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cells, SOX9 promoter activity was 2.3-fold higher in
forskolin-treated cells than in vehicle-treated cells,
whereas SOX9 promoter activity was 2-fold lower in
5Q22536-treated cells than in vehicle-treated cells (Fig-
ure 6B). Similar effects were observed in wild-type
chondroprogenitor cells, although they were less pro-
nounced. These data correlated well with the effects of
forskolin and SQ22536 on SOX9 mRNA expression. We
also examined the effects of forskolin and SQ22536 on
3-D chondrocyte pellet formation (Figure 6C). Com-
pared to pellets of vehicle-treated mutant cells, pellets of
mutant cells treated with forskolin and SQ22536 were
2.0-fold larger and 2.1-fold smaller, respectively. Similar
effects were observed in wild-type cells, although they
were less pronounced. These data clearly indicate that
up-regulation of SOX9 following activation of adenylate
cyclase is involved in the enhanced chondrogenesis of
mutant iPSCs.

We next measured the cAMP concentration to
demonstrate that the activity of adenylate cyclase is
increased in mutant chondroprogenitor cells. The con-
centration of cAMP was 4-fold higher in mutant chon-
droprogenitor cells than in wild-type chondroprogenitor
cells on days 15 and 36 (Figure 6D). By contrast, the
concentration of cAMP was similar in mutant and
wild-type iPSCs, in which NLRP3 expression was low.

Finally, we examined the level of phosphorylated
CREB in chondroprogenitor cells. CREB is phosphor-
ylated by cAMP-activated PKA. According to Western
blot analysis, the level of phosphorylated CREB was
higher in mutant chondroprogenitor cells than in wild-
type chondroprogenitor cells on days 15 and 36 (Figure
6D). Taken together, these data indicate that the cAMP/
PKA/CREB pathway plays an important role in the
up-regulation of SOX9, and therefore enhanced chon-
drogenesis, in chondroprogenitor cells with mutant
NLRP3 (Figure 6E).

DISCUSSION

Disease-specific iPSCs have been used exten-
sively to investigate the pathogenesis of diseases and to
discover novel drugs. This approach is particularly useful
to study rare diseases because tissues are often difficult
to obtain from patients with such diseases. In this study,
we used disease-specific iPSCs to study NOMID. Using
this approach, we produced chondrocyte tissues with
mutant and wild-type NLRP3, and revealed a previously
unidentitied connection between the inflammasome-
associated molecule NLRP3 and the master regulator of
chondrocyte differentiation SOX9.

SOX9 was up-regulated during the differentia-
tion of iPSCs into chondrocytes, and this was particularly
pronounced in mutant iPSCs. During cartilage develop-
ment, SOX9 is highly expressed in immature chondro-
cytes and is required for the condensation and differen-
tiation of mesenchymal cells. During the early stages of
chondrogenesis, SOX9 activates the transcription of
many cartilage-specific ECM genes, including COL2A41,
ACAN, and COMP, by directly interacting with SOX5
and SOX6 (28,29). Overexpression of SOX9 in chondro-
cytes using a recombinant adeno-associated virus signif-
icantly increases the synthesis of major ECM compo-
nents in chondrocytes, without affecting their
proliferation, in vivo and in vitro (30,31). In addition,
retroviral transduction of SOX9 increases ECM produc-
tion in human chondrocytes in vitro (32). These data
correlate well with our observation that SOX9 overex-
pression driven by mutated NLRP3 caused overproduc-
tion of ECM, but did not increase chondrocyte prolifer-
ation.

It remains to be determined how enhanced ex-
pression of SOX9 in chondrocytes leads to epiphyseal
overgrowth in NOMID patients. Conditional transgenic
mice have been used to show that overexpression of
SOX9 in COL2A1-positive cells inhibits terminal differ-
entiation of hypertrophic chondrocytes and endochon-
dral bone formation (29). Although we have not directly
confirmed the expression level of SOX9 in samples
derived from NOMID patients, this previous study
might help to link the findings of the present study with
the clinical phenotype of NOMID patients.

We identified the cAMP/PKA/CREB pathway as
being critical for the up-regulation of SOX9 mRNA in a
mutant NLRP3-dependent manner. cAMP is an intra-
cellular second messenger that is involved in a variety of
cellular processes (33). cAMP/PKA/CREB signaling is
crucial in chondrogenesis, and synergism between cAMP
and SOX9 is particularly important (34-36). Cotransfec-
tion of CREB binding protein (CBP) and p300 increases
SOX9 activity (35). PKA phosphorylates SOX9 and
thereby increases SOX9 activity, which results in the
up-regulation of the COL2A4I promoter through the
interaction between CBP and SOX9 (34). In addition,
the PKA inhibitor H89 blocks chondrogenesis in the
chick limb bud (36). These data support the idea that
cAMP/PKA/CREB signaling up-regulates SOX9 to en-
hance chondrogenesis.

