4 5 
Nevertheless, as we reported earlier, vedolizumab did not show 
any efficacy in a series of patients with SpA  and might even 
induce SpA-like disease in certain individuals.6 

Richard et al describe the use of certolizumab pegol in combi-
nation with vedolizumab in two patients with IBD refractory to 
anti-TNF. Interestingly, while patient 1 represents the lack of efficacy 
of vedolizumab in SpA, unfortunately patient 2 matches the profile 
of patients developing SpA with the initiation of vedolizumab.

Although we agree that the combination of drugs is inevitable 
in these particular cases, several practical implications arise. 
First, which anti-TNF should be preferred and when should it be 
installed? In these cases, anti-TNF therapy has failed to confine 
gut inflammation. Therefore, the use of monoclonal antibodies 
for treatment of extra-articular manifestations may be redun-
dant, unless other EAMs such as psoriasis or uveitis occurred 
in the disease course. Additionally, in the combination of two 
biological immunosuppressive agents safety is a key determinant. 
This has particularly been a point of concern when combining 
biologics in patients with rheumatoid arthritis.7 Therefore, the 
use of etanercept with shorter half-life may be preferred in 
these patients developing SpA after vedolizumab treatment.8 
However, in patients already diagnosed with both SpA and IBD, 
the anti-TNF therapy will usually be withdrawn before initiation 
of vedolizumab due to inefficacy. This could increase the risk of 
secondary inefficacy of anti-TNF due to immunogenicity when 
reinstated for SpA. This presumably may have been the case in 
patient 2. Thus, in case of predictable flare of SpA in patients 
displaying both diseases, the withdrawal of anti-TNF should be 
avoided. However, at present there are no clear predictors avail-
able that permit to predict which patients will develop new onset 
SpA or a relapse on initiation of vedolizumab.

Second, there are also questions regarding reimbursements by 
insurance companies or legislators. Unfortunately, both vedoli-
zumab and anti-TNF therapy are expensive therapies. Although 
the medical need is urgent, the use of both drugs in the same 
patients is at present based on expert opinion and therefore not 
necessarily reimbursed. Eventually, outcome and safety data 
might persuade legislators to embed this treatment strategy in 
general practice. However, for now, rheumatologists and gastro-
enterologists might have to rely on medical need programmes to 
treat their patients accordingly.

Therefore, the use of vedolizumab monotherapy after loss of 
efficacy of anti-TNF at the level of the gut in patients displaying 

both SpA and IBD should be taken with caution as flares may 
be expected short term. Additionally, in patients developing 
SpA-like disease after treatment with vedolizumab, for now, 
combination therapy with anti-TNF might be inevitable. There 
is currently little evidence that vedolizumab should be preferred 
over anti-TNF therapy in biologic-naive patients. Although 
several case reports have reported on short-term effects, long-
term evaluation should be conducted to determine the safety of 
such a dual strategy on malignancy and infectious complications.
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Standard dose of Ustekinumab for childhood-
onset deficiency of interleukin–36 
receptor antagonist

We read with interest the letter from Bonekamp et al1 reporting two 
children with severe deficiency of interleukin-36 receptor antago-
nist (DITRA) treated with high dose of Ustekinumab. DITRA, an 
autosomal recessive disease caused by mutations of IL36RN, is 
characterised by generalised pustular psoriasis and systemic inflam-
mation.2 We report here a paediatric case successfully treated with 
standard dose of Ustekinumab, a monoclonal antibody against the 
p40 subunit of interleukin (IL)-12/IL-23.

