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Abstract Adult-onset Still’s disease (AOSD) is a rare inflammatory disease characterized by the classical triad of daily
fever, arthritis, and typical salmon-colored rash. Recent accumulation of knowledge, mostly arising from hereditary
autoinflammatory diseases and from the systemic-onset juvenile idiopathic arthritis (sJIA), has given raise to new
hypotheses on the pathophysiology of AOSD. In this review, we first discuss on the continuum between AOSD and sJIA.
Then, we summarize current hypotheses on the underlying pathogenesis: (1) an infectious hypothesis; (2) an autoin-
flammatory hypothesis; (3) a lymphohistiocytic hypothesis; and (4) a hyperferritinemic hypothesis. Finally, we present the
recent data suggesting that patients with AOSD fall into two distinct subgroups with different courses, one with prominent
systemic features and one with chronic arthritis.
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Introduction

Adult-onset Still’s disease (AOSD) is a rare inflammatory
disorder characterized by the classical triad of daily fever,
arthritis, and typical salmon-colored rash. The epidemiol-
ogy, diagnostic criteria, classification, and treatment of
AOSD have been reviewed recently [1]. Yet, the patho-
physiology of this disease remains obscure and the iden-
tification of an etiologic trigger is still lacking. Over the
last decade, the understanding of cellular mechanisms that
contribute to mounting effective and balanced immune
responses has greatly improved. One striking event was the
characterization of autoinflammatory disorders leading to a
renewed classification of immune-mediated rheumatic
diseases [2]. Data from genetic and immunologic studies,
together with clinical trials of biologic treatments, have
also contributed to gain a better understanding of AOSD
pathophysiology.

The juvenile Still’s disease, now preferentially called
systemic-onset juvenile idiopathic arthritis (sJIA), is con-
sidered as a subtype of juvenile idiopathic arthritis (JIA) [3].
However, evidence suggests that sJIA should be considered
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apart from this spectrum of diseases because of clear dif-
ferences in epidemiology, clinical manifestations, patho-
physiology, and response to treatment [4]. Indeed, sJIA is
more likely to belong to the autoinflammatory diseases
following the same continuum as AOSD. However, whether
sJIA and AOSD are the same disease or not is still a matter of
controversy. The higher incidence of sJIA, as compared to
AOSD, certainly accounts for the much more extensive
knowledge of the juvenile counterpart.

The first part of this review deals with the differences
and similarities between AOSD and sJIA. Then, we discuss
the various pathophysiological hypotheses arising from
recent studies on both diseases. Finally, we expose new
data suggesting that patients with AOSD fall into two
distinct subgroups (i.e., one with prominent systemic fea-
tures and one with chronic arthritis).

Are AOSD and SOJIA the same disease?

Historical considerations may serve as an introduction to
this old debate. Indeed, when he first described 22 children
with sJIA and named the disease, in 1897, George Frederic
Still did not know that an adult with similar symptoms had
been reported 1 year earlier [5]. It is only in 1971 that By-
waters reported 14 adult cases and defined AOSD, on the
basis of resemblance in clinical and laboratory features [6].

Apart from these considerations, a comparison of the
epidemiology, genetic, clinical presentation, and course
(shown in Table 1) seems sufficient to convince that AOSD
and sJIA are the same disease [7, 8]. Both belong to a
continuum that affects children and, to a lesser extent,
young adults. However, some differences are reported.

Indeed, by comparing 95 AOSD and 25 sJIA, Pay et al.
[9] have described more frequent fever, skin rash, myalgia,
sore throat, and weight loss in adults. Liver dysfunction and
neutrophilia were also more frequent in adults. Surprisingly,
polycyclic sJIA dominated the childhood cases, whereas
adults had more frequent chronic course. However, these
results were rather inconsistent with previous studies [8, 10].

Other differences have been more repeatedly reported.
For example, whereas the sex ratio is around 1 in sJIA,
women are more likely to be affected by AOSD than men
(70 vs. 30 % in rheumatologic cohorts) [11, 12]. This
difference could reflect hormonal influence, which is fur-
ther supported by recurrences or flares during pregnancy
and postpartum [13]. As children are quite prevented from
hormonal influence before puberty, this could explain the
similar occurrence in boys and girls.