Using stromal cells established from a tumor-like
lesion in a NOMID patient, Almeida et al (37) demon-
strated that activation of the cAMP/PKA/CREB path-
way leads to caspase 1 activation, release of IL-13, and

— 120 —



312

consequently the proliferation of bone stromal cells.
This suggests that bone lesions in NOMID are caused in
an NLRP3 inflammasome—dependent manner. One ex-
planation for the discrepancy between their data and
ours is that no disease-causing NLRP3 mutation was
identified in the patient in that previous study; therefore,
an unknown genetic alteration may have caused the
NOMID phenotype. Another explanation is that differ-
ent cell types were analyzed in the two studies. The
previous study analyzed bone stromal cells established
from a tumor-like lesion that might have been a hetero-
geneous population, while we focused on a single cell
type, namely, chondrocytes.

The lack of environmental factors and interac-
tions with other cell populations in our model might
have eliminated some contributions of the NLRP3 in-
flammasome and IL-13 pathway that occur in NOMID
patients. Furthermore, our observations relied on an
artificial differentiation system in which iPSCs were first
differentiated into cells of neural crest character and
then into chondrocytes by culture in the presence of
various exogenous factors. Abnormal epiphyseal growth

is specifically observed around the knee joints of

NOMID patients; therefore, additional events might be
required to trigger abnormal chondrocyte proliferation
in vivo. It is also possible that specific factors produced
by surrounding cells in unaffected joints prevent mutant
chondrocytes from manifesting their phenotype. Further
analyses of patients or patient-derived samples would
provide a better understanding of the pathophysiology
of arthropathy in NOMID.

The interaction between cAMP and NLRP3 has
been studied in monocyte/macrophages, in which the
NLRP3 inflammasome is activated following binding of
extracellular Ca®* to Ca*"-sensing receptors (CaSRs)
(38,39). One study reported that an increase in extracel-
lular Ca** is detected by CaSRs, which leads to phos-
pholipase C activation and subsequently the release of
Ca®>" from the endoplasmic reticulum and down-
regulation of cAMP. cAMP binds directly to NLRP3 and
inhibits assembly of the NLRP3 inflammasome. There-
fore, this decrease in the level of intracellular cAMP
relieves this inhibition and thereby induces activation of
the NLRP3 inflammasome (38). On the other hand,
another study reported that an increase in the extracel-
lular Ca** concentration induces an increase in the
intracellular Ca®* concentration, thereby leading to
activation of the NLRP3 inflammasome, and this mech-
anism requires the CaSRs GPRC6A and CaSR, but not
the down-regulation of cAMP (39). Thus, the effects of
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cAMP on the NLRP3 inflammasome in monocyte/macro-
phages remain a subject of controversy.

In the chondrocyte differentiation system used in
the present study, mutated NLRP3 caused SOX9 over-
expression via the cCAMP/PKA/CREB pathway, which is
at odds with the relationship between cAMP and acti-
vation of the NLRP3 inflammasome in monocyte/macro-
phages. This discrepancy might be explained by the
absence of other NLRP3 inflammasome components,
such as ASC and procaspase 1, in the chondrocytes
generated in the present study. Further analysis is
needed to determine why cAMP/PKA/CREB signaling
elicits different effects on mutated NLRP3 in chondro-
cytes and monocyte/macrophages, as well as how intra-
cellular cAMP is up-regulated in chondrocytes derived
from mutant iPSCs.

There have been many reports on the differenti-
ation of chondrocytes from embryonic stem cells (ESCs)
or iPSCs (40-42). However, previously, it was difficult to
differentiate a sufficient number of chondrocytes with a
relatively mature phenotype from ESCs or iPSCs, espe-
cially human ESCs or iPSCs. We have recently estab-
lished a cartilage differentiation system in which iPSCs
first differentiate into cells of neural crest character and
then into chondrocytes, which enabled us to obtain a
large number of chondrocytes with the phenotype of
growth plate cartilage chondrocytes. An important as-
pect of the present study is that this differentiation
system can generate a large number of chondrocytes that
could share functional properties causing the arthro-
pathy observed in NOMID. This system could thereby
be used to screen for novel therapeutic agents.

In conclusion, we showed that SOX9 is overex-
pressed via the cAMP/PKA/CREB signaling pathway in
chondrocytes with disease-causing mutations in NLRP3,
and this causes overproduction of ECM independently
of the NLRP3 inflammasome. We used iPSC technology
to elucidate the role of chondrocytes in the pathophys-
iology of the human disease NOMID.
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Abstract

Objective. Chronic inflammation plays a key role in the development of atherosclerosis. Early progression
of atherosclerosis has been reported in patients with RA. Cryopyrin-associated periodic syndromes
(CAPS) are autosomal dominant autoinflammatory disorders caused by heterozygous NLRP3 gene muta-
tions. Chronic infantile neurological cutaneous and articular (CINCA) syndrome is the most severe form of
CAPS and patients display early onset of rash, fever, uveitis and joint manifestations. However, there has
been no previous report on atherosclerosis in patients with CAPS. The objective of this study is to assess
the development of atherosclerosis in patients with CINCA syndrome.

Methods. Intima-media thickness (IMT) of the carotid arteries, stiffness parameter B, ankle brachial index
(ABI) and pressure wave velocity (PWV) were evaluated by ulirasonography in 3 patients with CINCA
syndrome [mean age 9.0 years (s.p. 5.3)] and 19 age-matched healthy controls [9.3 years (s.p. 4.3)].

