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(Fig. 2). NLRPS3 activation in monocytes results in elevated serum IL-18 level, while its
activation and IL-183 secretion by dermal mast cells are associated with vascular
leakage and neutrophil recruitment in the urticarial rash.*’

Anti-IL-1 therapies, including recombinant IL-1 receptor antagonist (IL-1Ra) known
as anakinra, rilonacept, composed of extracellular IL-1RI and accessory protein (AcP),
and anti-IL-1B antibodies such as canakinumab, dramatically improve almost all
symptoms of CAPS, indicating the critical role played by IL-18 in the development
of CAPS 4444

NAPS12

Two unrelated families with an autosomal dominantly inherited periodic fever syn-
drome were reported from Guadeloupe in 2008.° In one family, twin sons and their fa-
ther were affected. The sons showed episodic fever, arthralgia, and myalgia induced
by generalized cold exposure since the first days of life. Urticaria was also observed
twice in each patient. Headache and lower limb pain occurred during and between ep-
isodes, and both patients had bilateral sensorineural hearing loss. Their father had also
experienced occasional attacks during childhood and still showed episodes of fever
and urticaria triggered by physical activities, without hearing loss. An affected
daughter in the second family developed cold-induced episodic fever with abdominal
pain, vomiting, arthralgia, buccal aphthous ulcers, and lymphadenopathy since the

Pro-ll-1e

B

Fig. 2. Molecular pathogenesis of CAPS. In CAPS, a heterozygous NLRP3 mutation (indicated
by X in dimerized molecules) causes constitutive activation of the inflammasome complex
(surrounded by a broken-lined circle), leading to cleavage of preformed pro-IL-18 with acti-
vated caspase-1 and secretion of mature IL-18 to cause sustained inflammation. On danger,
only one signal to induce transcription of pro-IL-18 mRNA is enough for secretion of mature
IL-1B. The decoy receptor IL-1Rl], soluble (s) IL-1RI and sIL-1Rll, as well as IL-1Ra, are all nega-
tive regulators of IL-1 signaling.
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first year of life. Her affected father also had attacks with fever and abdominal pain be-
tween the ages of 5 and 12 years.

Because of the similarity of their symptoms to CAPS, their disease was designated
as FCAS2 (OMIM #611762). Through an extensive search for mutations in NLR family
molecules, heterozygous nonsense or insertion mutations in the NLRP12 gene have
been identified in each family.® A base-pair insertion within the donor splice site of
intron 3 activates a cryptic donor splice site, resulting in a frame shift and a premature
termination. As NLRP12 has been shown to be a negative regulator of nuclear factor
(NF)-kB signaling and such an inhibitory effect was actually impaired by these muta-
tions, their heterozygosity seems to cause haploinsufficiency in patients.*®

PLAID

Three unrelated families with autosomal dominantly inherited atypical cold urticaria
were first reported in 2009.%° As a characteristic feature, water evaporation seems
to be the most effective stimulus, which is occasionally induced by tears flowing
down the cheeks or warm water on the skin exposed to room temperature. Accord-
ingly, the patients show a negative cold-stimulation test using ice cubes, whereas ur-
ticarial rashes appear after direct contact of ice to the skin followed by rewarming to
room temperature. Outdoor cold air also induces urticarial rash over unprotected
areas. All patients experienced pruritus and erythema, whereas angioedema was
experienced by less than half of the cases. Reactions are local rather than generalized,
are not accompanied by systemic complications, and usually resolve within 30 mi-
nutes. Of note, ingestion of cold foods or beverages caused oropharyngeal swelling
in some cases. Most patients develop the symptoms before 6 months of age and sus-
tain them for life, although their severity usually improves after 30 years of age. The
disease has been designated as familial atypical cold urticaria (FACU) or FCAS3
(OMIM #614468), which is clearly distinguished from FCAS by the absence of sys-
temic involvement.

In 2012, immunologic abnormalities were added to their clinical features. These ab-
normalities include recurrent infections associated with low immunoglobulin (Ig)A and
lgM, and high IgE levels in the serum, decreased circulating B cells and natural killer
(NK) cells, and development of autoantibodies or autoimmune diseases and granulo-
matous skin lesions.® Through linkage analysis, 3 different heterozygous deletions in
the PLCG2 gene have been identified as responsible, and the disease has been desig-
nated as PLAID. Phospholipase C (PLC) family enzymes hydrolyze membranous
phospholipids and generate diacylglycerols and inositol triphosphate to activate cal-
cium influx. Among them, PLCv2 is expressed in B, NK, and mast cells, and involves
signaling through various receptor tyrosine kinases. All 3 deletions are included in the
C-terminal Src-homology-2 (SH2) domain with an autoinhibitory role, and lack of this
domain has been shown to increase the phospholipase activity of PLCy2. The down-
stream functions of the immune cells, however, were mostly decreased, probably as a
result of chronic signaling. By contrast, mast cells with mutant PLCG2 showed spon-
taneous degranulation at 20°C, probably responsible for cold urticaria.®

Almost simultaneously, familial cases showing recurrent blistering skin lesions with
inflammatory lesions of the joints, eyes, and gastrointestinal tract were reported.’
Their skin lesions resembled epidermolysis bullosa in infancy, but progressed to
erythematous plaques with vesiculopustules, which worsened with heat and sun
exposure. These patients also showed mild deficiency of humoral immunity causing
recurrent sinopulmonary infections, without circulating autoantibodies. Through whole
exome sequencing, a heterozygous gain-of-function missense mutation in the PLCG2
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Episodic Symptoms Sustained/Progressive Symptoms

CAPS FCAS Urticarial rash, arthralgia, myalgia, Renal amyloidosis
chills, fever, swelling of the

extremities
MWS Urticarial rash, arthralgia, chills, Sensorineural deafness, renal
fever amyloidosis
CINCA Fever Rash, arthritis, chronic meningitis,
visual defect, deafness, growth
retardation, renal amyloidosis
NAPS12 (FCAS2) Fever, arthralgia, myalgia, Sensorineural deafness

urticaria, abdominal pain,
aphthous ulcers,

lymphadenopathy
PLAID (FCAS3) Urticaria induced by evaporative Serum low immunoglobulin (Ig)M
cooling, sinopulmonary and IgA levels, high IgE levels,
infections decreased B and NK cells,
granulomata, antinuclear
antibodies

gene has been identified as being responsible.” Despite some distinctive clinical and
genetic features, the diseases in this family and the families with PLAID possibly form a
distinct type of hereditary autoinflammatory syndrome with immunodeficiency. The
clinical features of hereditary diseases with cold-induced urticaria are summarized
in Table 4.

