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Abstract Blau syndrome (BS) is a rare autosomal dominant
autoinflammatory disease characterized by the clinical triad of
dermatitis, arthritis, and uveitis. It is caused by mutations in
nucleotide-binding oligomerization domain-containing pro-
tein-2 (NOD2) gene. BS has been widely reported in
Caucasians but cases documented in China are scarce. We
reported two Chinese families with BS, which were by
far the two largest pedigrees in the Chinese population. We
identified two unrelated families with BS. The phenotypes and
genotypes of these patients were reviewed and compared with
previous cohorts. The proband of the first family was a
32-year-old Chinese Han woman, who had dermatitis,
polyarthritis, and intermittent fever since the age of 6, bilateral
panuveitis since 12. During her disease course, she lost her
vision and developed hand flexion contractures. The proband
of the second family was a 36-year-old Chinese Han woman,
who had dermatitis and bilateral panuveitis since the age of 7,
persistent polyarthritis since 13. Additional 7 and 4 family
members were affected in the first and second families,
respectively, and pedigree analysis suggested autosomal dom-
inant inheritance. Genetic testing in both families identified
the heterozygous ¢.1000 C > T, R334W mutation in NOD2
gene. Only one patient had recurrent fever as an expanded
manifestation beyond the classical triad. BS can occur in mul-
tiple ethnic groups including the Chinese Han population. Our
11 adult patients constituted the largest adult cohort of BS ever
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reported in China. Lack of recognition of BS led to a signifi-
cant delay in diagnosis. A considerable percentage of patients
did not demonstrate the full spectrum of the classical triad,
further complicating the diagnosis.
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Introduction

Blau syndrome (BS) is a rare autosomal dominant,
autoinflammatory granulomatous disorder [1], which is
linked to certain variants of the nucleotide-binding olig-
omerization containing protein-2 (NODZ2) gene [2]. The
disease usually starts in early childhood with clinical features
consisting of one or more of the following granulomatous
inflammations: uveitis, arthritis (sometimes camptodactyly),
and dermatitis.

The protein of NOD2 is a member of a family of intracellular
proteins with N-terminal caspase recruitment domains (CARDs)
[3, 4]. Since the discovery of NOD2 in 2001, NOD? variants
have been associated with Crohn’s disease, Blau syndrome (BS),
and most recently, Yao syndrome (YAOS, formerly known as
NOD2-associated autoinflammatory disease, NAID) [5, 6].
BS has been linked to specific NOD?2 variants, R334W and
R334Q being the most commonly observed [7].

BS has been widely reported in Caucasians but only sparse-
ly documented in Asians [7, 8], especially in the Chinese
population [9, 10]. In this study, we described two unrelated
families of BS in China, including 13 affected members com-
prising 11 adults and 2 children, all harboring the R334W
mutation in NOD2.
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Patients and methods

Both probands were referred to our tertiary medical center,
and complete medical records were documented, including
the pedigree and the disease histories of kindreds. This re-
search was approved by the Institutional Review Board of
Peking Union Medical College Hospital and performed ac-
cording to the Declaration of Helsinki. Informed consents
were obtained from all participants. Whole-exome sequencing
by next-generation sequencing was performed in the Center
for Genetic Testing, Joy Orient Translational Medicine
Research Centre Co., Ltd., Beijing, China.

Results
The first family

The proband of'the first family (III: 1, Fig. 1) was a 32-year-old
Chinese Han woman. She had chronic polyarthritis involving
bilateral metacarpophalangeal (MCP) and proximal interpha-
langeal (PIP) joints of the hands, wrists, elbows, knees, and
ankles accompanied by papular rashes on four extremities
since the age of 6. She also had intermittent fever since then.
Disease-modifying anti-rheumatic drugs (DMARDs) such as
methotrexate and leflunomide combined with low-dose pred-
nisone had no effect. At 12 years of age, she developed per-
sistent bilateral panuveitis, which was resistant to the combi-
nation of cyclosporine and corticosteroids. Over the years, her
polyarthritis resulted in flexion contractures of her third,
fourth, and fifth fingers of both hands (camptodactyly)
(Fig. 2a) and persistent swelling of both knees, and her uveitis
caused atrophy of both eyeballs and eventually complete loss
of vision. The patient denied any symptoms suggestive of
inflammatory bowel disease (IBD), such as prolonged diar-
rhea or abdominal pain, melena, hematochezia, or perianal
lesions. She also denied manifestations more specific to
YAOS, such as distal lower extremity swelling or sicca-like
symptoms.

