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1. Introduction

The goal of this special issue is to present, in a comprehensive
fashion, the latest data on Adult onset Still’s Disease, within
the broader context of the current concepts of autoinflam-
matory diseases and the immune mechanisms associated
with them. A detailed review of Th-17 immune mechanisms
and their association with autoinflammation by Waite and
Skokos [1] is followed by two articles on potential dis-
ease biomarkers, serum ferritin, and IL-18 by Mehta and
Efthimiou [2] and Colafrancesco et al., respectively. Mavra-
gani et al. contributed with an up-to-date comprehensive
report of Adult Still’s, while Gurion et al. [3] go in depth
over its pediatric counterpart, systemic JIA. Rossi-Semerano
et al. examine whether both entities fall within the autoin-
flammatory spectrum and Giampietro et al. provide us with
a detailed account of the leading treatments targeting IL-1,
the common denominator.

2. Adult-Onset Still’s Disease

Adult-onset Still’s disease (AOSD) is a rare autoinflam-
matory disorder of unknown etiology, which was initially
described in adults by Eric Bywaters in 1971, who also coined
the term (AOSD) due to the disease’s close resemblance to
a pediatric syndrome described by Dr. George Still in 1899,
currently known as systemic juvenile idiopathic arthritis

(sJIA) [4]. During the first forty years, the pathophysiology
of the disease had remained largely obscure and only recently
was our understanding of the disease enhanced by the des-
cription of the autoinflammatory syndromes. The term
“autoinflammatory” has been ascribed to a group of dis-
orders characterized by frequent attacks of inflammation
without any indication that this process is related to auto-
antigen stimulus. These disorders are associated with defec-
tive interleukin-1 processing, regulation of nuclear factor-B
transcription factor, and likely abnormal cellular apoptosis.
Mutations in genes encoding the tumor necrosis factor
(TNF) receptor and pyrin superfamilies of molecules may
result in the endurance of leukocytes that would customarily
go through apoptosis. As a result, relatively minor proin-
flammatory triggers may lead to an exaggerated, and poten-
tially harmful, inflammatory response. Patients with autoin-
flammatory syndromes, including the classic hereditary
periodic fever syndromes, may share certain genetic traits;
the MEFV gene mutation M694V, associated with familial
mediterranean fever (FMF) and IL-1 hypersecretion was seen
with increased frequency in turkish children with sJIA. Fur-
thermore, macrophage activating syndrome (MAS), a severe,
life-threatening complication that is particularly frequent
in patients with AOSD and sJIA has been associated with
mutations in the perforin [5] and the MUNC13-4 genes [6].

The diagnosis of AOSD continues to be a clinical one
and, in the absence of a definitive diagnostic test, often
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necessititates the arduous exclusion of potential mimickers,
that is, infectious, neoplasmatic, autoimmune, and other
autoinflammatory diseases and can be facilitated by the
use of one of several validated diagnostic criteria, that is
Yamaguchi’s, Cush’s, or Fautrel’s [7–9].

Disease severity varies significantly among affected indi-
viduals and, even, within the same individual. In certain
cases, a single or infrequent recurrent flares, usually domi-
nated by systemic symptoms (fever, rash) that can mask the
concurrent inflammatory polyarthritis, may resolve sponta-
neously or require a short course of systemic corticosteroids
[10]. On the more severe end of the spectrum, multiple flares
of debilitating frequency or continously active disease, often
associated with chronic progressive arthritis and disability,
require continous, aggressive immunomodulatory treatment
and are associated with complications that carry significant
morbidity and mortality.

Systemic corticosteroid therapy is still touted as the pri-
mary treatment, especially targeting systemic manifestations,
despite concerns regarding the risks associated with their
long-term use and their efficacy in preventing radiographic
progression of chronic inflammatory arthritis. Tradiitional
disease modifying antirheumatic drugs (DMARDs), espe-
cially methotrexate (MTX), have shown efficacy in inducing
remission in refractory cases and are frequently used as
steroid sparing drugs and, also, for prevention of arthritis
progression, ankylosis, and disability. However, many cases
prove to be refractory and their management remains a chal-
lenge; clinicians find themselves combating a disease with
protean manifestations with limited evidence-based guid-
ance caused by a paucity of controlled studies [11]. More-
over, there is a growing number of published reports describ-
ing rare, albeit life-threatening, multisystemic complications
of AOSD [5, 6, 12–14]. Elevated levels of proinflammatory
cytokines such as IL-1β, IL-6, IL-17, IL-8, IL-18, and TNF-a
were previously described in AOSD patients, often in associ-
ation with disease activity and/or distinct clinical phenotypes
and serological feaures such as hepatic involvement, arthritic
complaints, salmon rash, and hyperferittinimia among oth-
ers [15–21]. Given these findings, available biologic agents
targeting IL-1, IL-6, and TNF-a for other rheumatologic
conditions led to their off-label use in AOSD, with variable
success.

While antiTNF agents have been proved moderately
efficacious in AOSD refractory cases particularly in the
chronic articular form of the disease [22, 23], IL-1 inhibition
is currently considered the mainstay of treatment for AOSD
leading to significant improvement in both clinical and
laboratory terms [15, 24]. Preliminary results from case
series also support a role for IL-6 blockade in the manage-
ment of refractory disease forms, given the implication of
this cytokine in disease pathogenesis [25–30]. Finally, and
since the contributory role of T-cell compartment has been
increasingly recognized in AOSD pathophysiology, abata-
cept—a T-cell costimulation stimulator—has been succes-
fully used in refractory AOSD cases [31, 32]. Identification
of distinct pathogenetic pathways and association with
clinical and serological phenotypes would allow the design
of rational, tailored therapies for AOSD management.

3. Pediatric Still’s Disease or Systemic
Onset Juvenile Idiopathic Arthritis?

Still’s disease in children comprising fevers, arthritis, rash,
widespread adenopathy, and serositis, splenomegaly, and
elevation of acute phase reactants has been termed systemic
juvenile rheumatoid arthritis, systemic juvenile chronic
arthritis, and is now called systemic arthritis according to the
International League of Associations of Rheumatology
(ILAR) classification for juvenile idiopathic arthritis (JIA)
[1, 2].

This is an unfortunate choice as the scientific evidence
suggests that systemic onset disease has no relationship to
the other forms of juvenile idiopathic arthritis. sJIA has a
distinctly different epidemiology, natural history, cytokine
profile, and pathogenesis. Thus inclusion of children with
sJIA in studies of every type results in increased probability
of erroneous conclusions. Innate immune abnormalities in
sJIA suggest it is more appropriately considered among the
autoinflammatory diseases [3]. At the fourth international
congress on the systemic autoinflammatory diseases, sJIA
was described as a complex or multifactorial autoinflamma-
tory disease [4].

Furthermore, in contrast to polyarticular JIA and juvenile
ankylosing spondylitis, sJIA and autoinflammatory diseases
are not associated with major histocompatibility complexes
[3]. Unlike polyarticular, oligoarticular or psoriatic JIA,
where there is a female predominance, and juvenile ankylos-
ing spondyliltis occurring more commonly in males, in sJIA,
there is no distinct gender predilection.

The differences in pathogenesis and clinical features
argue that sJIA should be considered primarily as an auto-
inflammatory syndrome. In the current nomenclature sys-
tem, we should recognize sJIA as being distinct from other
subtypes of JIA in terms of its pathogenesis, genetics, gender
predilection, and treatment. As a result children with sJIA are
not appropriately included in studies of the natural history,
pathogenesis or treatment of JIA, but must be considered
separately if we are to truly improve our understanding.

4. Research Agenda

Despite the recent advancements in cytokine biology, our
understanding of the pathogenesis of AOSD, especially the
inflammatory pathways and the influence of environmental
factors at the origin of the autoinflammatory cascade is still
at its infancy. We have not yet identified the responsible envi-
ronmental factors that may trigger autoinflammation and
neither have we any indicator of who may be more suscepti-
ble to these external factors. Are those environmental factors
the same for the pediatric and adult disease forms, and if so,
what causes the clinical manifestations to appear with higher
frequency in children (sJIA) or young adults (AOSD) com-
pared to older individuals? In this direction, further studies
are needed to elucidate the potential relationship between
AOSD and sJIA and the, better characterized, hereditary
autoinflammatory syndromes (e.g., TRAPS or hyper-IgD
syndrome). Finally, controlled trials would help to define
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optimal strategies, especially for conventional treatment or
biologic agents, in order to reduce the use of, often pro-
longed, high-dose corticosteroid therapy that is associated
with severe side effects. In order for these studies to become
reality, the formation of national and international research
networks is an absolute necessity due to the disease charac-
teristics: the disease is rare, the clinical presentation is hetero-
geneous, and patients are often cared for by different special-
ists. Uniform procedures could increase experience sharing
and enable better knowledge integration.
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Adult-onset Still’s disease (AOSD) is a systemic inflammatory disorder affecting primarily young individuals. The diagnosis is
primarily clinical and necessitates the exclusion of a wide range of mimicking disorders. Given the lack of solid data in regard to
the underlying pathogenetic mechanisms, treatment of AOSD has been for years largely empirical. Recent advances have revealed
a pivotal role of several proinflammatory cytokines such as tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1), interleukin-6
(IL-6), interleukin-8 (IL-8), and interleukin-18 (IL-18) in disease pathogenesis, giving rise to the development of new targeted
therapies aiming at optimal disease control.

1. Introduction

Adult-onset Still’s disease (AOSD) is a rare inflammatory
disease of unknown etiology, which commonly affects young
adults. It is usually characterized by high spiking fevers,
arthritis, and an evanescent, nonpruritic, macular and
salmon coloured rash, appearing on the trunk and the
extremities. Organomegaly, lymphadenopathy, serositis, and
aseptic meningitis can also occur. Important laboratory find-
ings include leukocytosis, with predominance of neutrophils,
negative testing for rheumatoid factor (RF), and antinuclear
antibodies (ANA) as well as high serum ferritin levels and
low serum glycosylated ferritin levels [1–3].

Severe disease complications include pericarditis, endo-
carditis, haemolytic anaemia, and macrophage activation
syndrome (MAS). The latter is characterized by thrombocy-
topenia, markedly elevated ferritin levels, hypofibrinogene-
mia, and elevated aspartate amino-transferase (AST). AOSD
diagnosis can be safely established, after important mim-
ickers including infections, malignancies, and autoimmune
diseases are excluded. Treatment of patients with AOSD
includes nonsteroidal anti-inflammatory drugs (NSAIDs),
corticosteroids, and disease-modifying antirheumatic drugs
(DMARDs), while our better understanding of disease
pathophysiology allowed the identification of biological
agents as important targeted therapies [1, 4].

Recent studies have added valuable information in
regard to the underlying pathogenetic mechanisms of AOSD.
Besides, the exact pathogenesis remains largely elusive,
with genetic, environmental, and immunologic contributors
being implicated. In the present paper, we aimed to sum-
marize recent advances in pathophysiology and potential
therapeutic strategies in the setting of AOSD.

2. Methods

We conducted a MEDLINE database search using the
Pubmed interface. We also used rheumatology textbooks
with chapters relevant to AOSD and abstract database from
ACR and EULAR meetings at 2010 and 2011. We searched
for “Adult onset Still’s disease and biological agents,” “AOSD
or Still’s disease pathophysiology,” “AOSD or Still’s disease
therapy,” “Still’s disease or AOSD treatment,” “Still’s disease
or AOSD and inflammasome.”

3. Etiopathogenesis

3.1. Genetics. Several small case studies have previously
reported associations with distinct HLA alleles in patients
with AOSD, with often conflicting results. In an early small
study of 25 AOSD patients, HLA-Bw35 was associated with
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disease susceptibility conferring a favourable prognosis [5].
Wouters et al. reported an increased frequency of the HLA-
DR4 allele in 29 patients with AOSD compared to normal
controls, with the presence of HLA-DRw6 being linked
to root joint involvement [6]. In a subsequent study, a
strong disease association with HLA-B17, B18, B35, and
DR2 has been documented [7]. In Japanese populations,
an association between a chronic articular form of AOSD
and HLA-DRB1∗1501 (DR2), DRB1∗1201 (DR5), and
DQB1∗0602 (DQ1) was previously reported, while HLA-
and DQB1∗0602 (DQ1) have been also associated with
the systemic form of the disease [8]. Data from a Korean
report, supported an association between HLA-DRB1∗12
and DRB1∗15 and AOSD, while HLA-DRB1∗04 seemed to
be protective. On the other hand, HLA-DRB1∗14 alleles were
more commonly present in patients with the monocyclic
systemic type of AOSD [9].

3.2. Infections. The shared clinical and laboratory findings
observed in AOSD and infections are highly suggestive of
a putative role of infectious agents in disease pathogenesis.
Several anecdotal reports so far indicate a temporal rela-
tionship between bacterial and viral triggers prior to disease
onset. Several viruses such as rubella, Echovirus 7, mumps,
cytomegalovirus (CMV), and others, as well as bacterial
pathogens including Yersinia enterocolitica, Chlamydophila
pneumoniae, Brucella abortus, and Borrelia burgdorferi,
have been so far implicated in disease pathogenesis [10–13].
However, to date definite clue for their precise role is lacking.

4. Pathophysiology

4.1. Cellular Populations

4.1.1. Innate Immunity. A hallmark of AOSD is neutrophil
and macrophage activation possibly under the effects of
the proinflammatory interleukin-18 (IL-18) signalling. Neu-
trophil (PMN) CD64 a marker of neutrophil activation has
been recently found to be upregulated in patients with active
AOSD [14]. A calcium-binding protein named calprotectin,
secreted by activated neutrophils and macrophages, as well
as macrophage migration inhibitory factor (MIF), is useful
markers of disease activity and severity [15, 16]. Intercellular
adhesion molecule-1 (ICAM-1) upregulated by IL-18- has
been also proposed as a potential clinical marker, as its
expression typically reflects the level of disease activity [17].
Furthermore, activation and differentiation of macrophages
appears to be orchestrated by macrophage-colony stimulat-
ing factor (M-CSF), a cytokine which is substantially elevated
in acutely ill AOSD patients [18].

4.1.2. Adaptive Immunity. The role of CD4+ T helper
(Th) cells in the pathogenesis of AOSD has been recently
appreciated, with Th1 subset predominating over that of
Th2 CD4+ cells and being associated with disease activity.
Accordingly, interferon-gamma (IFN-γ) mRNA expression
was found to be significantly higher than that of interleukin-
4 (IL-4) in skin and synovial tissue biopsies [19].

The role of Th17 lineage in AOSD pathogenesis is also
emerging, as evidenced by increased number of peripheral
Th17 cells in 24 patients with untreated and active AOSD
compared to healthy controls [20]. Th17 cells are a subset
of T helper cells, named after their ability to produce
interleukin-17 (IL-17). This subset of cells is derived from
the differentiation of naive CD4+ T cells, under the influence
of transforming growth factor β (TGFβ), interleukin-1β
(IL-1β), and interleukin-6 (IL-6) [20, 21]. Interestingly,
heightened levels of T-cell receptor γδ-positive (TCRγδ+)
T cells, mostly of the Vγ9/Vδ2 subset have been previously
associated with active disease and correlated with inflam-
matory markers [22]. Since, it has been recently appreciated
that Tγ/δ cells are also represent an important source of IL-
17 production, the role of these cells in the pathogenesis of
AOSD requires further attention [23].

Interleukin-18 (IL-18), interleukin-23 (IL-23), and
inteleukin-21 (IL-21)—found to be elevated in active AOSD
patients—seem also to ensure the proliferation/maintenance
of Th17 cells. Circulating Th17 cells correlated with disease
activity and ferritin as well as IL-1β, IL-6, IL-17, IL-18, IL-21,
and IL-23 levels. Of interest, Th17 numbers were normalized
after successful therapy [20].

Additional T cell populations actively involved in AOSD
pathogenesis include the CD4+ CD25 (high) T regulatory
(Treg) cells found to be low in these patients compared
to healthy controls and inversely associated with disease
activity. Furthermore, higher levels of CD4+ CD25 (high)
Treg cells have been associated with a more favourable
prognosis, as patients with monocyclic disease, a mild form
of AOSD, typically have higher concentrations of circulating
CD4+ CD25 (high) Treg cells than those with polycyclic or
chronic articular form [24].

4.2. Cytokines/Chemokines. Several cytokines and chemok-
ines have been so far implemented in the pathogenesis of
AOSD. It should be, however, pointed out that according to
recent findings, cytokine profile has not been proven useful
in differentiating patients with AOSD from those with sepsis,
limiting their potential use in clinical practice [25].

4.3. Cytokines (Table 1)

4.3.1. Tumor Necrosis Factor-α (TNF-α). Increased TNF-
α levels were detected in sera and tissues from AOSD
patients compared to healthy controls independently of
disease activity. On the other hand, serum levels of soluble
tumor necrosis factor-receptor-2 (sTNF-R2) correlated with
serum CRP levels, implying its potential use as a disease
activity marker [8, 26, 30].

4.3.2. Interleukin 1 (IL-1). IL-1 appears to be implicated in
AOSD pathogenesis as its serum concentration is elevated
in these patients compared to healthy controls. Further evi-
dence for the contribution of IL-1 in AOSD pathophysiology
came from the pioneering work by Pascual et al. reporting
that incubated peripheral blood mononuclear cells (PBMCs)
with serum from patients with systemic form of juvenile
idiopathic arthritis (SJIA), led to increased expression of
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Table 1: Cytokines involved in the pathogenesis of AOSD and their potential associations with clinical/serological manifestations and disease
activity. MAS: Macrophage activation syndrome, CRP: C-Reactive Protein, AOSD: Adult Onset Still’s Disease.

Cytokine Clinical-serological associations

Tumor necrosis factor-α (TNF-α)
TNF-α serum concentration is not associated with disease activity [8, 26]. Levels of TNF
receptor (TNF-R) correlate with serum levels of CRP

Interleukin-1β (IL-1β) Potential marker for disease activity and useful for monitoring the efficacy of treatment [27, 28]

Soluble interleukin-2 receptor (sIL-2R) Marker of disease activity [8, 29]

Interleukin-6 (IL-6)
Elevation of CRP, Hyperferritinaemia, Salmon-colored rash

Hepatosplenomegaly, marker of disease activity [29–31]

Interleukin-8 (IL-8) Prediction of persistent arthritis but not of disease activity [30]

Interleukin-17 (IL-17) Elevated in active disease and normalization with the appropriate therapy [20]

Interleukin-18 (IL-18)
Elevation of CRP, hyperferritinaemia, neutrophilia, AOSD-related hepatitis

Marker of disease severity and response to corticosteroids, MAS [30, 32–36]

Interferon-γ (IFN-γ) Elevated levels in AOSD patients but no correlation with disease activity [26, 29]

innate immunity genes and release of large amounts of IL-
1β [27]. However, polymorphisms in the IL-1β and IL-
1 receptor (IL-1R) genes have not been associated with
AOSD susceptibility, at least in a Korean population [37].
Recent findings suggest activation of the protein complex
nucleotide-binding oligomerization-domain-(NOD-) like
receptor family, pyrin domain containing 3 (NLRP3) inflam-
masome, as an important source of IL-1β; this activation
can occur by recognition of pathogen-associated molecular
patterns (PAMPs) and danger-associated molecular patterns
(DAMPs). Although it seems to contribute at least in one
subset of SJIA—the pediatric counterpart of AOSD—with
a favorable response to IL-1 blockade, further studies are
required to fully explore its exact role in the pathogenesis
of AOSD [38–40]. Taken together, these observations may
suggest that susceptibility to SJIA and AOSD might be
conferred by an interplay with exogenous pathogens-triggers
of inflammasome with genetically determined inflamma-
some responsiveness resulting in dysregulation of IL-1β
production [41]. Further studies are required to delineate
these processes.

4.3.3. Soluble Interleukin-2 Receptor (sIL-2R). Heightened
sIL-2R levels, a marker of T-cell activation, were also
reported in two distinct studies of AOSD patients, serving
as a potential marker of disease activity [8, 29].

4.3.4. Interleukin-6 (IL-6). IL-6 levels have been found to
be elevated in AOSD patients compared to their healthy
counterparts in association with disease activity, fever spikes,
and CRP levels. Of interest, skin lesional biopsies from indi-
viduals presenting with the characteristic salmon coloured
rash revealed heightened IL-6 levels [29–31]. In addition,
IL-6 may contribute to the increased levels of ferritin as it
stimulates its production along with CRP and other acute-
phase proteins by the liver [26]. Finally, prolonged exposure
to high levels of IL-6 may be associated with severe growth
impairment, especially in patients with SJIA [42].

4.3.5. Interleukin-8 (IL-8). IL-8, a proinflammatory cytok-
ine, which mobilizes, activates, and degranulates neutrophils

at the site of inflammation has been also found to be raised in
AOSD patients compared to healthy controls, independently
of activity status [29]. Given that elevated levels of serum IL-
8 typically characterize the chronic articular form of AOSD,
they can be used as a marker to predict the persistence of
arthritic complaints [30].

4.3.6. Interleukin-17 (IL-17). As previously mentioned and
in line with previous observations in other autoimmune
diseases [43], serum IL-17-α proinflammatory cytokine
derived by Th17 cells was higher in patients with AOSD
and correlated with Th17-circulating cells. The fact that
Th17 cells and IL-17 levels were both abated upon therapy
administration implies a potential therapeutic role of Th17
targeted therapies in the management of those diseases [20].

4.3.7. Interleukin-18 (IL-18). IL-18-α member of the IL-1
family, which induces Th1 cytokine production-[44], has
been shown to be higher in the serum synovial tissue
and lymph nodes in patients with AOSD than in healthy
individuals, serving as a marker of disease severity, possible
response to corticosteroids and of AOSD-related hepatitis
[29, 32, 33, 45]. The latter is evidenced by the demonstrated
association of IL-18 serum levels with active liver disease.
Locally rather than systematically produced IL-18 by liver
activated macrophages (CD68+) seems to contribute to this
complication [30, 34]. Associations of IL-18 with serum
ferritin, C-reactive protein (CRP), and neutrophil count have
been also demonstrated [8, 34, 35]. Several polymorphisms
of the IL-18 gene have been associated with AOSD in
Japanese and Chinese populations [46–48].

Another function attributed to IL-18 is that of lympho-
cyte apoptosis possibly through induction of Fas Ligand
(FasL) and p53 pathways, both implicated in the pro-
grammed cell death [49]. This hypothesis is also supported
by raised Fas and FasL levels in untreated AOSD patients
compared to healthy controls [50].

Finally, in a more recent report, IL-18 levels were found
to be significantly elevated in patients of AOSD complicated
by MAS compared to M-CSF levels; an opposite observation
was made in patients with lupus-associated MAS [36].
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4.3.8. Interferon-Gamma (IFN-γ). Although IFN-γ levels
were also found to be raised in AOSD patients compared to
healthy individuals, no study so far demonstrated association
of this cytokine with disease activity [26, 29].