Seasonality has been described for sJIA [14], and most
authors have considered this variation as an argument for
an infectious trigger [15]. In addition, seasonality has also
been reported in AOSD [16]. The higher incidence in
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Table 1 Comparison of sJIA and AOSD characteristics [7, 8, 100]

Features SJIA AOSD
Genetic
Associated HLA Bw35, DR2, DR4, Bw35, DR2,
DRS, Dw7 DR4, DRBI,
Dw7
Polymorphisms MIF, IL6, IL1S, MIF, IL1S8
TNF-o
Epidemiology
Sex ratio female/male 171 70/30
Incidence (/100,000/year) 1.6-23 0.16-0.4
Seasonality +++ +
Clinical presentation
Daily spiking fever 99 % 94 %
Salmon rash 90 % 87 %
Arthritis 95 % 93 %
Sore throat 15 % 70 %
RES hypertrophy 40-70 % 50-70 %
Serositis 20-50 % 20-40 %
Laboratory findings
WBC count >10,000/1nm3 90 % 86 %
Elevated ESR 95 % 96 %
Autoantibodies No No
Association with No No
MHC class II
Autoreactive T cells No No
Association with MAS 7-10 % 12-17 %
Evolution
Monocyclic form 40 % 30 %
Polycyclic form <10 % 30 %
Chronic form >50 % 40 %
Carpal ankylosis 28-50 % 45-55 %
Destructive arthritis 30 % 20-25 %
Amyloidosis Possible Possible
Treatment
Cortiscosteroids efficacy 50 % 60 %
Response to anakinra 50-100 % 50-100 %
Response to tocilizumab 71-85 % 60-80 %
Response to anti-TNF 30 % 25 %

HLA human leukocyte antigens, RES reticuloendothelial system,
WBC white blood cells, ESR erythrocyte sedimentation rate, MAS
macrophage activation syndrome, MHC major histocompatibility
complex, TNF tumor necrosis factor

children could result from a greater exposure to infectious
agents that are typically encountered in childhood and a
relative immune immaturity while encountering an antigen
for the first time. Conversely, the extremely low incidence
of AOSD in elderly patients may be explained by immune
system senescence or by a higher protection against
infectious agents by memory cells.
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Taken together, these data suggest that sJIA and AOSD
are the two expressions of the same disease in different
hosts. Children may simply be reacting differently as the
result of the first encounter of putative antigens with a more
naive immune system.

Is AOSD an infectious disease?

The initiation of AOSD by an environmental trigger, likely
a pathogen, has been suspected because of the infectious-
like clinical presentation. The increased incidence in chil-
dren and the seasonality of the disease support this
hypothesis. As in sJIA, numbers of viruses and bacteria
have been isolated in AOSD patients [17-19]. So far, no
single environmental trigger has been identified and the
lack of an obvious candidate could point to multiple
common agents being capable of initiating AOSD. It is
proposed that infection(s) can trigger deregulated immune
pathways in a genetically predisposed host. This hypothesis
can be further suggested by the different courses of AOSD;
the monocyclic form being secondary to a unique infection
that completely resolves, the polycyclic form resulting
from infection/reinfection by different pathogens, and the
chronic form being due to chronic infection. In the latter
situation, the impossibility for the host to get rid of an
antigen may induce a chronic course of AOSD.

Overall, AOSD does not seem to be an infectious dis-
ease, but rather an autoinflammatory disease, in which
infectious or environmental agents may trigger flare-ups.

The autoinflammatory hypothesis
AOSD and autoinflammation

Autoinflammatory diseases affect primarily the innate
immune system and are characterized by an inappropriate
activation of the phagocytes [20]. Historically, this group
comprised Mendelian-inherited single-gene defects disor-
ders, such as cryopyrin (NLRP3)-associated periodic syn-
dromes (CAPS), TNF receptor-associated periodic
syndromes (TRAPS), and familial Mediterranean fever [2,
21]. They are characterized by the absence of specific
autoantibodies or autoreactive T cells. Like AOSD, the
common clinical features include recurrent fever and
multisystem inflammation with skin rash, serositis, and
arthritis. Later in life, they may also be complicated by
amyloidosis. As in AOSD, a dramatic response to IL-1
blockade is characteristic of autoinflammatory disorders
[22, 23]. Nevertheless, some features seem to differentiate
AOSD: the longer duration of the exacerbations and the
strong association with macrophage activation syndrome

(MAS) [24, 25]. Although some classifications include
MAS as an autoinflammatory disorder per se [2], the latter
is less likely to occur in the setting of other autoinflam-
matory diseases than in association with AOSD. Further-
more, most of the autoinflammatory diseases are inherited
and due to mutations in a single gene, whereas AOSD does
not cluster in families, ethnic groups, or geographic areas.
Thus, sJIA and AOSD have been classified as multigenic
(or complex) autoinflammatory disorders.