Fig. 1 Pedigree of the first
family. The arrow indicates the
proband. The asterisks indicate
the individuals who had

Blood tests showed that the complete blood count (CBC),
complete biochemistry panel, and serum angiotensin-
converting enzyme were all within normal range. Urine anal-
ysis (sediment and dipstick) was normal. Fecal occult blood
test was negative. Serological testing for autoimmune diseases,
including anti-nuclear antibody, anti-extractable nuclear anti-
bodies, anti-double-stranded DNA, anti-neutrophil cytoplas-
mic antibodies, rheumatoid factor, anti-cyclic citrullinated pep-
tide antibodies were all negative. HLA-B27 was negative. The
erythrocyte sedimentation rate (ESR) was 34 mm/h (normal
range 0-20), high-sensitivity C-reactive protein (hsCRP) was
23.6 mg/L (normal range 0-3), and tumor necrosis factor
(TNF) o was 114.0 pg/ml (normal range 0-8.1). Her chest
radiograph showed no abnormality. X-ray of her hands re-
vealed symmetrical involvement of PIPs with joint space
narrowing, subluxation, and contracture (Fig. 2b). Biopsy of
synovium or skin rash was not performed due to the patient’s
preference. Genetic testing identified a heterozygous c.1000
C > T, R334W mutation in NOD?2 gene.

Pedigree analysis (Fig. 1) showed that her maternal grand-
mother (I:1), who died at the age of 70, developed bilateral
“eye inflammation” and deforming polyarthritis of the hands
since early childhood and eventually became blind in her 40s.
The proband’s mother (II:1), a 54-year-old woman, had
polyarthritis at 3 years of age and flexion contractures of the
third through fifth fingers (Fig. 2¢) developed. One of the
proband’s maternal uncles (II:3) who was 48 years old had
the similar articular manifestations as the proband’s mother
since the age of 4 (Fig. 2d). One of her maternal aunts (II:5),
a 43-year-old woman, suffered from recurrent anterior uveitis,
hand flexion contractures, and ankle swelling since the age of
5. The two brothers of the proband (III:2 and I1I:4), 27 and
25 years old, respectively, both developed intermittent
polyarthritis with bilateral flexion contractures of the third
through fifth fingers since the age of 6. The proband’s
8-year-old son suffered from recurrent polyarthritis and
chronic papules on his four limbs at 6 months after birth, and
gradually developed bilateral flexion of the fourth and fifth
PIPs (Fig. 2e, f), without uveitis or fever. All her affected
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Fig. 2 Phenotypes of the first
family. Camptodactyly in the
proband (a). X-ray of the proband
showed symmetrical involvement
of PIPs, joint space narrowing,
subluxation, and contracture of
multiple PIPs (b). Camptodactyly
in other family members (II:1,
11:3, IV:1) (¢, d, e). Papules on the
upper limb of the proband’s son

av:n @

kindreds had no IBD symptoms. All living patients’ CBC and
biochemistry panel were within normal range; urine analysis
and fecal occult blood test were normal. Autoantibodies were
all negative. All the patients had mild to moderate elevation in
ESR (ranging from 32 to 66 mm/h) and hsCRP (ranging from
10 to 55 mg/L). Genetic analysis confirmed the presence of
the NOD2 ¢.1000 C > T, R334W heterogeneous mutation in
all the affected kindreds, while the mutation was not identified
in other 7 healthy kindreds in her family.

The proband and her son were treated with infliximab plus
methotrexate with satisfactory response for the polyarthritis.
ESR and hsCRP rapidly decreased to normal levels after ther-
apy. Due to personal financial constraints, other affected mem-
bers only received DMARDs such as methotrexate or cyclo-
sporine combined with low to moderate dose of prednisone
for their arthritis or uveitis with very limited efficacy.