We reported in 2015 a boy born from consanguineous Tunisian 
parents who presented at 1 month of life with diffuse inflamma-
tory pustular psoriasis and erythrodermic extension.3 At the age of 
2 months, he was referred to us with fever, irritability, severe failure 
to thrive and recurrent diarrhoea; he had slight microcephaly and 
triangular chin. Oesophageal and gastrointestinal endoscopy showed 
minimal gastric ulcers, normal macroscopic colonic aspect but focal 
inflammatory infiltrates (predominant lymphocytes) in gastric body 
specimens. Leucocyte/neutrophil/platelet counts were markedly 
increased during flares, conversely with normal erythrocyte sedi-
mentation/C-reactive protein rates. Cytokine profile secretion was 
unexpected, with high tumour necrosis factor (TNF)-α secretion 
in blood and high IL-1β secretion in cerebrospinal fluid (normal 
IL-1β, IL-6 rates in blood; normal TNF-α, IL-6 rates in cerebro-
spinal fluid). Cutaneous biopsy was consistent with the diagnosis of 
pustular psoriasis and homozygous L27P mutation in IL36RN gene 
was detected. Topical corticosteroids and acitretin were inefficient. 
We started treatment with Anakinra, at doses up to 6 mg/kg, which 
initially induced complete response on fever.3 4 A partial cutaneous 
response was observed but Anakinra quickly failed to control skin 
rashes (figure 1A). Moreover, he presented recurrent bacterial skin 
infections, without biological signs of primary immunodeficiency. 
In addition, his general condition did not globally improve with 
time and he still presented severe weight and growth retardation. 
We decided to stop Anakinra and we started Etanercept during 
3 months (0.8 mg/kg/week) without any efficacy. After parental 
consent, Ustekinumab, on monotherapy, was started at 4.5 years old 
at a dose of 0.75 mg/kg every 3 months (after second induction dose 
at week 4). A quick complete response was initially observed and 
sustained at a 15-month follow-up; his rash completely vanished, 
he never had fever again and he recovered normal growth velocity 
(figures 1B, C and 2). We maintained a standard dose until now, 
with an excellent tolerance, and a 12-month discontinuation of 
topical steroids.

Our experience underlines the interest of the blockade of 
the IL-23/T helper cell 17 axis in patients with DITRA and 
standard dose of Ustekinumab, those regularly applied in 
treating non-monogenic psoriasis may be sufficient. DITRA 
and non-monogenic psoriasis may have pathophysiolog-
ical features in common,5 meaning that complex interac-
tions between innate and adaptive immune systems may be 
involved.6–10 Failure to thrive in DITRA children may be 
explained by exudative cutaneous protein loss, systemic 
inflammatory activity, gastrointestinal inflammatory involve-
ment and/or the late repercussions of a lack of early maternal 
attachment.
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Figure 1 Cutaneous evolution under Anakinra and Ustekinumab. (A) 
New flare of generalised psoriasis under treatment with Anakinra 
(January 2012). (B) Clinical picture after 6-month treatment with 
Ustekinumab (January 2017). (C) Clinical picture after 12-month 
treatment with Ustekinumab (October 2017).

Figure 2 Our deficiency of interleukin-36 receptor antagonist patient 
weight and height curves under three types of biological treatments.
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Response to: 'Standard dose of ustekinumab for 
childhood-onset deficiency of interleukin-36 
receptor antagonist’ by Cherqaoui et al

The case reported by Cherqaoui et al1 on ustekinumab in the treat-
ment of deficiency of interleukin-36 receptor antagonist (DITRA) 
is interesting in several aspects.

The authors describe intrathecal elevation of proinflammatory 
cytokines, which is a novel and intriguing finding. The mutation 
in their case is identical to that of the Dutch/Moroccan patient 
we described. The total absence of any clinical disease activity in a 
genetically affected younger sister of the patient further supports 
the variable expression of identical IL36RN mutations as reported 
by Cherqaoui et al.

As observed in our cases, the patient was treated with 
several drugs with an absent or only transient improve-
ment.2 At variance with our previous experience, the use of 
ustekinumab at standard dose in monotherapy was able to 
completely control the clinical picture, without the need for 
any topical steroids. These observations underline the clin-
ical spectrum of disease severity associated with DITRA. In 
our previous experience, both patients displayed an initial 
response at standard doses but displayed a tendency to mild/
moderate relapses in proximity to the scheduled doses. 
According to the few cases so far described, it is there-
fore conceivable that ustekinumab should be considered 
among the first-line treatments for this severe condition. As 
suggested by Cherqaoui et al, a standard dose of 0.75 mg/
kg every 12 weeks could be sufficient to completely control 
disease flares and should therefore be used as an initial 
approach. However, higher doses at more frequent inter-
vals could be necessary to achieve a complete remission in 
patients with a partial clinical response, with a good safety 
profile.
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Performance of the 2017 European League 
Against Rheumatism/American College of 
Rheumatology classification criteria for adult 
and juvenile idiopathic inflammatory 
myopathies in clinical practice