Genetics

Consistent with this classification, strong associations with
MHC class II are lacking in AOSD, although in some
populations association with HLA-DR4, HLA-Bw35, or
HLA-DRBI have been occasionally observed [26, 27].
Polymorphisms have been described in genes encoding
innate immunity-associated factors and cytokines, such as
IL-6, IL-1a, IL1-RN, macrophage inhibitory factor (MIF),
or TNF in patients with sJIA [28-30] and IL-18, or MIF in
patients with AOSD [31, 32]. Loss-of-function variants in
P2RX7, which encodes an ATP receptor that regulates IL-1
processing and secretion, have also been reported [33].

Interestingly, no mutation in the genes involved in
hereditary autoinflammatory diseases (i.e., NLRP3, NOD2,
MEFYV, or PSTPIPI) has been associated with AOSD [34].

Overall, these polymorphisms are anecdotal but are very
likely to have low penetrance. Thus, their contribution to
AOSD pathogenesis remains elusive. Conversely, heredi-
tary autoinflammatory diseases have single highly pene-
trant mutations. Taken together, these data suggest a
multigenic pattern in AOSD.

Activation of innate immune pathways

AOSD is marked by prominent neutrophil and macrophage
activation, whereas adaptive immunity has a more limited
role. Levels of the neutrophil activation marker CD64 and
CXCL-8, a chemokine that mobilizes and activates neu-
trophils, are increased in AOSD [35, 36]. Many markers
reflecting the activation of monocyte lineage are correlated
with AOSD activity. Macrophage-colony stimulating fac-
tor (M-CSF) and interferon (IFN)-vy, together with calpro-
tectin, MIF, and intracellular adhesion molecule-1 (ICAM-
1) have also been reported as useful markers for AOSD
activity [35, 37].

In sJIA, there is an upregulation of innate immune
receptors, such as the Nod-like receptor (NLR) NLRC4 and
the Toll-like receptor (TLR)5 [38—40]. The TLR7-MyD88
pathway, leading to neutrophil recruitment and Thl7
response, is also activated in the dendritic cells of AOSD
patients [41, 42]. TLR4 is involved in sJIA pathophysiol-
ogy through the recognition of S100 calcium-binding
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Fig. 1 Current conception of adult-onset Still’s disease pathogenesis.
Environmental signals (pathogen-associated molecular patterns,
PAMPs; or danger-associated molecular patterns, DAMPs) set fire
to the innate immune receptors (Toll-like receptors, TLRs; or Nod-
like receptors, NLRs), which in turn trigger the activation and
secretion of inflammatory cytokines (i.e., IL-1B, IL-18, IL-6).
Subsequently, Thl and Thl7 adaptive responses are mounted.

proteins [43]. These inflammatory endogenous factors are
produced in excess and secreted by activated neutrophils
and monocytes. High levels of circulating S100 proteins
are a hallmark of active disease. S100-A8/S100-A9 com-
plex triggers TLR4 pathway, leading to an enhancing
feedback loop involving inflammatory cytokines, such as
IL-1pB (Fig. 1).

In addition, NLRP3, the well-known receptor triggering
inflammasome formation and subsequent processing of IL-
1B and IL-18, is highly suspected to play a major role in
AOSD [44, 45]. Inflammasomes are multiprotein com-
plexes whose activation depends on the recognition of
various stimuli such as pathogen-associated molecular
patterns (PAMPs) or danger or damage-associated molec-
ular patterns (DAMPs) [46]. Recent publications have
suggested that an abnormal inflammasome pathway could
be involved in AOSD pathophysiology.