Results. The levels of carotid IMT, stiffness parameter B and PWV in CINCA syndrome patients were
significantly higher than those in healthy controls [0.51 mm (s.n. 0.05) vs 0.44 (0.04), P=0.0021; 6.1 (s.D.
1.7) vs 3.9 (1.0), P=0.0018; 1203 cm/s (s.n. 328) vs 855 (114), P=0.017, respectively].

Conclusion. Patients with CINCA syndrome showed signs of atherosclerosis from their early childhood.
The resulis of this study emphasize the importance of chronic inflammation in the development of ath-
erosclerosis. Further analysis on atherosclerosis in young patients with CINCA syndrome may provide
more insights into the pathogenesis of cardiovascular disease.

Key words: ankle-brachial index, atherosclerosis, chronic infantile neurologic cutaneous and articular syn-
drome, cryopyrin-associated periodic syndromes, intima-media thickness, pulse wave velocity.

Introduction

It is well known that chronic inflammation is a predispos-
ing factor for atherosclerosis. There has been consider-
able interest regarding the possible causal role of
inflammation in the development of atherosclerosis in
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adult patients with RA, SLE and familial Mediterranean
fever (FMF). Patients with SLE, APS or RA have increased
mortality rates related to early atherosclerosis. Relative
risk of 5 for myocardial infarction, 6-10 for stroke in SLE
patients and 3.6 for cardiovascular deaths in RA patients
has been reported [1]. Furthermore, the American Heart
Association has reported that chronic inflammatory dis-
ease is one of the eight high-risk factors for atheroscler-
osis, even in children [2].

Cryopyrin-associated periodic syndromes (CAPS),
including chronic infantile neurological cutaneous and ar-
ticular (CINCA) syndrome, Muckle-Wells syndrome and
familial cold autoinflammatory syndrome, are autosomal
dominant autoinflammatory syndromes caused by hetero-
zygous mutations of the NLR family pyrin domain
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containing 3 (NLRP3) gene. It has been reported that dis-
ease associated NLRP3 mutation causes IL-1p oversecre-
tion by caspase-1 activation. CINCA syndrome, the most
severe form among them, is characterized by chronic sys-
temic inflammation manifested as early onset of rash,
fever, uveitis, chronic meningitis and joint symptoms [3].
However, there has been no previous report evaluating
atherosclerosis in patients with CAPS.

Several physiological examinations are applied to
assess atherosclerosis. Carotid intima-media thickness
{cIMT) is known to be an indicator of atherosclerosis for
adults and children [4]. In fact, increased cIMT has been
shown in children with obesity, hyperlipidaemia and dia-
betes mellitus [5]. It has been reported that stiffness par-
ameter B is more useful in detecting atherosclerotic
changes in earlier stages than cIMT [6]. Also, pulse
wave velocity (PWV) and ankle-brachial index (ABI) are
simplified parameters of the severity of atherosclerosis
and predictors of prognosis in adult patients with cardio-
vascular disease [7, 8]. The objective of this study is to
assess the development and progression of atheroscler-
osis in young patients with CINCA syndrome by measur-
ing cIMT, stiffness parameter §, PWV and ABI.

Patients and methods

Study population

Three patients (a 5-year-old boy [9], a 7-year-old girl [10]
and a 15-year-old boy [11]) with CINCA syndrome and 19
age-matched healthy controls were enrolled in this study.
NLRP3 mutations were observed in all three patients. The
parameters of atherosclerosis were investigated in these
three patients who were in remission for 1 year after the
initiation of canakinumab treatment. The Institutional
Review Board of Kyushu University Hospital approved
the study and informed consent was obtained from each
subject.

Sonographic study

Carotid artery US was performed with an iE33 ultrasound
“machine (Philips, Amsterdam, The Netherlands) using an
11 MHz probe. Measurements were obtained with sub-
jects in the supine position by experienced sonographers
blinded to the subjects’ clinical status. Ultrasonographic
images of the right and left common carotid arteries
(CCAs) of each subject at the lower third cervical region
proximally and 1 cm above the carotid bulb distally in the
longitudinal plane were obtained. CCA IMT measure-
ments of the distal CCA posterior wall were done manually
by the distance measurement system of the sonography
device after magnification of the images. Three measure-
ments were made in a non-neighbouring fashion within an
~1 cm segment from both the left and right CCA proximal
and distal portions. The IMT was measured during end
diastole. Mean IMT was calculated as the average of
three consecutive measurements of maximum far wall
thickness obtained from the CCA. Measurement of the
internal diameter of the CCA was performed for three con-
secutive heartbeats. Intraobserver variability was 1.7% for

1784

IMT and 3.1% for arterial wall diameter measurements.
The stiffness parameter B was calculated from this for-
mula [12]: B =[In(SBP/DBP)]/(AD/D), where SBP is the sys-
tolic blood pressure, DBP is the diastolic blood pressure,
D is carotid artery diastolic diameter and AD is the change
in artery diameter during systole.