4.4. Chemokines. The contributory role of chemokines in
the pathophysiology of AOSD was supported by a recent
study reporting elevated levels of CX3CL1, CXCL8, CXCL10,
CCL2, and CCL3 in serum of AOSD patients compared to
healthy controls. Of interest, only CX3CL could be used as
a marker of disease activity as it was correlated well with
serum CRP, ferritin, IL-18, and sIL-2R levels. Furthermore,
markedly elevated concentration of CX3CL1 and ferritin was
able to predict the onset of MAS, indicating its value in
predicting AOSD-related complications [51].

5. Cytokines as Therapeutic Targets (Table 2)

Treatment of patients with AOSD has been empirical for a
long time, given the lack of solid data from well-designed
double-blinded randomized clinical trials with the majority
of evidence deriving from small case series and retrospective
studies [66]. Recent advances in better understanding of
disease pathophysiology allowed the designation of targeted
therapies leading to effective disease control [67]. Conven-
tional immunosuppressants and new biologics are the main
agents included in our therapeutic armamentarium against
AOSD.

While nonsteroidal anti-inflammatory drugs (NSAIDs)
have been previously considered as a first-line medication
for the treatment of AOSD, they have been replaced by
corticosteroids, as they are effective as monotherapy only
in 7–15% of patients [66, 68]. The steroid therapy is
efficacious in approximately two thirds of patients and more
pronounced among those without chronic articular disease
[69]. Disease-modifying antirheumatic drugs (DMARDs)
such as methotrexate (MTX), cyclosporine, hydroxychloro-
quine, gold, penicillamine, and azathioprine, [70–72] have
been proven efficacious in steroid-resistant or -dependent
AOSD cases, with methotrexate being the most commonly
used DMARD in clinical practice with response rates up to
60% [69]. In regard to sulfasalazine, reduced efficacy along
with some previously raised safety issues given the reported
associations with MAS development discourages its use in
AOSD cases [73–75]. In patients refractory to treatment with
steroids and/or DMARDS, biological agents seem to achieve
a better control of disease activity.

Despite the lack of solid evidence of TNF implication
in the pathogenesis of AOSD as opposed to rheumatoid
arthritis, anti-TNF agents have been used in AOSD refractory
cases with modest success, particularly in the chronic
articular form of the disease lagging in efficacy behind IL-
1 and IL-6 inhibitors. In a small case series of twelve AOSD
cases refractory to DMARDs, administration of etanercept,a
soluble TNF receptor, led to arthritis improvement in 7
patients with nonsignificant adverse events [53]. Infliximab,
a monoclonal antibody against TNFα, as a treatment of
eight multidrug-resistant AOSD cases led to full response in
87.5% (7/8) of patients. Five of these patients remained in

remission even after the discontinuation of infliximab and
one of them switched to etanercept due to infusion reactions.
Only one of the responders required chronic therapy to
control its arthritis and only one patient did not respond to
these biological agents [54]. In two additional cases series,
infliximab was administrated along with corticosteroids and
DMARDs in a small number of patients with remission of
systemic features, normalization of inflammatory markers,
and without serious adverse reactions [52, 55].

Further information regarding the safety and the effi-
cacy of anti-TNFα agents derives from a study published
by Fautrel et al. in which infliximab or etanercept was
administrated to twenty AOSD patients, five with systemic
and fifteen with polyarticular form, whose response to MTX
and corticosteroids was considered inadequate. The majority
of patients responded partially to therapy (64%, or 16
of 25 patients) and only five in twenty patients achieved
complete remission [56]. Anti-TNF-α-induced cutaneous
adverse effects in the setting of SJIA have been reported
including cutaneous vasculitis and lichen planus, as well as
psoriatic palmoplantar pustulosis accompanied by plaque-
type psoriasis localized to the scalp [76].

In view of the central role of IL-1 in pathogenesis of
AOSD as previously reported, administration of interleukin-
1 receptor antagonist (anakinra) in these patients seems
a logical approach [28]. In a retrospective analysis of 25
AOSD patients, it has been shown that patients (84%)
receiving anakinra either as monotherapy or as adjunct
therapy responded completely within a few days and only
one of them had its disease relapsed during the subsequent
followup. The remaining patients experience a partial clinical
(12%) and laboratory (16%) response and only three
patients discontinued the drug because of adverse effects.
In general, the need for corticosteroids during treatment
with anakinra greatly diminished in every patient [61].
The corticosteroid-sparing effect of anakinra along with
its effectiveness was also noted in a case series reported
by Kalliolias et al. in 2007 [59]. Furthermore, Fitzgerald
et al. demonstrated that anakinra is an effective agent to
treat AOSD patients refractory to corticosteroids, MTX and
etanercept, as this drug rapidly resolves the inflammatory
response and leads to normalization of laboratory markers
[57].

Moreover, Lequerré et al., in a study including both
AOSD and SJIA patients, suggested anakinra as an effec-
tive alternative in the treatment of patients with AOSD,
with somewhat limited efficacy in SJIA population [60].
In contrast, in a retrospective chart review of 46 SJIA
patients, receiving initially anakinra either as monotherapy
or together with additional disease-modifying antirheumatic
drugs revealed that in 60% of these patients the clinical
activity resolved completely and laboratory markers were
normalized. A full response was also achieved in 80% of
patients receiving anakinra as monotherapy. The authors
concluded that anakinra should be considered a safe and
an effective way not only to treat systemic SJIA but also
to prevent the emergence of intractable arthritis [62]. In
addition, according to a case report published by Raffeiner
et al., anakinra could be successfully used in the treatment



International Journal of Inflammation 5

T
a

bl
e

2:
Sa

fe
ty

an
d

effi
ca

cy
of

bi
ol

og
ic

al
ag

en
ts

u
se

d
in

th
e

tr
ea

tm
en

t
of

A
O

SD
/S

JI
A

in
se

ve
ra

ls
tu

di
es

.N
o:

n
u

m
be

r,
P

ts
:p

at
ie

n
ts

,D
M

A
R

D
s:

D
is

ea
se

m
od

if
yi

n
g

an
ti

rh
eu

m
at

ic
dr

u
gs

,C
Ss

:
co

rt
ic

os
te

ro
id

s,
C

R
P

:C
-r

ea
ct

iv
e

pr
ot

ei
n

,E
SR

:e
ry

th
ro

cy
te

se
di

m
en

ta
ti

on
ra

te
,S

JI
A

:s
ys

te
m

ic
ju

ve
n

ile
id

io
pa

th
ic

ar
th

ri
ti

s,
C

R
:c

om
pl

et
e

re
sp

on
se

,P
R

:p
ar

ti
al

re
sp

on
se

,N
R

:N
on

re
sp

on
de

rs
.

A
u

th
or

N
o.

of
pt

s
T

h
er

ap
eu

ti
c

re
gi

m
en

D
u

ra
ti

on
of

tr
ea

tm
en

t
(m

on
th

s)
C

lin
ic

al
/s

er
ol

og
ic

al
eff

ec
ts

A
dv

er
se

ev
en

ts

K
ra

et
sc

h
et

al
.(

20
01

)
[5

2]
6

A
O

SD
pt

s
In

fl
ix

im
ab

+
D

M
A

R
D

s
+

C
Ss

5–
28

R
es

ol
u

ti
on

of
sy

st
em

ic
fe

at
u

re
s/

N
or

m
al

iz
at

io
n

of
in

fl
am

m
at

or
y

m
ar

ke
rs

In
fu

si
on

re
ac

ti
on

s

H
u

sn
ie

t
al

.(
20

02
)

[5
3]

12
A

O
SD

pt
s

E
ta

n
er

ce
pt

+
M

T
X

+
C

Ss
±

N
SA

ID
s

6

Tw
o

pt
s

w
it

h
sy

st
em

ic
fe

at
u

re
s

w
it

h
dr

ew
(fl

ar
e)

.
A

pp
ro

xi
m

at
el

y
tw

o
th

ir
ds

im
pr

ov
em

en
t

of
ar

th
ri

ti
c

co
m

pl
ai

n
ts

In
je

ct
io

n
-s

it
e

re
ac

ti
on

s,
u

pp
er

re
sp

ir
at

or
y

tr
ac

t
ill

n
es

s,
ra

sh
,d

ia
rr

h
ea

,s
in

u
si

ti
s

D
ec

h
an

t
et

al
.(

20
04

)
[5

4]
8

A
O

SD
pt

s
In

fl
ix

im
ab

+
D

M
A

R
D

s
+

C
Ss

1–
5

Im
pr

ov
em

en
t

of
sy

st
em

ic
fe

at
u

re
s

an
d

se
ro

lo
gi

ca
lm

ar
ke

rs
In

fu
si

on
re

ac
ti

on
s

K
ok

ki
n

os
et

al
.(

20
04

)
[5

5]
4

A
O

SD
pt

s
In

fl
ix

im
ab

+
M

T
X

+
C

Ss
3.

5–
18

R
em

is
si

on
of

sy
st

em
ic

fe
at

u
re

s
N

or
m

al
iz

at
io

n
of

in
fl

am
m

at
or

y
m

ar
ke

rs
an

d
liv

er
fu

n
ct

io
n

te
st

s
N

on
e

re
p

or
te

d

Fa
u

tr
el

et
al

.(
20

05
)

[5
6]

20
A

O
SD

pt
s

In
fl

ix
im

ab
an

d/
or

et
an

er
ce

pt
+

M
T

X
+

C
Ss

11
fo

r
et

an
er

ce
pt

/9
fo

r
in

fl
ix

im
ab

R
em

is
si

on
:5

pt
s/

Fa
ilu

re
:4

pt
s/

th
e

re
st

:
pa

rt
ia

lr
es

po
n

se
R

ec
u

rr
en

t
br

on
ch

it
is

,l
u

pu
s

ra
sh

,o
pt

ic
n

eu
ri

ti
s,

ca
rd

ia
c

fa
ilu

re
,t

h
ig

h
ab

sc
es

s,
ra

sh

Fi
tz

ge
ra

ld
et

al
.(

20
05

)
[5

7]
4

A
O

SD
pt

s
A

n
ak

in
ra

+
M

T
X

+
C

Ss
6–

19
R

ap
id

re
so

lu
ti

on
of

cl
in

ic
al

an
d

in
fl

am
m

at
or

y
m

ar
ke

rs
in

al
lp

ts
V

ir
al

pn
eu

m
on

ia
,i

di
op

at
h

ic
pu

lm
on

ar
y

hy
pe

rt
en

si
on

,s
h

in
gl

es
,fl

u
-l

ik
e

sy
n

dr
om

e

W
oo

et
al

.(
20

05
)

[5
8]

18
SJ

IA
pt

s
To

ci
liz

u
m

ab
+

C
Ss
±

M
T

X
1-

2
E

le
ve

n
pa

ti
en

ts
ac

h
ie

ve
d

A
C

R
30

re
sp

on
se

s,
ei

gh
t

ac
h

ie
ve

d
≥5

0%
A

C
R

re
sp

on
se

s
O

ra
lh

er
p

es
si

m
pl

e,
lo

w
ly

m
ph

oc
yt

ic
le

ve
ls

,
an

d
tr

an
si

en
t

in
cr

ea
se

s
in

A
LT

K
öt

te
r

et
al

.(
20

07
)

[2
8]

4
A

O
SD

pt
s

A
n

ak
in

ra
+

C
Ss

+
D

M
A

R
D

s
12

–4
4

R
ap

id
re

so
lu

ti
on

of
cl

in
ic

al
an

d
in

fl
am

m
at

or
y

m
ar

ke
rs

in
al

lp
ts

w
it

h
in

da
ys

.
Ta

pe
ri

n
g

of
C

S
th

er
ap

y
co

u
ld

n
ot

be
ac

h
ie

ve
d.

In
je

ct
io

n
-s

it
e

er
yt

h
em

a
th

at
im

pr
ov

ed
w

it
h

in
6

w
ee

ks
of

th
er

ap
y

K
al

lio
lia

s
et

al
.(

20
07

)
[5

9]
4

A
O

SD
pt

s
A

n
ak

in
ra
±

C
Ss

5–
17

N
or

m
al

iz
at

io
n

of
cl

in
ic

al
(w

it
h

in
h

ou
rs

)
an

d
in

fl
am

m
at

or
y

m
ar

ke
rs

(w
it

h
in

2–
4

w
ee

ks
)

al
on

g
w

it
h

liv
er

en
zy

m
es

(w
it

h
in

3
w

ee
ks

)
in

al
lp

ts
.R

ap
id

ta
pe

ri
n

g
of

C
S

th
er

ap
y.

Se
lf

-l
im

it
ed

in
je

ct
io

n
-s

it
e

er
yt

h
em

a

Le
qu

er
ré
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of a patient with AOSD and myocarditis [77]. On the other
hand, Ruiz et al. reported that anakinra could not prevent
the progression of AOSD-associated cardiac disease despite
the excellent control of noncardiac symptoms of a patient,
without excluding the possibility that anakinra may be
implicated in cardiac events of this patient [78].

Although anakinra seems to be an effective treatment of
AOSD patients regarding the rapid resolution of their clinical
and laboratory markers, a recent case report published by
Lahiri and Teng has shown that joint damage may progress
despite the administration of this drug [79]. A second gener-
ation IL-1 inhibitor, the IL-1 trap rilonacept, has been used
in 3 patients who had failed treatment with glucocorticoids,
immunosuppressors, and biologics, including anakinra with
promising results [80]. Furthermore, according to a more
recent work reported by Kontzias et al., canakinumab, a
fully human monoclonal antibody against IL-1β with a
long half-life, successfully controlled disease flares in AOSD
patients refractory to DMARDs, anakinra (short-acting IL-1
blockade), and rilonacept (moderate-acting IL-1 blockade).
The pharmacokinetic properties of anakinra may account for
its relative ineffectiveness compared to canakinumab [65].
In addition, the efficacy and safety of canakinumab in the
treatment of SJIA, the pediatric counterpart of AOSD, has
been demonstrated in a phase II, multicenter, open-label
study, with 60% of patients achieving an ACR Pediatric 50
response [64].

Given the emerging role of T-cells in the pathogenesis
of AOSD, administration of abatacept, a T-cell costimulation
modulator, in these patients seems to be a logical approach.
Abatacept (CTLA4IgFc), a fusion protein which consists
of the extracellular domain of the cytotoxic T-lymphocyte
antigen 4 (CTLA-4) and the Fc portion of immunoglobulin
G1 (IgG1), inhibits T-cell activation by binding to CD80
and CD86 receptors on antigen-presenting cells (APCs)
and preventing their interaction with CD28 receptor on T
cells. Recent findings support a potential role of the latter
in AOSD cases refractory to conventional DMARDs, anti-
TNF-α agents, and even to IL-1 receptor antagonists [81,
82].

Given that IL-6 shares an important pathogenetic role
in AOSD, as mentioned above, the interleukin-6 (IL-6)
antagonist, tocilizumab (TOC), has recently been proposed
as a potential treatment for these patients. Indeed, it seems
to be an effective drug even against AOSD cases refractory to
anakinra and TNF-α antagonists in anecdotal cases, even as
monotherapy [83–91]. Tocilizumab was also able to control
disease activity in a patient with diffuse intravascular coagu-
lation (DIC) and AOSD, refractory to cyclosporine and high-
dose glucocorticoids. In addition, the dose of corticosteroids
was greatly reduced as TOC was added on maintenance
therapy [92]. On the other hand, MAS seemed to follow TOC
administration in a patient with intractable AOSD, implying
that caution should be taken in very active forms of the
disease [93]. In the first case series of tocilizumab in fourteen
patients with intractable AOSD at a dose 5–8 mg/kg every
two or four weeks, eleven patients completed the 6-month
followup and the remaining three discontinued the drug
due to adverse effects, including necrotizing angiodermatitis,

infusion-related chest pain, and systemic flare. Over the
course of 6 months, the clinical activity resolved completely
in 57% of patients (8/14) and corticosteroid maintenance
dose was dramatically reduced, suggesting that TOC may
be an effective alternative treatment, when dealing with
multidrug-resistant cases of AOSD [63]. TOC has also
been approved for the treatment of SJIA patients, as it is
associated with substantial clinical and laboratory responses
[58]. Of interest, administration of this drug in SJIA patients
led to improvement of reduced serum cartilage oligomeric
matrix protein (COMP), further supporting the concept of
contribution that high levels of IL-6 in the suppression of
growth cartilage turnover [42, 94].

6. Conclusion

Taken together, these findings support the contributory role
of several immune mediators in AOSD pathogenesis allowing
the determination of rational treatment approaches. While
current evidence identifies IL-1 blockade as a major thera-
peutic strategy in patients with refractory AOSD, inhibition
of IL-6, IL-17, or IL-18 molecules holds significant promises.
Given the complex and multifaceted nature of AOSD,
carefully designed clinical studies aimed to associate distinct
clinical phenotypes with specific pathogenetic pathways
would allow the designation of tailored therapies for distinct
disease aspects.
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[2] B. Fautrel, G. Le Moël, B. Saint-Marcoux et al., “Diagnostic
value of ferritin and glycosylated ferritin in adult onset Still’s
disease,” Journal of Rheumatology, vol. 28, no. 2, pp. 322–329,
2001.

[3] G. R. Sabnis, Y. A. Gokhale, and U. P. Kulkarni, “Tocilizumab
in refractory Adult-Onset Still’s Disease with aseptic
meningitis-efficacy of interleukin-6 blockade and review
of the literature,” Seminars in Arthritis and Rheumatism, vol.
40, no. 4, pp. 365–368, 2011.

[4] V. Bagnari, M. Colina, G. Ciancio, M. Govoni, and F. Trotta,
“Adult-onset Still’s disease,” Rheumatology International, vol.
30, no. 7, pp. 855–862, 2010.

[5] R. Terkeltaub, J. M. Esdaile, and F. Decary, “HLA-Bw35 and
prognosis in adult Still’s disease,” Arthritis and Rheumatism,
vol. 24, no. 12, pp. 1469–1472, 1981.

[6] J. M. G. W. Wouters, P. Reekers, and L. B. A. Van de
Putte, “Adult-onset Still’s disease. Disease course and HLA
associations,” Arthritis and Rheumatism, vol. 29, no. 3, pp.
415–418, 1986.

[7] J. Pouchot, J. S. Sampalis, F. Beaudet et al., “Adult Still’s disease:
manifestations, disease course, and outcome in 62 patients,”
Medicine, vol. 70, no. 2, pp. 118–136, 1991.

[8] T. Fujii, T. Nojima, H. Yasuoka et al., “Cytokine and immuno-
genetic profiles in Japanese patients with adult Still’s disease.
Association with chronic articular disease,” Rheumatology, vol.
40, no. 12, pp. 1398–1404, 2001.

[9] C. I. Joung, J. B. Jun, W. T. Chung et al., “Association between
the HLA-DRB1 gene and clinical features of systemic sclerosis



8 International Journal of Inflammation

in Korea,” Scandinavian Journal of Rheumatology, vol. 35, no.
1, pp. 39–43, 2006.

[10] C. Perez and V. Artola, “Adult Still’s disease associated
with Mycoplasma pneumoniae infection,” Clinical Infectious
Diseases, vol. 32, no. 6, pp. E105–E106, 2001.
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Introduction. Immunological factors seem to play a pivotal role in Adult Onset Still’s Disease (AOSD). Among all, IL-18 cytokine
is overexpressed and drives the inflammatory process. Objective. We aimed to investigate the levels of IL-18 in sera of Italian
patients with AOSD and to assess its possible role as a marker of disease activity. Methods. IL-18 serum levels were determined
by ELISA in 26 Italian patients with AOSD. Disease activity was assessed using Pouchot’s criteria. As controls, 21 patients with
Rheumatoid Arthritis (RA), 21 patients with Sjogren’s Syndrome (SS), 20 patients with Systemic Lupus Erythematosus (SLE), and
21 healthy subjects (normal human sera, NHS) were evaluated. Results. IL-18 serum levels were significantly higher in patients
with active AOSD than in non-active (P = 0.001) and control groups (RA P = 0.0070, SS P = 0.0029, SLE P = 0.0032, NHS
P = 0.0004). A significant correlation between IL-18 serum levels and disease activity (P < 0.0001), and laboratory parameters as
ferritin (P = 0.0127) and C-reactive protein (P = 0.0032) was demonstrated. Conclusions. Higher levels of IL-18 are detected in
active AODS patients and correlate with disease activity and inflammatory laboratory features. ROC-AUC analysis of the serum
concentration of IL-18 suggests that it can be considered a diagnostic marker of AOSD. This paper supports the targeting of this
cytokine as a possible therapeutic option in AOSD.

1. Introduction

Adult Onset Still’s Disease (AOSD) is a rare systemic inflam-
matory disease of unknown etiology. It is characterized by
a typical clinical triad: high daily spiking fever, evanescent
rash and arthritis or arthralgias, not necessarily present at
the same time. A wide spectrum of other symptoms may
occur: sore throat, lymphoadenopathy, hepatosplenomegaly,
serositis, and myalgias; also pulmonary, cardiovascular, and
kidney manifestations may be present occasionally represent-
ing severe life-threatening complications [1]. AOSD has been
described for the first time by Bywaters in 1971 [2] who
included in this entity all the patients that did not meet cri-
teria of Rheumatoid Arthritis (RA) but showing the typical
manifestations of the systemic form of juvenile rheumatoid
arthritis. Usually, the disease onset is between 16–35 years
[3], women are slightly more affected (M/F = 40/60) [4],
while men have an earlier onset [5]. AOSD pathogenesis is

still controversial: on a background of genetic predisposition,
different infectious factors seem to act as disease triggers.
Moreover, immunological factors are involved: it has been
recently suggested that an imbalance in cytokine production
by T helper 1 (Th1) versus T helper 2 (Th2) cells is a
key mechanism. In particular, a major production of Th1
cytokines as interleukin (IL)-2, interferon (IFN)-γ and TNF-
α compared with Th2 cytokines (IL-4, IL-5, IL-6 e IL-10) has
been demonstrated [6]. Among all cytokines, IL-18 seems
to play a pivotal role being overexpressed during the course
of disease [7]. However, whether its serum level represents a
marker of disease activity is still controversial [8]. Thus, the
aim of this study was to determine IL-18 serum levels in a
cohort of Italian patients with active and non-active AOSD,
to compare these levels with those obtained from patients
affected with other inflammatory diseases and to correlate
them with other known markers of disease activity.



2 International Journal of Inflammation

2. Methods

Consecutive patients with AOSD (diagnosed according to
Yamaguchy criteria [9]) followed during the last five years
in the Rheumatology Unit of Sapienza, University of Rome
(Italy), were enrolled. The patients underwent clinical eval-
uation and laboratory analysis. Sera were collected for IL-
18 analysis which was performed by means of ELISA test
(Immuno Pharmacology Research, Italy).