Antoniou et al. [47] have recently provided evidence for
an increased NLRP3-mediated IL-1p production in one
case of atypical AOSD. This response was markedly
decreased after remission, which is reminiscent of patients
with CAPS. Pascual et al. [38] gave the most striking
argument for an involvement of IL-1B-processing pathway,
showing that peripheral blood mononuclear cells of healthy
subjects incubated with serum from sJIA patients secrete
large amounts of IL-1f and strongly express the genes of
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Downstream of IL-1p and IL-18, IL-8, IL-6, and TNF-o,, along with
IL-17, are responsible for the clinical manifestations observed in
adult-onset Still’s disease. In AOSD, natural killer cells (NK) cells
have deficient cytotoxic functions. NK-mediated IFN-y production
results from IL-18 stimulation and increases macrophage activation,
leading to reactive hemophagocytic lymphohistiocytosis (reHLH), a
life-threatening complication of AOSD

innate immunity. These observations suggest that an as-yet
unknown trigger-molecule (“activator”) is present in the
serum of patients and acts as a danger signal.

Other pathways leading to autoinflammation have also
been described and need to be explored in the setting of
sJIA/AOSD [48-51]. All are susceptible to activate the
inflammasome pathway. These include the endoplasmic
reticulum stress, abnormal proteostasis through proteasome
or immunoproteasome defects, and the ATP/P2X7R path-
way [52].

Cytokines

Consistent with an inflammasome pathway deregulation,
IL-1B, and IL-18 are central cytokines involved in AOSD
pathophysiology.

Interleukin-1f, which is elevated in the serum of sJIA
and AOSD patients, can upregulate its own transcription, as
well as that of IL-6 [53]. This cytokine is responsible for
systemic inflammation and can stimulate the destruction of
cartilage and bone. Compelling evidence for IL-1B
involvement in AOSD has mostly emerged from the dra-
matic efficacy of IL-1-inhibiting treatments [54, 55].
Concurrent with the clinical response, many disease-asso-
ciated changes in gene expression in mononuclear cells
revert to normal. Also, if given as first-line therapy, in
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sJIA, IL-1 inhibitors can prevent the development of per-
sistent arthritis [56]. Thus, IL-1 is likely to drive the dis-
ease onset in AOSD. Moreover, the reduced efficacy of IL-
1 inhibitors in patients who have already refractory arthritis
suggests that IL-1-independent mechanisms arise later in
the course of an uncontrolled disease [15].

High levels of IL-18 are observed in the serum, synovial
biopsies, lymph nodes, and liver of sJIA and AOSD patients
[35, 57, 58]. IL-18 (also known as IFN-y-inducing factor)
triggers Th1 response and induces the secretion of IFN-y by
cytotoxic CD8+ and natural killer (NK) cells. Thus, IL-18 is
suggested to play a major role in reactive hemophagocytic
lymphohistiocytosis (reHLH) initiation (detailed “The
hemophagocytic lymphohistiocytosis hypothesis™ in section).

Other cytokines, such as IL-6 or TNF-o, that are
downstream of IL-1B and IL-18, are also involved in
AOSD pathogenesis [35, 59]. Levels of IL-6 are increased
in skin specimens and serum of the patients. The effects of
IL-6 account for systemic features and for articular mani-
festations, as it is released by chondrocytes [60]. Notably,
neutralizing IL-6 with tocilizumab has led to clinical
improvement both on systemic and articular features of
AOSD and sJIA [61-63]. In sJIA, response to tocilizumab,
an IL-6 blocker, is associated with upregulation of cartilage
oligomeric matrix protein (COMP), a marker of cartilage
turnover [64].

TNF-a levels are also increased in sera and tissues from
AOSD patients but are not correlated with disease activity
[65]. Moreover, anti-TNF-a therapy has yielded rather poor
results in patients with either sJIA or AOSD [1].

Finally, IL-17, an inflammatory cytokine that amplifies
inflammation, stimulates the production of neutrophil-
recruiting chemokines (including CXCL-8), and enhances
granulopoiesis and myelopoiesis, seems to play an impor-
tant role in the development of AOSD-related arthritis. The
differentiation of naive T cells into Th17 cells, producing
IL-17, is supported by several cytokines including IL-18,
IL-1B, IL-6, and IL-23. Recently, Chen et al. [42] have
shown that circulating Th17 cells are significantly higher in
patients with active untreated AOSD than in healthy con-
trols. The levels of Th17 cells correlated with disease
activity, ferritin, and response to treatment. Linking IL-17
with autoinflammation, some gain-of-function mutations of
the NLRP3 gene have been shown to lead to increased
Th17 differentiation [66]. However, it is still unknown
whether Th17 cells are part of the pathogenic mechanism
or only downstream of other more complex mechanisms.

