
Letter to the Editor
Somatic NOD2 mosaicism in Blau syndrome

To the Editor:
Blau syndrome (BS) is a dominant inherited autoinflammatory

disease caused by gain-of-function NOD2 mutations and charac-
terized by the triad of granulomatous arthritis, dermatitis, and
uveitis.1 We identified a 17-year-old patient with a clinical diag-
nosis of BS (see pedigree in Fig 1, A, and a complete clinical
description in this article’s Online Repository at www.
jacionline.org). Sanger NOD2 sequencing using DNA from total
leukocytes did not detect disease-causing mutations (Fig 1, B).
A careful analysis of Sanger chromatograms revealed at c.1001
position (Ref Seq: NM_022162.1) a very small peak of adenine
associated with a subtle decrease in the wild-type allele (Fig 1,
FIG 1. A, Family’s pedigree. B, Genomic organization
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C). This potential c.1001G>A transition might provoke the
appearance of the p.Arg334Gln NOD2 variant, which is a well-
known BS-causing mutation.1-4 A selective allele amplification
was reasonably ruled out by the heterozygous c.802C>T transi-
tion in the same amplicon (Fig 1, D), which is a common poly-
morphism of the gene (rs2066842; allele frequency of 13% in
the 1000 Genomes Project Phase 1). These data suggested the
presence of a somatic NOD2 mosaicism. To address this issue,
we performed targeted deep NOD2 sequencing using DNA ex-
tracted from hematological and nonhematological tissues (see
this article’s Methods section in the Online Repository at www.
jacionline.org). These analyses detected the p.Arg334Gln
NOD2mutation in all analyzed samples, with variable frequencies
(4.9% to 11.0%) depending on the cells’ origin (Table I).
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TABLE I. Summary of NOD2 genotyping performed in different family members

Individual Sample

Cell sorting

purity (%)

Sanger NOD2

genotype

Targeted deep NOD2 sequencing

Amino acid exchange

Mutated allele

frequency (%) Coverage (mean/range)

Patient Peripheral blood — WT/WT p.Arg334Gln 7.7* 3572/2837-3866*

Neutrophils (CD151) 98.2 WT/WT p.Arg334Gln 7.3� 2908/2469-3145�
Monocytes (CD141) 98.6 WT/WT p.Arg334Gln 11.0� 1978/1959-1989�
T cells (CD31) 99.5 WT/WT p.Arg334Gln 8.3� 3756/3483-4000�
B cells (CD191) 98.0 WT/WT p.Arg334Gln 8.2� 3054/1834-4310�
Mucosal swab — WT/WT p.Arg334Gln 4.9� 3359/2333-4018�
Urine — WT/WT p.Arg334Gln 7.4� 3306/2691-3642�
Skin — WT/WT p.Arg334Gln 7.0� 2788/2386-3076�

Father Peripheral blood — WT/WT — 0� 5206/5192-5219�
Mother Peripheral blood — WT/WT — 0� 4449/4365-4532�
Germline mutation Peripheral blood — p.Arg334Gln/WT p.Arg334Gln 51.8� 2217/2097-2337�

WT, Wild type.

*Data collected from 6 independent experiments.

�Data collected from 3 independent experiments.
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The NOD2 mutation was not detected in the patient’s parents,
confirming its de novo nature.

The patient’s phenotype was compared with those detected in
patients with BS carrying germlineNOD2mutations. Differences
were detected only in the joint involvement, which included the
number of affected joints (oligoarthritis in our patient in place
of polyarthritis in most patients with germline mutations), the
type of affected joints (absence of involvement of small joints
in our patient), and the absence of tenosynovitis and joint defor-
mities in our patient (see Table E1 in this article’s Online Repos-
itory at www.jacionline.org).

Genetic mosaicism describes an individual with 2 or more cell
types with different genotypes that derive from the same zygote.
This implies the occurrence of de novo, postzygotic mutational
event(s) that may occur either during embryogenesis or after
birth.5 Somatic mosaicism has been extensively studied in cancer,
but its role in Mendelian inherited diseases has scarcely been
reported. The arrival of next-generation sequencing technologies
is providing evidence of its relevance in this field. Among the
monogenic autoinflammatory diseases, somatic mosaicism has
been well established in cryopyrinopathies and in stimulator of
interferon genes-associated vasculopathy with onset in infancy.6-8

In the present work, the use of next-generation sequencing tech-
nologies enabled us to detect a well-known NOD2 mutation as
a somatic mutation at low frequencies in all analyzed tissues.
To our knowledge, this evidence represents the first description
of somatic NOD2 mosaicism in the pathogenesis of BS, thus ex-
panding the number of monogenic diseases in which this mecha-
nism can play an important role. This evidence also enabled us to
confirm the BS diagnosis and support the idea that a de novo
mutational event affecting the NOD2 gene occurred in this pa-
tient, probably at an early stage during embryogenesis because
tissues from different embryonal layers are equally affected.