Disease activity at the moment of drawing was estimated
using the criteria proposed by Pouchot in 1991 [10]. The
total score ranges from 0 to 12 and is calculated through
the addition of points assigned to each symptom (fever,
evanescent rash, pleuritis, pneumonia, pericarditis, hep-
atomegaly or abnormal liver function tests, splenomegaly,
lymphadenopathy, WBC > 15000/mm3, sore throat, myal-
gias, and abdominal pain). Active patients were considered
those who presented fever at the moment of drawing with
a Pouchot’s score > 2. For each patient serum ferritin and
C-reactive protein (CRP) serum levels were also determined.
Twenty-one patients with RA, 21 patients with Sjogren’s Syn-
drome (SS), 20 patients with Systemic Lupus Erythematosus
(SLE), and 21 healthy subjects (normal human sera, NHS)
were included in this study as control groups. All subjects,
patients and controls, provided their informed consent.

For the statistical analysis Mann-Whitney U test and
Spearman’s rank correlation test were used. Two-tailed P
values less than 0.05 were considered significant. Area
under the receiver operating characteristic curve (ROC-
AUC) analysis was used to evaluate the diagnostic utility of
the IL-18 serum level.

3. Results

Twenty-six patients with AOSD were enrolled (15 males/11
females; mean age 40.6 years, range 23–69 years; mean age at
disease’s onset 32.9 years, range 12–55 years).

Mean disease activity score according to Pouchot’s cri-
teria was 3.8; 16/26 (61%) patients were considered active
presenting fever and a Pouchot’s score > 2. Serum IL-18
mean value in the whole cohort was 461.33 pg/mL (range
20.74–6015.00 pg/mL).

IL-18 was significantly higher in patients with active
AOSD than non-active AOSD (P = 0.001) (Figure 1).
Moreover IL-18 was significantly higher in patients with
active AOSD compared with the other control groups (RA
P = 0.0070, SS P = 0.0029, SLE P = 0.0032, NHS
P = 0.0004) (Figure 2, Table 1). Thirteen on 26 (50%)
patients with AOSD and 12/16 (75%) with active AOSD
showed values of serum IL-18 greater than the highest IL-
18 value detected from NHS group. ROC-AUC analysis
of the serum concentration of IL-18 indicated that it was
significantly diagnostic of AOSD. The ROC-AUC analysis
for the serum level of the IL-18 between patients with
AOSD and NHS was 0.701 (Figure 3(a)). At a cutoff point of
312.5 pg/mL, corresponding to the greatest sum of specificity
and sensitivity, the specificity was 61.54% and the sensitivity
was 86.71% for detection of AOSD (likelihood 2.23). The
ROC-AUC analysis for the serum level of the IL-18 between
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Figure 1: Box-and-whisker plot of IL-18 serum levels in patients
with active AOSD (n = 16) and non-active AOSD (n = 10).
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Figure 2: Box-and-whisker plot of IL-18 serum levels in patients
with AOSD (n = 26), RA (n = 21) SS (n = 21), SLE (n = 20),
and NHS (n = 21). Median, quartiles, range, and possibly extreme
values are shown.

patients with AOSD and the other control groups (RA, SS,
SLE) was, respectively, 0.586, 0.565, 0.640 (Figures 3(b),
3(c), and 3(d)). For RA at a cutoff point of 737 pg/mL,
specificity was 46.15%, sensitivity 80.95% (likelihood 1.50).
For SS at a cutoff point of 766 pg/mL specificity was 46.15%,
sensitivity 95.24% (likelihood 1.77). For SLE at a cutoff
point of 336 pg/mL specificity was 61.54%, sensitivity 70%
(likelihood 1.82).

A significant correlation between disease activity and IL-
18 serum levels was observed (P < 0.0001, by Spearman’s
rank correlation test) (Figure 4), as well as with serum
ferritin level and CRP (P = 0.0127 and P = 0.0032, resp., by
Spearman’s rank correlation test) (Figures 5(a), and 5(b)).
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Figure 3: Area under the receiver operating characteristic curves for detection of AOSD by reference to the level of serum IL-18. (a) AOSD
versus NHS; (b) AOSD versus RA; (c) AOSD versus SS; (d)AOSD versus SLE.

Table 1: IL-18 serum levels in patients with Adult Onset Still’s Disease (AOSD), Rheumatoid Arthritis (RA), Sjogren’s Syndrome (SS),
Systemic Lupus Erythematosus (SLE), and in normal human sera (NHS).

Active AOSD (n = 16) RA (n = 21) SS (n = 21) SLE (n = 20) NHS (n = 21)

IL-18 (pg/mL) 1220.47 331 368 218.5 189

Range (pg/mL) 43.80–6010 0–2600 147–788 22–1459 0–492

4. Discussion

We confirm the key role of IL-18 as a marker of disease
activity in AOSD. High serum levels of IL-18 are detected in
AOSD patients with an active disease and its concentration
correlates with disease activity and laboratory features of
inflammation. IL-18 is a proinflammatory cytokine consid-
ered a member of the IL-1 superfamily with pleiotropic and
immunoregulatory effects. It plays a pivotal role in different
inflammatory diseases such as RA, Crohn’s disease (CD),
SS, and psoriatic arthritis (PsA) as well as AOSD [7]. It
has been described for the first time in 1989 as an inducer
of the production of IFN-γ. In synergy with IL-12 and
IL-15, it induces Th1 maturation and production of other

cytokines as IL-1β, IL-8, M-CSF, TNF-α, and IFN-γ. Despite
its prevalent role on Th1 lineage, it seems to induce and
promote Th2 mediated-effects depending on the different
milieu in which it plays [11]. Beside this role in the regulation
of adaptive immune responses, it is involved in inducing
innate immunity. Indeed, it is produced by dendritic cells
(DCs) providing natural killer (NK) cells activation and
driving IFN-γ production by these cells. In turn, NK cells
induce DCs maturation with a further activation of the
adaptive immune response. Thus, IL-18 provides a critical
link between adaptive and innate immune responses and, for
this reason, it can be considered as a rather unique cytokine
[7]. Furthermore, IL-18 can drive angiogenesis [12] and the
production of chemokines, it can upregulate the expression
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Figure 4: Correlation between disease activity and IL-18 serum
levels.

of costimulatory molecules as CD40 and CD40L, and, finally,
it can provoke tissue damage through the activation of
cell-mediated cytotoxicity and the stimulation of the release
of metalloproteases [7]. It is also responsible of an increased
expression of the intercellular adhesion molecule-1 (ICAM-
1) by endothelial cells, representing a possible predictor
of disseminated intravascular coagulation [13]. Moreover,
a recent study has proposed a proapoptotic role for IL-18
that has been associated with the induction of an increased
expression of FasL and p53 on autoreactive lymphocytes in
AOSD [14]. This evidence is supported by the demonstration
of increased apoptosis of peripheral blood lymphocytes in
AOSD that would be also correlated with disease activity
[14]. This mechanism is deputed to balance the excess of
auto-reactive cells present in peripheral blood in AOSD,
which is responsible of the chronic inflammatory process. IL-
18 is produced not only by monocyte/macrophages and DCs,
but also by nonimmune cells, such as intestinal epithelial
cells, keratinocytes, chondrocytes, osteoblasts, and synovial
fibroblasts [7]. For this reason, high values of IL-18 are
detectable not only in serum but also in the synovial
fluid. It has been shown from studies on synovial biopsies
that in AOSD there is an important inflammatory process
characterized by the presence of synoviocytes proliferation
with lymphocytes and plasmacells infiltrate. Moreover, at
this level, high expression of mRNA codifying for IL-18 can
been detected [15].

In previous studies, we have shown that IL-18 is over-
expressed also in other sites, such as lymph nodes, and liver
[16, 17]. Indeed, an hepatic inflammatory process can occur
in approximately 50–75% of the patients, with hepatomegaly
and liver enzymes elevation. It is not surprising that IL-
18 can be produced by Kupffer cells and can provoke liver
damage through the activation of NK cells and CD8 cells
[18].

As above mentioned, IL-18 has a pivotal role in several
other inflammatory conditions such as RA, CD, SS, and
PsA. In RA, high expression of IL-18 by synoviocytes
may upregulate the production of pathogenic cytokines
responsible for the local inflammatory process. In SS, IL-
18 is produced by infiltrating immune cells surrounding
the ductal structures of the salivary glands, and high levels
of the cytokine have been shown in mucosal biopsies from
CD patients, and in psoriatic lesional skin [7]. Nevertheless,
serum IL-18 reaches the highest levels in AOSD, even from
100 to 1000 folds than in other diseases.

ROC-AUC analysis revealed that AOSD patients could
be discriminated from RA, SLE, and SS patients and from
healthy subjects by the serum level of IL-18 determined by
ELISA. As expected, the largest ROC area was obtained when
comparing AOSD and healthy controls. However, at higher
cutoff points, IL-18 seems to be able to discriminate also with
diseases which have increased levels of this cytokine as RA
and SS. These results may suggest that the level of the IL-18
in serum has potential clinical application as a biomarker for
the diagnosis or differential diagnosis of AOSD.

It has been showed that IL-18 serum levels correlate with
other serological markers of disease activity, such as ferritin,
erythrocytes sedimentation rate, and CRP, and with clinical
manifestations as the occurrence of fever and arthralgias
[17]. On the contrary, Choi coll. [8] did not demonstrate
any significant differences between patients with active and
inactive AOSD, thus the role of IL-18 as a marker of disease
activity is still controversial. In this study a significant
correlation between IL-18 and some laboratory markers of
disease activity (ferritin and CRP serum levels) was found.
Indeed, it is well known that serum ferritin levels are typically
increased during disease flares and this finding is useful for
diagnosis and monitoring of disease [1]. Kawashima et al.
in 2001 determined IL-18 serum levels in 16 patients with
AOSD, 34 with RA, 33 with SLE, 19 with systemic sclerosis
(SSc), 21 with polymyositis/dermatomyositis, 28 with SS
and in 53 healthy controls demonstrating, as we did in the
present report, that IL-18 serum concentrations are higher
in AOSD than in all the other conditions [19]. According
to Kawaguchi and coll., IL-18 may be also considered a
marker able to predict the response to therapy [20]. These
authors have observed how patients considered responders
to corticosteroids therapy present lower cytokine levels in
the peripheral blood than nonresponders. This finding is in
agreement with our observation that IL-18 levels correlate
with disease activity, suggesting that the level may gradually
decrease with therapy.

Nowadays, AOSD therapy is still mostly empirical and
Disease Modifying Antirheumatic Drugs are considered
the first-line therapy. In patients refractory to traditional
therapeutic approach, biologic agents have been used with
successful results [21, 22]. Anti-TNF therapy and anti-IL1
and anti-IL-6 agents have been used in an off-label fashion
with a generally good outcome. Nonetheless, no controlled
randomized trial is available yet. This paper, in agreement
with previous reports, provides further evidence to support
the targeting of IL-18 as a possible therapeutic strategy in
AOSD.
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levels.
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Interleukin 1β (IL-1β) is emerging as a master mediator of adult onset Still’s disease (AOSD) pathogenesis. This pleiotropic
cytokine, whose expression is under the control of the inflammasome pathway, has a wide type of effects. As a key mediator
of innate immunity is a potent pyrogen and facilitates neutrophilic proliferation and diapedesis into the inflamed tissues, which
are key AOSD manifestations. The study of proinflammatory cytokines profiles in sera and pathological tissues of AOSD patients
has shown elevated levels of IL-1β, these levels being highly correlated with disease activity and severity. These experimental
evidences and the analogy with other autoinflammatory diseases that share with AOSD clinical and biological characteristics have
suggested the blockade of IL-1β as a possible new therapeutic option for the AOSD, especially in conventional therapy resistant
cases. Anakinra, the first anti-IL-1 agent put on the market, has demonstrated capable to induce a rapid response sustained over
time, especially in systemic forms, where anti-TNFα failed to control symptoms. While a growing number of evidences supports
the utilisation of anakinra in AOSD, a new generation of anti-IL1β antagonists is developing. Canakinumab and rilonacept, thanks
to their higher affinity and longer half-life, could improve the management of this invalidating disease.

1. Introduction

Adult-onset Still’s disease (AOSD) is a systemic autoinflam-
matory disorder characterized by daily high-spiking fevers,
evanescent maculopapular rash, sore throat, polyarthritis,
myalgia, lymphadenopathy, and hepatosplenomegaly [1, 2].
The etiology of AOSD is currently unknown. However, a
growing number of experimental evidences supports the hy-
pothesis that a disregulation of inflammasome complex and
a related overproduction of the proinflammatory cytoki-
ne interleukin 1β (IL-1β) is a pivotal event in the patho-
genesis of this disorder, in analogy with other autoinflam-
matory diseases that share with AOSD clinical and biological
characteristics [3].

In this paper, we discuss the biology and the role of IL-1
in AOSD pathogenesis and we review the current literature
about the utilization of anti-IL-1 agents in clinical practice.

2. IL-1 Biology

2.1. IL-1 Expression: The Inflammasome Pathway of Activa-
tion. IL-1β is a pleiotropic mediator of the response to infec-
tion and injury, which affects nearly all cell types, either alone
or in combination with other cytokines. The main source of
IL-1β is the monocytic-macrophagic system.

The components of the latter do not express constitu-
tively this protein whose availability is over the control of the
innate immunity which acts as a sophisticated system for det-
ecting signals of “danger” such as pathogenetic microbes
or host-derived signals of cellular stress. Recognition occurs
through a limited group of pathogen-recognition receptors
(PRRs) like the Toll-like receptors (TLRs) and the NOD-like
receptors (NLRs). It is the crosstalk between TLRs and NLRs
that generate IL1β [4]. For instance, the interaction of TLR
with its ligand triggers pro-IL1β gene expression and synthe-
sis. The conversion of pro-IL1β into active IL1β is mediated
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Figure 1: The inflammasome pathway of IL-1β activation.

by caspase 1 which requires NLR activation and subsequ-
ent inflammasome complex organization to exert its action.
Once secreted, IL-1β binds and activates the single trans-
membrane domain type I IL-1 receptor (IL-1RI) on a variety
of cell types. The following step is the recruitment of IL-1
receptor accessory protein (IL-1RAP) to the IL-1RI/IL-1β
complex. The signal pathway initiated leads ultimately to
nuclear factor κB (NFκB) translocation in the nucleus and
finally to the expression of an array of inflammatory genes
[5–7] (Figure 1).

2.2. An Alternative Pathway of Activation. Interestingly,
recent advances suggest that caspase-1 may not be the only
responsible of IL-1β activation. Neutrophil serine proteases,
mast cell chymase, and metalloproteinases may also be able
to proteolytically cleaving pro-IL-1β [8, 9]. This may account
for the articular damage occurring in AOSD.

2.3. IL-1 Effects

2.3.1. Cytokine Production and Development of Autoinflam-
mation. IL-1β upregulates cytokines, acute phase proteins,
and tissue remodeling enzymes. As a key mediator of innate
immunity is a potent pyrogen and facilitates neutrophilic
proliferation and diapedesis into inflamed tissues, which are
key AOSD manifestations. In the periphery, IL-1β, in synergy
with TNF, is recognised as an important factor in driving
bone and cartilage erosion. Of more, it increases platelet
production, which results in thrombocytosis, and promotes
the production of IL-6, which in turns stimulates hepatocytes
to synthesize several acute phase proteins [10, 11] (Figure 2).

2.3.2. Orientation of the Immune Response. IL-1β also plays
an important role in the adaptive immune response acting
directly on naı̈ve and memory T cells to promote their expan-
sion and survival and instructing B cells to enhance anti-
body production. Moreover, it has recently been discover-
ed that IL-1 drives the development of TH17 cells, which are

now known to be a key T-cell subset mediating many autoim-
mune and chronic inflammatory diseases. The frequency of
circulating Th17 cells is elevated and positively correlated
with disease activity in AOSD patients [12–16].

2.4. IL-1 Regulation. As it plays a critical role in host defence
eliciting a wide range of effects, the activity of IL-1β needs to
be tighltly controlled to avoid tissue damage resulting in au-
toreactive response. The regulation takes place on several lev-
els, including transcription, mRNA stability, translation, ma-
turation, secretion, receptor expression, and release of solu-
ble receptors, as well as IL-1RII, a decoy receptor and IL-1Ra,
a naturally expressed inhibitor of IL-1 receptor occupancy
[17, 18]. The complexity of IL-1β biology explains well why
the aberrant activation of the innate immunity system can
lead to a multitude of chronic diseases, like AOSD (Figure 1).

3. IL-1β in AOSD Pathogenesis

AOSD is a member of the expanding group of the “autoinfla-
mmatory disorders” [19].

In contrast with autoimmunitary diseases that are pri-
marily caused by dysregulation of adaptive immune res-
ponses, autoinflammatory diseases are caused by disorders in
the innate inflammatory pathways and the usual hallmarks of
autoimmunity such as high titers of antigen-specific T lym-
phocytes and autoantibodies are characteristically absent
[20].

One of the major events in the pathogenesis in these
syndromes is an increased release of active IL-1β. Cytokine
profile in AOSD sera is characterized by the presence of IL-6,
IFNγ, IL-18, and, of note, IL-1β [21, 22].

The identification of the critical role of NLRP3 inflam-
masome in the maturation of IL-1β motivated the study of
its role in the pathogenesis of autoinflammatory syndromes.
Mutations of the inflammasome related genes have been
identified in the cryopyrin-associated periodic syndromes
(CAPSs), in familial Mediterranean fever (FMF) and in
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the pyogenic arthritis, pyoderma gangrenosum, and acne
syndrome (PAPA). Conversely, in AOSD the cause of innate
immunity disarray still remains unknown.

The primum movens of the pathogenetic sequence seems
to be an infectious agent, as suggested by the temporal rela-
tionship between disease onset and viral syndromes. Other
pathogenic organisms (bacteria, parasites, or chemical eve-
nts) may also be involved. This hypothesis is consistent with
a role of the innate immunity in AOSD. Anyway, infection
alone is unlike to be sufficient to trigger AOSD, and a pre-
disposing genetic background is probably required even if
no consistent associations with HLA aplotypes have been
individuated [23]. Youm et al. have studied 83 AOSD patients
to investigate whether IL-1β and IL-1Ra gene polymorphi-
sms are associated with the development and clinical features
of AOSD, but no differences were observed between patients
and healthy controls [24]. A potent IL-1β production-
inducer is IL-18, a member of the IL-1 family that growing
evidences are demonstrating to be pivotal in promoting the
systemic inflammatory process of AOSD. IL-18 is impor-
tant in both innate and acquired immune responses. It exerts
pleiotropic effects such as the stimulation of neutrophil
migration and activation, the polarization of T-cell response
versus the Th1 phenotype, the expression of adhesion
molecules and the activation of natural killer cells [25].
It synergizes with IL-6 in the production of ferritin from
macrophage-lineage cells [26] and with IL-23 in the induc-
tion of Th17 cells [16]. IL-18 serum levels are higher in
AOSD patients compared to other autoinflammatory disea-
ses [27] and correlate with disease activity, serum ferritin
levels, and neutrophil count. The local expression of IL-18
may be responsible for tissue damage in some target organs
such liver [28] and synovial membranes [29].

However, actually the most convincing case supporting
the central role of IL-1β in AOSD pathogenesis is the

dramatic and sustained efficacy of IL1-blockade on AOSD
symptoms, even in refractory forms of the disease.

4. IL-1-Targeting Therapies

4.1. Anakinra. Anakinra (Kineret) is the first IL-1 inhibitor
designed. It is a recombinant, nonglycosylated form of hu-
man IL-1 receptor that acts as a pure receptor antagonist
binding tightly to the IL-1RI and preventing activation of
this receptor by either IL-1β or IL-1α. It is administered
subcutaneously once daily, due to its short half-life. Approv-
ed by the FDA in 2001 for treating patients with rheumatoid
arthritis, its use validated the importance of IL-1 in a
broad spectrum of inflammatory diseases, AOSD included. A
growing number of reports describe a rapid response to ana-
kinra characterized by impressive reduction in disease activ-
ity, fever resolution, and normalization of hematologic and
biochemical parameters within hours to days after the first
injection in patients affected from AOSD refractory to other
synthetic or biological treatment [3, 22, 30–34]. These effects
are likely to be sustained over a long treatment period and
allow tapering and withdrawal of concomitant glucocor-
ticoids and DMARDs and finally anakinra administration
in monotherapy [34–36]. Such a long-lasting effect was
not described with TNF-blockers, whose efficacy seems to
decrease over time [37]. Our group has observed that in some
patients that achieved a complete and stable remission was
possible not only a discontinuation or reduction of treatment
associated, but also of anakinra itself, without relapse [38].
These data seem to be confirmed by the retrospective study
of Laskari et al. [36]. The possibility of dose reduction may
enhance compliance and drug adherence and highlights the
potential cost-effectiveness of anakinra. Moreover, accord-
ing to our observations, the most impressive results were
obtained in patients with systemic forms. This is consistent
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Table 1: Anti-IL1 agents.

Biologic agent target
cytokine(s)

Molecular characteristics Doses (route of administration) Recorded indications

Anakinra (Kineret) IL-1α
and IL-1β

Recombinant human IL-1
receptor antagonist

100 mg/day (sc) Rheumatoid arthritis

Rilonacept (Regeneron)
IL-1α and IL-1β

Fusion protein of the
extracellular domains of
IL-1R1 and IL-1RAP,
coupled to the Fc region
of human IgG

Induction dose: 320 mg
maintenance: 160 mg/week (sc)

Cryopyrin-associated periodic
syndromes (CAPSs)

Canakinumab (Ilaris) IL-1β
Fully human monoclonal
anti-IL1β antibody

150 mg every 8 weeks (sc)
Cryopirin-associated periodic
syndromes (CAPSs)

Gevokizumab (Xoma 052)
IL-1β

Recombinant humanized
anti-IL1β antibody

Not labeled potential
therapeutic use: Behçet’s
uveitis, types 1 and 2 diabetes,
and rheumatoid arthritis (phase
II trials)

sc: subcutaneous.

with data reported by Lequerré et al. [34]. We can argue that
the proinflammatory cytokine IL-1 could have a more pro-
minent role in systemic forms of AOSD for whom Anakinra
use can be reserved. In these cases, Anakinra may be
efficacious not only to induce remission, but also to prevent
new relapses in polycyclic forms and the amyloidosis devel-
opment associated with long-standing elevated inflamma-
tory markers. Methotrexate and TNF-blockers may remain
interesting in chronic articular presentation of AOSD [39].

Another open question is whether anakinra must be
introduced early in the course of AOSD or only after other
conventional treatment failure to avoid the adverse effects
of a prolonged corticotherapy and to limit the social impact
of a poorly controlled disease [2]. To support the necessity
of an earlier introduction of anakinra, Moulis et al. have
reported two cases of dramatic side effects secondary to
conventional treatment that later had an immediate and
remarkable response after anakinra starting [40].