PWV and ABI

PWV and ABI were measured using a BP-203RPEIll
{Omron Colin, Tokyo, Japan). PWV, ABI, the blood pres-
sure of the extremities, ECG and heart sounds were syn-
chronously measured and then automatically recorded.
Electrodes were contacted on both wrists and a micro-
phone was attached to the left margin of the sternum. The
extremities were then wrapped by cuffs that were con-
nected to a pulse monitor. The volume wave and time
difference emitted from the pulse monitor were recorded.
The pulse wave was defined as the value obtained by
dividing the distance between the two points by the time
spent in transferring the pulse. In the current study, the
pulse wave was measured in the brachial artery and ankle
(baPWV). The ABI was defined as the ratio between the
systolic pressure measured in the ankle and that mea-
sured in the brachial artery.

Laboratory evaluation

In the morning, after an overnight fast, venous blood was
sampled for the measurement of serum concentrations of
glucose, total cholesterol, triglycerides and standard CRP.

Statistical analysis

Data are expressed as mean (s.n.). Differences between
data were studied using the Student’s t test. Analytical
statistics of data between group comparisons of categor-
ical data parameters were performed by using the chi-
square test. Statistical significance was taken as
P <0.05. All statistical analyses were performed using
JMP8 (SAS Institute, Tokyo, Japan).

Resulis

Clinical characteristics of the study group are presented in
Table 1. Age, sex and triglyceride levels were similar be-
tween patients with CINCA syndrome and control sub-
jects (P=0.65, 0.53 and 0.17, respectively). Total
cholesterol levels in CINCA syndrome patients were sig-
nificantly lower than those in healthy controls, although
they were within normal ranges in both groups. CRP con-
centrations in the patient group were significantly higher
than in healthy controls [5.76 mm (s.p. 2.05) vs 0.08 (0.16),
P <0.0001].

All subjects tolerated the sonographic examination well.
Sonographic study results and normal values of the par-
ameters for the age of the patients [13, 14] are summar-
ized in Table 2. Carotid artery analysis revealed that the
IMT and stiffness parameter B of patients with CINCA syn-
drome were significantly higher than those of healthy con-
trols [0.51 mm (s.p. 0.05) vs 0.44 (0.04), P=0.0021, and 6.1
(s.0. 1.7) vs 3.9 (1.0), P=0.018, respectively).
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TasLe 1 Clinical and laboratory characteristics of the subjects

Gender, male/female

2/

Male Female Male 9/10 0.53
Age, years 5 7 15 9.0 (6.3) 9.3 4.3 0.65
BMI, kg/m? 16.0 15.5 16.8 16.1 (0.6) 17.3 (2.9) 0.51
Systolic blood pressure, mmHg a1 96 128 105 (20) 99 (8) 0.38
Diastolic blood pressure, mmHg 45 50 68 54 (12) 53 (4) 0.73
Total cholesterol, mg/dl 123 122 131 125 (5) 159 (17) 0.0046
Triglycerides, mg/dl 61 79 157 99 (51) 70 (28) 0.17
Glucose, mg/d! 93 85 102 94 (3) 94 (6) 0.95
CRP, mg/dl 0.26 1.62 5.55 2.48 (2.75) <0.0001

0.08 (0.16)

CINCA syndrome: chronic infantile neurological cutaneous and articular syndrome.

TasLe 2 Ultrasonographic examination, baPWV and ABI in CINCA syndrome patients and control subjects

Intima-media thickness, mm 0.47 (0.40)

05 (.40)

0.57 (0.50 0.44 (0.04) 0.0021

(normal value for each age) [13] )
Systolic diameter, mm 5.5 5.8 5.8 5.7 (0.2) 6.2 (0.8) 0.30
Diastolic diameter, mm 4.8 5.2 5.4 5.1 (0.3) 53(1.7) 0.63
Stiffness parameter B 4.8 (3.4) 5.7 (3.7) 7.6 (4.5) 6.1 (1.7) 3.9(1.0) 0.018
(normal value for each age) [14]
Right baPWV, cm/s 1068 920 1566 1185 (338) 850 (114) 0.0025
Left baPWV, cm/s 1053 1022 1587 1221 (318) 859 (114) 0.0014
Averaged baPWV, cm/s 1061 (<941) 971 (<919) 1577 (1041) 1203 (328) 855 (114) 0.0017
(normal value for each age) [15]
Right ABI 115 0.91 0.98 1.00 (0.10)  1.04 (0.10) 0.67
Left ABI 1.16 0.95 0.92 0.99 (0.10) 1.06 (0.10) 0.48
Averaged ABI (normal value for 1.16 (>1.00) 0.93 (>1.00) 0.95 (>1.00) 0.99 (0.10)  1.05(0.10) 0.54

each age) [15]

CINCA syndrome: chronic infantile neurological cutaneous and articular syndrome; baPWV: brachial artery pulse wave vel-

ocity; ABI: ankle-brachial index.

The averaged baPWV of the patients was significantly
higher than that of controls [1203 cm/s (s.n. 328) vs 855
(114), P=0.017) (Table 2). There was no significant differ-
ence in ABI between the two groups, although the values
of two patients were lower than the normal range [15].