The involvement of somatic NOD2mosaicism in BS may have
relevant clinical consequences. During the past few years, the
clinical diversity of BS has increased as the number of diagnosed
patients has increased. Thus, we currently know that some
patients never developed some of the symptoms of the classical
triad, whereas other patients developed symptoms beyond the
triad.4,9 The phenotype of the patient described here resembles
that detected in patients with BS affected exclusively with the
triad, although differences in the articular involvement should
be highlighted. Our patient developed seronegative oligoarthritis
affecting exclusively large joints, with no tenosynovitis or joint
deformities, whereas most patients with BS carrying germline
NOD2 mutations suffered from polyarthritis (95% in the Interna-
tional BS Registry), always associated with tenosynovitis,
involving both large and small joints, which often progressed to
joint deformities (42.8% in the Spanish BS cohort).1,4,9 It could
be speculated that the apparent less severe articular disease
observed in our patient could be a direct consequence of the
low-level somatic mosaicism. The description of the joint disease
in novel patients carrying somatic NOD2 mosaicism will prob-
ably confirm or invalidate our observation.

Sporadic patients with BS with negative NOD2 analysis have
been previously reported.1,3 This scenario is similar to that previ-
ously described for cryopyrinopathies, in which the use of
different genetic technologies finally detected somatic NLRP3
mosaicism.6,7 The evidence shown here supports the possibility
that ‘‘mutation-negative’’ patients with BS could actually be car-
riers of somatic NOD2 mosaicism, and its definitive diagnosis
probably relies on the use of novel genetic technologies. In our
experience, targeted deep sequencing is probably the most effi-
cient method to identify low-level mosaicism and will be the rec-
ommended method to address this issue in future studies. In
addition, it could be hypothesized that the candidates in whom
to evaluate the presence of somatic NOD2 mosaicism had prob-
ably been previously diagnosed with juvenile idiopathic arthritis
(JIA), especially in the forms of systemic-onset and seronegative
polyarthritis and oligoarthritis. Future studies with selected can-
didates from these JIA subgroups will provide evidence regarding
the validity of this hypothesis.

The tissue distribution of the mosaicism could vary between
different patients and is often difficult to analyze comprehen-
sively. The potential tranmission of the somatic mutation to the
offspring relies on its presence in the germ cells. In the case of
patients with BS with germline NOD2 mutation, this probability
is 50%. In our patient, it was not possible to calculate this proba-
bility because, for ethical reasons, we were unable to analyze the
degree of gonadal mosaicism. In the case that the vertical trans-
mission occurred, the NOD2 mutation will be present at the first
zygote. Consequently, the child will carry a germline mutation
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and it is conceivable that his or her phenotype will be even more
severe than that observed in patients carrying a somatic mutation.

In conclusion, the evidence described here shows for the first
time the involvement of somatic NOD2 mosaicism in the patho-
genesis of BS. This opens the possibility that this genetic mecha-
nism underlies additional patients previously diagnosed as BS or
as JIA. Because of the potential clinical consequences, further
studies are needed to confirm this hypothesis.

We express thanks to the patient and her family for their collaboration in this

study.

Jaime de Inocencio, MD, PhDa*

Anna Mensa-Vilaro, MDb*

Pilar Tejada-Palacios, MD, PhDc

Eugenia Enriquez-Merayo, MDa

Eva Gonz�alez-Roca, PhDb

Giuliana Magri, PhDd

Estibaliz Ruiz-Ortiz, PhDb

Andrea Cerutti, MDd

Jordi Yag€ue, MD, PhDb

Juan I. Ar�ostegui, MD, PhDb

From athe Department of Pediatric Rheumatology, Hospital Universitario 12 de Octubre,

Madrid, Spain; bthe Department of Immunology-CDB, Hospital Cl�ınic-IDIBAPS,

Barcelona, Spain; cthe Department of Pediatric Ophthalmology, Hospital Universi-

tario 12 de Octubre, Madrid, Spain; and dInstitut Municipal d’Investigaci�o M�edica,

Hospital del Mar, Barcelona, Spain. E-mail: jiaroste@clinic.ub.es.

*These authors contributed equally to this work.

The Spanish Ministry of Health (grant no. FIS PS09/01182) funded this study.

Disclosure of potential conflict of interest: E. Enriquez-Merayo has received payment

for delivering lectures from Roche and AbbVie. J. I. Ar�ostegui’s institution has

received or has grants pending from Novartis, from which he has also received
payment for delivering lectures. The rest of the authors declare that they have no rele-

vant conflicts of interest.
REFERENCES

1. Rose CD, Wouters CH, Meiorin S, Doyle TM, Davey MP, Rosenbaum JT, et al.

Pediatric granulomatous arthritis: an international registry. Arthritis Rheum

2006;54:3337-44.