Immunomodulation by anti-IL1 is rather safe and well
tolerated. The most frequent adverse event reported in the
clinical trials is injection-site reaction which is generally
mild to moderate and rapidly resolutive. Some infections
have been reported; however, it has not been associated with
the development of tuberculosis or other fungal infections,
demyelinating syndromes or worsening of congestive heart
failure [41]. A recent systematic review of literature conduct-
ed by Singh et al. on 163 randomized controlled trials with
50,010 participants and 46 extension studies with 11,954
participants that included indirect comparisons between
anakinra and other biological agents revealed that anakinra
is associated with a significantly lower risk of serious adverse
events compared to most other biologic treatments [42].
Anecdotally, we report a severe systemic inflammatory res-
ponse syndrome after anakinra introduction [43] and an epi-
sode of thrombocytopenia, which appeared one week after
anakinra introduction and resolved soon after its discontin-
uation [44].

Immunization against anakinra has been described,
but the appearance of potentially neutralizing antibodies
is transient and has never been associated with anakinra

failure subsequently do not preventing chronical anakinra
administration [45].

In conclusion, even if more studies are needed, all the
evidences actually available strongly support the importance
of anakinra as new safe and effective therapeutic option in
AOSD treatment.

4.2. Next Generation Anti-IL-1β Antagonists. Although ana-
kinra has been demonstrated effective and safe, its short half-
life demanding daily injections often associated with painful
local adverse reactions limits its usefulness in the clinical
practice. This has represented an incentive to the develop-
ment of new anti-IL1β antagonists with different pharma-
cokinetic properties. Recently, soluble receptors for IL-1
(rilonacept) and human mAbs to IL-1β (canakinumab and
gevokizumab) have been used to neutralize IL-1β specifically
(Table 1).

Rilonacept (Regeneron) is a construct of 2 extracellular
chains of the IL-1R complex (IL-1R plus IL-1RAP) fused
to the Fc portion of human IgG1. Since it contains both
receptor components, rilonacept is able to bind IL-1β
and IL-1α with high affinity. It has an half-life is longer
that anakinra, and it is administrated once weekly [46].

Henderson et al. investigated the use of rilonacept in a
small cohort of refractory AOSD patients observing a good
clinical and biological response. Interestingly, they reported
that high levels of IL-18 at baseline were predictors of a
successful response. This evidence suggests this biomarker as
a useful tool to predict response to treatment [47].

Canakinumab (Ilaris) is a human monoclonal IgG1
antibody targeted against IL-1β, thus preventing its binding
to the receptor complex. Generated by a transgenic mouse
strain, it offers a high specificity for IL-1β. Among IL-1
antagonists, canakinumab is the agent with the longest half-
life. Of more, it has been demonstrated that its clinical effica-
cy is prolonged beyond what expected based on its half-
life. Subsequently, pharmacokinetic modelings have shown a
positive feedback of IL-1β on its own production. This ex-
plains why the effectiveness of the drug is greater than its
half-life, thus permitting its administration once every two



International Journal of Inflammation 5

months [48, 49]. In clinical trials, canakinumab and rilona-
cept are associated with a mild increase of infections. The rate
of injection site injections was 34% versus 27% in rilonacept
versus placebo and 9% versus 14% in canakinumab versus
placebo [50, 51].

Actually, canakinumab and rilonacept are indicated only
for the treatment of the CAPS, but they could represent a new
therapeutic option for AOSD [52, 53].

Gevokizumab (XOMA 052) is an IgG2-humanized mAb
against human IL-1β. XOMA has completed a successful
proof-of-concept Phase 2 trial of gevokizumab in patients
with Behçet’s uveitis, types 1 and 2 diabetes, and rheumatoid
arthritis. It belongs the potential to treat patients with a wide
variety of inflammatory diseases, including autoinflamma-
tory diseases [54, 55].

The development of IL-1β blockers with higher affinity
and longer half-life could improve patient management and
also favor patient compliance.
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Systemic juvenile idiopathic arthritis (sJIA), formerly called Still’s disease, is officially classified as a subset of juvenile idiopathic
arthritis (JIA). Beside arthritis, it is characterized by prominent systemic features and a marked inflammatory response. Even if it
is still included in the group of juvenile arthritides, sJIA is set apart from all the other forms of JIA. This disorder has markedly
distinct clinical and laboratory features suggesting a different pathogenesis. sJIA does not show any association with HLA genes
or with autoantibodies and is characterised by an uncontrolled activation of phagocytes with hypersecretion of IL-1 and IL-6.
Based on clinical and laboratory features, as well as on new acquisitions on the pathogenesis, it seems evident that sJIA is an
autoinflammatory disease related to abnormality in innate immune system. The new insights on the pathogenesis of sJIA have
therefore dramatically changed the approach to treatment, with the development of targeted treatments (anti-IL-1 and anti-IL-6
agents) more effective and safer than earlier medications.

1. Introduction

Juvenile idiopathic arthritis (JIA) is the most common
chronic rheumatic disease of childhood. It is a heterogeneous
disease of unknown aetiology encompassing different forms
of arthritis, which begins before the age of 16 years and
persists for more than 6 weeks. JIA classification [1] is based
on the number of joints involved during the first 6 months of
disease and on the extra-articular involvement.

Most JIA subsets are characterized by female predom-
inance, prominent arthritis, various degrees of biological
inflammation, a strong susceptibility associated with some
HLA class II antigens, and an overt or suspected autoimmu-
nity, for example, antinuclear antibodies (ANA) rheumatoid
factor (RF) and anticyclic-citrullinated peptide (anti-CCP)
antibodies. Dramatic response to anti-TNFα treatments [2]
is an important feature, which supports the role of the
adaptative immunity in generating chronic inflammation.

2. Still’s Disease as a Subset of
Juvenile Idiopathic Arthritis

sJIA was officially classified as a subset of JIA, and the pres-
ence of at least one active synovitis was mandatory to

support the diagnosis, even if some patients do not present
arthritis at disease onset [3]. Moreover, sJIA can have a highly
variable outcome, and a monocyclic course with minimal or
absent articular complications was reported in about 50%
of 56 cases [4]. Other differences with the other subtypes
of JIA include an equal sex ratio, marked systemic features
with spiking fever, a salmon-colored evanescent rash that
comes and goes with fever, serositis, and the absence of
autoantibodies.

The recognition of a group of rare diseases, the autoin-
flammatory diseases (AIDs) appearing to be primarily in-
flammatory in nature because of their periodicity, strong
associations with exogenous triggering events, and lack of
associations with class II MHC haplotypes, brought some
evidence to look at sJIA as a distinct entity from other
subtypes of JIA. Recent advances in understanding the role
of IL-1 in the pathogenesis of sJIA brought strong arguments
to consider the disease as autoinflammatory rather than
autoimmune.

3. sJIA as Autoinflammatory Disease (AID)

AIDs are a large group of diseases affecting primarily the
innate immune system. Despite their different molecular
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Figure 1: Main effects of IL-1. (1) The action on the hypothalamic-pituitary axis influences the production of the following hormones:
adrenocorticotropic hormone (ACTH), growth hormone (GH), vasopressin or antidiuretic hormone (ADH), and somatostatin. IL-1 is
responsible for the constitutional symptoms in IL-1-dependent diseases (fever, fatigue, anorexia, and growth delay). (2) Liver synthesis and
secretion of acute phase proteins (both by direct IL-1 action and via IL-6 induction). (3) Osteoclasts activation and matrix metalloproteinases
(MMPs) synthesis by chondrocytes, resulting in bone resorption and cartilage degradation, respectively. (4) Innate immune system cells
activation and proliferation, enhanced gene transcription of proinflammatory molecules (inducible nitric oxide synthase (iNOS), cyclo-
oxygenase 2 (COX2), and phospholipase A2), proinflammatory cytokines, adhesion molecules, and colony-stimulating factors (CSF).

mechanisms, they are all characterized by an inappropriate
activation of the phagocytes, the key cells of innate immune
system. They have in common an overproduction of IL-1β,
a prototype of proinflammatory cytokine having pleiotropic
properties (Figure 1). Typical clinical manifestations of AIDs
are recurrent, seemingly unprovoked, inflammatory attacks
of fever with skin involvement, serositis, and arthritis. Labo-
ratory examinations during fever attacks show a prominent
acute inflammatory response characterised by a marked
leukocytosis (neutrophilia), increased CRP, and serum amy-
loid protein (SAA). Unlike patients with autoimmune dis-
eases, patients with AID lack high-titers autoantibodies and
antigen-specific T cells.

Historically, AIDs comprised rare disorders of Mendelian
inheritance like cryopyrin associated periodic syndrome
(CAPS) (autosomal dominant) and familial Mediterranean
fever (autosomal recessive). With time, other diseases, less
rare and of multifactorial inheritance, like pFAPA syndrome
(periodic fever, aphtous, pharyngitis, and adenitis), have
joined the group. AIDs uniquely respond to specific IL-
1β blockade unlike autoimmune diseases that respond dra-
matically to anti-TNFα treatments. Over the past decade, a
growing number of systemic inflammatory disorders have
been placed into the group of AIDs given their response
to anti-IL-1 drugs, including sJIA and adult Still’s disease
(AoSD) [5].

4. Clinical Characteristics of sJIA

sJIA represents 10–15% of all JIA, with a broad peak of onset
between 0 and 5 years of age, with 2 years being the most

common [3], and an equal sex ratio. It is called Still’s disease
(AoSD) when it occurs in patients over the age of 16. AoSD is
less common than sJIA but the disease features are the same,
even severe arthritis occurs exceptionally. Therefore, sJIA and
AoSD likely represent a continuum of the same disease entity
[6].

SJIA is defined by [1] the presence of arthritis in one or
more joints associated with spiking fever (a typically daily
high fever with spike in the evening) persisting for a mini-
mum of 15 days, with at least one of the following manifesta-
tions: skin rash (evanescent, nonfixed erythematous rash that
accompanies fever spikes), generalized lymphadenopathy,
hepatomegaly and/or splenomegaly, or serositis (pleuritis or
pericarditis).

None of the clinical signs is specific to sJIA, especially at
presentation, and differential diagnosis can be difficult (bac-
terial and viral infections, malignancy, and other rheumatic
diseases). Moreover, arthritis may be absent at onset and
can develop during disease course, usually progressing to a
polyarticular and symmetrical involvement.

The disease course can be highly variable. It can be
monocyclic, polycyclic with relapses followed by intervals of
remission, or unremitting, leading about half of the patients
to a chronic destructive arthritis representing the major long-
term problem.

SJIA shows a strong association with macrophage activa-
tion syndrome (MAS), a form of reactive hemophagocytic
lymphohistiocytosis (HLH), characterised by an uncon-
trolled activation of well-differentiated macrophages releas-
ing a high amount of proinflammatory cytokines, partic-
ularly IL-18, which belongs to the IL-1 family. MAS is
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a severe, potentially life-threatening disorder, and clinically
characterized by fever, hepatosplenomegaly, lymphadenopa-
thy, neurologic dysfunction, and coagulopathy. Some studies
suggest that up to 50% of sJIA patients might have occult
MAS [7, 8]. Heterozygous mutations in genes involved in
HLH have been described in some subsets of SoJIA patients
and might play a role in the development of MAS [9]. Specific
criteria for sJIA-associated MAS have been recently proposed
[10]. Interestingly, MAS has been recently included as an
individual group of autoinflammatory diseases in an updated
classification proposed by Masters et al. [5].

5. Laboratory

Laboratory tests show a marked inflammatory response with
leukocytosis (neutrophilia), thrombocytosis, high C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR).
In most cases a microcytic anaemia related to prominent
inflammation is detected.

Markedly distinct clinical and laboratory features of sJIA
suggest a different pathogenesis from the other forms of JIA.
Oligopolyarticular form of JIA (the most frequent form) is an
antigen-driven lymphocyte-mediated autoimmune disease
with abnormality in the adaptive immune system [11]. On
the other side, sJIA does not show any association with HLA
genes nor with autoantibodies and is characterised by an
uncontrolled activation of phagocytes. These features are
all consistent with what is observed in autoinflammatory
diseases [12–14].

6. Pathogenesis of sJIA

Phagocytes including monocytes, macrophages, and neu-
trophils are the principal activated cells during the early
course of sJIA. It has been shown that these cells secrete very
high levels of pro-inflammatory cytokines (IL-1, IL-6, IL-18)
as well as proinflammatory proteins (S100A8, S100A9, and
S100A12) [15–17].

7. The Role of IL-1 in sJIA

The discovery of an important role of IL-1 in the etiopatho-
genesis of sJIA came from studies that analyzed gene tran-
scription patterns in peripheral blood mononuclear cells
(PBMCs) from healthy individuals, incubated with serum
from patients with active disease. Serum from sJIA patients
can induce the transcription of IL-1β and various IL-1-
related genes in healthy PBMCs [12]. Activated monocytes
from sJIA patients secreted higher amounts of IL-1 (16-fold
greater) compared to monocytes from healthy controls. The
role of IL-1 was confirmed by studies showing the efficacy
of anakinra, a recombinant anti-IL-1 receptor antagonist
[12, 18]. Similar results were also reported for the related
disorder AoSD [19].

Several open-label studies reported the clinical efficacy
of anakinra in sJIA patients, with response rates around
50% [12, 19, 20]. More recently, a randomised double-blind
placebo-controlled study in sJIA reported similar clinical

response rates and normalization of the expression of genes
involved in IL-1β regulation [18]. Despite a good short-
term clinical control, most patients experienced loss of
efficacy with ongoing anakinra treatment. The latter might
be due to patients selection, being more likely observed in
patients with long-standing refractory disease or in those
with polyarticular involvement. Accordingly, in a case series
of 22 pediatric sJIA patients, a low joint count and high blood
PMN were positive predictors of clinical response to anakinra
[20].

Nigrovic et al. recently reported a retrospective study
with anakinra as first-line treatment in sJIA, with 59% of
patients undergoing remission [21]. Early introduction of
anakinra hindered arthritis relapse in 90% of patients. Fur-
ther studies on the efficacy and safety of anakinra as first-line
treatment are needed.

The response to anakinra can therefore identify two sub-
sets of sJIA patients, one with dramatic response similar to
that observed in (CAPS) [20, 22] and the other resistant or
with an intermediate response [18, 21].

Preliminary results on canakinumab and rilonacept
treatment showed a high efficacy in sJIA patients [23, 24].

8. The Role of IL-6

The levels of IL-6 are markedly elevated in the serum and
synovial fluid of sJIA compared to other subtypes of JIA.
Circulating levels are increased during the peak of fever
and correlate with clinical activity, systemic features as
thrombocytosis and microcytic anemia, growth retardation,
osteopenia, and the extent and severity of joint involvement
[16, 25, 26]. It has been suggested that polymorphisms
involving the promoter elements and genes encoding IL-6
may contribute to the overproduction of IL-6 in sJIA [27, 28].

The major pathogenic role of IL-6 has been confirmed by
the marked efficacy of tocilizumab, a monoclonal antibody
targeting the IL-6 receptor, in reducing systemic features
like fever and rash and improving inflammatory arthritis
[29, 30].

9. The Role of IL-18

IL-18 is a member of the IL-1 cytokine superfamily, produced
mainly by monocytes macrophages in response to viral or
bacterial stimuli, which may contribute to the inflammatory
process. sJIA, AoSD, and MAS are all characterised by
extremely high IL-18 serum levels [31, 32]. Some reports
have recently shown its elevation during sJIA flares and
during the active phase of MAS [31]. A defective phospho-
rylation of IL-18 receptor has been reported in sJIA patients
[33].

Based on clinical and laboratory features as well as on
the new acquisitions on the pathogenesis, it seems evident
that sJIA is an autoinflammatory disease related to abnor-
mality in innate immune system. The marked activation
of innate immune system responsible for the multisystem
inflammation and the lack of any consistent association
with HLA antigens or autoantibodies allow to consider sJIA
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as an autoinflammatory disease. This hypothesis is further
confirmed by the response to anti-IL-1 and IL-6 agents.

Nevertheless, even if there is evidence for IL-1β deregu-
lation on sJIA, further fundamental experiments are needed
to explain whether this is due to intrinsic abnormalities in
caspase-1 activation or it is rather linked to extrinsic mech-
anisms involving, for example, the TLRs and NF-KB acti-
vation pathway. From a clinical point of view, not every
patient may respond completely to IL-1 inhibition, and the
presence of polyarthritis is associated to worse results. The
development of arthritis could be associated to a cytokine
shift towards IL-6 and TNFα. The response of sJIA to
tocilizumab (anti-IL-6 agent) is not contradictory because
the IL-1β induces downstream secretion of IL-6, which
shares many biological properties with IL-1.

The new acquisitions on the pathogenesis of sJIA have
therefore dramatically changed its management, with the de-
velopment of targeted therapy more effective and safer than
earlier medications.
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Background. Adult-Onset Still’s Disease (AOSD) is an immune-mediated systemic disease with quotidian-spiking fever, rash, and
inflammatory arthritis. Hyperferritinemia is a prominent feature, often used for screening. Methods. The key terms “ferritin”
and “hyperferritinemia” were used to search PubMed and Medline and were cross-referenced with “Still’s Disease.” Results.
Hyperferritinemia, although nonspecific, is particularly prevalent in AOSD. While most clinicians associate ferritin with iron
metabolism, this is mostly true for the H isoform and not for the L isoform that tends to increase dramatically in hyperferritenemia.
In these situations, hyperferritinemia is not associated with iron metabolism and may even mask an underlying iron deficiency. We
review, in systematic fashion, the current basic science and clinical literature regarding the regulation of ferritin and its use in the
diagnosis and management of AOSD. Conclusion. Serum hyperferritinemia in AOSD has been described for 2 decades, although
its mechanism has not yet been completely elucidated. Regulation by proinflammatory cytokines such as interleukin (IL)-1b, IL-6,
IL-18, MCSF, and INF-α provides a link to the disease pathogenesis and may explain rapid resolution of hyperferritinemia after
targeted treatment and inhibition of key cytokines.

1. Introduction

Adult-Onset Still’s disease (AOSD) is a rare, immune-medi-
ated, multisystem inflammatory disorder characterized by
quotidian spiking fevers, evanescent rash, and arthritis. It
is frequently underdiagnosed and one of the main reasons
for hospital admissions due to pyrexia of unknown origin
(PUO).

The disease characteristically affects young individuals,
with three quarters of the patients reporting disease onset
between 16 and 35 years of age [1, 2]. Other symptoms
include myalgia, inflammatory myopathy, liver abnormali-
ties, pseudoangiocholitis, pleuritis, pericarditis, splenomega-
ly, pericardial tamponade and myocarditis, pulmonary fibro-
sis, pleural effusions, adult respiratory distress syndrome,
interstitial nephritis, subacute glomerulitis, renal amyloi-
dosis, collapsing glomerulopathy, thrombotic thrombocy-
topenic purpura, pure red cell aplasia, cranial nerve palsies,
seizures, aseptic meningoencephalitis, and Miller-Fisher syn-
drome.

This syndrome was formerly thought to occur solely
in children as systemic-onset juvenile idiopathic arthritis
(SoJIA), previously known as juvenile Still’s disease. Bywaters
described in, 1971, a new disease entity that he named adult
Still’s disease; it involved adult patients who did not meet the
criteria for classic rheumatoid arthritis (RA) but displayed
features similar to those described in pediatric Still’s disease
[3].

Its etiology remains unknown. An infectious etiology has
been postulated, although a definitive agent has never been
identified and infectious agents are thought to be innate
immunity triggers, leading to the clinical phenotype.

2. Methods

The key terms “ferritin” and “hyperferritinemia” were used
to search Medline and Pubmed and cross-referenced with the
key term “Still’s disease” and “Adult-Onset Still’s Disease” for
all available full-text articles. Studies identified by the search
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strategies were assessed for relevance prior to inclusion in
the paper. While the emphasis was on human studies, a
few selected animal studies were included which provided
important clues about the underlying pathophysiology.

3. Results

3.1. Regulation of Ferritin. A well-known feature of AOSD
has increased levels of serum ferritin, usually five times, or
more, above the upper limits of normal that at times may
be extreme (>50,000 ug/dL). While by no means specific for
the disease, serum hyperferritinemia is often used to aid the
diagnosis of AOSD and serial serum levels are often used
as a sort of biomarker to monitor response to treatment.
Ferritin (apoferritin/iron-free ferritin) is a high-molecular-
weight protein (450 to 600 kDa) composed of a nanocage of
24 assembled subunits. It can sequester up to 4500 iron atoms
[24]. It is 8–12 nm in diameter which is as small as spherical
viruses [25, 26]. It is found in many tissues and cell types.
It is a necessary molecule for the cell’s respiratory function
where iron storage could cause free radical injury. The
best-known function of ferritin is storage of iron. Ferritin
captures the intracellular labile iron pool and thus “buffers”
its effect. It is also an acute phase reactant, involved in inflam-
matory processes, which includes oxidative-stress-induced
cell processes. Complementary DNA (antioxidant responsive
element/Maf recognition element) along with mRNA (iron
responsive element) regulates rate of ferritin synthesis [5,
27]. The cytoplasmic ferritin content is regulated by the
translation of ferritin mRNAs in response to an intracellular
pool of “chelatable” and “labile” iron. Inflammation is
associated with increased production of ferritin by the
histiocytomacrophage system and/or increased release from
damaged hepatocytes. However, the precise mechanism and
the regulation of this phenomenon are poorly defined [28].
Ferritin levels are increased in a few autoimmune diseases
like RA but they hardly ever go as high as in AOSD [5].

3.2. Heme Oxygenase-1 Enzyme and Ferritin Expression.
There has been a close association between the heme oxy-
genase-1 (HO-1) enzyme and ferritin expression in AOSD.
HO-1 is an enzyme that degrades heme when induced to
CO, Fe2+, and biliverdin. It is expressed by macrophages
and endothelial cells in response to stress. Studies have
shown that HO-1 mRNA increases in AOSD and that it may

correlate with AOSD disease activity [15, 33], making it a
potentially useful biomarker.

3.3. Ferritin Isoforms. Isoelectric-focusing studies have iden-
tified several isoforms of ferritin. The acid form (H, heavy)
is found chiefly in organs with low iron content, such
as the heart and pancreas. In contrast, the base form (L,
light) is found in organs (liver, spleen) and the histiocyte-
macrophage system that has a significant iron storage
capacity (Figure 1). The L-ferritin isoform is the one which
is released in the circulation. The H-isoform has multiple
catalytic sites and is faster than the L form. H-ferritin plays a
major role rapid detoxification of iron and intracellular iron
transport, whereas L-ferritin is involved in iron nucleation,
mineralization, and long-term storage. The H : L ratio is
normally constant in a cell, although it may change in
hemochromatosis and other iron overload diseases [10–12].
The H : L ferritin ratio has not yet been defined in AOSD. In
situations of iron overload, it may be advantageous to the cell
to synthesize L-ferritin, since these ferritins are not only able
to store higher iron amounts but can also retain iron more
firmly and turn over iron more slowly than their H-ferritin
counterparts [11]. In diseases like hyperferritinemia cataract
syndrome, mutations in L ferritin have been documented
[50]. However, no such study in AOSD has been contacted
yet. A new isoform of ferritin has recently been described
in breast cancer patients, HIV patients, and in pregnancy
[51]. This finding suggests that there may be other isoforms
that have not been identified yet and could explain the
hyperferritinemia phenomenon in AOSD.