Taken together, these data indicate that some mecha-
nisms, which are usually associated with monogenic au-
toinflammatory diseases, are defective in AOSD. The
initial trigger and the exact deregulated mechanisms have
still to be discovered. Newly described pathways involved
in autoinflammation have also to be explored.

Nevertheless, it is not impossible that various signals set
fire to multiple defective pathways leading to the wide
spectrum of clinical manifestations and courses of sJIA and
AOSD.

The hemophagocytic lymphohistiocytosis hypothesis

Macrophage activation syndrome is a cytokine storm syn-
drome characterized by acute inflammation, fever,
peripheral cytopenias, organomegaly, hyperferritinemia,
hepatitis, and hemophagocytosis [93, 94]. Now, MAS is
preferentially termed reHLH, as it is classified within a
group of histiocytic disorders collectively known as HLH.
In addition to reHLH, this group comprises the familial
HLH (FHLH), a constellation of rare autosomal recessive
disorders. In FHLH, the uncontrolled expansion of T cells
and macrophages has been linked to decreased NK and
cytotoxic CD8+ cell function [67]. The best-characterized
ones are associated with deficiency in perforin, MUNCI3-
4, syntaxin 11, or Rab27a. All these proteins are part of the
network that enables the release of the content of cytotoxic
granules from CD8+4 or NK cells into infected/target cells.
Two hypotheses have been proposed to explain how defi-
cient cytotoxicity leads to HLH [68, 69]. In the first
hypothesis, deficient NK and cytotoxic cells fail to kill
infected cells, leading to persistent antigenic stimulation
and proliferation of T cells. This results in escalating
production of cytokines that stimulate macrophages. In the
other hypothesis, abnormal NK and cytotoxic cells fail to
provide appropriate apoptotic signals to remove activated
macrophages and T cells during the contraction stage of
immune response. Following continuous stimulation by
inflammatory cytokines, mostly IFN-y, macrophages
become hemophagocytic [68].

The association of AOSD with reHLH is supported by
many clinical and laboratory findings. Indeed, reHLH and
sJIA/JAOSD share high fever, hepatosplenomegaly, lym-
phadenopathy, liver dysfunction, hyperferritinemia, and
coagulopathy. The main difference between the two dis-
eases is the neutrophil count, which is elevated in AOSD,
whereas it is low in reHLH. Moreover, during AOSD, the
decrease in leukocyte count may indicate the onset of
reHLH. The skin rash is present in >90 % of AOSD,
whereas it is less common in reHLH (about 45 %) [24, 70].
Furthermore, overt reHLH has been shown to complicate
7-10 and 12-17 % of sJIA and AOSD, respectively [15,
24, 71]. Evidence for occult reHLH in a substantial pro-
portion of patients with sJIA or AOSD (up to 50 %) sup-
ports the possibility that HLH and sJIA/AOSD could
represent a continuum of severity [72, 73].

Some functional abnormalities have been associated
with polymorphisms in the FHLH-associated genes,
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including PRF1 and MUNCI3-4 [74, 75]. Likewise, poly-
morphisms in IRF5, which encodes an IFN regulatory
factor and may promote inflammatory macrophage polari-
zation and Th17 response, have been associated with sus-
ceptibility to sJIA with reHLH but not without reHLH [76].
Thus, evidence suggests that AOSD with reHLH might
belong to the HLH spectrum, with genetic defects accu-
mulating in multiple genes.

Consistent with genetics, deficient NK cell cytotoxicity
distinguishes sJIA from other subtypes of JIA [77]. Cyto-
toxic dysfunction has also been reported in AOSD patients
and correlated with the disease activity, as it improved
during efficient treatment of AOSD [78-80]. Recently, NK
cell dysfunction has been associated with defective sig-
naling by the IL-18 receptor [81]. Indeed, this cytokine
plays a major role in priming CD8+4- and NK cells, leading
to IFN-vy secretion and hemophagocytic transformation of
macrophages [81]. As stated above, high serum levels of
active IL-18 are observed in active AOSD, as in HLH. The
bioactivity of IL-18 is regulated by its soluble decoy
receptor, IL-18BP. It has been hypothesized that a dereg-
ulated imbalance between levels of IL-18 and IL-18BP was
a leading cause of HLH [82].