OTHER GENETICALLY UNDEFINED HEREDITARY URTICARIA

On searching the OMIM database, several disorders with distinct OMIM numbers
remain to be genetically defined. Aquagenic urticaria (OMIM 191850) is characterized
by urticaria induced by contact with water but not by heat or cold, and its familial
occurrence was reported in 1979.%7 Familial cases with delayed heat urticaria were re-
ported as familial localized heat urticaria (OMIM 191950),“® in which the lesions were
limited to the areas of contact with heat and were completely inhibited by local lido-
caine pretreatment. Another 2 forms of familial physical urticaria, dermodistortive
urticaria (OMIM 125630) and familial dermographism (OMIM 125635), are also regis-
tered.*®*? The former is induced by repetitive vibratory or stretching stimulation,
whereas the latter is defined by wheal formation on the skin after a single stroke
with moderate pressure.

SUMMARY

Hereditary disorders presenting with urticaria are not common and may not be
encountered by most physicians. However, without the correct knowledge they can
be easily missed or misdiagnosed. With proper diagnosis and understanding of the
genetic cause and consequent pathogenesis, disease-specific essential therapeutic
regimens can be offered. Recent discovery of the genetic origins of rare cases with
distinct hereditary cold urticaria encourages the examination of more cases. As tech-
nology in genetic analysis progresses rapidly, further insights into undefined heredi-
tary urticaria will emerge in the near future. The knowledge obtained promises to
lead to the development of novel therapeutics.
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Ultrasonographic assessment reveals detailed
distribution of synovial inflammation in Blau
syndrome
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Abstract

Introduction: Arthritis is the most frequent manifestation of Blau syndrome, an autoinflammatory disorder caused
by the genetic mutation of NOD2. However, detailed information on arthritis in Blau syndrome on which the
therapeutic strategy should be based on is lacking. This multi-center study aimed to accurately characterize the
articular manifestation of Blau syndrome and also to demonstrate the utility of musculoskeletal ultrasound in Blau
syndrome.

Methods: Patients who had been diagnosed with Blau syndrome by genetic analysis of NOD2 were recruited. A
total of 102 synovial sites in 40 joints were assessed semiquantitatively by ultrasound for gray-scale synovitis and
synovial power Doppler (PD) signal.

Results: In total, 10 patients whose age ranged from 10 months to 37 years enrolled in this study. Although only 4
joints (0.8%) were tender on physical examination, 81 joints (16.9%) were clinically swollen. Moreover, 240 (50.0%), and
124 (25.8%) joints showed gray-scale (GS) synovitis and synovial PD signal on ultrasound, respectively. Importantly, GS
synovitis was present in 168 out of 399 non-swollen joints, in which 61 also exhibited synovial PD signal. Among 40
joint regions, the ankle, the wrist, and the proximal interphalangeal joints were the most frequently and severely
affected joints. Comparisons between different synovial tissues demonstrated a significantly higher proportion of the
joints with tenosynovitis as compared with that with intra-articular synovitis (41.5% versus 27.9%, P < 0.0001). In respect
of age and treatment, synovial PD signals were minimal in the youngest patient and in the oldest two patients, and
were relatively mild in patients receiving treatment with methotrexate plus TNF antagonists. In two patients who
underwent the second ultrasound examination, total PD scores markedly decreased after initiating the treatment with
a tumor necrosis factor (TNF) antagonist.

Conclusions: The detailed information on synovial inflammation obtained by ultrasound confirms the dissociation
between pain and inflammation and the frequently involved joint regions and synovial tissue in the arthritis of Blau
syndrome. Our data also demonstrate that ultrasonography can be a potent tool in monitoring the activity of synovial
inflammation and in investigating the pathophysiology of arthritis in this rare but archetypical autoinflammatory

| condition.
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Introduction

Blau syndrome (MIM #186580) is a rare autoinflamma-
tory disorder, which was first described in 1985 by the
pediatrician Edward Blau as a dominantly inherited,
chronic inflammatory syndrome characterized by the clin-
ical triad of granulomatous dermatitis, symmetric arthritis
and recurrent uveitis [1]. In 2001, Miceli-Richard et al.
identified the gene that confers susceptibility for Blau syn-
drome, discovering three mis-sense mutations (R334Q,
R334W and L469F) in the region encoding the nucleo-
tide-binding oligomerization domain (NOD) of the cas-
pase recruitment domain gene (CARDI5/NOD2) in four
French and German affected families [2]. In spite of the
striking clinical similarities with Blau syndrome, early
onset sarcoidosis (EOS, MIM #609464) was originally
considered a distinct disease entity. However, subsequent
genetic analyses have shown that many patients with EOS
have mutations in NOD2 [3-6] and these two diseases and
other variant forms are now considered to represent a
pathophysiologically identical condition in which in-
creased NFkB activity driven by mutated NOD2 gene plays
a significant role [3,6-11].

Arthritis is the most frequent manifestation of Blau syn-
drome and usually becomes clinically apparent within the
first decade of life [1,5,7,11-15]. Joint manifestation in Blau
syndrome has been reported to be chronic, symmetrical,
and mostly painless polyarthritis. Marked soft-tissue swell-
ing can occur due to granulomatous inflammation in both
intra-articular synovium and tenosynovium, which can
cause characteristic camptodactyly (that is, flexion con-
tracture of fingers and toes) and, occasionally, subsequent
impairment of physical function. However, the precise
location and severity of joint inflammation in patients
with Blau syndrome have not been systematically eva-
luated because of the difficulty to accurately determine
with physical examination the activity of current inflam-
mation in mostly non-tender joints in children.