Discussion

In the present study we found that patients with CINCA
syndrome develop atherosclerosis from early childhood.
There have been many previous studies describing ath-
erosclerosis associated with inflammatory diseases such
as RA, SLE and FMF [1]. However, this is the first report
showing the youngest group of patients who developed
atherosclerosis associated with inflammatory disorders.
It has been shown that inflammation plays an important
role in the development of atherosclerosis. The presence
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of macrophages and activated lymphocytes within the
plagues supports the nature of an immune system-
mediated inflammatory disorder of atherosclerosis. It has
been shown that higher disease activity representing
higher inflammatory burden is associated with increased
cardiovascular events in patients with RA and SLE [16]. It
may be induced by elevated inflammatory cytokines,
which can cause the development of endothelial dysfunc-
tion in atherosclerotic processes. In addition, changes in
lipid metabolism and a wide variety of immune and inflam-
matory alterations that directly affect the endothelium,
vascular smooth muscle cells and inflammatory cellular
components of the atherosclerotic plague may also play
important roles in the development and progression of
atherosclerosis in patients. CINCA syndrome is the most

‘severe form of CAPS, and patients display severe sys-

temic inflammation from the neonatal period [3].
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Therefore it is reasonable to assume that the progression
of atherosclerosis from childhood in three patients with
CINCA syndrome is closely related to chronic systemic
inflammation. It was reported that the incidence of athero-
sclerosis could be reduced by aggressive disease-mod-
ifying therapies in patients with RA and SLE [16]. In
patients with CINCA syndrome, we can investigate the
association between inflammation and atherosclerosis
without any effect of classical risk factors such as obesity,
smoking, hyperlipidaemia or diabetes. This may provide a
novel clue to clarify the role of inflammation in the devel-
opment of atherosclerosis.

In patients with FMF and SLE, age and disease duration
were reported to be associated with the severity of ath-
erosclerosis [17]. In the present study we found that the
oldest patient (patient 3) with the longest disease duration
had the most advanced atherosclerosis, which is in line
with this report. Early diagnosis and effective treatment for
chronic inflammation in these patients have been empha-
sized in preventing cardiovascular disease because a
negative correlation between the duration of anti-inflam-
matory treatment and IMT has been observed in SLE pa-
tients [18].

Interestingly, improvements in PWV and cIMT [19] were
reported in patients with RA after sufficient infliximab
treatment. In patients with CINCA syndrome,
canakinumab was reported to induce rapid and sustained
remission of symptoms [20]. It is possible that a significant
improvement in atherosclerosis will be observed in our
patients with CINCA syndrome after canakinumab treat-
ment in the near future.

However, there are some limitations in the present
study. First, our study contains only a small number of
patients because of the extremely rare incidence of this
disease. Second, the parameters investigated in this
study are considerably variable with the age of the sub-
jects. It is also possible that the values of the parameters
change because of the measurement equipment.
Multicentre and long-term follow-up analysis with stan-
dardized procedures and tools on a larger number of the
patients are necessary to provide more precise informa-
tion on the pathogenesis of atherosclerosis.

Conclusion

Patients with CINCA syndrome developed atherosclerosis
from early childhood. Atherosclerosis in CINCA syndrome
patients may be a prototype of cardiovascular disease
predominantly induced by chronic inflammation.

o Patients with CINCA syndrome develop athero-
sclerosis from early childhood.

e This report shows the youngest group of patients
who developed atherosclerosis associated with in-
flammatory disorders.

o Early treatment with anti-IL-1p antibody might be
beneficial in preventing atherosclerosis in CINCA
syndrome.
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Abstract “Autoimmunity” is a designation dependent
on the conventional immunological issue of self/non-
self discrimination. Identification of novel target auto-
antigens is still an important issue ongoing in classical
tissue-specific autoimmune bullous diseases and auto-
immune connective tissue diseases. In contrast, synchro-
nized with the paradigm shift of the fundamental aspect
of immunity to danger sensing/signaling, distinct colla-
gen-like diseases have been defined by the genetic muta-
tions causing dysregulated innate immunity/inflamma-
tion and have been designated as “autoinflammatory”
diseases. Due to the clinical and etiological similarities,
the concept of autoinflammatory diseases has expanded
to include non-hereditary collagen-like diseases, tissue-
specific chronic idiopathic inflammatory diseases and
metabolic diseases. On the other hand, various genetic
causes of autoimmune diseases have been identified and
the border of these two pathophysiologies is becoming
obscure. Instead, a variable mixture of both autoimmu-
nity and autoinflammation can cause each inflammatory
phenotype with a variable level of antigen specificity.
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Autoimmunitat versus Autcinflammation - Freund
oder Feind?

Zusammenfassung Unter ,Autoimmunitit” versteht
man konventionell das immunologische Problem der
Diskriminierung von Selbst und Nicht-Selbst. Die Iden-
tifizierung weiterer Target-Autoantigene bei den klas-
sischen gewebe-spezifischen autoimmunen bullsen
Dermatosen und den autoimmunen Bindegewebser-
krankungen bleibt auch weiterhin ein wichtiges Anli-
egen. Dabei hat sich das Verstdndnis der fundamentalen
Aspekte der Immunologie hin entwickelt zum Themen-
komplex der Gefahrenerkennung (danger sensing) und
Signaliibertragung. Bei den Kollagenosen wurden teils
genetische Mutationen entdeckt, die verantwortlich
zeichnen fiir Stérungen der Immunitit und Entziind-
ungskaskade. Die autoinflammatorischen Erkrankungen
wurden definiert. Aufgrund klinischer und &tiologischer
Ahnlichkeiten wurde das Konzept der autoinflammato-
rischen Erkrankungen auf nicht hereditidre Bindegeweb-
serkrankungen, gewebe-spezifische chronisch idiopath-
isch-entzlindliche Erkrankungen wund metabolische
Erkrankung ausgedehnt. Andererseits wurden verschie-
dene genetische Ursachen der Autoimmunerkrankun-
gen entdeckt, so dass das die Grenzen der klassischen
Pathologien verschwimmen. In der Tat kann eine Misc-
hung von Autoimmunitit und Autoinflammation nahezu
jeden Entziindungs-Phédnotyp mit variablem Level der
Antigensperzifitit auslésen.