2. Miceli-Richard C, Lesage S, Rybojad M, Prieur AM, Manouvrier-Hanu S, H€afner

R, et al. CARD15 mutations in Blau syndrome. Nat Genet 2001;29:19-20.

3. Kanazawa N, Okafuji I, Kambe N, Nishikomori R, Nakata-Hizume M, Nagai S,

et al. Early-onset sarcoidosis and CARD15 mutations with constitutive nuclear

factor-kappaB activation: common genetic etiology with Blau syndrome. Blood

2005;105:1195-7.

4. Arostegui JI, Arnal C, Merino R, Modesto C, Carballo MA, Moreno P, et al. NOD2

gene-associated pediatric granulomatous arthritis: clinical diversity, novel and

recurrent mutations, and evidence of clinical improvement with interleukin-1

blockade in a Spanish cohort. Arthritis Rheum 2007;56:3805-13.

5. Biesecker LG, Spinner NB. A genomic view of mosaicism and human disease. Nat

Rev Genet 2013;14:307-20.

6. Tanaka N, Izawa K, Saito MK, Sakuma M, Oshima K, Ohara O, et al. High inci-

dence of NLRP3 somatic mosaicism in patients with chronic infantile neurologic,

cutaneous, articular syndrome: results of an International multicenter collaborative

study. Arthritis Rheum 2011;63:3625-32.

7. Nakagawa K, Gonzalez-Roca E, Souto A, Kawai T, Umebayashi H, Campistol JM,

et al. Somatic NLRP3 mosaicism in Muckle-Wells syndrome: a genetic mechanism

shared by different phenotypes of cryopyrin-associated periodic syndromes. Ann

Rheum Dis 2013 Dec 10. http://dx.doi.org/10.1136/annrheumdis-2013-204361.

8. Liu Y, Jesus AA, Marrero B, Yang D, Ramsey SE, Montealegre-Sanchez GA, et al.

Activated STING in a vascular and pulmonary syndrome. N Engl J Med 2014;371:

507-18.

9. Rose CD, Arostegui JI, Martin TM, Espada G, Scalzi L, Yag€ue J, et al. NOD2-

associated pediatric granulomatous arthritis (PGA): an expanding phenotype.

Arthritis Rheum 2009;60:1797-803.

http://dx.doi.org/10.1016/j.jaci.2014.12.1941

Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
mailto:jiaroste@clinic.ub.es
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref1
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref1
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref1
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref2
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref2
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref2
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref3
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref3
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref3
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref3
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref4
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref4
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref4
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref4
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref5
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref5
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref6
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref6
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref6
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref6
http://dx.doi.org/10.1136/annrheumdis-2013-204361
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref8
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref8
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref8
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref9
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref9
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref9
http://refhub.elsevier.com/S0091-6749(15)00065-2/sref9
http://dx.doi.org/10.1016/j.jaci.2014.12.1941


METHODS

Patients
Patient’s data were collected by charts review and direct interviews.

Biological samples from family members were collected after informed

consents were obtained. The BS cohort with germline NOD2 mutations

included 15 patients, most of them previously reported.E1 The Ethics Commit-

tee of Hospital Cl�ınic approved this study, which was conducted in accordance

with the Declaration of Helsinki.

Description of the patient
The patient is a 17-year-old Moroccan girl with no family history of

consanguinity and autoimmune or rheumatological conditions. At the age of 3

years she developed bilateral red eye and decreased visual acuity, which was

managedwith topical therapy. The ocular symptoms relapsed during the next 4

years, and because of her health problems, the family moved to Spain in 2007.