3.4. Ferritin and Disease Pathogenesis. The pathogenesis
behind increased ferritin levels is thought to be cytokine
mediated. Cytokines regulate ferritin synthesis at transcrip-
tional, posttranscriptional, and translational stages. Cy-
tokines implicated are IL1α, IL1β, IL18, tumor necrosis
factor-α (TNF-α), interferon-γ (IFN-γ), macrophage-colony
stimulating factor (M-CSF), IL6, and IL-18 [28, 52–55].
IL1α, IFN-γ, and TNF-α have shown to induce the expression
of H-ferritin [54, 56, 57]. Translation of ferritin is induced by
IL1β, IL-6, or TNF-α [58]. IL1β also affects ferritin regulation
at a posttranscriptional stage [59]. The serum levels of Th1
cytokines and soluble IL-2 receptors are higher in AOSD
than in other inflammatory joint diseases and have been
correlated to the serum ferritin level [10].
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Table 1: Diseases in which ferritin levels increase or decrease.

Ferritin levels increase Ferritin levels decrease

Adult-Onset Still’s Disease [2] Anemia [4]

Rheumatoid arthritis [5] Restless leg syndrome [6]

Macrophage activation syndrome [7] Neuroferritinopathy [8]

Multiple sclerosis [9] Vitamin C deficiency

Haemochromatosis [10–12] Celiac disease [13]

Haemosiderosis [10–12] Hypothyroidism [14]

Haemophagocytic lymphohistiocytosis
[15, 16]

Diabetes [17]

Hepatitis C infection [17, 18]

Glomerular diseases [19]

Hyperferritinemia cataract syndrome
[20]

Chronic blood transfusions [21]

Non-HIV infections [22]

Malignancies [22]

Type 1 Gaucher’s disease [23]

A study by Choi et al. on cytokines in AOSD showed
significantly high IL-18, IFN-γ, and IL-8 levels in the sera
of AOSD patients than healthy controls. Also, soluble IL-2
receptors level was increased only in active stage of AOSD
which would indicate that soluble IL-2 receptor may be used
as a potential marker for monitoring the disease activity in
AOSD [42].

Cytokines may also affect ferritin translation indirectly by
their ability to induce nitric oxide synthase (iNOS) and hence
increase NO. NO in turn induces ferritin expression [53, 60].

The cytokine-mediated regulation suggests that inflam-
mation can affect ferritin regulation.

There is also data to suggest that thyroid hormones play
a role in ferritin expression [53, 61].

Lipopolysaccharide (LPS; endotoxin), an outer mem-
brane component of several Gram-negative bacteria, elicits
a variety of reactions that involve ferritin [53].

In most studies, a threshold for serum ferritin levels
of 1000 ng/mL, five times the upper limits of normal (40–
200 ng/mL), has been used to suggest the presence of
AOSD [28]. Very high levels ranging from 4000 ng/mL to
30,000 ng/mL are not uncommon, and even extreme levels as
high as 250,000 ng/mL have been reported [2]. Ferritin levels
in AOSD are usually higher than those found in patients with
other autoimmune or inflammatory diseases [44]. It is not
clear yet whether ferritin plays a role in the disease patho-
genesis or it is just an acute phase reactant/silent bystander.
In patients with chronic hepatitis C, ferritin and AST levels
have been correlated, although increased ferritin does not
seem to have a role in the extrahepatic manifestations of
the disease. Also, in these patients, increased ferritin levels
are not associated with the B-cell dysfunction represented
by cryoglobulin and nonorgan-specific antibody production
[18]. Additionally, there are several diseases associated with
high ferritin levels that do not share any symptoms or signs

Table 2: Ferritin implicated in the pathogenesis of the following
diseases.

Atherosclerosis [29]

Diabetes [17]

Parkinson’s disease [30]

Alzheimer disease [31]

Pulmonary disease [32]

of AOSD. The usefulness of serum ferritin is limited by the
fact that elevated levels can also be seen in other diseases,
such as infiltrative diseases (hemochromatosis, Gaucher’s
disease), infections (sepsis, HIV), malignancies (leukemia,
lymphomas), and in the macrophage activation syndrome
[62]. Table 1 illustrates all the diseases where ferritin levels
increase or decrease, whereas Table 3 provides a summary
of the studies of autoimmune diseases where ferritin is in-
creased. Furthermore, there are several well-documented
reports of AOSD without increase in ferritin levels, hinting
on possible different underlying mechanisms [37].

Interestingly, serum ferritin levels often correlate with
disease activity and can normalize when the disease goes into
remission [47, 49, 63]. Ferritin is known to release free Fe2+

ions, which catalyze the reaction leading to the formation
of free OH−1 radicals, although it can also chelate these free
Fe2+ ions, thereby limiting the deleterious effects of oxidative
stress [64, 65]. The unresolved question is whether ferritin
acts as a buffer to minimize the pathogenic effects of free
radicals or is it the one to cause the release of them.

3.5. Ferritin Glycosylation in AOSD. In healthy individuals,
50–80% of ferritin is glycosylated and the attachment of
glucose molecules at the surface of the ferritin molecule may
provide protection against proteolytic enzymes. There have
been several studies which point to the fact that AOSD
patients have low glycosylation levels (<20%) [37, 40]. Ab-
normally, low levels of ferritin glycosylation were shown to be
a more specific, albeit less sensitive, diagnostic test for AOSD.
Unfortunately, this test is not readily available in clinical
practice, hence limiting its usefulness. Moreover, ferritin
glucosylation remains low both during active state and in
remission, unlike serum ferritin levels [40]. The pathogenic
mechanisms underlying the decrease in glycosylation are
poorly defined. A probably theory could be that, due to
excess of ferritin, the glycosylation process could be satu-
rated. In addition to saturation of glycosylation mechanisms,
abnormalities that are more specific of AOSD have been sug-
gested, particularly decreased clearance of nonglycosylated
proteins by the histiocyte-macrophage system.

The defect in ferritin glycosylation, although more spe-
cific for the diagnosis of AOSD than serum ferritin, is by
no means pathognomonic for the disease and has several
limitations. Individual patients can have normal levels of
glycosylation and low glycosylation levels can be seen in other
inflammatory disorders and in a few patients with infectious
diseases [37]. Glycosylated ferritin cannot be used to monitor
disease activity or response to treatment, as it remains low
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Table 3: Hyperferritinemia in Adult-Onset Still’s Disease patient cohorts (n ≥ 4).

Name Year Number of patients Results

Zandman-Goddard and
Shoenfeld [34] (Israel)

2008 403 autoimmune disease patients
Hyperferritinemia in 23% SLE patients, 15% dermatomyositis,
8% multiple sclerosis, 4% rheumatoid arthritis

da Costa et al. [35] (Brazil) 2011 150 multiple sclerosis patients 8% of MS patients had hyperferritinemia

Lian et al. [36] (China) 2010
48 AOSD patients and 86
non-AOSD patients

Significantly higher levels of hyperferritenemia in AOSD

Fautrel et al. [37] (France) 2001
49 AOSD and 120 control group
patients

Mean ferritin level was significantly higher in AOSD than in
control group

Sobieska et al. [38] (Poland,
Germany, Switzerland,
France)

1998
27 AOSD and 10 pediatric Still’s
Disease patients.

Mean ferritin level was significantly higher in AOSD than
children

Schiller et al. [39] (Austria) 1998 4 AOSD patients All ferritin levels >5000 ng/mL

Vignes et al. [40] (France) 2000 14 AOSD patients Mean ferritin level was 6350 ng/mL

Uppal et al. [41] (Kuwait) 2007 28 AOSD patients Hyperferritinemia in 89% patients

Choi et al. [42] (Korea) 2003 17 AOSD patients Hyperferritinemia in 14 patients

Arlet et al. [43] (France) 2006
6 AOSD patients with
haemophagocytic syndrome

Serum ferritin level above 10,000 ng/mL in 5 patients

Coffernils et al. [44]
(Belgium)

1992 10 AOSD patients Hyperferritinemia in 8 patients

Ota et al. [45] (Japan) 1987 5 AOSD patients, 7 RA patients
Mean ferritin levels in AOSD were 21,565 ng/mL, whereas, in
RA, mean levels were 181 ng/mL

Baxevanos et al. [46] (Greece) 2011 22 AOSD patients Hyperferritinemia in 21 patients

Akritidis et al. [47] (Greece) 1997 9 AOSD patients 8 patients had ferritin levels above 4000 ng/mL

Montecucco et al. [48] (Italy) 1995 4 AOSD patients, 7 RA patients
All 4 AOSD patients had hyperferritinemia and had mean
ferritin greater than RA patients

Van Reeth et al. [49] (France) 1994 20 AOSD patients Ferritin levels are higher in active AOSD than in inactive AOSD

for many months after the disease goes into remission [40].
Glycosylated ferritin (<20%) has a sensitivity of 78% and
specificity of 64%. When glycosylated ferritin levels are
combined with a fivefold serum rise in ferritin, the sensitivity
fell to 43% and specificity rose to 93% [37]. Therefore, the
combined use of both parameters has been suggested and
included in the Fautrel et al. criteria.

3.6. Ferritin Association with Atherosclerosis. AOSD is one of
the diseases under the banner of autoinflammatory diseases,
a new disease category where atherosclerosis has been sug-
gested as a possible member. Ferritin has also been impli-
cated in the pathogenesis a number of diseases (Table 2).
It has been described more clearly and significantly in
atherosclerosis [17, 29, 66–68]. Epidemiological studies have
linked elevated serum ferritin levels with an increased risk
for coronary artery disease (CAD) and myocardial infarc-
tion (MI) [63]. This finding led to the “iron hypothesis”
which suggested a link between abnormal iron storage and
atherosclerosis. Furthermore, the hemochromatosis gene
(HFE), C282Y, has been associated with an increased risk
of CAD and cardiovascular mortality [69, 70]. There is
an ongoing debate whether ferritin acts as a prooxidant,
releasing free iron that was previously bound to it, or
antioxidant, sequestering excess unbound iron. Excessive
iron in tissues can catalyze the formation of oxygen-free
radicals that can lead to low-density lipoprotein (LDL)
oxidation, a trigger for the development of atherosclerosis.

3.7. Mutated Ferritin Theory. During infection or inflam-
mation, iron is sequestered in the ferritin contained inside
macrophages, and, as a result, serum iron decreases. This
artificial “iron deficiency,” which in reality is scarcity in the
midst of plenty, is thought to be protective for the host,
depriving invading microorganisms from much needed iron
[71]. Some research suggested that iron release is defective
due to the hyperferritinemia in AOSD [72, 73]. Reports
of iron supplementation successfully treating systemic-onset
juvenile chronic arthritis [74] prompted the performance of
iron studies on AOSD patients, showing iron deficiency, and
suggested that low-dose intravenous iron supplementation
could be effective in AOSD patients with anemia [48, 74, 75].
The investigators suggested that intravenous iron could by-
pass macrophage trapping and become directly available for
erythropoiesis. This strategy could prove to be effective in
anemic AOSD patients who often have normal or increased
iron stores. Despite the massive amounts of circulating
ferritin, its saturation with iron molecules since AOSD is not
associated with iron overload [40, 76, 77]. This has also been
proven with the use of automated analyzers that measure
the transferring receptors in the serum [78]. Moreover, since
the serum-transferring receptor concentration is not altered
in inflammatory states, it may be a more useful test than
serum ferritin in assessing the iron stores in AOSD [79]. The
defective release of iron from ferritin could be secondary to
the presence of a mutant form of ferritin, which could also
explain the defect in ferritin glucosylation seen in AOSD.
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4. Conclusion

Very high and often extreme serum ferritin levels have been
described in AOSD for more than 2 decades now. While
widely thought to be an acute phase reactant, ferritin could
be intimately involved in the disease pathogenesis as an ox-
ygen radical donor or scavenger or via a yet to be defined
mechanism, possibly including mutated ferritin. Further
research is warranted to bridge the knowledge gap and iden-
tify the missing links.
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B. Sousa-Atta, and A. M. Atta, “Autoimmunity in hepatitis C
virus carriers: involvement of ferritin and prolactin,” Autoim-
munity Reviews, vol. 10, no. 4, pp. 210–213, 2011.

[19] A. J. W. Branten, D. W. Swinkels, I. S. Klasen, and J. F. M.
Wetzels, “Serum ferritin levels are increased in patients with
glomerular diseases and proteinuria,” Nephrology Dialysis
Transplantation, vol. 19, no. 11, pp. 2754–2760, 2004.

[20] C. Beaumont, P. Leneuve, I. Devaux et al., “Mutation in the
iron responsive element of the L ferritin mRNA in a fam-
ily with dominant hyperferritinaemia and cataract,” Nature
Genetics, vol. 11, no. 4, pp. 444–446, 1995.

[21] A. Shander and K. Sazama, “Clinical consequences of iron
overload from chronic red blood cell transfusions, its diag-
nosis, and its management by chelation therapy,” Transfusion,
vol. 50, no. 5, pp. 1144–1155, 2010.

[22] L. Le Page, P. Leflon, M. Mahévas et al., “Aetiological spectrum
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Systemic juvenile idiopathic arthritis (sJIA) constitutes a small part of juvenile idiopathic arthritis (JIA), yet has a disproportionally
higher rate of mortality. Despite being grouped under JIA, it is considered to be a multifactorial autoinflammatory disease.
The objective of this paper is to review the epidemiology, pathogenesis, genetics, clinical manifestations, complications, therapy,
prognosis, and outcome of sJIA. The presentation and clinical manifestations of sJIA have not changed much in the past several
decades, but the collective understanding of the pathogenesis and the development of new targeted therapies (particularly the
biologic agents) have transformed and improved the disease outcome for children with sJIA.

1. Introduction

In 1897, Sir George Fredrick Still described 22 children,
12 of whom had a unique constellation of symptoms that
included chronic arthritis, adenopathy, splenomegaly, and
fevers [1]. Initially bearing his name, and later known by
other names (systemic juvenile rheumatoid arthritis, sys-
temic juvenile chronic arthritis), this entity is now known as
systemic arthritis [2]. To allow for improved identification
and research the International League of Associations of
Rheumatology (ILAR) proposed a classification for JIA [2,
3]. To fulfill the criteria for systemic juvenile idiopathic
arthritis (sJIA) a child must be under 16 years of age and
have “arthritis in one or more joints with or preceded by
fever of at least 2 weeks’ duration that is documented to
be daily (“quotidian”) for at least 3 days and accompanied
by one or more of the following: (1) evanescent (nonfixed)
erythematous rash, (2) generalized lymph node enlargement,
(3) hepatomegaly and/or splenomegaly, (4) serositis” [3].
Exclusions include “(a) psoriasis or a history of psoriasis
in the patient or a first-degree relative, (b) arthritis in an

HLA-B27 positive male beginning after the 6th birthday, (c)
ankylosing spondylitis, enthesitis-related arthritis, sacroiliitis
with inflammatory bowel disease, Reiter’s syndrome, or acute
anterior uveitis, or a history of one of these disorders in
a first-degree relative, (d) the presence of IgM rheumatoid
factor on at least 2 occasions at least 3 months apart”
[3]. Despite being included under the inclusive umbrella of
juvenile idiopathic arthritis (JIA), it is likely that sJIA is a
different disease, for it appears to be unlike the other forms
of JIA both in clinical presentation and its pathogenesis [4]
(refer to section under pathogenesis). In the following sec-
tions we will review the epidemiology, pathogenesis, genetics,
clinical manifestations, complications, therapy, prognosis,
and outcome of sJIA.

2. Age of Onset, Gender and Ethnicity

By definition, sJIA can present at any point until the age of
16; however, in a recent study by Behrens et al., 74 out of
136 patients presented between 0–5 years of age, and age 2
was the most common age at presentation (n = 17) [5].
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Several studies showed that gender distribution is roughly
equal [5, 6]. Ethnic composition seen in sJIA patients from
Behrens et al.’s study parallels that of the population in the
state of Pennsylvania (with 82% Caucasians and 14% African
Americans) [5].

3. Incidence and Prevalence

In a recent study by Modesto et al., the prevalence of sJIA
was 3.5 per 100,000 [7]. When reviewing older literature, 10–
20% of the cases of juvenile rheumatoid arthritis (JRA) was
comprised of systemic disease [8]; we are awaiting data from
more recent studies using the current classification system.
Disproportionately, sJIA contributes about two-thirds of the
total mortality rate in JIA [9]. The incidence of sJIA ranges
between 0.4–0.9 per 100,000 per year (Table 1) [7, 10–15].

4. Pathogenesis and Genetics

Cytokine dysregulation is seen in sJIA. While interferon
γ levels are decreased, proinflammatory cytokines such
as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-
6), interleukin-8, monocyte chemoattractant protein-1, E-
selectin, and intracellular adhesion molecules levels are
elevated in sJIA [16–21]. Recently, the role of interleukin-
1β (IL-1β) in sJIA received attention. Excess IL-1β can result
in fever, anorexia, pain hypersensitivity, joint destruction,
vasculitis, and thrombosis [22]; its dysregulation can lead
to the clinical and laboratory findings of sJIA. In Pascual et
al.’s study, culturing healthy peripheral blood mononuclear
cells with serum of sJIA patients caused an increase in IL-
1 secretion; an increased production of IL-1β protein from
mononuclear cells of active sJIA patients was also seen [23].
IL-1β appears to have a pivotal role and may be responsible
for the elevation in IL-6 [23].

IL-6 has an important role in affecting the systemic
manifestations as well as arthritis in sJIA. Elevation of
IL-6 in both peripheral blood and synovial fluid is seen;
its expression seems to correlate with disease activity and
parallel the fever curve [24]. Acute phase reactants (such
as C-reactive protein (CRP), serum amyloid A, fibrinogen,
and ferritin) are stimulated by IL-6 [25]. It appears to be
responsible for the anemia seen in sJIA, as well as promote
the production of hepcidin [26]. Hepcidin is produced by the
liver and is responsible for transmembrane iron transport;
when elevated, it prevents the release of iron from the
macrophages, hepatocytes, and enterocytes to the plasma,
thus causing a decrease in serum iron levels [26]. In addition,
IL-6 may activate osteoclasts and cause osteoporosis, as well
as instigate cartilage damage [27].

Other cytokines that may play a role in sJIA are
interleukin-18 (IL-18) [28], myeloid-related protein (MRP)-
8 and MRP-14 [29, 30], macrophage migratory inhibitory
factor (MIF) [31], and interleukin 4-1098 T/G polymor-
phism [32]. In addition, dysregulation in the expression
of anti inflammatory cytokine interleukin-10 (IL-10) (via
promoter polymorphism) seems to play an important part
in sJIA [33].

Table 1: Incidence of sJIA (per 100,000/year) in the literature.

Study
sJIA incidence
100,000/year

Modesto et al. 2010 [7] 0.5

Pruunsild et al. 2007 [10] 0.9

Berntson et al. 2003 [11] 0.6

Huemer et al. 2001 [12] 0.4

Kaipiainen-Seppnen and Savolainen 2001
[13]

0.9

Malleson et al. 1995 [14] 0.49

Pelkonen et al. 1994 [15] 0.47

Innate immune abnormalities in sJIA make it likely to
be grouped with the autoinflammatory diseases [34], and
indeed, according to the fourth international congress on
the systemic autoinflammatory diseases, sJIA is a complex
multifactorial autoinflammatory disease [35]. The lack of
strong major histocompatibility complex association can be
seen both in sJIA and autoinflammatory diseases [34].

Pyrin (also known as marenostrin) is a 781 amino acid
protein encoded by the familial Mediterranean fever gene
(MEFV) found on chromosome 16p [36, 37]. Pyrin plays a
role in the downregulation of inflammation [38, 39]. A reg-
istry of MEFV gene mutations is kept in the online database
Infevers [40], and approximately 180 sequence alterations
have been identified, out of which, 5 mutations are the
most common ones [41]. When MEFV gene mutations
occur, pyrin’s function is compromised, and uncontrolled
inflammation is potentiated [39]. It is not surprising that
some of the genetic defects seen in sJIA are also seen in the
autoinflammatory syndromes [39, 42], and particularly in
FMF, where mutations in the MEFV gene are present [43]. In
ethnic groups where FMF is common, the following diseases
have an increased rate of MEFV gene mutations (compared
with an ethnically matched population): Polyarteritis nodosa
[44], Henoch-Schönlein purpura [45], and Behçet’s disease
[46–49]. A higher rate of MEFV gene mutations was seen
in patients with sJIA in comparison with ethnically matched
population (P < 0.01) [39]. Interestingly, even when
only one allele is affected by mutations or polymorphism,
subclinical inflammation can be seen [50, 51]. It is possible
that mutations in the MEFV gene prompt a carrier to either
develop sJIA or have a more severe course. In a recent study
by Ayaz, the MEFV mutation frequency in sJIA patients
was seen in 14.28% (significantly higher than in the general
population (P < 0.01)); the most common mutation was
M694, which appeared in frequency of 10% [39].

It has been postulated that a genetic association between
sJIA and macrophage activation syndrome (MAS) exists via
a mutated perforin gene (PRF1) [52–54] and polymorphism
of both MUNC13-4 [55] and interferon regulatory factor 5
(IRF5) [56] genes. However, Donn et al. studied genes known
to be associated with the familial form of hemophagocytic
lymphohistiocytosis (HLH) (HLH and MAS will both be
discussed more under the section on complications) and
did not see an increased susceptibility to sJIA [57]. Only
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a limited number of genes were analyzed, and furthermore,
the genetic association of MAS in an existing sJIA patient was
not studied [57].

5. Features at Presentation

The most common presenting feature is fever, followed
by arthritis and rash. Less frequent are lymphadenopathy,
pericarditis, and hepatosplenomegaly [5, 58]. Most patients
present with laboratory findings indicative of inflammation:
elevated erythrocyte sedimentation rate (ESR) and CRP
[5, 58], leuko- and thrombocytosis, and elevation in liver
transaminases, as well as anemia [5]. Elevation of D-dimers
[5, 59], ferritin, and aldolase [5] is seen.

Some patients’ initial presentation of sJIA is that of life-
threatening MAS (discussed further under complications).
The clinical findings are very similar to those of both sJIA
and sepsis, with unremitting fever ≥ 38◦C, central ner-
vous system manifestations, hemorrhage, lymphadenopathy,
hepatosplenomegaly, rash, serositis, and myocarditis [60].
The laboratory findings include thrombocytopenia, hyper-
ferritinemia, elevated liver enzymes, leukocytosis, normal
or decreased ESR, hypofibrinogenemia, and hypertriglyc-
eridemia [61].