The 2017 European League Against Rheumatism/American 
College of Rheumatology (EULAR/ACR) classification criteria 
for idiopathic inflammatory myopathies (IIM) are the first vali-
dated classification criteria for IIM. The criteria provide a score 
with a corresponding probability of having IIM. The cut-offs for 
classifying a patient with IIM were set at ≥5.5 and ≥6.7 in the 

probability models without and with available muscle biopsy 
results, respectively. At these cut-offs, the criteria had an 87% 
and 93% sensitivity, and 82% and 88% specificity, in the model 
without and with the muscle biopsy results. The criteria were 
tested for sensitivity, but not for specificity in two independent 
cohorts.1 

We evaluated the performance of these criteria in a retrospec-
tive cohort of consecutively diagnosed IIM cases administered 
at our secondary/tertiary rheumatology centre between January 
2010 and October 2017. The controls were the consecutive 
patients, without proof of IIM, who had an extensive diagnostic 
work-up for IIM, including muscle biopsy, during the same 
time period.

During the 94-month observation period we diagnosed IIM 
in 95 patients (72.6% female, age range 28–87 years). A muscle 
biopsy was performed in 87 (91.6%) patients, and was consis-
tent with IIM in 97.7% of them. The control group consisted of 
72 subjects (55.6% female, age range 18–88 years). The baseline 
clinical features of the cases and controls, and the clinical diag-
noses of the cases are presented in table 1.

We assessed the sensitivity and specificity of the EULAR/ACR 
IIM criteria using the model that predicted the probability of IIM 
without muscle biopsy data in all patients, the model that predicted 
the probability of IIM with muscle biopsy data in all patients that 
had biopsy results available, and the model with or without biopsy 
data depending on the availability of the muscle biopsy results, 
respectively. The results are presented in table 2. The cases that were 
misclassified were predominantly those with an immune-mediated 
necrotising myopathy (35%), and those with a mild myopathy 
or without a myopathy, who had an interstitial lung disease, and 
myositis-specific antibodies other than a-Jo-1 (40%). In the control 
group, the cases presenting with severe toxic rhabdomyolysis were 
most commonly false positive (71.4%).

To summarise, in our retrospective IIM cohort, the 2017 EULAR/
ACR IIM criteria showed a lower sensitivity at a comparable speci-
ficity to those originally reported. The lower sensitivity might be at 
least partially explained by the omission of the histological features 
of a necrotising myopathy in the muscle biopsy item, and the restric-
tion of the antibodies’ item solely to the presence of anti-Jo-1. These 
limitations had already been raised by the authors.
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Table 1 Clinical characteristics of patients with an inflammatory 
myopathy and controls

Characteristics IIM Controls

n 95 72

Age (years)* 62.3 (52.3–71.3) 54.5 (45.0–72.4)

Female:male ratio 2.7 1.3

Symptom duration time (months)* 4.0 (2.0–10.0) 7.0 (1.5–24.0)

Proximal muscle weakness 76.8% 47.2%

Dysphagia 26.3% 9.7%

Elevated muscle enzymes 83.2% 69.4%

Myopathic EMG 67.8% (61/90) 36.5% (23/63)

Skin involvement 53.7% 1.4%

Interstitial lung disease 36.8% 4.2%

Arthritis 24.2% 2.8%

Raynaud phenomenon 21.1% 4.2%

MSA and/or MAA† 58.9% 0%

Anti-Jo-1 16.8% 0%

HEP-2 titre ≥1:80 61.1% 9.7%

Muscle biopsy done 91.6% 100%

Muscle biopsy positive 97.7% 0%

Clinical diagnosis

  Dermatomyositis 27.1%

  Antisynthetase syndrome 22.1%

 Immune-mediated necrotising 
myopathy

14.7%

  Myositis overlap syndrome 14.7%

  Polymyositis 10.5%

  Cancer-associated myositis 7.4%

  Inclusion body myositis 1.1%

  Unspecified myositis 2.1%

*Median (IQR).
†MSA (myositis- specific antibodies) or MAA (myositis-associated antibodies): anti-
Jo-1, anti-PL7, anti-PL12, anti-Mi-2, anti-SRP, anti-HMGCR, anti-MDA5; anti-TIF1γ; 
anti-NXP-2; anti-SAE; anti-Ku; anti-PM-Scl; anti-Ro; anti-U1RNP; anti-Scl-70.
EMG, electromyography; IIM, idiopathic inflammatory myopathies. 