Downstream IFN-vy activates macrophages to turn them
into hemophagocytes and to produce inflammatory cyto-
kines, such as TNF or IL-6. Serum levels of IFN-y are higher
in AOSD with reHLH than without [83]. Liver biopsies from
patients with reHLH also demonstrated massive infiltration
by IFN-y-producing CD8+ cells and hemophagocytes [84].
Compared to that of IL-18, the role of IL-1 in HLH remains to
be demonstrated. Nevertheless, inhibiting IL-1 is an effec-
tive therapy for sJIA-associated reHLH [71].

Finally, a very recent observation has linked NLR-
mediated autoinflammation and HLH [85]. A 7-year-old
girl presented with features of HLH overlapping with some
of sJIA, i.e., recurrent episodes of fever, splenomegaly,
occasional evanescent rash, and massive hyperferritinemia.
However, articular involvement was not mentioned and
laboratory tests showed pancytopenia. She had no NK
dysfunction and no mutation in genes associated with
FHLH or monogenic autoinflammatory diseases. Instead, a
gain-of-function mutation in the gene encoding NLRC4, an
inflammasome receptor, was found. The levels of circu-
lating IL-1pB and IL-18 were elevated even during clinical
quiescence. Therapy with IL-1 inhibitors resulted in rapid
improvement. This new observation reinforces the link
between autoinflammation, HLH, and sJIA/AOSD.

The defective immunoregulation hypothesis

Interestingly, anti-inflammatory responses are stimulated in
active AOSD, presumably in an attempt to quell
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inflammation [15]. In untreated early disease, there is an
upregulation of genes encoding negative regulators of
innate immunity, such as IL-1Ra, IL10, and SOCS3 [86].
IL-10 has immunoregulatory and anti-inflammatory
effects, both on innate and adaptive immunity. Although
elevated compared with inactive disease, the levels of
serum and synovial IL-10 are lower during active sJIA than
during active poly-articular JIA [87]. Thus, the anti-
inflammatory IL-10 response may be deficient in sJIA. In
accordance, some polymorphisms of IL-10, associated with
decreased function, have been reported in sJIA [29]. Such
data are not available in AOSD.

The activation of anti-inflammatory mechanisms is also
supported by the M2-polarization of macrophages from
patients with sJIA [39, 86, 88]. Contrary to classically acti-
vated macrophages (M1) that are highly proinflammatory,
M2 macrophages are intended to resolve inflammation,
perform scavenger functions, and promote tissue repair. The
M2 polarization results from stimulation by anti-inflamma-
tory cytokines, such as IL-4 or IL-10. Macrophages with M2
phenotypes are associated with Th2 response and are more
resistant to apoptosis, like sJIA macrophages [89]. Hemo-
phagocytic bone-marrow macrophages, observed in occult
or overt reHLH, express the CD163, a marker of M2 polar-
ization [72]. As M2 polarization is a deactivating program, it
is likely induced to suppress the inflammation. Nevertheless,
none of these mechanisms seem to be sufficient to resolve the
inflammation in sJIA/AOSD.

In addition, the regulatory T cells (Treg) pathway is
another anti-inflammatory mechanism that might be defi-
cient in sJIA/AOSD [90]. Indeed, circulating Treg and
transforming growth factor (TGF)- are inversely corre-
lated with AOSD activity and the overall number of Treg is
reduced in active sJIA.

Finally, several reports have shown a continued
expression of activation markers while sJIA/AOSD was
inactive, thus suggesting that quiescence in sJIA/AOSD
may only represent a state of compensated inflammation
[91]. This has been derived from observations of elevated
levels of monocyte surface markers (CD14 and CD16),
serum amyloid A, MIF, and IL-18.

Taken together, these results suggest that the patho-
physiology of sJIA/AOSD may result not only from the
unchained activation of proinflammatory mechanisms but
also from defects in the immunoregulation.