6. Clinical Manifestations

6.1. Fever. Fever is the most common symptom at time
of initial presentation. According to Behrens et al., 98% of
patients present with fever [5], and in a cohort study from
the United Kingdom, France, and Spain, 100% of patients
presented with fever (this was an inclusion criteria) [58].
Classically, it has been described as a quotidian fever that
spikes to greater than 39◦C once or twice daily, typically
occurring in the evening [8, 62–64]. Although the quotidian
pattern is one of the ILAR criteria for diagnosis of sJIA,
Behrens et al.’s study showed different patterns. The classic
pattern is only seen in 37% of the patients during initial
presentation; others exhibit morning fevers (12%), bi-daily
fevers (15%), intermittent fevers (27%), and unremitting
fevers (5%) [5], as well as not reaching 39◦C [5, 62]. In
addition to the fevers, some children rapidly defervesce and
attain subnormal temperatures [8, 64, 65]. While the child
is febrile, other symptoms such as arthritis, rash or serositis
can worsen and cause significant disturbance of daily life;
however, once the child has defervesced, it is not unusual to
see a resumption of regular activities [8, 62, 66].

6.2. Musculoskeletal. Arthritis is the second most common
presenting symptom [5], and arthralgias can precede the
arthritis [65, 66]. According to Behrens et al., 88% of children
presented with arthritis [5]. In those cases where arthritis was
not found initially, it typically appeared within a few months;
infrequently the arthritis will not present until several
years later [8]. In Behrens et al.’s study, equal distribution
between polyarticular and oligoarticular patterns was noted
at presentation (41% polyarticular, 40% oligoarticular, and
7% monoarticular presentation) [5]; however, in a European

study the ratio differs, and an oligoarticular pattern is found
on presentation twice as often as a polyarticular pattern
[58]. The wrists, knees, and ankles are primarily the most
commonly involved joints on initial presentation [5, 8].
Despite being mostly asymptomatic, temporomandibular
joint arthritis can also be seen [67, 68]. Over the course of the
disease, chronic progressive arthritis is seen in approximately
one third to one half of the patients [65, 69], and ultimately
polyarticular joint involvement is found in most of these
cases [8]. Cervical spine arthritis as well as hip arthritis (often
bilateral and destructive) can also be seen [8].

Another musculoskeletal manifestation of sJIA is the
development of synovial cysts [70–73]. These cysts occur
more frequently in the upper extremities [70]; they normally
resolve on their own, but they may rupture and present as
pseudothrombophlebitis [8]. Lymphedema can also occur as
a rare musculoskeletal manifestation [8, 74]. It is likely that
inflammation of the lymphatic vessels causes this painless
swelling [8]. For the most part, pharmacological treatment
is not indicated, but compression stocking may improve the
lymphedema [8].

6.3. Rash. Sir George Fredrick Still himself did not describe
a rash in the depiction of the disease. It was not until more
than 50 years later that attention was given to this unique
finding [66, 75]. Evanescent in nature and bright salmon
pink in color, this rash is morbilliform, macular, often with
central clearing, and tends to be migratory and widespread
[64, 75, 76]. It initially emerges mostly on the limbs and
trunk and less on the face, neck, palms, and soles [66, 75, 76].
The rash is fleeting (vanishes within a few minutes to a
few hours), and it correlates with the acute febrile episodes
[64, 75, 76]. According to Behrens et al. 81% of patients
presented with a rash [5]. Modesto et al., reported that a rash
was seen in 89% of patients with good prognosis and 79%
in patients with bad prognosis [58]. Most often the rash is
nonpruritic [76], but in about 5% of the patients pruritus
does occur [77, 78]. In addition, the Koebner phenomenon
(emergence of linear distribution of lesions next to site of
injury) can occur [75, 76].

During the height of the rash, histological findings reveal
only sparse perivascular infiltration of mononuclear cells
and neutrophils [75, 76]; normal skin biopsy is seen in
patients whose rash had resolved [76]. Just as in other
inflammatory processes (such as psoriasis, lichen planus,
cutaneous lupus erythematosus, or wound healing [79, 80]),
activated keratinocytes expressing proinflammatory S100-
proteins—MRP8 and MRP14 are seen in the rash of sJIA
[29]. In another study by Frosch et al., MRP8 and MRP14
were found to be generalized and not limited only to the site
of the rash; if the patient responded to treatment, MRP8 and
MRP14 normalized [81]. In addition, during active disease,
leukocytes were seen within the epithelium of sweat gland
ducts [81].

Persistent fixed pruritic papules and plaques with fine
scales were previously described and were reported to have
unique histological findings of dyskeratosis in the superficial
layers of the epidermis and minimal superficial dermal
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neutrophilic infiltrate [82]. Finally, malar rash in sJIA was
described in a single case report [83].

6.4. Lymphadenopathy. Generalized lymphadenopathy is a
common finding [8, 65]. In Behrens et al., 31% of
the patients had initial presentation of lymphadenopathy
[5]; in Modesto et al., 24% out of the good prognosis
group and 51% of the bad prognosis group presented
with lymphadenopathy [58]. The lymphadenopathy consists
of painless rubbery mobile nodes and can be found in
epitrochlear and axillary nodes [8, 65]; at times it can
appear so striking that neoplasm may be suspected [84]. In
comparison, mesenteric adenitis can be painful [8], and in
the past it has led to operative interventions on children
who were misdiagnosed with a surgical abdomen [65].
On radiographic studies, para-aortic adenopathy can be
identified, and histologically, reactive changes are noted in
the nodes [8].

6.5. Hepatosplenomegaly. Splenomegaly occurs in about 50%
of the cases [8]; hepatomegaly does not occur as often
[64], yet when it does, it frequently occurs when the
disease is active [8]. Abnormal liver function can be seen
prior to beginning therapy (but most patients did receive
non-steroidal anti-inflammatory drugs for their ongoing
fevers [85] which may cause this abnormality); however,
clotting factors seem to be unaffected [8]. On histological
examination periportal infiltrates of inflammatory cells were
noted [85]. Hepatosplenomegaly needs to be monitored, as
its progression may be related to amyloidosis [8].

6.6. Serositis. The most common type of serositis is peri-
carditis [8, 86]. In Behrens et al.’s study 10% of the patients
presented with pericarditis [5]. According to Modesto et
al., serositis (not specified) was seen in 14% of those who
had good prognosis and 16% of those with bad prognosis
[58]. It is typically recurrent but benign [87]. It often
develops early in the course of sJIA and can manifest itself
before the appearance of arthritis [8, 66, 87]. Children
who have pericarditis may have nonspecific findings such
as tachycardia and dyspnea, but may also have a friction
rub [86]. Pericarditis may be an ominous sign of evolving
myocarditits, which has more serious and potentially fatal
complications of cardiomegaly, congestive heart failure, and
arrhythmias [65, 88–90]. In a 1992 study by Goldenberg et
al., which investigated symptomatic cardiac manifestations
in JRA, 13 out of 172 patients were identified (11 of whom
had sJIA); from the sJIA patients, pericarditis was recorded
in 5, myopericarditis in 4 and isolated myocarditis in 2
patients [86]. Asymptomatic pleuritis and pleural effusions
can present together with pericarditis or independently [8,
65].

Peritonitis is a rare manifestation of sJIA and was seen in
two children, one during the first week of presentation, and
the other 10 years after diagnosis [91].

6.7. Other Manifestations. Although rare, central nervous sys-
tem manifestations such as seizures, meningismus, as well

as irritability and decreased level of consciousness were
previously described [92]. Ocular manifestations can be seen
in sJIA, and uveitis is one of the complications [93]. A
case report by Ishihara et al. described a patient with sJIA
who developed bilateral panuveitis 3 years after her initial
presentation [93]. In addition, Brown’s syndrome (restricted
movement of the superior oblique tendon) was seen in 3
children and reported in two case reports [94, 95]. Although
nasal septum perforation is a complication of rheumatic
illness, it was described in only 3 children with sJIA in a case
series [96].

With the exception of pleuritis, pulmonary manifesta-
tions are also rare. Pulmonary function test abnormalities
were reported in the 1980’s by Wagener et al. [97]. In a
cross-sectional study, Van Der Net et al. described restrictive
pulmonary function in 8 out of 17 patients showing
decreased total lung capacity; in 2 additional patients normal
(yet lower) total lung capacity was seen [98]. Obstruction was
not seen, as the Tiffeneau index (FEV1/FVC × 100%) was >
83% in all of the patients [98]. Interstitial pulmonary disease
was reported by Athreya et al. [99]. Pulmonary hypertension
was described in one case report [100], and pulmonary
interstitial and intra-alveolar cholesterol granulomas were
described in a 2001 case report [101].

The clinical presentation of sJIA and Kawasaki disease
(KD) can be similar in young children. In a recent study
from Binstadt et al., 5 out of 12 sJIA patients who had an
echocardiogram that fully evaluated the coronary arteries on
initial presentation had coronary artery dilation, and out of
these, 2 patients had initially fulfilled the KD criteria [102].
Interestingly, a study by Maeno et al. showed that significant
elevation of IL-18 levels was seen in sJIA, but not in KD or
other types of JIA [103].

7. Differential Diagnosis

With nonspecific clinical and laboratory findings, the dif-
ferential diagnosis of sJIA is extensive and should include
infectious as well as post infectious etiologies, connective tis-
sue diseases, vasculitis, malignancies, and autoinflammatory
syndromes [42].

8. Complications

8.1. Amyloidosis. Serum amyloid A is an acute phase reactant
which is elevated with inflammatory processes. It is the pre-
cursor for serum amyloid A protein [104, 105]. Amyloidosis
is one of the most severe complications of sJIA. For unknown
reasons, amyloidosis tends to be very rare in North America
and yet affects a larger percentage of individuals in the UK
and Turkey (7.4% and 16%, resp.) [106, 107]. Deposition of
the protein has an effect on vital organs such as the kidney,
liver, gastrointestinal tract, and heart [105]. Upon biopsy of
rectal mucosa, subcutaneous fat, gum, or kidney, amyloidosis
can be histologically recognized by using Congo red stain,
which reveals eosinophilic deposition; when employing
polarized light, the characteristic apple-green birefringence
surfaces [105, 108, 109]. The first clinical sign of amyloidosis
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is proteinuria, but it is often missed and nephrotic syndrome
is seen [8, 105]. Other symptoms that may suggest amyloi-
dosis are: hypertension, hepatospenomegaly, and abdominal
pain [8, 105]. Unless the inflammatory process of sJIA is
successfully suppressed and amyloidosis reverses, death from
progressive renal failure in those children with amyloidosis
can result [8, 105]. Immonen et al. examined the long-term
outcome of 24 patients with amyloidosis; sJIA was seen in
11/24 patients (46%). The overall 5 year survival rate was
88%, and 10-year survival rate was 75%. Out of the 24
patients with all subclasses of JIA, 10 died. Although the
mortality for the different types of JIA was not specified,
overall, a higher mortality was seen in patients who were
treated solely with corticosteroids, while those who were
treated with disease modifying antirheumatic drugs and/or
cytotoxics had a better survival (P = 0.001) [110].

8.2. Macrophage Activation Syndrome. In 1985 Hadchouel
et al. described a life-threatening complication of sJIA
[111] for which the term MAS was later coined [112].
Uninhibited production and activation of both macrophages
and T lymphocytes cause fever, rash, pancytopenia, hepatic
insufficiency, coagulopathy, lymphadenopathy, and neuro-
logical dysfunction [113, 114]. MAS is not a unique entity,
but rather a term used to describe a form of secondary
HLH when it is seen in a rheumatic illness [115–117]. The
incidence of MAS in the context of sJIA is estimated to
be anywhere from 6.7%–13% [60, 118], and mortality rate
ranges between 8–22% [118, 119]. As the symptomology of
MAS is almost identical to that of sJIA, it is very difficult
to diagnose. Some of the laboratory findings that are useful
in distinguishing the two are the presence of cytopenias
and normal ESR noted in MAS [118]. Nevertheless, it was
recently shown that multiple sJIA patients had evidence of
hemophagocytosis on bone marrow examination but did not
have any clinical findings [60]. It is now believed that sJIA
and MAS are possibly the two extremes of similar entities,
where sJIA represents hidden or inactive MAS [4, 5].

9. Treatment

Historically, the management of sJIA included the use of
nonsteroidal antiinflammatory drugs (NSAIDs), intravenous
immune globulin (IVIG), corticosteroids, methotrexate,
anti-TNF, cyclosporine, thalidomide, cyclophosphamide,
and autologous stem cell transplantation [42, 120–123].
IVIG was initially encouraging, but in further studies, it was
noted to perhaps be useful only for particular subsets of
children with early systemic disease [124]. Although showing
significant efficacy in other subtypes of JIA, methotrexate
did not show adequate response in sJIA [125–127]. Anti-
TNF agents were shown to have only a partial response
[128–132]. With the recent expanding understanding of sJIA
pathogenesis, the treatment has changed tremendously. A
more targeted therapy in the form of biologic blocking agents
transformed the treatment of sJIA [133, 134].

9.1. NSAIDs. In sJIA, NSAIDs are used for the management
of pain, stiffness, and fever [135]. Historically, aspirin was

used; however, the risk of intoxication [62] as well as
development of Reyes syndrome promoted the replacement
of aspirin with other NSAIDs [136–139]. Ibuprofen, meloxi-
cam, naproxen, tolmetin, and celecoxib are approved by the
Food and Drug Administration (FDA) for treatment of JIA
[140]. Gastrointestinal adverse reactions such as gastritis
and duodenitis are common [141, 142]. Pseudoporphyria
associated with naproxen therapy can be seen in those
children with light complexion and light hair. As permanent
scarring may occur, awareness of this adverse reaction is
important [143–145].

9.2. Corticosteroids and Cyclophosphamide. Although not
considered to be disease modifying, systemic corticosteroids
are often used when patients experience a preponderance of
systemic features [135]. Kimura et al. studied the efficacy
and side effects of high-dose alternate day prednisone and
concluded that it was a valuable therapy with minimal
adverse reactions [146].

Intravenous pulsed methylprednisolone is also useful
in treating sJIA patients. In Adebajo and Hall’s study,
pulse steroids (30 mg/kg with a maximum of 1 g) was
given to sJIA patients: 55% of the patients had full
resolution of systemic manifestations, and 45% of the
patients had reduction in arthritis; furthermore, 16% of
the patients obtained remission [147]. Prolonged use of
corticosteroids in children has multiple significant adverse
reactions such as inhibition of growth, immunosuppression,
striae, delayed puberty, osteoporosis, cushingoid habitus,
myopathy, cataracts, hypertension, psychologic effects, and
others, all of which can immensely affect the pediatric pop-
ulation [148–151]. Because of the considerable undesirable
effects of corticosteroids, switching to an effective steroid
sparing agent is critical in these patients.

Humoral immunity is affected by high-dose cyclophos-
phamide [152], and high-dose corticosteroids cause decrease
in E-selectin, ICAM-1 [153], CD11b, and CD18 in the
synovial membrane and neutrophils [154]. Shaikov et al.
described an open-label trial in 18 children with sJIA using
combination methylprednisolone and cyclophosphamide,
with significant improvement in systemic and articular
manifestations [122]. Wallace and Sherry reported 4 children
who improved after receiving intravenous pulse cyclophos-
phamide and methylprednisolone [121]. In 3 of the 4
patients, remission was obtained, and prednisone dose
was decreased by ≥25%, and in all patients improvement
was seen clinically (with ≥50% improvement in joint
count and improved linear growth), as well as in their
laboratory parameters [121]. Lehman reported 6 children
treated with intravenous cyclophosphamide with minimal
improvement [155]. Lastly, Chen et al. reported of 4 sJIA
patients treated with intravenous cyclophosphamide and
methylprednisolone; 2 of the patients achieved remission, 1
had shown improvement, and 1 did not improve [156].

9.3. Biologics

9.3.1. IL-1 Inhibitors: Anakinra, Rilonacept, and Canakin-
umab. IL-1 inhibition can be achieved via 3 ways: IL-1
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receptor antagonist, anakinra; IL-1R-IL1RacP-Fc fusion pro-
tein, rilonacept; or IL-1β antibody, canakinumab [157].
Initial reports using anakinra were promising with rapid
improvement and remission of patients [133, 134]. However,
later reports indicated that some patients did not respond as
well to this treatment [158, 159]. In Gattorno et al.’s 2008
study, 10/22 (45%) of patients responded well to the therapy,
11/22 (50%) had incomplete response or no response to the
therapy, and 1/22 (5%) could not be classified as either [159].
In Lequerré et al., at the last follow up, complete response
was seen in 4/20 (20%), partial response seen in 5/20 (25%),
and no response seen in 8/20 (40%) of patients (of the 3
patients not accounted for, 1 had a complete response at
3 months but did not have a reported follow up, and two
were seen at two months with no response and did not
have a reported follow up) [158]. In Ohlsson et al.’s study,
6/7 (86%) responded well to anakinra, while 1/7 (14%)
did not have a good response [160]. In Zeft et al.’s 2009
study, 8/33 (24%) of patients did not have a good response
[161]. A recent multicenter report of 46 patients treated with
anakinra showed significant improvement; by 1 month of
treatment, 86% of patients experienced abatement of fever
and rash, and 84%, 63%, 83% and 71% of patients had
normalization of CRP, ESR, ferritin levels, and platelet count
respectively [162]. In that study complete response occurred
only in 59% of the patients, partial response in 39% of the
patients, and in 2% lack of response [162]. Two theories
have risen to explain the different therapeutic response.
Gattorno et al. postulated the existence of further classes in
sJIA [159], and Nigrovic et al. hypothesized less efficacious
blockade of IL-1 in an established disease secondary to either
chronic inflammation (derived from ample supply of IL-
1), or secondary to independent action of IL-17, possibly
causing arthritis [162].

Rilonacept, the IL-1R-IL1RacP-Fc fusion protein (also
known as IL-1 trap), showed immense response in an
open label pretrial [163]. The selective IL-1β antibody
canakinumab treats genetic fever syndromes, thus identify-
ing this agent as a potential therapeutic modality for sJIA
[164].

9.3.2. Tocilizumab. Tocilizumab is a humanized monoclonal
antibody, targeting both membrane bound and soluble IL-
6 receptors [165]. By binding to these receptors, signal
transduction through glycoprotein 130 is inhibited [166].
In 2003, Yokota reported the first encouraging use of IL-6
inhibition in children [166]. In 2005, a phase II trial with
tocilizumab showed JIA 30%, 50%, and 70% improvement
according to a core set of response variables in 10/11 (90.9%),
10/11 (90.9%), and 7/11 (63.6%) patients, respectively [167].
This definition of improvement was based upon the ACR
Pediatric (ACR Pedi) 30 criteria, alternatively known as
JRA, JIA, or Giannini’s criteria of improvement [130, 168,
169]. It is an outcome measure for improvement defined
as the following: a 30% improvement of at least 3 out
of the following 6 core variables and no more than 30%
worsening in one of them: (1) physician global assessment
of disease activity; (2) parent/patient global assessment of
overall well-being (each scored on a 10 cm visual analog

scale); (3) functional ability; (4) number of joints with active
arthritis; (5) number of joints with limited range of motion,
(6) ESR [170]. Similarly additional outcome measures for
improvement were later extrapolated: ACR pedi 50, 70, and
90, using the same guidelines as for the ACR Pedi 30 but
defining a 50%, 70%, and 90% improvement in 3 of the 6
variables respectively, with no more than a 30% worsening
in one variable [168, 169].

In 2005, an open-label phase II trial examining sin-
gle ascending doses of tocilizumab had also shown good
response: JIA 30%, 50%, and 70% improvement was seen
in 11/18 (61%), 8/18 (44%), and 3/18 (17%) [171]. A 2008
study by Yokota et al. showed an ACR Pedi 30, 50, and 70
response rate in 51/56 (91%), 48/56 (86%), and 38/56 (68%),
respectively at the completion of the open-label phase, where
all patients received 3 doses of 8 mg/kg of tocilizumab
every two weeks [172]. Out of the 56 patients, only 43
continued to the double-blind phase (3 patients developed
antitocilizumab IgE antibodies, one had an anaphylactoid
reaction, one had a gastrointestinal hemorrhage, and one
had lack of efficacy). It was reported that in comparing the
tocilizumab treatment group and the placebo group, the
ACR Pedi 30, 50, and 70 responses were: 16/20 (80%), 16/20
(80%), 15/20 (75%) and 4/23 (17%), 4/23 (17%), and 3/23
(13%), respectively. In the open-label extension of the trial,
ACR Pedi 30, 50, and 70 were achieved by 47/48 (98%),
45/48 (94%), and 43/48 (90%), respectively [172]. Lastly, in a
recent phase 3 trial, comparing tocilizumab treatment group
and placebo group after 12 weeks of therapy, De Benedetti
et al. reported absence of fever and JIA ACR 30 to be 85%
versus 24% (P < 0.0001); furthermore, JIA ACR 50, 70, and
90 were compared between the treatment and placebo groups
and were 64/75 (85%), 53/75 (71%), 28/75 (37%) versus
11/37 (11%), 3/37 (8%), 5/37 (2%), respectively [173]. In
April 2011, the FDA approved the use of tocilizumab in sJIA
patients older than 2 years of age [174].

9.3.3. Abatacept. Abatacept is a fusion protein that blocks
the CD80 or CD86 interaction with CD28, which alters
the costimulatory signal, thus inhibiting T-cell activation
[175]. In 2008, a study by Ruperto et al. showed ACR Pedi
30% or more improvement in 65% of the systemic arthritis
group, but the study excluded children with active systemic
manifestations for the preceding 6 months [168]. In Ruperto
et al.’s long-term extension, abatacept was again reported to
have good response rate; the ACR Pedi 30, 50, 70, 90 and
inactive disease response rate in patients with sJIA without
systemic manifestations were 88%, 88%, 63%, 13%, and 25%
correspondingly [176]. In a later report that year, Ruperto
et al. discerned improvement in health-related quality of life
(HRQOL) in JIA patients treated with abatacept (in which
about 20% of the patients that were studied had sJIA) [177].

9.3.4. Combination Therapy Anakinra and Abatacept. An
anecdotal report of a combination therapy of anakinra and
abatacept in 4 children with recalcitrant sJIA described
improvement of their symptoms, with no significant adverse
reactions [178].
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9.3.5. Antitumor Necrosis Factors Antibodies (Anti-TNF).
There are three different types of antitumor necrosis factor
(anti-TNF) therapies: etanercept: a soluble TNFα receptor
[169, 179, 180], Infliximab: a chimeric monoclonal TNFα
antibody, and Adalimumab: a humanized monoclonal anti-
body.

The results from Lovell et al.’s 2000 study comparing sJIA
patients’ flare rate between placebo and etanercept therapy
were encouraging, with 7/8 (88%) patients on placebo
having a flare, and 4/9 (44%) of those on etanercept having a
flare (statistically significant P < 0.001) [181]. Several later
studies show that patients with sJIA appear to have only
partial response to anti-TNF agents [128–132].