Musculoskeletal ultrasound is a relatively inexpensive
imaging modality, which enables more accurate assess-
ment of synovial inflammation than physical exami-
nation does [16-19] and, therefore, provides improved
accuracy in the diagnosis [20-24] and the disease activity
monitoring [19,23-29] of rheumatoid arthritis (RA). As
ultrasound is a non-invasive technique, which patients
can undergo with minimal restriction, its use in pediatric
inflammatory conditions such as juvenile idiopathic
arthritis (JIA) has been increasingly studied [30-33]. We
recently reported representative ultrasound images that
clearly visualized the tenosynovitis in a patient with Blau
syndrome [34]; however, no other papers have reported
the use of ultrasound in the assessment of synovial in-
flammation in Blau syndrome.

In this pilot, multicenter study, 10 patients with Blau
syndrome whose NOD2 mutation had been confirmed
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underwent comprehensive ultrasound examination of
102 synovial sites, aiming to accurately characterize the
articular manifestation of Blau syndrome and also to
demonstrate the utility of musculoskeletal ultrasound in
Blau syndrome.

Patients and methods

Patients and NOD2 mutation analysis

In this cross-sectional study, patients who had been diag-
nosed with Blau syndrome by genetic analysis of NOD2
were recruited. Age- and sex-matched control subjects
who did not have arthritic symptoms were also recruited.
Written informed consent was obtained from the patient/
subject, or his/her family member if necessary, according
to the study protocol approved by the Ethics Committee
of Chiba University, Kyoto University, and Kagoshima
University in accordance with the Declaration of Helsinki.
Genomic DNA was extracted from the peripheral blood
of the patients, and sequencing of all exons and exon-
intron junctions of NOD2 was performed as previously
described [6].

Clinical and laboratory assessment

Clinical information collected was complete medical his-
tory including current and previous medication for Blau
syndrome, tender and swollen joint counts in 40 joints
(disease activity score in 28 joints (DAS28) + bilateral
ankle and metatarsophalangeal (MTP) joints), patient’s/
parent’s and physician’s global visual analogue scale (VAS),
erythrocyte sedimentation rate (ESR), serum levels of
C-reactive protein (CRP) and matrix metalloproteinase-3
(MMP-3), childhood health assessment questionnaire-
disability index (CHAQ-DI), and the presence of campto-
dactyly in fingers and toes.

Ultrasound examination

A systematic multiplanar gray-scale (GS) and power Dop-
pler (PD) ultrasound was performed in a temperature-
controlled room on the same day of the clinical evaluation
by a rheumatologist who was experienced in musculoske-
letal ultrasound (KI) using an HI VISION Ascendus with
a linear array multi-frequency transducer (5 to 18 MHz
for GS, 7.5 MHz for PD) (Hitachi Medical Corporation,
Tokyo, Japan). PD ultrasound was performed with a pulse
repetition frequency set at 800 Hz and a low wall filter.
Color gain was set just below the level at which color
noise appeared.

Ultrasound was performed on the 40 joints which
were clinically assessed for joint counts. Middle and
large joints were divided into individual joints which
compose the larger joint unit (for example, humeroradial
and humeroulnar joints in the elbow) or into multiple
parts of the joint (for example, suprapatellar recess,
medial and lateral aspects of femorotibial joints in the
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knee) and a total of 54 intra-articular synovial sites were
separately evaluated (Figure 1). In addition to the intra-
articular synovium, we also evaluated the major peri-
articular synovial tissues; a total of 44 tenosynovial sites
(Figure 2) and 4 bursal sites (bilateral sub-acromial/del-
toid bursae) were examined. All sites were scanned tho-
roughly in multiple imaging planes so that the whole
lesion was evaluated. As no ultrasound definitions of
synovial pathology have been established for children,
we based our assessment on the ultrasound definitions
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for adults [35]. However, particularly careful attention
was paid in children to distinguishing unossified car-
tilage and its feeding blood vessels from true synovial
pathology. As no ultrasound scoring system for synovial
pathology in children has been established either, sever-
ity of synovial pathology in the 102 sites was graded sub-
jectively utilizing the rater’s experience in the clinical
studies in adults [19,22,29,36-38]. Synovial hypertrophy
and synovial fluid were graded as a GS score altogether
on a scale of 0 to 3 (grade 0, normal; grade 1, mild; grade
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Figure 1 Ultrasound scores for intra-articular synovitis in patients with Blau syndrome. Semiquantitative grades (0 to 3) for gray-scale
synovitis and synovial power Doppler signal in individual joint regions are shown in heat maps. Total sum of the scores in each case is shown in the
right column, *First ultrasound examination (before treatment); **second ultrasound examination (after treatment). GS, gray-scale; PD, power Doppler;
No, case number; R, right; L, left; Ext, extensor; Lat, lateral; Post, posterior; Med, medial; PIP (IP), proximal interphalangeal (interphalangeal); MCP,
metacarpophalangeal; RC, radiocarpal; IC, intercarpal; DRU, distal radioulnar; HR, humeroradial; HU, humeroulnar; GH, glenohumeral; SPR, suprapatellar
recess; FT, femorotibial; TT, tibiotalar; IT, intertarsal; MTP, metatarsophalangeal.
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Figure 2 Ultrasound scores for tenosynovitis in patients with Blau syndrome. Semiquantitative grades (0 to 3) for gray-scale synovitis and
synovial power Doppler signal in individual joint regions are shown with heat maps. Total sum of the scores in each case is shown in the rightmost
column, *First ultrasound examination (before treatment); **second ultrasound examination (after treatment). GS, gray-scale; PD, power Doppler; No,
case number; R, right; L, left; FT, flexor tendon; Comp, compartment; ETs, extensor tendons (flexor digitorum superficialis/profundus and flexor carpi
radialis); LHB, long head of biceps tendon; EDL, extensor digitorum longus; EHL, extensor hallucis longus; TA, tibialis anterior; TP, tibialis posterior; FDL,

flexor digitorum longus; PL, peroneus longus; PB, peroneus brevis.