The “hyperferritinemic syndrome” hypothesis

Recently, some authors have proposed to gather four dis-
eases that share similar clinical and laboratory findings and
are associated with massive hyperferritinemia into the
“hyperferritinemic syndrome” [92]. These four diseases
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are reHLH, AOSD, catastrophic antiphospholipid syn-
drome, and septic shock. Indeed, there is increasing evi-
dence that ferritin not only reflect the acute phase response
but may play critical proinflammatory functions [93].
Indeed, in hepatic stellate cells, exogenous ferritin was
shown to activate the NF-xB pathway, leading to proin-
flammatory cytokine production, including IL-18 [94].
Mostly, high ferritin levels may contribute to the devel-
opment of a cytokine storm through a loop mechanism
where the inflammatory properties of ferritin are exacer-
bated. The high levels of ferritin observed during inflam-
mation result from increased production by histiocytes/
macrophages and increased release from damaged hepa-
tocytes. Many cytokines regulate the ferritin synthesis; IL-
1B, IL-18, TNF-a, IFN-y, and IL-6 have been reported to
stimulate ferritin production. Interestingly, all these cyto-
kines are involved in AOSD pathogenesis, where their
levels positively correlate with disease activity, as do fer-
ritin levels. During AOSD, ferritin levels are higher than in
several other autoimmune, inflammatory, infectious, or
neoplastic diseases. A threshold of five times the normal
value is suggestive of AOSD [95]. Nevertheless, serum
ferritin is of limited value in diagnosing AOSD but may be
useful to monitor disease activity. Conversely, low gly-
cosylated ferritin (i.e., <20 %) is considered as a major
criterion in Fautrel’s classification for the diagnosis of
AOSD [96]. However, low glycosylated ferritin may also
be associated with reHLH due to other underlying condi-
tions [70]. Yet, the exact role of ferritin and its iso/apo-
forms remains to be further characterized.

Two subsets of sJIA/AOSD

Very recently, it has becoming increasingly apparent that
patients with sJIA/AOSD fall into two distinct subsets:

THE TWO SUBTYPES OF STILL’S DISEASE

SYSTEMIC SUBTYPE = MAS SUBTYPE ARTHRITIS SUBTYPE
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Treg Ferritin ? IL-6 Treg
1L-10 IFN-0/B N 110
L4 | €—
IFN-y 22 IFN-y 3
Autoinflammation +++ Autoinflammation +/-
NK / CD8+ cell dysfunction +++ NK / CD8+ cell dysfunction +/-

IL-1 inhibitors +++ ‘ IL-6 inhibitors +++

IL-18 inhibitors ? TNF-a inhibitors +/-
IFN-y inhibitors ? IL-17 inhibitors ?

Fig. 2 The two subtypes of AOSD

those presenting with systemic features (including
increased reHLH occurrence) and those presenting with
prominent arthritis. These findings are supported by
molecular evidence, cytokine profiles, clinical course, and
response to treatment (Fig. 2).

The analysis of transcription profiles in blood mononu-
clear cells from sJIA patients has revealed a correlation
between the «systemic» group and upregulation of the
genes of granulopoiesis and innate immunity [86]. Clinical
and laboratory findings also distinguish between these two
groups; hepatitis, thrombocytopenia, reHLHL, and hy-
perferritinemia are associated with the «systemic» group,
whereas arthritis and thrombocytosis are associated with
the «arthritis» group. Accordingly, data from patients or
animal models have associated IL-18, IFN-vy, IL-10, and
IL-4 with the «systemic» group, whereas the «arthritis»
group was associated with IL-6, IL-17, and IL-23 [83, 97,
98]. For example, in the study by Ichida et al., serum fer-
ritin and IL-18 were lower in AOSD patients with a
rheumatoid-arthritis-like presentation (i.e., the «arthritis»
group) [98]. The role of IFN-y needs to be further defined
as it seems that either too much or to few IFN-y may
contribute to the imbalance between the two groups [99].
Finally, when grouped by IL-1Ra response, non-responders
were more likely to have arthritis, whereas other parame-
ters like serum ferritin were comparable [33]. As stated
above, neutralizing IL-6 with tocilizumab leads to both
systemic and articular improvement, whereas IL-1 blockers
are less effective on articular features [1].

These early data need to be further assessed in larger
cohorts since they may be of the utmost importance for the
treatment of AOSD patients. Indeed, identifying AOSD
subgroups may lead, in the future, to more personalized
treatments by proposing more specific cytokine blockers
[12]. One may also ask the question of two different dis-
eases, rather than two subgroups of the same disease. In the
near future, basic and clinical studies should try to answer
this pending question.
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