The second family

The proband of the second family (II:4, Fig. 3) was a
36-year-old Chinese Han woman. The patient had chronic
bilateral panuveitis since the age of 7, which led to blindness
7 years later. She also suffered from widespread intermittent
erythematous maculopapular rash without pruritus since the
onset of the uveitis. She developed persistent polyarthritis
since the age of 13, involving PIPs of the hands and bilateral
wrists, elbows, knees (Fig. 4a), and ankles. The affected joints
had prolonged morning stiffness, mild tenderness, but no ob-
vious deformity. The patient only received irregular nonste-
roidal anti-inflammatory drugs (NSAIDs) for her arthritis with
partial relief. She had no IBD symptoms, distal lower extrem-
ity swelling, or sicca-like symptoms.

Blood tests for CBC, biochemistry panel, and auto-
antibodies were all normal. Urine analysis (sediment and dip-
stick) was normal, and the fecal occult blood test was negative.

ESR was 48 mm/h, hsCRP was 33 mg/L, and TNFx was
10.1 pg/ml. Her chest radiograph was normal. X-ray of hands
showed only soft tissue swelling and joint space narrowing of
PIPs and wrists. Articular ultrasonography (Fig. 4b, c) revealed
effusion, synovial cysts, and marked proliferation of the
synovium in the afflicted joints. Synovium or skin biopsy
was declined by the patient. Genetic testing identified a hetero-
zygous ¢.1000 C > T, R334W mutation in NOD?2 gene.

Pedigree analysis (Fig. 3) revealed that her 66-year-old
mother (I:1) lost vision during childhood due to “chronic red-
ness of eyes.” One of the proband’s sisters (I1:2), 42 years old,
had similar manifestations as the proband since the age of 5,
including bilateral panuveitis leading to loss of vision, inter-
mittent dermatitis, and chronic polyarthritis. Her 40-year-old
brother (II:3) had intermittent anterior uveitis since the age of
4 and nondeforming polyarthritis since the age of 10, which
was misdiagnosed as rheumatoid arthritis (RA). His 6-year-
old daughter (II:2), the proband’s niece, developed wide-
spread multiple papules, symmetric polyarthritis, and recur-
rent anterior uveitis since infancy. All her affected kindreds
denied symptoms suggestive of IBD. Genetic analysis dem-
onstrated NOD2 ¢.1000 C > T, R334W heterogeneous muta-
tion in the 4 affected kindreds but not in other healthy mem-
bers in this family.

The proband and her niece both received infliximab plus
methotrexate with satisfactory responses for arthritis and der-
matitis, and the uveitis of her niece also subsided. Other mem-
bers only received traditional DMARDs combined with low
to moderate dose of prednisone with marginal efficacy.

Discussion

BS is an autosomal dominant disease typically characterized
by the clinical triad of granulomatous dermatitis, inflammatory
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Fig. 3 Pedigree of the second

family. The arrow indicates the |
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arthritis, and uveitis. Although BS is reported predominantly
among Caucasians, it has been reported in East Asia, including
34 cases in Japan [11], 19 cases in China [9, 10], and 4 cases in
South Korea [12]. Since the majority of the aforementioned
cases were sporadic, we herein described the two largest ped-
igrees of BS in East Asia as well as in China.

Both our probands presented with typical “boggy” arthritis,
panuveitis, and papular rashes. Their diagnoses as BS were
confirmed by the presence of a common NOD2 mutation in
BS and a family history of autosomal dominant inheritance.
The median age of our patients at diagnosis was 40 (ranging
from 6 to 70), which was much older than the previous cohorts
[7, 10, 13, 14] mainly due to the decades of delay in diagnosis.
Our 11 adult patients constituted the largest adult cohort of BS
in China. The first symptom(s) of all patients except two pro-
bands began during early childhood, which was consistent with
previous reports.