2, moderate; grade 3, severe) based on the rater’s impres-
sion of how large the volume of synovial hypertrophy and
synovial fluid was for the synovial site assessed. On the
other hand, synovial PD signal was graded as a PD score
on a scale of 0 to 3 (grade 0, normal; grade 1, mild; grade
2, moderate; grade 3, severe) based on the rater’s impres-
sion of how widespread the abnormal synovial PD signals
within the synovial hypertrophy were. Total scores for an

individual patient were calculated for each synovial tissue
and for all synovial tissues by summation for each synovial
tissue (that is, total intra-articular GS/PD score, total teno-
synovial GS/PD score, total bursal GS/PD score) and for
all synovial tissues (that is, total synovial GS/PD score).
When ultrasound findings were assessed at a 40-joint
level, the maximum grade obtained from multiple synovial
sites (for example, radiocarpal joint, extensor carpi
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ulnaris) within a joint unit was assigned to the joint (for
example, wrist).

Statistical analysis

Statistical analysis was performed using R version 2.13.0
(The R Foundation for Statistical Computing, Vienna,
Austria). Non-normally distributed continuous data were
analyzed using nonparametric tests (Spearman’s rank
correlation coefficient and Wilcoxon signed-rank test).
Categorical data were analyzed using McNemar’s test.
Bonferroni’s correction was applied for multiple testing.
P-values less than 0.05 were considered statistically
significant.

Results

Demographics and disease characteristics

Ten patients (two female) from eight unrelated Japanese
families enrolled in this study. As shown in Table 1, the age
at ultrasound examination ranged from 10 months to
37 years and the patients were numbered from 1 to 10 in
order of this age. Patients 1, 2, and 10 were offspring and a
parent, whereas the other patients had no family history
suggestive of Blau syndrome. All patients had been shown
to have a known NOD2 gene mutation associated with Blau
syndrome (Table 1). Patient 3 was an atypical case who de-
veloped aortitis at the age of 7 months, which was treated
successfully with corticosteroid (pulse methylprednisolone
followed by oral prednisolone for 5 years), methotrexate,
and infliximab as infantile Takayasu arteritis. He was
genotyped for NOD2 when he developed iritis at the age
of 7 years [39].
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Treatment at ultrasound examination

Three patients (patients 1, 5, and 10) were not receiving
any medication for joint involvement when ultrasound
was performed, and seven patients were receiving anti-
inflammatory/rheumatic medications, including non-
steroidal anti-inflammatory drugs (NSAIDs), corticos-
teroids (prednisolone <11.25 mg/day), methotrexate, and
TNF antagonists (Table 1). In patient 5, treatment with
methotrexate plus infliximab was initiated after the first
ultrasound examination and the second ultrasound
examination was performed after 14 weeks of treat-
ment. In patient 6, infliximab was added to his treat-
ment regimen after the first ultrasound examination
and the second ultrasound examination was performed
after 12 months.

Severity of arthritis assessed by conventional measures
Table 2 summarizes the severity of arthritis at ultrasound
examination. Although swollen joint counts varied among
patients, most of the patients did not have any tender
joints and therefore, the patient’s or parent’s global VAS
score was <10 mm in most of the patients. The levels of
acute inflammatory responses and physician’s global VAS
score were not markedly elevated either. As shown in
Table 2, disease activity parameters in patient 5 substan-
tially improved after treatment with methotrexate plus
infliximab, whereas the decrease in those parameters in
patient 6 was relatively mild.

Camptodactyly was present at least in one joint in pa-
tients 4 to 10, whose ages were 9 years and 7 months or
older (Table 2). Proximal interphalangeal (PIP) joints
were the joints in which camptodactyly was identified
most frequently. Despite the presence of multiple

Table 1 Demographics, disease characteristics, and treatment at ultrasound examination

Patient  NOD2 Age (months) Duration of treatment at ultrasound examination (months)
number  mutation At ultrasound At onset of At onset of At diagnosis NSAID Corticosteroid Methotrexate TNF antagonist
examination  joint symptom skin lesion of uveitis
17 R334W 10 NA 6 NA NA NA NA NA
2" ref [34] R334W 66 19 6 NA NA NA 13 NA
3ref [36] D382E m NA NA 88 NA NA 60 11 (infliximab)
4 R587C 115 53 NA NA NA NA 32 32 (etanercept)
5 R334W 146* 24 7 39 NA NA NA NA
154%% NA NA 3 3 (infliximab)
6 R334W 153* 29 21 35 12 112 124 NA
166** NA NA 137 12 (infliximab)
7 ref [6] R334Q 160 52 NA NA 105 NA 60 44 (infliximab)
8 ref [6] R334W 212 24 8 48 188 142 184 NA
9 ref [6] R334Q 294 34 24 60 270 259 135 45 (infliximab)
10' ref [3] R334W 452 NRF 24 156 NA NA NA NA

ref: Reference number in which the patient was previously reported; offspring and parent; *1% ultrasound examination; **2™ ultrasound examination; *reported no arthritic
symptoms despite the presence of overt camptodactyly. NSAID, non-steroidal anti-inflammatory drug; TNF, tumor necrosis factor; NR, not reported; NA, not applicable.
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Table 2 Conventional activity measures for joint inflammation, physical function, and the presence of camptodactyly

Patient Tender Swollen Global assessment Acute inflammatory DAS28 DAS28 MMP-3*° CHAQ Campto-
number joint count joint count VAS (/100 mm) response (normal rangeg) -ESR -CRP (ng/mlL) dactyly
/28 /40 /28 /40  Patient/parent Physician ESR, mm/h CRP, mg/L