Schliisselwdrter Autoimmunitit - Autoinflamnmation

The immune system is working for protection of the liv-
ing things from harmful things, such as invasive patho-
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gen and internal malignancy. At first, discriminating
self and nonself had been considered the fundamental
aspect of immunity, and “autoimmunity” was designated
for immune reaction to the self (“auto”) antigens. Iden-
tification of major histocompatibility complex and con-
cept of central and peripheral tolerance (clonal deletion
and anergy as the mechanism, respectively) explained
the basis of self-recognition. However, recent research
on regulatory T cells (Treg) and tolerogenic dendritic cells
has added further implications in keeping unresponsive-
ness to the self [1, 2].

Clinically, several kinds of chronic inflammatory
disorders have been applied for autoimmune diseases,
which target self-antigens. They are divided into two
categories: tissue-specific autoimmune diseases caused
by type II allergy and immune complex-mediated sys-
temic autoimmune diseases caused by type III allergy. In
the skin-specific autoimmune bullous diseases, such as
pemphigus and pemphigoid, molecular identification of
pathogenic antibodies and the corresponding antigens,
desmoglein, and type XVII collagen, respectively, pro-
vided insights into the molecular basis of skin structure
[3]. Interestingly, another severe bullous disease, staphy-
lococcal scalded skin syndrome is caused by a proteolytic
exotoxin, which injures homophilic desmoglein junc-
tion [4]. Type VII collagen is a target antigen in autoim-
mune epidermolysis bullosa aquisita, and is genetically
deficient in congenital dystrophic epidermolysis bul-
losa, suggesting that an autoantibody causes functional
defect of the corresponding antigen. By analysis of the
cases showing lesional immunoglobulin deposit without
detection of known autoantibodies, novel target antigens
are still continuously discovered [5]. Howevey, it is mostly
unclear how the autoantibodies are generated [6].

Systemic autoimmune diseases include the classi-
cal connective tissue diseases (rheumatoid arthritis,
systemic lupus erythematosus, systemic sclerosis, and
polymyositis/dermatomyositis) except for rheumatoid
fever, in which self-antigen mimicking a part of Group
A Streptococcus becomes the target after streptococcal
infection. Serum antinuclear antibody level is elevated
in most of these diseases, and the disease-specific tissue-
nonspecific autoantibodies against DNA, DNA-binding
proteins, and other nuclear/cytoplasmic proteins, are
used as markers for diagnosis and for appreciation of
the disease activity. However, their pathogenic role is
mostly unclear as compared with the case of skin-spe-
cific autoimmune bullous diseases. Nevertheless, recent
identification of autoantibodies against novel antigens
has defined some specific subtypes of dermatomyositis
[7]. Interestingly, antibody against MDAS5, which acts as
an intracellular receptor for viral RNA and belongs to
RIG-I-like receptors, is specific for clinically amyopathic
dermatomyositis, which is frequently accompanied with
rapidly progressing interstitial pneumonitis [8, 9].

Besides the classical autoimmune connective tis-
sue diseases, some related disorders are still accom-
panied with specific autoantibodies, such as Sjogren’s
syndrome, antiphospolipid antibody syndrome, and

antineutrophil cytoplasmic antibody-related vasculi-
tis. In contrast, the remaining systemic disorders with
chronic inflammation, such as adult Still’s disease,
Behcet’s disease, Sweet syndrome, Weber-Christian dis-
ease, and sarcoidosis, are negative for autoantibodies
and are driven by activated neutrophils and/or macro-
phages. Therefore, these diseases are considered to be
autoimmune-like, but rather related with nonspecific
hyper-reactivity or latent infection. These characteris-
tic features are shared with other tissue-specific chronic
idiopathic inflammatory diseases, such as urticaria,
psoriasis, and inflammatory bowel diseases including
Crohn’s disease and ulcerative colitis.