In 2003 Lovell et al. published interim results from
an ongoing multicenter study examining etanercept, and
reported improvement rates in JRA (30%, 50% and 70%).
In the per protocol group at the end of the 2nd year,
30% improvement was seen in 10/12 patients (83%), 50%
improvement was seen in 9/12 patients (75%), and 70%
improvement was seen in 8/12 patients (67%); in their mod-
ified intent-to-treat group (which included the patients who
discontinued therapy) 30% improvement was seen in 10/17
patients (59%), 50% improvement was seen in 9/17 patients
(53%), and 70% improvement was seen in 8/17 patients
(47%) [169]. In Horneff et al.’s 2004 study, a lower efficacy
was seen in sJIA patients, where Giannini’s criteria of 30%,
50%, and 70% improvement was seen in 48%, 33%, and 11%
of the patients, respectively, after 1 month of treatment with
etanercept, and after 3 months of treatment, improvement
was seen in 63%, 39%, and 24% [130]. In Kimura et al.’s 2005
study examining etanercept therapy, 37/82 (45%) patients
had poor response (<30% improvement), 7/82 (9%) had a
fair response (30–<50% improvement), 11/82 (13%) had a
good response (50–<70% improvement), and 27/82 (33%)
had an excellent response (>70% improvement), where the
response was defined as a percentage decrease from baseline
of the following: steroid dose, count of actively involved
joints, inflammatory markers (ESR, CRP, or platelet count),
and physician global assessment of disease activity score,
rather than the ACR pedi response criteria [131]. In Russo
and Katsicas’ 2009 study, patients were treated initially with
etanercept, but if improvement was not seen, patients were
switched to therapy with either infliximab or adalimumab.
The ACR pedi 30, 50, 70, and 90 criteria were used to assess
clinical improvement and were seen in 35 (78%), 28 (62%),
21 (47%), and 14 (31%) of patients, respectively [132]. See
Table 2. In Quartier et al.’s 2003 study, it was recognized
that in comparing the 30% improvement rate between sJIA
and oligoarticular or polyarticular JIA, those with sJIA had
a greater likelihood of not reaching the 30% improvement
(with P values of 0.0002 and 0.0031, resp.). When comparing
the 50 and 70% improvement rate, sJIA also had a significant
risk of not attaining that improvement level in comparison
with oligoarticular onset JIA but did not differ in risk value
from polyarticular onset JIA [129].

In a 2003 Lovell et al.’s study it was reported that out
of the 5 sJIA patients who withdrew from the study, 4 had
suboptimal clinical response, and 1 had an adverse event
[169]. In the 2006 extension study, it was reported that 19

patients entered the extension study, and only 6 patients
stayed in the extension study for≥4 years (3 of the 13 patients
withdrew secondary to lack of efficacy) [179]. In the 2008
open-label extension it was reported that 19 patients had
entered the trial, but only 5 entered the 8th year [128], In
Horneff et al.’s 2004 study, 17 of the 66 sJIA patients enrolled
withdrew from the trial, where inefficacy of therapy was
the reason for discontinuation in 14 out of the 17 patients,
adverse effects were seen in 2 patients and 1 patient withdrew
for other reasons [130]. In Kimura et al.’s 2005 study, disease
flares were seen in 37/82 patients (45%) in all levels of
therapeutic response; however, they were more likely to occur
in those who responded poorly to treatment (25/37 patients
(68%)) than in those who had an excellent response (7/27
patients (26%)). Cessation of treatment occurred in 29/82
patients (35%) mainly secondary to inefficacy or flare in
72.4% of these patients [131]. Tynjälä et al.’s 2009 study
looked at length of anti-TNF therapy usage (either etanercept
or infliximab). At 24 and 48 months 46% and 76% of
patients, respectively, had discontinued their medications.
Inefficacy was the most common reason for discontinuation
in the sJIA group [182].

In Katsicas and Russo’s 2005 study, patients who had
previously failed therapy with etanercept were treated with
infliximab. It was reported that the majority of patients did
not reach improvement with infliximab; however, the one
patient who showed a response to infliximab did not have
systemic manifestations at the onset of therapy [183]. A
statistical significance (P = 0.03) was recorded in Russo and
Katsicas’ 2009 study between remission and both the absence
of systemic manifestations at the onset of anti-TNF therapy
and improvement after 3 months of therapy. In that study
64% (29/45) of patients showed an improvement after 3
months of treatment, and 73% (33/45) of patients displayed
an improvement after 6 months [132].

9.3.6. Rituximab. Rituximab is a chimeric monoclonal anti-
body against CD20, targeting B cells. Wouters et al. described
a higher B-cell activity in all types of JIA, including sJIA
[184]. There are several case reports detailing treatment of
sJIA with rituximab. Kasher-Meron et al. describe an 18-
year-old female with a 12-year history of sJIA that was
recalcitrant to therapy that responded well to therapy with
rituximab [185]. A case series by Narváez et al. described
three adult patients with unrelenting sJIA (duration of
disease between 18–27 years), all of whom had noteworthy
improvement with rituximab therapy; with the exception
of one patient with hypersensitivity reaction, no other
significant adverse reactions were seen [186]. Lastly Feito and
Pereda described an 8-year-old female that responded well
to rituximab, in both systemic manifestations and articular
manifestations [187].

9.4. Cyclosporine. Cyclosporine is an immunomodulator
that inhibits the synthesis of IL-1, IL-2, TNF-γ, and α-
interferon [188–190]. The results of a 10-year prospective
study looking at the efficacy of cyclosporine A showed
benefit for some children with sJIA, but for the majority
complete remission was not achieved [191]. In a later
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Table 2: Response to anti-TNF therapy in sJIA patients.

Study Response Number of patients Discontinuation

Lovell et al. 2003 [169]
(per protocol group∗)
Etanercept

At 24 months:
(i) JRA 30% definition of improvement seen in
83% of patients.
(ii) JRA 50% definition of improvement seen in
75% of patients.
(iii) JRA 70% definition of improvement seen in
67% of patients.

12 Not included

Lovell et al. 2003 [169]
(modified intent-to-treat
group∗∗)
Etanercept

At 24 months:
(i) JRA 30% definition of improvement seen in
59% of patients.
(ii) JRA 50% definition of improvement seen in
53% of patients.
(iii) JRA 70% definition of improvement seen in
47% of patients.

17 5 (29%)

Horneff et al. 2004 [130]
Etanercept

At 1 month:
(i) Giannini’s criteria of 30% improvement seen
in 48% of patients.
(ii) Giannini’s criteria of 50% improvement seen
in 33% of patients.
(iii) Giannini’s criteria of 70% improvement seen
in 11% of patients.
At 3 months:
(i) Giannini’s criteria of 30% improvement seen
in 63% of patients.
(ii) Giannini’s criteria of 50% improvement seen
in 39% of patients.
(iii) Giannini’s criteria of 70% improvement seen
in 24% of patients.

66 17 (26%)

Kimura et al. 2005 [131]
Etanercept

Mean duration of treatment: 24.8± 12.3 months
(3–70 months):
(i) Poor response (<30%) seen in 45% of patients.
(ii) Fair response (30 to <50%) in 9% of patients.
(iii) Good response (50 to <70%) seen in 13% of
patients.
(iv) Excellent response (>70%) seen in 33% of
patients.

82 29 (35%)

Russo and Katsicas 2009 [132]
Etanercept initially, if no
improvement seen, infliximab
or adalimumab were studied.

Treatment for at least 6 months:
(i) ACR Pedi 30 seen in 78% of patients.
(ii) ACR Pedi 50 seen in 62% of patients.
(iii) ACR Pedi 70 seen in 47% of patients.
(iv) ACR Pedi 90 seen in 31% of patients.

45

22 (49%) of patients
switched to a second
anti-TNF (either
infliximab-17 patients, or
adalimumab-5 patients)
secondary to lack of
response in 9 pts and lack
of efficacy subsequently.
Infliximab was then
discontinued in 4 patients
secondary to lack of efficacy
and in 6 patients secondary
to toxicity.

∗
Per protocol group consisted of 43 patients (with pauciarticular, polyarticular or systemic JRA) who were treated with etanercept for 2 years at time of Lovell

et al.’s analysis. Out of the 43 patients in this group, 12 patients had systemic JRA.
∗∗Modified intent-to-treat group consisted of 51 patients (with pauciarticular, polyarticular or systemic JRA): 43 were included in the per protocol group,
7 withdrew secondary to an inadequate clinical response (of these, 4 had systemic JRA), and 1 withdrew secondary to an adverse reaction (that patient had
systemic JRA). Out of the 51 patients in this group, 17 patients had systemic JRA.
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surveillance study, out of those patients who were still
receiving cyclosporine at their last reported visit, only 5%
have achieved full clinical response, while 63% had mild to
moderate activity and 32% had severe uncontrolled disease
[192]. Associated adverse reactions reported are hypertri-
chosis, elevated serum creatinine levels, gingival hyperplasia,
gastrointestinal irritation, and hypertension [192].

9.5. Thalidomide. Thalidomide prevents cytokine synthesis
by disturbing mRNA synthesis rather than blockade [193],
and is a known anti-inflammatory agent that suppresses
angiogenesis, cell adhesion molecule expression, TNF-α, IL-
1, IL-6, and nuclear factor-κG [194–196]. In 2002, Lehman
et al. reported on 2 children with intractable sJIA who
were treated with thalidomide therapy and had significant
improvement [197]. In 2004, Lehman et al. reported of
13 additional children who were treated with thalidomide.
A response was seen in 11 children, and 10 of them had
JRA improvement scores ≥50% in concordance with the
preliminary definition of improvement in juvenile arthritis
[120, 170]. Statistically significant decrease in prednisone
dosage, decrease in ESR, and increase in hemoglobin level
were seen [120]. In 2007 a 3-patient case series was
reported by Garca-Carrasco et al., where after therapy with
thalidomide, 3 recalcitrant patients entered remission [198].

10. 2011 American College of
Rheumatology Recommendations

In the recent 2011 American College of Rheumatology
recommendations for the treatment of sJIA, the recommen-
dations were made by identifying the patient as belonging
to one out of two distinct clinical groups: active systemic
features (without active arthritis), or active arthritis (without
active systemic features), and also by disease activity level
and by prognosis. For those patients with both active
systemic features and active arthritis, a recommendation
was not made, but use of the two recommendations was
suggested. Furthermore, recent therapeutic agents, such as
IL-6 inhibitors and other IL-1 inhibitors besides anakinra
were not included the recommendations as they were not
available [199].

For systemic arthritis with active systemic features but
no arthritis, initiating NSAIDs, systemic glucocorticoids,
or anakinra as initial therapy is dependent on disease
activity and prognostic features. Patients with low disease
activity and good prognostic features are recommended
the treatment of NSAIDs, followed by glucocorticoids and
anakinra. NSAIDs may be omitted for those patients with
either poor prognostic features or high disease activity.
For patients with high disease activity and without poor
prognostic features, initial therapy with systemic glucocor-
ticoids followed by anakinra when not responding well is
recommended. For patients with poor prognostic features,
initial therapy may be either systemic glucocorticoids or
anakinra [199]. Methotrexate was deemed inappropriate for
this group, and both thalidomide and calcineurin inhibitors
were of uncertain benefit [199].

Treatment recommendations for systemic arthritis with
active arthritis but without active systemic features include
up to 1 month of NSAIDs with glucocorticoid joint injec-
tions. If no improvement or worsening, methotrexate was
the next therapy. After 3 months of methotrexate therapy,
dependent on disease activity, the patient can start on
either TNFα inhibitor or anakinra. After 4 months of TNFα
therapy, if the disease activity is still high or moderate
(but with poor prognosis), abatacept was recommended.
Calcineurin inhibitors were found to be unsuitable for this
group of patients [199].

11. Course, Prognosis, and Outcome

The course and outcome of sJIA can vary considerably,
ranging from a monocyclic course with good outcome,
to a more complicated one which involves considerable
morbidity or mortality. In approximately half the patients
with sJIA, a monocyclic course is seen, and complete recovery
with minimal physical limitations can be achieved within 2–
4 years [42, 69, 200]. Waning flares of systemic involvement
and mild arthritis can be seen in those with relapsing course
[42]. Some patients achieve resolution of their systemic
features, but suffer from significant persistent arthritis
which tends to resolve after about 5 years [201]. However,
approximately 30% of the patients suffer from devastating
destructive chronic polyarthritis that is responsible for most
of the morbidity and account for the worst prognosis in this
disease [69, 202]; resolution of the arthritis does not usually
occur by adulthood [42]. These patients tend to have more
severe systemic manifestations [203], and for about 23–30%,
systemic features persist for more than 10 years after initial
presentation [204, 205].

Systemic manifestations 6 months following presenta-
tion, thrombocytosis [206], hip involvement in the setting
of polyarthritis, and generalized lymphadenopathy in those
less than 8 years of age [58] are predictors of poor outcome.
Several studies have attempted to stratify the risk for
development of destructive arthritis suggest that early course
arthritis of the hips, cervical spine, and small joints of
the digits can indicate higher risk [203, 207]. In the past,
amyloidosis was a significant risk factor for death [42], but
according to Immonen et al., new onset of amyloidosis in
sJIA was not seen in Finland since 1991 [110]. MAS is
a significant complication, and mortality was seen in 8–
22% [118, 119]. Lastly, psychological complications such
as depression, anxiety, and social isolation are important
patient outcomes [208].

12. Conclusion

The clinical symptoms of sJIA have not changed significantly
from 1897 when it was first described by Still. The recog-
nition of the unique nature of sJIA in comparison to other
types of JIA as well as an increased collective understanding
of the pathogenesis, instigated significant advancement in
treatment options offered to these children. IL-1 blockade
revolutionized the treatment and outcome for sJIA patients.
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With the discovery of novel and targeted biologics, the
pediatric rheumatologist is presented with several choices. In
a patient who presents initially with arthritis and systemic
features, NSAIDS, steroids, and IL-1 blockers are reasonable
considerations depending upon the severity of symptoms
and the need for a prompt remission of symptoms. After
the initial presentation, for those patients with primarily
systemic features, we would continue IL-1 blocker and taper
steroids as tolerated. For milder cases with systemic features,
thalidomide remains an option. Tocilizumab which was
recently approved for sJIA is a choice for those patients
that have more severe disease or fail to respond to IL-1
blocking agents, but it remains an indefinite commitment
to every two-week infusions at present. For children with
a predominantly polyarticular course who no longer have
fever and rash, we would consider anti-TNF agents and
methotrexate. An individualized approach for each patient
is recommended.

The newly gained knowledge and the development of
new treatments are changing the lives of children who
are suffering from sJIA today. Their prognosis and disease
outcome are much better than in previous generations. There
is still ample knowledge to be learned in order to create better
and more effective therapies.
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The proinflammatory activity of T helper 17 (Th17) cells can be beneficial to the host during infection. However, uncontrolled or
inappropriate Th17 activation has been linked to several autoimmune and autoinflammatory pathologies. Indeed, preclinical and
clinical data show that Th17 cells are associated with several autoimmune diseases such as arthritis, multiple sclerosis, psoriasis,
and lupus. Furthermore, targeting the interleukin-17 (IL-17) pathway has attenuated disease severity in preclinical models of
autoimmune diseases. Interestingly, a recent report brings to light a potential role for Th17 cells in the autoinflammatory disorder
adult-onset Still’s disease (AOSD). Whether Th17 cells are the cause or are directly involved in AOSD remains to be shown. In this
paper, we discuss the biology of Th17 cells, their role in autoimmune disease development, and in AOSD in particular, as well as
the growing interest of the pharmaceutical industry in their use as therapeutic targets.

1. Th17 Cell Differentiation

Th17 cells are a novel class of helper CD4+ T cells described
in 2005 that secrete IL-17A, IL-17F, IL-21, and IL-22 [1–3].
Differentiation of naı̈ve T cells towards a Th17 phenotype
is supported by several cytokines including transforming
growth factor-β (TGF-β), IL-1β, IL-6, IL-21, and IL-23
in mice and humans [4–8]. Indeed, ligation of toll-like
receptors TLR3, TLR4, or TLR9 induces secretion of TGF-β
and IL-6 that subsequently supports de novo differentiation
of naı̈ve CD4+ T cells to Th17, cells in vitro [9]. Further, it
has been shown that TGFβ is required for the initiation of
Th17 dependent autoimmune encephalitis in vivo [10]. TGF-
β prevents Th1 and Th2 differentiation by suppressing Stat4
and GATA-3 expression, thus allowing Th17 differentiation;
however, Th17 development also occurs in the absence of
TGF-β signaling [11, 12]. In an elegant study, Ivanov et al.
demonstrated that TGFβ and IL-6 promote IL-21R and IL-
23R expression by a mechanism implicating RORγT [13].
Moreover, IL-21 expression by Th17 cells acts in an autocrine
manner to promote Th17 differentiation [14, 15], while
increased expression of IL-23R expression downstream of T-
cell activation and Th17 development allows IL-23 signaling
to further maintain Th17 activity in a Stat3-dependent

manner [4, 16]. Furthermore, IL-18 synergizes with IL-23
to promote IL-17 production by IL-23-primed CD4+ T cells
[17]. IL-18 was also shown to induce the ex vivo release of
IL-17 and IL-23 from lymphocytes of systemic lupus erythe-
matosus (SLE) patients [18]. It is well established that IL-18
is an important cytokine implicated in promoting Th1 polar-
ization, which is characterized by interferon (IFN-γ) release.
IFN-γ secretion subsequently activates both neutrophils and
macrophages, resulting in the intracellular killing of bacteria
and fungi [19]. In contrast, IL-1β negatively regulates Th1
differentiation by inducing cyclooxygenase (COX)-2, which
subsequently increases the secretion of prostaglandin E2
(PGE2) that suppresses IFN-γ production [20] thus allowing
Th17 differentiation. Indeed, IL-1β has been shown to
enhance Th17 responses in the presence of IL-23 [4, 7]. While
further investigation is needed to better understand the
biology of Th17 differentiation and the parameters involved
in this process, overall the above studies shed light and reveal
the complexity of this pathway (summarized in Figure 1).

2. IL-17: Expression and Function

IL-17 is a potent proinflammatory cytokine that amplifies
ongoing inflammation by inducing expression of tumor
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Figure 1: Implications of Th17 differentiation in the development of the immune response.

necrosis factor-α (TNF-α), IL-1β, and IL-6 in epithelial
and endothelial cells as well as other cell types such as
keratinocytes, synoviocytes, fibroblasts, and macrophages.
IL-17, also known as IL-17A, is the founding member of
the structurally related IL-17 family, which includes IL-
17B, IL-17C, IL-17D, IL-17E (also called IL-25), and IL-
17F. IL-17F shares the highest amino acid identity with IL-
17A [21]. The IL-17 receptor family also has five members
with conserved extracellular fibronectin III-like domains and
cytoplasmic “similar expression to FGF/IL-17R” (SEFIR)
domains [22]. IL-17 receptor expression profiles show that
IL-17RA and IL-17RC are present in different cell types and
tissues. Immune cells mostly express IL-17RA, while IL-17RC
is found on the surface of epithelial cells and fibroblasts [23,
24]. Upon engagement, IL-17R signaling activates NF-κB,
MAPK, and C/EBP pathways via SEFIR domain containing
the adaptor protein Act1. Act1 further interacts with TRAF6
and TAK1 to promote signal transduction and cytokine
and chemokine secretion [25]. Indeed, IL-17 stimulates
production of chemokines such as CXCL1, CXCL5, IL-8,
CCL2, and CCL7 that are responsible for recruitment of
neutrophils to the site of inflammation [26]. For example,
local production of IL-17 by Th17+ cells in the central
nervous system (CNS) promotes neutrophil recruitment in
a mouse model of multiple sclerosis (MS), experimental
autoimmune encephalomyelitis (EAE) [3, 10]. Furthermore,
IL-17 enhances granulopoiesis by triggering expression of G-
CSF and GM-CSF [27–29]. Although GM-CSF expression
is not required for Th17 differentiation, a recent study
showed that this cytokine is required for autoimmune

neuroinflammation via myeloid cells (CD45hi, CD11b+)
infiltrating the central nervous system during the effector
phase of the response [30, 31].

3. Th17 Cells and Microbial Immunity

Th17 cells play an important role in host defense against
bacterial and fungal infection, especially at mucosal surfaces.
Production of IL-17 and IL-22 upon Th17 cell triggering
improves mucosal barrier surfaces by stimulating release of
antimicrobial peptides and recruiting neutrophils. However,
in viral and parasitic infections, Th17 responses can be detri-
mental to the host. During Theiler’s murine encephalomyeli-
tis virus (TMEV) infection, anti-IL-17 treatment inhibits
viral persistence and development of demyelinating disease
[32]. Further, it was demonstrated in this study that in vitro
treatment of bone marrow (BM) cells or astrocytes with
recombinant IL-17 increases expression of antiapoptotic
molecules Bcl-xl and Bcl-2, thus preventing destruction by
cytotoxic T cells. This results in persistence of the infection
by enhancing the survival of virus-infected cells. In addition,
it has been shown that pretreatment of target cells (coated
with viral peptide) with IL-17 reduced their susceptibility to
cytolytic killing by CD8+ T cells. In contrast, pretreatment
of CD8+ T cells does not affect cytotoxicity. These results
indicate that IL-17 alters the susceptibility of the target cell
to apoptosis rather than the effector T cell’s ability to kill
infected cells. In vivo experiments using TMEV-infected mice
treated with anti-IL-17 antibody showed that IL-17 blockade
enhances viral load and reduces expression of prosurvival
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Table 1: Preclinical mouse models showing a role for Th17 cells and the IL-17 pathway in autoimmunity.