1 NR' NRY0 0 0 2 3Q2t10)  30(0to3) NA NA 272 0 No

2 0 0 22 24 10 5 6 (2 to 10) 1.0 (0 to 3) 27 2.7 853 0 No

3 0 0 0 0 0 3 292t 100 3200to03) 24 22 249 0 No

4 0 0 1 1 8 6 1931015 07(0t026) 25 15 64.0 013 Yes

5* 0 0 23 25 10 50 2(w10) 600103 37 3.1 8000 0 Yes

S¥¥ 0 0 7 9 0 23 3(1to10) 00(0103) 1.5 1.7 218 0 Yes

6* 0 0 2 3 1 5 3(5t1013)  30(0t02) 13 1.9 18.7 0 Yes

6** 0 0 2 2 2 ] 2(5t1013) 04((0to2 09 15 188 0 Yes

7 0 0 1 1 0 0 27(3t015) 14(0to26) 26 16 4264 0 Yes

8 4 4 13 13 65 45 8 (210 10) 10010 26) 45 43 » 369 0.63 Yes

9 0 0 0 0 15 8 4 (21010 00(0to26) 12 1.2 2168 163%  Yes

10 0 0 3 5 4 8 12Q 10 10003 23 18 129.0 0.13%  Yes

*1%* yltrasound examination ; **2™ ultrasound examination; 'not reported because the patient was not able to understand and answer the question; *health
assessment questionnaire-damage index (HAQ-DI) for adult was obtained; “normal range in the institute for patient’s sex is provided; **normal ranges are 36.9 to
121.0 ng/mL for males and 17.3 to 59.7 ng/mL for females. VAS, visual analogue scale; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; DAS28, disease
activity score 28; MMP-3, matrix metalloproteinase-3; CHAQ, childhood-health assessment questionnaire; NR, not reported; NA, not applicable.

swollen joints and camptodactyly, physical function Distribution of inflammation in synovial tissues

assessed by CHAQ/HAQ was rarely impaired in patients  determined by ultrasound

younger than 13 years. Photographs of the hands and  All patients completed the comprehensive ultrasound as-
the right foot and radiographs of the hands in patient 5  sessment of 102 synovial sites. The distribution and the
are shown in Figures 3 and 4, respectively. grade of GS and PD scores in each patient were illustrated

o i =2

Figure 3 Photographs of the hands and the right foot in patient 5. Shown are the photographs of the hands (A, €) and the right foot

(B, D) in Patient 5 before treatment (A, B) and after treatment (C, D). Soft tissue swelling in the wrists, the fingers, the ankle, and the mid foot
improved after treatment with methotrexate and infliximab. Papular rash also markedly improved.

.
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and infliximab.

Figure 4 Radiographs of the hands in patient 5. Shown are the radiographs of the left hand (A, C) and the right hand (B, D) in patient 5
before treatment (A, B) and after treatment (C, D). Soft tissue swelling in the wrist and fingers improved after treatment with methotrexate

in heat maps for intra-articular synovitis (Figure 1) and for
tenosynovitis (Figure 2). Bursitis was identified only in the
sub-acromial/deltoid bursa in bilateral shoulders in one

are shown in Figure 5. Additional movie files show these
in more detail (see Additional files 1, 2, 3, 4, 5 and 6).
The most frequently and severely involved synovial sites

were tendon sheaths in the ankle, extensor tendon
sheaths in the wrist, and the PIP joints. In contrast,
some synovial sites, such as the glenohumeral joint, the
midtarsal joint, and the olecranon bursa, did not exhibit
synovial inflammation on ultrasound.

patient (patient 6) with a GS score of 2 bilaterally and a
PD score of 2 in the right shoulder (data not shown).

As demonstrated in Figures 1 and 2, a wide range of
synovial sites were affected, mostly in a symmetrical
manner. Representative ultrasound images of patient 5

~

Power Doppler Gray-scale Power Doppler Gray-scale

Figure 5 Representative ultrasound images of intra-articular synovitis and tenosynovitis in patient 5. Shown are the representative
ultrasound images of intra-articular synovitis (A, C, E, G, I, K) and tenosynovitis (B, D, F, H, J, L) in patient 5 before (A-F) and after treatment
(G-L). All images before treatment demonstrate synovial/tenosynovial hypertrophy, which accompanies increased power Doppler signals (A-F).
Additional movie files show this in more detail (see Additional files 1, 2, 3, 4, 5 and 6). (A and G) Longitudinal view of the dorsal aspect of the 3™
proximal interphalangeal joint in the right hand; (B and H) longitudinal view of the flexor tendon of the third finger on the right hand; (C and 1)
oblique view of the anterior-lateral aspect of the suprapatellar recess in the right knee; (D and J) a fongitudinal view of the tibialis anterior tendon
in the right ankle; (E and K) longitudinal view of the dorsal aspect of the third metatarsophalangeal joint of the right foot; (F and L) longitudinal
view of the flexor tendon of the first toe of the right foot. *Intra-articular synovial hypertrophy; **tenosynovial hypertrophy. PP, proximal phalanx;
MP, metacarpal; FD, flexor digitorum; TA, tibialis anterior; MT, metatarsal.
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Ten age- and sex-matched control subjects, two female,
mean age 169.8 months old (range 3 to 499) also under-
went comprehensive ultrasound assessment. Only mild
GS intra-articular synovitis and tenosynovitis without a
PD signal was identified in subjects aged 3 years or older.
GS intra-articular synovitis was identified in nine sites in
eight joints (three wrists, three toes) in four patients and
GS tenosynovitis was identified in five sites in four joints
(three ankles) in four patients. These data indicate that GS
scores of 2 or greater and positive PD scores have patho-
logical meanings, whereas GS scores of 1 are less specific
in our study.