Recently, several distinct diseases, whose pheno-
types are similar to these chronic idiopathic inflam-
matory diseases, have been defined by the causative
genetic mutations. As these mutations cause dysregu-
lation of innate immunity/inflammation, the defined
diseases have been designated as “autoinflammatory”
diseases [10]. These processes have been synchronized
with the paradigm shift of the fundamental aspect of
immunity, from self/nonself discrimination to danger
sensing/signaling [11]. Familial Mediterranean fever
(FMF) and related hereditary periodic fever syndromes
are the prototypic autoinflammatory disorders and most
of them are caused by dysregulated activation of NOD-
like receptors (NLR) P3 inflammasome, which senses
various dangerous stimuli to induce interleukin (IL)-
1B secretion, such as bacterial RNA, imidazoquinolin,
and contact allergen [12]. As referred to the membra-
nous toll-like receptors (TLR), NLR have been shown
to act as intracellular sensors for various pathogen- or
danger-associated molecular patterns [13]. Therefore, it
is conceivable that these hereditary diseases resemble
infectious or allergic diseases. Although heterozygous
NLRP3 mutations-oriented cryopyrin-induced periodic
fever syndromes (CAPS) include formerly called familial
cold urticaria, febrile attacks seem to occur periodically
or even “automatically’) without any apparent triggers.
The category of hereditary autoinflammatory diseases
has rapidly expanded to include more numbers of dis-
eases, such as pyogenic pustular diseases and systemic
granulomatosis [14]. Differentiation of pyogenic arthri-
tis, pyoderma gangrenosum and acne syndrome with
PSTPIP] mutations among pyoderma gangrenosum
and/or cystic acne patients, identification of deficiency
for IL-36 receptor antagonist with IL36RN mutations
among generalized pustular psoriasis patients, and
distinction of early onset sarcoidosis with NOD2 muta-
tions from sarcoidosis have indicated the fact that such
monogenic diseases constitute at least a part of spo-
radic common diseases [15-17].

Then, the previously described autoantibody nega-
tive chronic idiopathic inflammatory disorders are con-
sidered as acquired autoinflammatory diseases, which
share clinical features and the putatively dysregulated
inflammatory pathways with hereditary autoinflam-
matory diseases. Adult Still’s disease, Behcet’s disease,
and Weber-Christian disease show periodic febrile
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attacks with skin rash and are similar to CAPS, FME
and Nakajo-Nishimura syndrome with PSMB8 muta-
tions, respectively. Sweet syndrome is associated with
Majeed syndrome with LPIN2 mutations [18, 19]. More-
over, Schnitzler syndrome with various clinical similari-
ties to CAPS shows dramatic improvement by anti-IL-18
therapy, suggesting the underlying activation of NLRP3
inflammasome [20]. Thus, autoimmune and autoinflam-
matory diseases seem apparently distinguished by their
clinical and/or genetic features.

Furthermore, some metabolic diseases such as gout,
pseudogout, and type 2 diabetes mellitus, which are
caused by chronic inflammation due to monosodium
urate crystals, calcium pyrophosphate crystals, and
hyperglycemia, respectively, are categorized as another
class of autoinflammatory diseases [21]. In these dis-
eases, self molecule-induced activation of NLRP3
inflammasome is considered responsible, and anti-IL-
1B therapy is effective. Similarly, it has been shown that
obesity-induced metabolic syndrome is mediated by
TLR4 activation in adipocytes through saturated fatty
acid, which can be called as homeostatic inflammation
rather than autoinflammation [22].

On the other hand, it is well known that genetic back-
ground is important for development of systemic auto-
immune diseases. Various mouse strains have been
reported to be autoimmune-prone, such as Ipr (deficient
for fas), gld (deficient for fas ligand), Dnasel-/-, Ctla4-/-,
and PdI-/- mice [23, 24]. These mutations are related
with dysregulation of apoptosis, clearance of apopto-
sis, and negative costimulatory (coinhibitory) signaling,
which lead to breakage of tolerance. In humans, Aicardi-
Goutieres syndrome, which shows the characteristic
features of overlapping with cerebellar viral infection
and systemic lupus erythematosus, is caused by defi-
ciency for various exonucleases, such as TREX1/DNa-
selll [25]. Identification of such various genetic causes
for autoimmune diseases is making the border obscure
between these diseases and hereditary autoinflamma-
tory diseases.

Interestingly, Il1rn-/- mice showrheumatoid arthritis-
like autoimmune and psoriasis-like T cell-independent
autoinflammatory phenotypes, while ILIRN deficiency
causes an autoinflammatory syndrome termed defi-
ciency for IL-1 receptor antagonist in humans [26-28].
It may sound strange that both systems can be dysregu-
lated on a monogenic background. However, consider-
ing that innate and adaptive immunity not only regulate
but also activate each other, it is not surprising that
both phenotypes of autoimmunity and autoinflamma-
tion are observed in the same body. Actually, elevation
of nonspecific autoantibodies can be observed during
development of Nakajo-Nishimura syndrome [17]. To
develop the autoimmune phenotype (T/B cell-mediated
autoantigen-specific hyper-reactivity), autoinflamma-
tory responses (dysregulated signaling from the autoan-
tigen through some pattern recognition receptor such
as TLRs) should be involved [29]. Very recently, it has
been reported that the repetitive percutaneous stimu-

lation with imidazoquinolin generated a new model of
systemic lupus erythematosus with high serum level of
anti-double-stranded DNA antibodies [30]. Collectively,
a variable mixture of both autoinflammation and auto-
immunity can cause the inflammatory phenotype with
a variable level of antigen specificity, depending on
the lesional tissue, triggering factors, and other genetic
backgrounds.
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Abstract Clinical features and laboratory parameters in
patients with incomplete Kawasaki disease (KD) and sys-
temic juvenile idiopathic arthritis (s-JIA) tend to overlap.
Furthermore, there have been no definite biomarkers for
these diseases. This situation makes the clinical diagnosis
of these patients difficult. In this study, we aimed to meas-
ure serum interleukin (JL)-18 and IL-6 levels in patients
with s-JIA who were initially diagnosed with incomplete
KD and compare these data with those in patients with
complete KD and arthritis. Serum IL-18 levels in patients
with s-JIA were significantly elevated compared with those
in patients with KD and arthritis. Pediatricians should be
aware that the presentation of s-JIA can mimic incomplete
KD. Because the clinical features overlap, a high index of
suspicion is warranted. The measurement of serum IL-18
may be useful for differentiating s-JIA from KD.
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Introduction