A few weeks later she was evaluated at our center. The evaluation detected

bilateral panuveitis and bilateral knee arthritis, without tenosynovitis, which

required intraarticular triamcinolone acetonide and oral methotrexate (15 mg/

m2 q1w). The patient referred to the development, 3 months before, of

erythematousmaculo-papules and red-brown papules, some of them confluent

in plaques, which were symmetrical and lineal in the inguinal and pubic

regions, and circular in the abdominal, lumbar, and periumbilical regions. In

2008, a novel episode of severe uveitis and oligoarthritis involving knees

and elbows, without tenosynovitis, was detected. The synovial fluid had

inflammatory characteristics (2600 leukocytes; 90% of neutrophils; glucose,

106 mg/dL; total proteins, 2.5 g/dL; lactate dehydrogenase, 263 g/dL) with

negative bacteria and mycobacteria cultures. Treatment with subcutaneous

methotrexate and adalimumab (20 mg q2w) was started, with the patient

remaining asymptomatic during the next 2 years. In 2010, novel skin lesions,

different from those previously detected, appeared. These lesions comprised

hot, painful erythematous plaques on the pretibial region of both legs charac-

teristic of panniculitis. A skin biopsy showed noncaseating granulomata. The

bilateral panuveitis had a chronic course that was complicated with sinecchiae

and open-angle glaucoma that required laser peripheral iridotomy and topical

steroids. During disease evolution, fever, splenomegaly, hepatomegaly, and

neuropathies were not detected. Interestingly, during active disease, mild

and transient increases in the C-reactive protein level (range, 0.1-0.33 mg/

dL; normal, <0.8 mg/dL) and erythocyte sedimentation rate (range, 2-18

mm/h; normal, <20 mm/h) were detected, whereas white cell, neutrophil,
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and platelet counts and the hemoglobin level remained at normal values. All

immunological (antinuclear antibodies, rheumatoid factor, anticitrullinated

protein antibodies), microbiological, and biochemical study results were

persistently normal or negative. During disease evolution, the patient received

multiple systemic treatments, including prednisone (0.1-1 mg/kg q1d) com-

bined with an immunosuppressant drug, methotrexate (15-18 mg/m2 q1w)

initially and azatioprine (2-2.5 mg/kg q1d) later on, and with an anti-TNF

drug such as infliximab (6-15 mg/kg q8w), adalimumab (20 mg q2w), and

finally golimumab (50 mg q4w). The cutaneous and articular symptoms

were well controlled with these drugs. In contrast, the eye symptoms were

only transiently controlled with the anti-TNF drugs.

Cell isolation
Monocytes, neutrophils, and T and B lymphocytes were positively

isolated from whole blood using anti-CD45, anti-CD14 (both from

Biolegend, San Diego, Calif), anti-CD15 (Southern Biotech, Birmingham,

Ala), anti-CD3, and anti-CD19 (both from BD Biosciences Pharmingen, San

Diego, Calif) mAbs. Cell sorting was performed using the BD FACSAria II

system (BD Biosciences Pharmingen).

Molecular genetics
Genomic DNAwas extracted from peripheral blood using QIAamp DNA

Blood Mini Kit, and from leukocyte subpopulations, skin, urinary cells, and

mucosal cells using QIAamp DNA Investigator Kit (QIAgen, Hilden,

Germany). The PCR conditions and Sanger sequencing procedures have

been previously reported.E1 Ten different amplicons were designed to perform

targeted deep sequencing of the exon 4 of NOD2. Library preparation, control

quality, and quantification were performed according to manufacturer’s in-

structions. Emulsion PCR was performed on a One Touch2 platform,

sequencing was performed on a PGM Sequencer using the Ion Torrent PGM

400bp Sequencing kit, and the obtained sequences were analyzed using the

Torrent Server and the Ion Reporter softwares (ThermoFischer Scientific,

Inc, Waltham, Mass).
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TABLE E1. Comparative analysis of patient’s phenotype with the phenotype of patients with BS carrying germline NOD2 mutations

Clinical manifestation Somatic p.Arg334Gln

Patients with BS with germline NOD2 mutations

p.Arg334Gln All patients

n 1 7 15

Age at disease onset (mo), median (IQR) 36 20 (14.5-23) 20 (11.5-24)

Skin rash, n (%) 1 (100) 7 (100) 13 (86.7)

Articular manifestations, n (%)

Patients with joint disease 1 (100) 7 (100) 14 (93.3)

Age at onset of articular disease (mo), median (IQR) 120 24 (20-27) 21.5 (13.5-28.5)

Ratio polyarthritis/oligoarthritis (%) 0/100 57.1/42.9 71.4/28.6

Joints affected Only large joints Both large and small joints Both large and small joints

Chronic arthritis 1 (100) 7 (100) 14 (100)

Tenosynovitis No 7 (100) 13 (92.8)

Deformities No 4 (57.1) 6 (42.8)

Ocular manifestations, n (%)

Patients with bilateral uveitis 1 (100) 6 (85.7) 11 (73.3)

Panuveitis 1 (100) 5 (71.4) 8 (53.3)

Fever, n (%) No 3 (42.9) 7 (20)

Other manifestations, n (%)

Cranial neuropathies No 1 (14.3) 1 (6.6)

Headache No 2 (28.6) 3 (20)

Renal involvement No 2 (28.6) 2 (13.3)

Heart involvement No 1 (14.3) 1 (6.6)

Pericarditis No No 1 (6.6)

Hepatosplenomegaly No 1 (14.3) 2 (13.3)

Adenopathies 1 (100) 1 (14.3) 2 (13.3)

Oral ulcers No 1 (14.3) 2 (13.3)

IQR, Interquartile range.
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