Table 2 The sensitivity and specificity of the new EULAR/ACR classification criteria for idiopathic inflammatory myopathies

Sensitivity %
(95% CI)

Specificity %
(95% CI)

Positive predictive 
value % (95% CI)

Negative predictive 
value % (95% CI)

Using the probability model without muscle biopsy results
ncases=95; ncontrols=72

74.7 (64.8 to 83.1) 80.6 (69.5 to 88.9) 83.5 (75.8 to 89.2) 70.7 (62.7 to 77.7)

Using the probability model with muscle biopsy results
ncases=87; ncontrols=72

80.5 (70.6 to 88.2) 90.3 (81.0 to 96.0) 90.9 (83.1 to 95.3) 79.3 (71.3 to 85.5)

Using the probability model depending on the availability of the muscle biopsy 
results ncases=95; ncontrols=72

78.9 (69.4 to 86.6) 90.3 (81.0 to 96.0) 91.5 (84.0 to 95.6) 76.5 (68.6 to 82.8)

ACR, American College of Rheumatology; EULAR, European League Against Rheumatism.

http://www.eular.org/
http://ard.bmj.com/
http://ard.bmj.com/
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Response to: ‘Performance of the 2017 
European League Against Rheumatism/
American College of Rheumatology 
classification criteria for adult and juvenile 
idiopathic inflammatory myopathies in clinical 
practice’ by Hočevar et al

We read with interest the letter titled ‘Performance of the 2017 
European League Against Rheumatism/American College 
of Rheumatology classification criteria for adult and juve-
nile idiopathic inflammatory myopathies in clinical practice’ 
by Hočevar et al published in the Annals of the Rheumatic 
Diseases.1 In the letter the authors report the sensitivity and 
specificity of the recently published ‘2017 European League 
Against Rheumatism/American College of Rheumatology clas-
sification criteria for adult and juvenile idiopathic inflamma-
tory myopathies and their major subgroups’2 observed in a 
retrospective cohort of 95 patients with idiopathic inflamma-
tory myopathies (IIM) collected between 2010 and 2017 in 
a Slovenian rheumatology centre. As comparators, they used 
72 subjects who had had a work-up for IIM, including muscle 
biopsy, during the same time period as the patients with IIM 
but without proof of IIM. The sensitivity and specificity were 
obtained for both the model with and that without muscle 
biopsy data. The sensitivity in the Slovenian rheumatology 
cohort was 74.7% without muscle biopsy data and 80.5% with 
muscle biopsy data. The corresponding figures reported in the 
original paper2 were 87% and 93%, respectively. The speci-
ficity observed in the Slovenian rheumatology centre cohort 
was 80.6% without muscle biopsy data and 90.3% with muscle 
biopsy data. The corresponding figures reported in the orig-
inal paper2 were 82% and 88%, respectively. The positive and 
negative predictive values observed in the Slovenian cohort 
were also smaller than in the original paper2: positive predic-
tive values of 84%–91% vs 90%–94%, and negative predictive 
values of 71%–79% vs 79%–85%. 

The cases that were identified as the newly defined subgroup of 
IIM called immune-mediated necrotising myopathies in the Slove-
nian cohort were misclassified by the new criteria. This subgroup 
was very small (n=11) in the cohort used to derive the criteria. 
The subjects with a mild or no myopathy but with interstitial lung 
disease and myositis-specific autoantibodies (MSAs) other than 
anti-Jo-1 were also misclassified. This group was also small in the 
cohort that was used to derive the new criteria due to missing infor-
mation on a majority of the new MSAs. It is not clear from the 
report by Hočevar et al how many cases had missing data and how 
this problem was handled. It is unclear to us how many patients 
were unclassifiable and how these were handled in the calculations. 
Unclassifiable patients are those whose predicted probability range 
spans across the cut-off value. Incorrect handling of these may help 

explain the slightly smaller sensitivity and specificity observed in the 
Slovenian cohort as compared with the classification criteria cohort.

The report in the letter emphasises the need to validate the 
criteria in external cohorts including all aspects of the hetero-
geneous IIM population and also the need to revise the ‘2017 
European League Against Rheumatism/American College of Rheu-
matology classification criteria for adult and juvenile idiopathic 
inflammatory myopathies and their major subgroups’, including 
the newly identified subgroups of IIM like the immune-mediated 
necrotising myopathy and the patients with predominating extra-
muscular manifestations such as interstitial lung disease associated 
with the newly identified MSAs using validated antibody assays. 
These opportunities for improvement have been emphasised in the 
original paper2 and are on the research agenda.

We welcome this report and all others that may appear in the 
future that will contribute to the validation of the new criteria in 
external cohorts of patients.
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