Kawasaki disease (KD) is one of the most common child-
hood vasculitis disorders. However, there are some patients
who do not fulfill the classic diagnostic criteria for KD and
are termed as incomplete KD. It is important to recognize
and treat this entity because it is not a milder form of KD,
and it carries a risk of coronary artery aberrations similar
to that of complete KD [1]. For this reason, physicians pos-
sibly diagnose patients with KD prematurely, even though
they do not meet the complete diagnostic criteria, in the fear
of losing the opportunity to administer high-dose intrave-
nous immunoglobulin (IVIG) and for preventing the poten-
tially life-threatening complication of coronary aneurysm.

Furthermore, it has been reported that some patients
with KD have arthritis [2]. Systemic juvenile idiopathic
arthritis (s-JIA) is characterized by remitting fever, a typi-
cal skin rash, and arthritis. Diagnosis of s-JIA is often chal-
lenging, particularly before children have had symptoms
for 6 weeks as required by the International League of
Associations for Rheumatology and American College of
Rheumatology criteria [3]. Pericardial effusion is a well-
recognized feature of s-JIA along with myocarditis, which
is a rare feature [4]. Coronary artery dilation has been
recently identified as one of the cardiac manifestations in
patients with s-JIA [5].

Differentiation of KD and s-JIA is important to avoid
multiple courses of IVIG because of suspected refractory
KD; however, clinical features and laboratory parameters
in patients with s-JIA and incomplete KD tend to overlap.
Furthermore, there are no definite biomarkers for these dis-
eases, which makes the clinical diagnosis of these patients
difficult [6-9].

We recently reported that serum levels of IL-18 are
highly elevated in patients with s-JIA, and the abnormal
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Table 1 Clinical characteristics of the patients in this study

Case 1 2 3
Age 3 4 3
Sex Male Male Male
Final diagnosis s-JIA s-JIA s-JIA
The day of drawing blood after 22 9 33
disease onset
Clinical manifestations
Fever persisting at least + + +
5 days
Changes in extremities + — +
Exanthema + + +
Bulbar conjunctival injection — - -
Changes in lips and oral + - -
cavity
Cervical lymphadenopathy - - -
Dilatation of coronary artery — + - -
Hepatosplenomegaly - — -
Serositis — — -
Redness at the BCG inocula- — - -
tion site
Macrophage activation syn- — — -
drome
Laboratory findings
WBC 24,250 23,880 29,920
CRP 6.9 20.7 9.5
AST 84 47 71
LDH 955 597 414
Ferritin 15,000 3,686 nd
IL-6 580 64 58
1L-18 181,000 123,000 10,800
Treatments
IVIG
Steroid + -+ +
Tocilizumab — - +

4 5 7 8 9

2 1 4 2 5
Male Male Female Male Female
s-JIA s-JIA KD KD KD
10 20 10 8 5

+ + + + +
- + + + +
+ -+ - + +
- + + + +
- + + + +
- + + + +
—_ + —_— —_ p—,
— — p— + —
— + — — —
18,000 7,700 28,380 17,700 9,400
14.2 11.65 14.8 22 10
25 1,096 23 23 642
286 4,830 212 285 634
1,129 68,310 nd nd nd
7 22 250 1,200 106
36,500 330,000 298 660 260

No response No response No response No response No response No response  No response  Responded

+ + - - *

WBC white blood cells, CRP C-reactive protein, AST aspartate aminotransferase, LDH lactate dehydrogenase

production of IL-18 appears to be specific to s-JIA [10].
In this study, we aimed to demonstrate that the serum level
of I1.-18 may be useful for differentiating incomplete KD
from s-JIA, for which we measured serum interleukin (IL)-
18 and IL-6 levels in patients with s-JIA who were initially
diagnosed with incomplete KD and compared that data
with those in patients with KD and arthritis.

Methods
Patients and samples

Serum samples were obtained from five patients with
s-JIA who were initially diagnosed with incomplete KD

@ Springer

(cases 1-5) and three patients diagnosed with complete
KD and arthritis (cases 6-8). Serum samples were drawn
at 5-33 days after disease onset (Table 1). Serum samples
were also obtained from 15 patients with s-JIA, 10 patients
with typical KD without arthritis, and 20 patients with age-
and sex-matched healthy controls. Serum was extracted
from the blood samples, divided into aliquots, frozen, and
stored at —80 °C until analysis. The protocol of this study
was approved by the Institutional Review Board of Kanaz-
awa University, and all the patients provided informed
consent.

The patients were diagnosed with KD on the basis of a
classic clinical criteria [11]. Complete KD was diagnosed
if all diagnostic criteria were fulfilled [11]. Incomplete KD
was diagnosed if fewer than three diagnostic criteria were
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