The phenotypic and genotypic characteristics of our cohort
were summarized in Table 1, along with previously reported
Chinese cohorts [9, 10] and recently published large cohorts
[7, 13, 14]. As in other cohorts, arthritis was the most common
component among the classical clinical triad, with a preva-
lence of 92%. Despite sharing the same NOD2 mutation, all
the 8 patients from the first family developed camptodactyly
and hand flexion contractures, whereas none from the second

Fig. 4 Periarticular boggy
swelling of the second proband’s
knees with mild inflammation (a).
Ultrasonography of her left wrist
showed effusion and marked
synovial thickening (b).
Ultrasonography of her right
elbow showed a synovial cyst
typical of Blau syndrome (c)
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family had joint deformity. This marked discrepancy sug-
gested other genetic or nongenetic factors might be involved
in phenotypic variation of BS. In our cohort, 8 patients suf-
fered from uveitis, resulting in complete visual loss in 5
(38%). The severity of ocular outcome highlights the impor-
tance of early recognition and proper management of BS.
Only 38% of our patients suffered from dermatitis, which
was significantly less frequent than the Japanese cohort and
the Caucasian cohorts [7, 13, 14]. Since skin involvement in
BS could be transient and asymptomatic, the retrospective
nature of our study and long disease courses of our patients
might contribute to this difference. Nevertheless, skin rashes
of our patients manifested mostly as multiple papules just as
reported in the previous cohorts. In general, the severity of
each individual component of the classical triad varied con-
siderably from case to case even in the same pedigree, sug-
gesting heterogeneity of phenotype of BS. Hence, our cohort
and other studies show BS as an autosomal dominant trait with
varying expressivity [8, 11, 13, 14].

During the disease course, fewer patients (31%) in our
cohort developed the complete clinical triad of dermatitis, ar-
thritis, and uveitis, compared with the previous large cohorts
(71-85%) [13, 14]. This difference might be partly explained
by the fact that our cohort consisted entirely of familial cases
whose diagnosis depended more on intentional gene screening
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Table 1  Summary of phenotypic and genotypic characteristics of reported Chinese cohorts and recently published large cohorts [7, 9, 10, 13, 14]

Reference no. 9 10 Ours 14 13 7 Total
No. of patients 3 16 13 20 45 31 128
Male (%) 2 (67) 9 (56) 5(38) 9 (45) 24 (53) 19 (61) 68 (53)
Ethnicity Chinese Chinese Chinese Japanese Caucasian Caucasian -
Clinical triad
Joint (%) 3 (100) 15 (94) 12 (92) 19 (95) 43 (96) 30 (97) 122 (95)
Skin (%) 2 (67) 11 (69) 5(38) 19 (95) 43 (96) 25 (81) 105 (82)
Eye (%) 3 (100) 14 (88) 8(62) 18 (90) 35(78) 25 (81) 103 (80)
Triad completeness
Complete (%) 2(67) 9 (56) 4 (31) 17 (85) 32 (71) UK 64 (66)
Joint & eye (%) 1(33) 4(25) 3(23) - 12 UK 909)
Joint & skin (%) - 1 (6) 1(8) 15 8 (18) UK 11 (11)
Eye & skin (%) - 1 (6) - 1(5 12 UK 303)
Joint only (%) - 1 (6) 431 15 2 (4) UK 8 (8)
Skin only (%) - - - - 12 UK 1(1)
Eye only (%) - - 1(8) - - UK 1(1)
Expanded symptom® (%) - 4(25) 1(8) 15 (75) 12 (27) 16 (52) 48 (38)
Fever (%) - 4(25) 1(8) 11 (55) 7 (16) 4(13) 27 (21)
NOD2 mutation
R334Q (%) - 5@31) - 3 (15) 18 (40) 9 (29) 3527
R334W (%) 3 (100) 2(13) 13 (100) 9 (45) 18 (40) 11 (35) 56 (44)
UK unknown

? Indicating clinical manifestations other than dermatitis, arthritis, and uveitis

rather than on typical clinical features. Whereas, the previous
cohorts included 51-70% sporadic cases, and the diagnosis of
sporadic cases relies heavily on the presence of classical triad
to prompt gene testing. Surprisingly, as many as 39% patients
in our cohort developed only one component of the classical
triad, emphasizing the importance of family history in the
differential diagnosis of fairly common symptoms.
Therefore, BS should be considered in children presenting
with even one component of the classical triad of arthritis,
dermatitis, and uveitis.