Predominance of tenosynovitis over intra-articular
synovitis

Tenosynovitis was more prevalent and more severe than
intra-articular synovitis in our patients with Blau syn-
drome (Figures 1 and 2). When compared in the total
joints where both intra-articular- and teno-synovitis were
evaluated (that is, elbow and knee joints were excluded),
the proportion of the joints with a positive GS score
for tenosynovitis was significantly higher than that for
intra-articular synovitis (41.5% versus 27.9%, P <0.0001,
McNemar test with Bonferroni correction). When com-
pared in each joint, the prevalence of GS tenosynovitis
was significantly higher than that of GS intra-articular
synovitis in the metacarpophalangeal (MCP) joints (56.0%
versus 25.0%, P <0.0001), in the wrist (80,0% versus 30.0%,
P=0.0266), and in the ankle (100% versus 20.0%,
P =0.0011) (McNemar test with Bonferroni correction)
(Figure 6A). Similarly, the proportion of the joints with a
positive PD score for tenosynovitis was significantly higher
than that for intra-articular synovitis in the total joints
(22.2% versus 15.2%, P <0.0001), and individually, in
the wrist (55.0% versus 15.0%, P=0.0460) and in the
ankle (60.0% versus 0.0%, P =0.0090) (McNemar test with
Bonferroni correction) (Figure 6B). In addition, the GS
and PD scores for tenosynovitis were significantly higher
than those for intra-articular synovitis in the total joints
(P <0.0001 for both scores, Wilcoxon signed-rank test
with Bonferroni correction).

improvement of ultrasound findings after initiating the
treatment with infliximab

In patient 5, clinical, radiographic, and ultrasonographic
findings markedly improved after 14 weeks of treatment
with methotrexate plus infliximab (total intra-articular
GS score, 89 versus 13; total intra-articular PD score, 80
versus 7; total tenosynovial GS score, 79 versus 19; total
tenosynovial PD score, 72 versus 8) (Figures 1, 2, 3, 4
and 5). This result suggests that treatment with metho-
trexate plus infliximab can improve the inflammation in
synovial tissues in a patient with Blau syndrome in a
relatively short period of time.
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Adding infliximab to methotrexate also substantially im-
proved the ultrasound findings in patient 6, leaving no re-
sidual PD signals in the synovial tissues even after the
corticosteroid and the NSAID were discontinued (total
intra-articular GS score, 20 versus 10; total intra-articular
PD score, 7 versus 0; total tenosynovial GS score, 44 ver-
sus 6; total tenosynovial PD score, 24 versus 0) (Figures 1
and 2). These data indicate that ultrasound scores are
more responsive to change as compared with conven-
tional measures.

Influence of age and treatment on inflammation in
synovial tissues

Also demonstrated in Figures 1 and 2, together with
Table 1, is the influence of age and treatment on synovial
inflammation. Focusing on the PD score, severe cases
of intra-articular synovitis clustered between patient 5
(12 years and 2 months old) and patient 8 (18 years and
8 months old) (Figure 1). On the other hand, severe cases
of tenosynovitis clustered between patient 2 (5 years and
6 months old) and patient 8 (Figure 2). Of note, ultra-
sound revealed little or no inflammation accompanying
the PD signal in patient 1 (10 months old) and patient 10
(37 years and 8 months old) even though they had ne-
ver received anti-inflammatory or rheumatic treatment,
whereas patient 2, who is a member of the same family
carrying the same NOD2 mutation, exhibited substantial
PD tenosynovitis despite receiving an NSAID and metho-
trexate. Patients within the cluster whose ultrasound im-
ages showed relatively mild PD signals (patients 3, 4, 5
(after treatment) and 6 (after treatment)) were all recei-
ving treatment with methotrexate plus a TNF antagonist.

Discrepancy between ultrasound scores and conventional
measures for the activity of arthritis

As shown in Table 3, the swollen joint count tended to
correlate with total ultrasound scores (p 0.68 to 0.76,
P 0.0364 to 0.1343). However, no other conventional
measures for arthritis activity correlated with total ultra-
sound scores with statistical significance.

At a 40-joint level, numbers of joints with tenderness,
swelling, GS 21 synovitis (GS score 21), GS 22 synovitis
(GS score 22), and synovial PD signal were 4 (0.8%), 81
(16.9%), 240 (50.0%), 117 (24.4%), and 124 (25.8%), re-
spectively. The differences in prevalence between swel-
ling and ultrasound findings were statistically significant
(swelling versus GS =1 synovitis, P <0.0001; swelling ver-
sus GS =2 synovitis, P =0.0002; swelling versus synovial
PD signal, P <0.0001) (McNemar test with Bonferroni
correction). Importantly, GS 21/GS 22 synovitis was
present in 168/57 out of 399 non-swollen joints, in
which 61 also exhibited synovial PD signal (Table 4).

In each joint region, prevalence of GS =1 synovitis
was significantly higher than that of joint swelling in the
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Figure 6 Prevalence of intra-articular synovitis and tenosynovitis in each joint. Shown are the comparisons of prevalence of joints with a
positive gray-scale (A) or power Doppler (B) score between intra-articular synovitis (light gray/orange bar) and tenosynovitis (dark gray/orange
bar) in each joint. Numbers of total joints assessed for the region are shown in the bottom (n). *P <0.05, **P <0.01, ***P <0.001, McNemar test
with Bonferroni correction. GS, gray-scale; PD, power Doppler; PIP (IP), proximal interphalangeal (interphalangeal) joint; MCP, metacarpophalangeal
joint; MTP, metatarsophalangeal joint.

PIP joints (73.3% versus 24.2%, P <0.0001), the MCP joints
(55.0% versus 15.0%, P <0.0001), and the ankle (100% ver-
sus 37.6%, P=0.0072) (McNemar test with Bonferroni
correction) (Figure 7). Prevalence of GS =1 synovitis and
synovial PD signal were also significantly higher than that
of joint swelling in the MCP joints (29.2% and 31.7%
versus 15.0%, P=0.0058 and P =0.0012, respectively,
McNemar test with Bonferroni correction) (Figure 7).