Disease Model Role of Th17 Reference

Rheumatoid arthritis

Collagen-induced arthritis (CIA)
IL-23 (p19 subunit) KO mice have less Th17 cells and reduced
disease severity [35]

Collagen-induced arthritis (CIA) IL-17A KO mice have reduced disease incidence and severity [36]

IL-6R subunit gp130 (Y759F)
mutation

Enforced IL-6 expression enhances disease progression in an
IL-17A-dependent manner [37]

SKG-dominant active ZAP70 mutant IL-17A KO mice are resistant to arthritis [39]

HTLV-I Tg mice IL-17A KO mice are resistant to arthritis [41]

Inflammatory Bowel
disease

Adoptive transfer of CD4+CD45RBhi

cells to lymphopenic mice

IL-17A KO CD4+ T cells accelerated T-cell-mediated intestinal
damage [42]

Adoptive transfer of CD4+CD45RBhi

cells to lymphopenic mice

IL-17A, IL-17F, or IL-22 KO T-cells-induced colitis equally
compared to WT [43]

Dextran sodium sulfate (DSS)

IL-17F KO or IL-17A KO or mice treated with an anti-IL-17A
antibody showed severe weight loss and colonic epithelial
damage

[44, 45]

Dextran sodium sulfate (DSS)
IL-17A KO showed substantially reduced colitis based on both
clinical score and mortality

[46]

Psoriasis

Topical application of imiquimod
(IMQ)

Dermatitis is blocked in IL-23R KO and IL-17R KO mice [53]

IL-23 injection
IL-6-dependent accumulation of Th17 cells in psoriatic skin,
dermatitis was greatly reduced in IL-22 KO or IL-17A KO mice

[55, 56]

K5.Stat3C transgenic mice

Constitutively express activated Stat3 within keratinocytes
promotes Th17 cells, and anti-IL-23 was shown to block
epidermal hyperplasia; however, anti-IL-17 had only partial
effect

[57]

Type 1 diabetes
RIP-OVA mice (mice expressing OVA
peptide in pancreatic beta islet cells )

IL-17 producing CD8+ T cells (Tc17) cause diabetes in an
IL-17A- and IL-17F-dependent manner when adoptively
transferred to RIP-OVA mice

[59]

Nonobese diabetes (NOD)
Anti-IL-17A antibodies inhibit diabetes during the effector
phase of disease (at 10 weeks of age) but not during the
initiation of disease (mice less than 5 weeks of age)

[60]

Bcl-xl and Bcl-2 proteins in both infiltrating macrophages
and resident microglia. This antibody treatment significantly
increases the elimination of newly introduced viral epitope
peptide-loaded target cells. Altogether, these findings suggest
that IL-17 expression promotes viral persistence by inhibit-
ing apoptosis of virally infected cells.

Moreover, in parasitic infection, IL-27R-deficient mice
infected with Toxoplasma gondii develop severe neuroin-
flammation that is characterized by prominent IL-17 re-
sponse [33]. When infected with Leishmania major, mice
lacking IL-27R develop more severe lesions that are associ-
ated with the presence of IL-17+ CD4+ cells [34]. Overall,
these experiments suggest that the inappropriate develop-
ment of Th17 cells in some infections could lead to increased
disease progression and chronic infection rather than remis-
sion and microbe clearance.

4. Th17 Cells in Preclinical Models
of Autoimmunity

4.1. Rheumatoid Arthritis (RA). Several mouse models exist
for studying the mechanism of RA development. In these
models, genetic inactivation of IL-17A or IL-17F has shown
that Th17 cells do play a role in disease progression (summa-
rized in Table 1).

In the collagen-induced arthritis (CIA) model, injection
of type II collagen (CII) together with Complete Freud’s
adjuvant (CFA) containing heat-killed Mycobacterium tuber-
culosis triggers cell-mediated and humoral responses char-
acterized by cellular infiltration and synovitis of the joints,
resulting in swelling of the paws and progressive destruction
of bone and cartilage. Disease is detected by measuring CII-
specific antibody levels in the serum. It has been shown
that mice deficient in IL-23 (p19 subunit) show reduced
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numbers of IL-17+ cells in the draining lymph nodes and
have less severe disease than mice lacking IL-12 (p35 subunit)
[35]. In the same model, disease incidence and severity are
greatly attenuated in IL-17A KO mice [36]. Further, IL-
17A and IL-17F double KO mice do not show additional
disease suppression, indicating that IL-17F does not have
any additive or synergistic effect [23]. These data suggest
that IL-23-dependent Th17 function and production of IL-
17 support arthritis disease development.

Mice with a mutation in the gp130 subunit of IL-6R
(Y759F) have disrupted SOCS3-mediated negative feedback
and develop spontaneous arthritis as assessed by degree of
swelling in the joints. In this model, increased IL-6 expres-
sion via hydrodynamics-based transfection enhances disease
progression in an IL-17A-dependent manner [37]. IL-17A-
deficient mice were resistant to arthritis while elevated IL-17
expression induced arthritis. Interestingly, IL-6 was required
for IL-17A-induced arthritis, in Y759F mutants. These find-
ings suggest that a positive feedback loop of IL-6 and IL-17
secretion is active in arthritis.

Mice with an activating mutation in the SH2 domain of
ZAP-70, a key signal transduction molecule in T cells, spon-
taneously develop T-cell-mediated chronic autoimmune
arthritis [38]. These so-called SKG mice develop autoreactive
T cells due to defective negative selection in the thymus. In
this model, arthritis is suppressed in the absence of IL-17A
[39], suggesting that the pathogenic T cells are indeed Th17+

cells.

Further, transgenic mice carrying the human T-cell
leukemia virus type I (HTLV-1) tax gene with its own LTR
promoter (HTLV-I Tg mice) develop chronic inflammatory
polyarthropathy that resembles RA in humans [40]. This
model is dependent on IL-1α/β and IL-6 and was recently
shown to be dependent on IL-17A, as IL-17A KO mice are
resistant to arthritis [41].

4.2. Inflammatory Bowel Disease and Crohn’s Disease. The
roles of Th17 cells in inflammatory bowel disease (IBD) and
Crohn’s Disease (CD) are somewhat more controversial than
in other autoimmune diseases. Th17 cells were studied in a
model for IBD, where naı̈ve CD4+CD45RBhi cells adoptively
transferred to lymphopenic mice cause colitis characterized
by weight loss, diarrhea, and histological analysis (degree
of epithelial hyperplasia and goblet cell depletion, leukocyte
infiltration in the lamina propria, area of tissue affected,
crypt abscesses, submucosal inflammation, and ulcers).
Indeed, IL-17A KO CD4+ T cells accelerated T-cell-mediated
intestinal damage compared to wild-type (WT) CD4+ T cells
[42]. IL-17A KO T cells displayed increased IFNγ produc-
tion, suggesting that IL-17A can downregulate Th1 response
and potentially protect against Th1-mediated tissue damage.
However, this finding is controversial as another group using
the same model showed that IL-17A, IL-17F, or IL-22 KO T
cells induced colitis equally compared to WT T cells [43].
Treatment of mice upon adoptive transfer of IL-17F KO T
cells with a neutralizing anti-IL-17A antibody significantly
suppressed disease, indicating that IL-17A and IL-17F have
redundant biological effects.

Additional models of IBD used to investigate the role
of Th17 cells give mixed results as well. In the dextran-
sodium-sulfate- (DSS-) induced colitis model, in which
disease progression is primarily due to increased neutrophilic
infiltration of the inflamed tissue, mice lacking IL-17F
or IL-17A or mice treated with an anti-IL-17A antibody
show severe weight loss and colonic epithelial damage [44,
45]. Conversely, a different study reported that genetic
inactivation of IL-17A substantially reduces colitis based on
both clinical score and mortality compared to WT animals,
suggesting that IL-17 promotes colitis [46]. In this study,
G-CSF and MCP-1 are reduced in DSS-treated IL-17A KO
mice compared to treated WT mice. The disparities in these
studies may be due to different intestinal microbial flora that
affects the immune response in this disease model. Interest-
ingly, IL-22 expression by CD4+ T cells and NK cells also has
a protective role in both the DSS and T cell transfer models,
as transfer of T cells from IL-22-deficient mice worsens dis-
ease [47].

It has recently been shown that during intestinal inflam-
mation induced by anti-CD3 treatment, pathogenic Th17
cells in the gut express IL-10 receptor (IL-10R) and are
negatively regulated by Foxp3− and Foxp3+ Tregs in an IL-
10-dependent manner [48]. IL-10R expression is required for
Tregs to maintain sufficient IL-10 production and mediate
inhibition of Th17 cells [49]. Paradoxically, Treg depletion
in Foxp3-DTR mice may result in a reduced frequency of
antigen-specific IL-17 producers in draining lymph nodes
and blood and is correlated with reduced inflammatory skin
responses during Candida albicans infection. This is likely
mediated by a regulation of IL-2 availability [50, 51].

4.3. Psoriasis. IL-17+ T cells are increased in the dermis of
psoriatic skin lesions [52]. In mice, topical application of
imiquimod (IMQ), a TLR7/8 ligand, induces psoriasis-like
dermatitis characterized by increased epidermal cell prolifer-
ation, neutrophil accumulation, and CD4+ T cell infiltration
[53]. In this model, IMQ induces IL-23, IL-17A, and IL-
17E expression in the epidermis and increased Th17 cells
in the spleen. Furthermore, dermatitis is almost completely
blocked in mice deficient in IL-23R and IL-17R. Psoriasis-
like epidermal hyperplasia can be induced in the ears of mice
by directly injecting IL-23 [54] and was shown to be IL-6
dependent [55]. In IL-23 induced psoriasis, CCR6+Th17+

cells accumulate in psoriatic skin where CCL20 (the CCR6
ligand) expression is abundant. Comparison of CCR6 KO
and WT mice confirmed that CCR6 expression was required
for IL-23-induced dermatitis. IL-22 and IL-17A are also
necessary for epidermal hyperplasia in this model, as der-
matitis was greatly reduced in IL-22 KO or IL-17A KO
mice [56]. Further, K5.Stat3C transgenic mice constitutively
express activated Stat3 within keratinocytes and develop
skin lesions with histological and cytokine profiles similar
to those seen in human psoriasis [57]. In this model, anti-
IL-23 antibody treatment blocks epidermal hyperplasia and
lowers transcript levels of Th17 cytokines (IL-17 and IL-
22), β-defensins, and S100A. However, blocking IL-17 with
anti-IL-17 antibodies or using genetic inactivation models
only moderately reduced psoriasis. Overall, these findings
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show that IL-23-mediated induction of IL-17 secretion and
Th17+ recruitment in the inflamed tissue efficiently promote
dermatitis; however, IL-17 itself is only partially required.
Interestingly, in this model, the T-cell-independent psoriatic
dermatitis that spontaneously develops in IL-1RN KO mice
is not affected by IL-17A deficiency [58].

4.4. Type 1 Diabetes (T1D). In vitro activated OT1 T cells,
transgenic CD8+ T cells that express the alpha and beta T-
cell-receptor specific for OVA peptide, induce rapid diabetes
onset when transferred to mice expressing OVA peptide in
pancreatic beta islet cells (RIP-OVA mice). It has been shown
that in vitro treatment of OT1 cells with IL-23 promotes their
differentiation into IL-17 producing CD8+ T cells (Tc17) and
causes diabetes in an IL-17A- and IL-17F-dependent manner
when adoptively transferred to RIP-OVA mice [59]. In a
different setting, using the nonobese diabetes (NOD) animal
model for Type 1 diabetes, disease is inhibited following
treatment with anti-IL-17A antibodies during the effector
phase of disease (at 10 weeks of age) rather than during the
initiation of disease (mice less than 5 weeks of age) [60]. In
contrast, it has been shown that IL-17A KO on the NOD
background have comparable incidence of hyperglycemia to
NOD mice with a WT allele for IL-17A. This could be due to
expression of other IL-17 family members such IL-17F. Thus,
while Th17 cells and IL-17A seem to play a role in T1D, the
precise mechanism is not yet completely understood.

5. Th17 Links Autoimmunity with Host Defense

While it is clear that uncontrolled inflammation causes
autoimmune pathologies, it remains to be seen what triggers
the inflammation in these diseases. Several new studies sug-
gest that exposure to pathogens initiates immune responses
with an autoinflammatory outcome. Indeed, Th17 cells are
induced by commensal bacteria in the small intestine lamina
propria and are dependent on TGFβ but independent of
IL-21, IL-23, and TLR signaling (MyD88 and Trif) [61].
However, the link between Th17 cells in the gut and au-
toimmune disease development at peripheral sites is not
shown.

K/BxN transgenic mice express autoreactive T cells
specific for glucose 6 phosphate isomerase that promotes
generation of high levels of auto-reactive antibodies, which
subsequently induces ankle thickening. When these mice
are housed in germ-free (GF) conditions, arthritis is greatly
attenuated [62]. Indeed, disease reduction is correlated with
a decreased number of T follicular helper cells and germinal
center B cells in GF mice, suggesting that lack of microbes
and their effect in adaptive immune response accounts for
the reduced arthritis. Further, analysis of helper T cells from
K/BxN mice in GF conditions compared to animals housed
in specific pathogen-free (SPF) facility shows a significant
reduction in Th17 gene signatures (IL-17A, IL-21, IL-22,
RORγT, and CCR6). Neutralization of IL-17 with blocking
antibodies at the time of arthritis onset (25 days old mice)
completely abrogates disease, which is reflected in the low
serum autoantibody titers. Moreover, following adoptive
transfer, B cells from IL-17R-deficient mice failed to partake

in the germinal center development. Overall, this study re-
veals a potential role of the IL17 pathway in regulating B
cell function that a lack of Th17 cells and their downstream
effects on germinal center B cells are critical factors in the
disease reduction. A different study using IL-1R-antagonist-
(IL-1RN-) deficient mice that spontaneously develop T-cell-
mediated arthritis further supports a contribution of Th17
cells in autoimmune progression. Indeed, IL-1RN KO mice
housed in germ-free conditions display reduced arthritis
assayed by ankle thickness and histopathological analysis,
while arthritis can be induced by infection with Lactobacillus
bifidus in a TLR4-dependent manner [63]. Disease remission
is associated with reduced Th17 cell number and decreased
IL-17 secretion. In support of the above findings, mice in the
SKG model (described above) do not develop arthritis if the
animals are housed in microbially clean environment, despite
the presence of arthritogenic autoimmune T cells, [64].
Treating mice with the yeast TLR2 ligand zymosan or glucose
polymer β-1, 3-D-glucans (β-glucans), the main constituents
of zymosan, induces severe arthritis in SKG mice. Blockade
of Dectin-1, a major β-glucan receptor, is able to prevent
SKG arthritis triggered by β-glucans. Finally, polyinosinic-
polycytidylic acid (poly[I:C]), a double-stranded RNA, also
showed a mild arthritogenic effect in SKG mice. Together
these studies strongly support the existence of a link between
microbial stimuli and innate signaling to Th17 activation and
autoimmunity (summarized in Figure 2).

6. Potential Small Molecules to Target
Th17 Cells

Recent studies have identified small molecules that may be
used as therapeutics to target Th17+ cells. The small molecule
Halofuginone selectively inhibits mouse and human Th17
differentiation by activating the amino acid starvation re-
sponse (AAR), a cytoprotective signaling pathway. Indeed,
treatment with Halofuginone protects mice from Th17-
associated EAE [65]. Further, the cardiac glycoside Digoxin
inhibits murine Th17 cell differentiation without affecting
differentiation of other T-cell lineages and reduces the se-
verity of EAE in mice [66]. In addition, leukemia inhibitory
factor (LIF) produced by neural progenitor cells is able to
ameliorate EAE by selectively inhibiting pathogenic Th17 cell
differentiation [67, 68].

7. Th17 Cells in Human Pathology and
FDA-Approved Drugs

In addition to preclinical results, clinical data show a cor-
relation between enhanced IL-17 production and increased
frequencies of Th17 cells in human disease (summarized
in Table 2). High IL-17 levels are detected in the sera and
biopsies of RA and SLE patients [18, 69–71]. Ex vivo, IL-17A
promotes induction of proinflammatory cytokines IL-1β and
IL-6 expression in synoviocytes from RA patients [72].

In MS patients, IL-17A mRNA is detected in cere-
brospinal fluid mononuclear cells, and myelin reactive Th17+

cells are also enriched [73]. Indeed, Th17+ cells from MS
patients produce high amounts of IL-22 and IFNγ and have
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Figure 2: Linking Th17 cells and IL-17 to infection and autoimmunity.

Table 2: Clinical aspect of therapies targeting the IL-17 pathway.

Disease Sera Biopsies Cell type
SNPs or
mutations

Therapy targeting Th17
pathway

Reference

Multiple sclerosis

IL-17A mRNA is
detected in
cerebrospinal fluid
mononuclear cells

Myelin-reactive
Th17+ cells are
enriched and express
high IL-22 and IFNγ

Anti-p40 subunit of IL-12/23
(ustekinumab) (no effect)

[73–75]

Rheumatoid
arthritis

IL-17 ↑ IL-17 ↑
Synoviocytes express
IL-1b and IL-6 in
response to IL-17

Anti-IL-6R (Tocilizumab); IL-
1 receptor antagonist (anakin-
ra); anti-IL17 (LY2439821, oth-
ers)

[69, 72, 76–78]

Systemic lupus
erythematosus

IL-17 ↑ IL-17 ↑ [18, 70, 71]

Psoriasis
IL-17A, IL-22, and
IL-23 ↑

CD8+ T cells secreting
IL-17 and IL-22
(Tc17 and Tc22,
respectively)

IL-23
pathway

Anti-p40 subunit of IL-12 and
IL-23 (ustekinumab)

[79–82]

Inflammatory
Bowel disease

IL-23
pathway

[83]

Crohn’s disease
IL-17+ (RORγT+

IL-23R+ and
CCR6+cells) ↑

Th17 (CD161+CD4+

T cells)

Anti-IL-6R (Tocilizumab); anti-
p40 subunit of IL-12/23 (us-
tekinumab)

[76, 84–86]

the ability to cross the blood brain barrier, which likely con-
tributes to the mechanism of disease pathology [74].

Moreover, CD8+ T cells secreting IL-17 and IL-22 (Tc17
and Tc22, resp.) are thought to mediate pathogenic inflam-
mation in psoriasis. In fact, IL-17A, IL-22, and IL-23 are
elevated in psoriatic skin, and IL-17A together with TNFα
induces the expression of genes involved in psoriasis in
human keratinocytes [79, 80]. Furthermore, single-nucleo-
tide polymorphisms (SNPs) in genes involved in IL-23 sig-
naling (IL23A, IL23R, and IL12B) are also associated with
psoriasis [87]. In addition, uncommon Il23r variants inverse-
ly correlated with susceptibility to IBD have also been found
in IBD patients [83].

A significantly higher number of IL-17+ cells is detected
in disease-affected gut areas compared to healthy areas of the
same subjects with Crohn’s disease (CD) [84]. These cells

express RORγT and are IL-23R+ and CCR6+. Functionally,
they are capable of providing B-cell help, display low cyto-
toxic ability, and are resistant to Foxp3+ Treg suppression.
Together this data demonstrates that Th17+ cells are indeed
detected in the inflamed tissues of CD patients. An additional
marker for Th17 cells in humans could be the C-type lectin-
like receptor CD161, which has recently been described to
promote T-cell expansion and is expressed on a discrete
subset of human CD4+ T cells in circulation and in the gut of
CD patients [85]. CD161+CD4+ T cells display an activated
Th17 phenotype as indicated by increased expression of IL-
23R and production of IL-17 and IL-22.

Biologic therapeutics blocking pathways implicated in
Th17 development or blocking IL-17 itself are currently be-
ing developed. An anti-IL6 receptor antibody (tocilizumab,
Hoffmann-La Roche and Chugai) is currently used to treat
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RA and Crohn’s disease [76], while ongoing clinical trials
are being developed by diverse biotechnology and pharma-
ceutical companies. While IL-6 signaling is important for
Th17 development, it remains unclear if the mechanism of
action of this blocking antibody is through prevention of
Th17 development.

IL-1 receptor antagonist (anakinra) has been successfully
used in treatment of RA [77] and the mechanism of action
could be mediated by reduction of Th17+ cells, although
IL-1R signaling affects several immune pathways. Further
studies are required to determine if Th17 cells are affected
by either of these therapies.

In addition, blockade of IL-23 signaling using a mono-
clonal antibody (ustekinumab) against the p40 subunit of
IL-12 and IL-23 has been shown to be effective in Crohn’s
disease, psoriasis and psoriatic arthritis with results similar
to those seen when blocking IL-6 or TNFα [81, 82, 86]. This
antibody has no substantial effect as a therapy for MS despite
several preclinical studies using the EAE model in mice
[75], providing additional evidence that findings generated
in animal studies need to be verified using human samples in
order to be validated.

A humanized antibody blocking IL-17A is being devel-
oped to treat RA (LY2439821, Eli Lilly)[78], and phase I
clinical trials showed positive results. Another humanized
anti-IL-17 antibody is being developed for the treatment of
RA, psoriasis, and uveitis [88]. Patients treated with this anti-
body show a similar reduction in symptoms to those treated
with the anti-TNF blocking antibody infliximab (Remi-
cade), validating IL-17A as a strong mediator in inflamma-
tory autoimmune diseases.

Paradoxically, recent studies suggest that IL-17 could
have a protective role in atherosclerosis [89] and that Th17
cells seem to regulate autoimmune manifestations associated
with AIRE deficiency. Similarly, chronic mucocutaneous
candidiasis is associated with elevated Th17 cytokines in
APECED patients, further linking the Th17 pathway with
autoimmunity [90].

8. Adult Onset Still’s Disorder and Th17

Adult onset Still’s disorder (AOSD) is an inflammatory auto-
immune disorder characterized by high spiking fever, evanes-
cent rash, arthritis, hepatosplenomegaly, variable multisys-
temic involvement, and laboratory abnormalities that in-
clude neutrophilic leukocytosis and hyperferritinaemia [91,
92]. It has been shown that proinflammatory cytokines IL-
1β, IL-6, and IL-18 are elevated in AOSD patients [93–96]. As
described above, these cytokines are associated with inducing
and maintaining Th17 function. To test if Th17 cells were
elevated in AOSD patients, Chen et al. performed intracel-
lular cytokine staining and flow cytometry to assay for Th17
cells in peripheral blood. In this study, it was found that
Th17 cells are significantly elevated in patients with active
untreated AOSD compared to healthy volunteers. Further,
the cells decrease nearly 10-fold during clinical remission
and serum levels of ferritin decrease as well [97]. The fre-
quencies of Th17 cells are similarly elevated in patients with
active SLE, which was previously shown to have increased

Th17 cells [98]. Furthermore, the frequency of Th17 cells was
positively correlated with levels of Th17-related cytokines
(IL-17, IL-1β, IL-6, IL-18, IL-21, and IL-23) and with disease
activity score based on serum ferritin levels. Interestingly,
the frequency of Th17 cells was reduced in patients after
corticosteroid (CSs) and nonsteroidal anti-inflammatory
drug (NSAIDs) therapy that were in remission phase. This
new study shows a correlation between Th17 cells and disease
progression; however, it remains unknown if Th17 cells are
part of the pathogenic mechanism in development of AOSD.

An additional autoimmune disease in which the Th17
pathway has been implicated is childhood Henoch-Schönlein
purpura (HSP), a common childhood systemic vasculitis in
which increased frequency of peripheral Th17 cells and se-
rum IL-17 levels occur [99]. There is also evidence from
mice suggesting that Th17 cells contribute to autoimmune
myocarditis development [100–102].

9. Conclusion

Substantial progress in understanding Th17 development
and the effects of IL-17 signaling in immune responses has
revealed high potential for targeting this pathway in immune
pathologies. The ability to target or redirect T-cell lineage
development can greatly ameliorate autoinflammation in
preclinical models. However, a better understanding of the
cytokines involved in the induction of Th17 differentiation
and the balance between Th17 versus Treg and Th1 devel-
opment during infection or autoimmunity requires further
investigation. Finally, linking relevant animal disease models
with clinical studies could improve our understanding of
how these cells contribute to disease pathogenesis.
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