Expanded manifestations beyond the classical triad have
been reported [7, 13, 14], such as recurrent or persistent fever,
cutaneous vasculitis, panniculitis, granulomatous lymphade-
nopathy, pneumonitis, hepatosplenomegaly, granulomatous
glomerulonephritis and interstitial nephritis, hypertension, ce-
rebral infarction, cranial neuropathies, and large-vessel vascu-
litis. Among our patients, no history of the above-mentioned
manifestations was documented except one patient (the first
proband) with recurrent fever. Physical examinations revealed
no hypertension, lymphadenopathy, or hepatosplenomegaly.
Urine analysis and biochemistry panel all showed normal re-
sults. Hence, the frequency of expanded features among our
patients was only 8%, compared with the frequencies of 25—
75% in other cohorts [7, 13, 14]. The reason for this discrep-
ancy was probably twofold. First, due to lack of thoracic CT

scan, cranial MRI and large-artery ultrasonography or CT an-
giography, the frequency of asymptomatic involvement of
lung, central nervous system, or large-vessel vasculitis might
be underestimated; second, it had been suggested that pa-
tients with R334W mutation might have less expanded
symptoms than those with other mutations [13]. However,
the literature [7, 10, 13, 14] demonstrated that a significant
percentage (13—55%) of BS patients had fever (recurrent or
persistent) as an expanded feature, indicating that BS should
be included in the differential diagnosis of fever of unknown
origin in children.

BS has been linked to specific NOD2 sequence variants,
including R334W, R334Q, E383K, E383G, G464 W, L469F,
W490L, M513R, R587C, T605N, H496L, M513T, C495Y,
and N670K. The two most frequent mutations are R334W
and R334Q [2], found in 60-80% patients when taken togeth-
er [7, 13, 14]. The NOD2 sequence variants in BS are primar-
ily located in the nucleotide-binding domain (NBD) region,
and some of these mutants have “gain of function” in vitro
studies [2]. Each patient is heterozygous for a specific muta-
tion, and rare asymptomatic carriers had been described [13].
Our patients, along with the other Chinese BS patients [9, 10],
demonstrated R334W variant as the most common mutation
(56%) in the Chinese population, similar to the Japanese co-
hort (45%) [14]. More studies are needed to further clarify the
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genotype of BS in China. Crohn’s disease and YAOS have
also been associated with NOD2 gene, but with different mu-
tations (1007fs, G908R, R702W for Crohn’s disease, and
IVS8*'% R702W for YAOS) [5, 6]. Since our patients had
a mutation very specific to BS without any symptoms more
specific to IBD or YAOS, the latter two diagnoses could be
ruled out with confidence.

In terms of treatment, all of our patients received DMARDs
and/or low to moderate dose of prednisone before the di-
agnosis of BS. Among patients with predominant arthritis,
methotrexate was the most commonly used DMARD,
whereas cyclosporine was often given to patients with
chronic uveitis. Despite their long-term treatment, most
patients remained symptomatic with progressive worsen-
ing of their hand flexion contractures and/or vision loss.
All patients had mild to moderate elevation in ESR and
hsCRP, which were also indications for their persistent dis-
ease activity. After the diagnosis of BS, 4 patients received
infliximab plus methotrexate with satisfactory clinical re-
sponse and normalization of ESR and hsCRP. TNF« inhib-
itors such as infliximab are the most commonly used bio-
logical therapy in BS [1, 7], and the superiority over tradi-
tional DMARDs has also been documented [7, 11]. But the
long-term efficacy of anti-TNF«x agents, particularly with
regard to ocular morbidity, remains unknown.

In conclusion, we reported the two largest pedigrees
of BS in China, including the largest Chinese adult co-
hort. The older age of our patients at diagnosis illustrated
unrecognition of BS in China. The large percentage of our
patients who had only one component of the classical triad
underlined the difficulty in entertaining the diagnosis of BS in
clinical practice.
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