Discussion

In this multi-center study, ultrasonographic assessment of
102 synovial sites provided detailed information on the
anatomical distribution of synovial inflammation in pa-
tients with Blau syndrome. Our data demonstrate that a
wide range of synovial sites can be affected mostly in a
symmetrical manner in patients with Blau syndrome.
Most frequently involved joints identified in this study are

Table 3 Correlation between total ultrasound scores and conventional activity measures

Tender joint Swollen joint Patient’s Physician's ESR CRP DAS28 -ESR DAS28 -CRP MMP-3

count /40 count /40 VAS VAS
Intra-articular synovium Total GS score 030 0.76* 036 0.51 021 011 053 055 0.19
Total PD score 035 0.69 0.18 040 020 025 063 061 045
Tenosynovium Total GS score 0.00 0.68 042 047 0.13 021 067 0.57 045
Total PD score 055 072 040 051 023 017 066 059 030
Total Total GS score 020 0.72 034 0.39 021 028 067 059 033
Total PD score 037 068 035 051 027 012 066 053 025

Values are Spearman’s correlation coefficients (p). *P < 0.05; no other correlations were statistically significant when Bonferroni correction was applied. VAS, visual
analogue scale; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; DAS28, disease activity score 28; MMP-3, matrix metalloproteinase-3; GS, gray-scale;

PD, power Doppler.
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Table 4 Discrepancy between joint swelling and
ultrasound findings

Swelling Total

G W
Gray-scale synovitis (-) 231 (48) 9(2) 240 (50)
(gray-scale score >1) +) 168 (35) 72.(15) 240 (50)
Total 399 (83) 81 (17) 480 (100)
Gray-scale synovitis -) 342 (71) 21 (4) 363 (75)
(gray-scale score >2) (+) 57 (12) 60 (13) 240 (25)
Total 399 (83) 81(17) 480 (100)
Synovial () 338 (70) 18 (4) 356 (74)
Power Doppler signal (+) 61 (13) 63 (13) 124 (26)
Total 399 (83) 81(17) 480 (100)

Values are the number (%) of joint regions.

consistent with the previous reports [1,7,13-15]. However,
our data provide novel and more specific information on
the anatomical site (intra-articular synovium versus teno-
synovium versus bursa), the chronicity (currently active
inflammation versus chronic swelling versus subsequent
contracture), and the severity (mild versus severe). As a
result, the data in the form of a heat map (Figures 1 and
2) readily provide clinicians and researchers with valuable
information. Furthermore, our data for the first time de-
monstrate the predominance of tenosynovitis over intra-
articular synovitis in Blau syndrome. Although frequent
involvement of the tenosynovium has been reported de-
scriptively [1,7,13-15], no studies had provided objective
data on the predominance of tenosynovitis.

[ Tender
] Swollen
GS =1
EGesz2
BB PD21

% Joints involved

n=120

n=120

Figure 7 Prevalence of clinical manifestations and ultrasound
findings in each joint. Shown are the proportions of joints with
tenderness (white bar), swelling (light blue bar), gray-scale synovitis =
grade 1 (light gray bar), gray-scale synovitis = grade 2 (dark gray bar),
and synovial power Doppler signal (orange bar). Numbers of total
joints assessed for the region are shown in the bottom (n). **P <0.01,
##*P <0007, McNemar test with Bonferroni correction. GS, gray-scale
score; PD, power Doppler score; PIP (IP), proximal interphalangeal
(interphalangeal) joint; MCP, metacarpophalangeal joint; MTP,

metatarsophalangeal joint.
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Although this is a cross-sectional study except for
patient 5 and 6, comprehensive and detailed data from
patients at a wide range of ages who share the same
underlying molecular pathophysiology let us speculate on
the natuaral history of synovial inflammation in Blau syn-
drome. Comparing the siblings (patients 1 and 2), we
assume that mild GS tenosynovitis precedes clinically de-
tectable joint swelling and full-blown PD-positive teno-
synovitis; we also assume that tenosynovitis precedes
intra-articular synovitis. Given the minimal PD activity of
synovial inflammation in patient 10, who carries the same
NOD2Z mutation as patient 2 but has never received treat-
ment, we also speculate that active synovial inflammation
can spontaneously ameliorate, at least in some patients
with Blau syndrome, at some point after their adolescence.
These hypotheses, however, need to be confirmed in a
large-scale observational study.

The marked improvement in PD scores in patients 5
and 6 after treatment with methotrexate plus infliximab
and relatively low total PD scores in patients recei-
ving treatment with methotrexate plus TNF antagonists
(patients 3, 4, 7, and 9) support the notion that a metho-
trexate plus TNF antagonist regimen is efficacious not
only for RA [40,41] and JIA [42] but also for arthritis in
patients with Blau syndrome [43]. On the other hand, the
effectiveness of methotrexate monotherapy was not obvi-
ous in our small group of patients. We do not exclude the
possible influence of genotypes on the severity of arthritis
in patient 3 (D382E) and 4 (R587C), both of which were
not included in the previous analysis of the association
between genotype and phenotype [6]. A future investiga-
tion on the association between NOD2 genotypes and
ultrasound-defined severity of arthritis in a larger number
of patients may identify the high-risk genotypes for severe
synovial inflammation.

The symmetrical involvement of synovial tissues and the
effectiveness of methotrexate plus infliximab in our pa-
tients with Blau syndrome support the argument that
autoinflammatory diseases such as Blau syndrome and
autoimmune diseases such as RA share some phenotypic
manifestations and cytokine pathways that maintain arth-
ritis even though the contribution of innate/acquired im-
munity to pathogenesis is quite different between these
two categories of disease [44]. However, our study also
confirms the painless nature of arthritis in Blau syndrome,
which contrasts with RA. Our patients exhibited surpri-
singly little tenderness or pain (Table 2) in the presence of
active inflammation in both the intra-articular- and teno-
synovium (Figures 1 and 2). In addition, the elevation of
acute inflammatory responses was infrequent and mild,
which is consistent with some of the previous reports
[1,14]. These data were reflected in the poor correlations
of total ultrasound scores with tender joint count, pa-
tients’/parents’ global VAS, ESR, and CRP (Table 3),
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indicating that these measures do not reflect synovial
inflammation in Blau syndrome. The reasons for this
absence of canonical features of inflammation in the pre-
sence of synovial inflammation, along with the predo-
minance of tenosynovitis, caused by NOD2 mutations are
intriguing research questions in understanding the mo-
lecular mechanisms of inflammation.

On the other hand, the swollen joint count tended to
correlate with total ultrasound scores (Table 3), sug-
gesting that the swollen joint count is the most reliable
conventional measure that can reflect the global severity
of synovial inflammation in patients with Blau syn-
drome. At a joint level, however, active synovial inflam-
mation was frequently detected by ultrasound in joints
without swelling (Table 4). These data indicate that cli-
nically detected joint swelling is not as sensitive as ultra-
sound findings to represent synovial inflammation.

Given the significant improvement of clinical parame-
ters after treatment in patient 5 (Table 2), these mea-
sures may reflect the therapeutic effect of potent therapy
on arthritis when disease activity is very high. However,
in order to prevent structural damage and late-onset
functional impairment, treating patients to a minimal
disease activity state, which can be only evaluated by
ultrasound, may be important. Since the impact of syn-
ovial inflammation on structural and functional deterio-
ration in Blau syndrome can be substantially different
from that in RA and JIA, longitudinal assessment of
arthritis in Blau syndrome using quantitative measures
for structural damage (for example, radiographic score)
is urgently needed to determine the threshold of accept-
able activity of synovial inflammation. In the future, cli-
nical studies to establish optimized treatment strategies
(for example, treatment agent, treatment target) for arth-
ritis in Blau syndrome, ultrasound may play a significant
role in decreasing the sample size needed by providing
better quantification and sensitivity to change.

One of the major limitations of our study is the very
small sample size. However, Blau syndrome is a much
more homogeneous condition as compared with RA or
JIA, especially when the genetic mutation of NOD2 is con-
firmed. Also given the quantitative capability and the ex-
cellent reproducibility of ultrasonographic assessment of
synovial inflammation in the recent reports [22,29,36,37],
the comprehensive data obtained in this study are likely to
represent the pathophysiology of arthritis in Blau syn-
drome and provide more reliable information than the
mostly descriptive one in the previous reports.

Another major limitation of our study is that ultrasono-
graphic synovial pathologies were graded subjectively due
to the lack of currently available standardized measures for
children. Although our data support the use of ultrasound
in monitoring the disease activity of Blau syndrome, our
data cannot be readily generalizable and need to be
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confirmed in future studies when standardized methods are
established. Furthermore, performing the comprehensive
ultrasound assessment we employed in this study is not
feasible in daily practice. The essential synovial sites to be
scanned should be determined not only by the frequency of
involvement, but also by the impact on structural and
functional deterioration in Blau syndrome. Although we
assume that PD signal is more essential than GS syno-
vitis in monitoring disease activity, careful gray-scale assess-
ment is fundamentally important to distinguish between
the inflammatory angiogenesis in synovial hypertrophy
and the feeding vessels in unossified cartilage in children.

Conclusions

The detailed anatomical distribution and severity of syn-
ovial inflammation revealed by comprehensive ultrasound
assessment confirm the frequently involved joints, the pre-
dominance of tenosynovitis, and the dissociation between
pain and inflammation in the arthritis of Blau syndrome.
Our data also give an insight into the treatment response
of arthritis in Blau syndrome and demonstrate that muscu-
loskeletal ultrasound can be a potent tool in monitoring
the activity of synovial inflammation and in investigating
the pathophysiology of arthritis in this rare but arche-
typical autoinflammatory condition.

Additional files

Additional file 1: A longitudinal view of the dorsal aspect of the 3™
proximal interphalangeal joint in the right hand. Severe synovial
hypertrophy accompanies severe power Doppler signals.

Additional file 2: A longitudinal view of the flexor tendon of the
3" finger in the right hand. Moderate tenosynovial hypertrophy
accompanies moderate power Doppler signals. Transverse views of this
lesion showed more severe findings.

Additional file 3: An oblique view of the anterior-lateral aspect of
the suprapatellar recess in the right knee. Severe synovial
hypertrophy accompanies severe power Doppler signals.

Additional file 4: A longitudinal view of the tibialis anterior tendon
in the right ankle. Severe tenosynovial hypertrophy accompanies
moderate to severe power Doppler signals.

Additional file 5: A longitudinal view of the dorsal aspect of the 3™
metatarsophalangeal joint in the right foot. Mild to moderate synovial
hypertrophy accompanies moderate to severe power Doppler signals.
Additional file 6: A longitudinal view of the flexor tendon of the 1%
toe in the right foot. Severe tenosynovial hypertrophy accompanies
moderate power Doppler signals.
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Abstract

We investigated the effectiveness and usefulness of a novel tool: the Power Tree®, for body mas-
sage in 10 healthy female volunteers (age range, 24 - 55 years; mean age, 40.5 years) by evaluating
several dermatological and psychological parameters, such as the amount of dermal collagen, the
skin temperature, the level of salivary amylase and the scores on the State-Trait Anxiety Index
(STAI). After 60-minute Power Tree®-mediated body massage, both the dermal collagen score de-
termined from the DermaLab® images and skin temperature measured by infrared thermography
were found to have increased significantly in several body sites compared to those before the
treatment (p < 0.01 and p < 0.001, respectively). Although the level of stress estimated by the
amount of amylase in the saliva was not significantly different pre- and post-procedure (p = 0.3),
the treatment significantly reduced both the state anxiety {SA) and trait anxiety (TA) scores on the
STAI (p < 0.001 for the SA, p < 0.01 for the TA). The treatment with this device was smoothly per-
formed without any burden on the therapists during the present study. These data suggest that
the newly-developed device is a powerful and useful tool for reflexology when used for full body
massage therapy, and massage therapy using this device may produce beneficial, physiological ef-
fects as well as psychosocial improvements.

Keywords

Dermal Collagen Score, Hand Massage, Power Tree®, Salivary Amylase, Skin Temperature, STAI

1. Introduction
There are a number of procedures used in the aesthetic and aesthetic dermatological field, where people can re-
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