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Deficiency of adenosine deaminase 2 (DADA2) is an autosomal recessive
autoinflammatory disorder caused by mutations in CECR1 (cat eye syndrome
chromosome region, canditate 1) gene, which encodes the enzyme adenosine
deaminase 2 necessary for endothelial cell survival and function.
The diversity of the clinical phenotypes associated with DADA2 include
polyarteritis nodosa-like vasculitic features, early-onset stroke, mild to severe
immunodeficiency and cytopenias.
The diagnosis of the disease may be difficult due to complex clinical phenotype.
Herein, we present a case of DADA2 presenting with vasculitis, amarousis
fugax, gastrointestinal bleeding and silent lacunar infarct successfully treated
with etanercept.
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Deficiency of adenosine deaminase 2 (DADA2)
is a recently described autoinflammatory
disorder characterized by signs and symptoms
of systemic vasculitis and inflammation
including early onset stroke, livedoid skin
rash, and recurrent fevers.1-3 The disease is
caused by autosomal recessive loss-of-function
mutations in the CECR1 (cat eye syndrome
chromosome region, canditate 1) gene, which
encodes adenosine deaminase 2 (ADA2)
enzyme1,2. ADA2 induces proliferation of
monocytes and enhances differentiation of
macrophages toward the anti-inflammatory M2
subset instead of proinflammatory M1 subset.
It is also thought that ADA2 acts as a growth
factor for endothelial cells and is responsible
for the integrity of vascular endothelial cells.1-4
Many patients with DADA2 present with
vasculitis, notably a polyarteritis nodosa (PAN)-

like phenotype including livedo reticularis/
racemosa, digital gangrene, hypertension,
ischemic/hemorrhagic stroke, gastrointestinal
manifestations and neuropathies.1,2 There
are reports of patients with DADA2 who
have features of immunodeficiency or
hematological abnormalities (i.e., neutropenia,
anemia), either in the presence or absence of
vasculitis.5-8 This phenotypic variability can
delay the diagnosis of DADA2.
Case Report
A 15-year-old boy was admitted to the
rheumatology clinic with the complaints of
fever, vomiting, diarrhea, diffuse arthralgia
and myalgia for 5 days. He was the fifth child
of healthy, consanguineous parents and had a
healthy dizygotic twin brother.

414

Çakan M, et al

The patient was well until 12 years of age, when
he presented with painful, indurated, pinkish
rash on the legs that lasted for less than a year
and healed with minimal hyperpigmentation.
He was also describing Raynaud phenomenon
for the last three years. The clinical picture
was complicated with myalgia and arthralgia
attacks for the last 2 years, followed by
diarrhea, abdominal pain, headache, and fever
attacks lasting for 3-5 days and recurring
every 2-3 weeks in the last 6 months. And for
the last 3 months, he was describing loss of
vision in one eye resolving in less than one
minute every other week. Vision loss attacks
were independent of fever attacks and some
were accompanied by headaches but both eyes
were never involved at the same time. He was
denying any genital ulceration but had oral
aphthosis two or three times per year.
Physical
examination
was
remarkable
for livedo reticularis rash and Raynaud
phenomenon without accompanying arthritis,
hepatosplenomegaly, or lymphadenopathy. He
did not have any sensory or motor deficit and
mental development was normal. Laboratory
evaluation revealed anemia (hemoglobin: 8.9 g/
dl), elevated acute phase reactants [C-reactive
protein: 111 mg/L (normal: 0-5 mg/L),
erythrocyte sedimentation rate: 88 mm/hr
(normal: 0-15 mm/hr), serum amyloid A: 528
mg/L (normal: 0-6.4 mg/L)] with normal liver
and kidney function tests. Extractable nuclear
antigen (ENA) and antineutrophil cytoplasmic
antibody (ANCA) profile were negative and
serum immunoglobulin levels were normal
except for low IgM (serum IgM: 44.6 mg/
dl, normal: 83-282 mg/dl). Eye examination
and ocular angiography were normal without
any explanatory findings for amaurosis fugax
attacks. Cranial magnetic resonance (MR)
angiography was normal but cranial MR
imaging showed a lacunar infarct in the left
pons region (Fig. 1). Later in the course, he
developed severe abdominal pain, diarrhea and
massive hematochezia requiring red blood cell
transfusions. Upper and lower gastrointestinal
endoscopy revealed normal appearing mucosa
and thoraco-abdominal MR angiography
was normal too. Pathological examination
of
gastrointestinal
biopsy
specimens
showed chronic mucosal inflammation with
eosinophils throughout the colon.
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Fig. 1. Lacunar infarct in the left brain stem (white
arrow)

Genetic testing for Mediterranean fever
(MEFV) was negative. Pathergy testing and
HLA-B51 analysis were positive, prompting
treatment for possible Behçet’s disease with
colchicine, prednisolone and mesalazine.
Under 1.5 months of this treatment fever,
diarrhea and amaurosis fugax attacks did
not show any improvement and infliximab
was added to the regimen. During the
second infusion of infliximab, he developed
hypertension for the first time that persisted
afterwards so nifedipine and enalapril were
added.
Re-evaluation of his clinical features, namely
the recurrent fevers, livedo reticularis,
Raynaud phenomenon, hypertension, lacunar
infarct in the brain stem, abdominal pain
attacks, hematochezia, ocular findings, high
acute phase reactants, and low IgM led to
the suspicion of DADA2. Simultaneously,
next-generation sequencing for a panel of
264 genes associated with host immunity
identified a homozygous mutation in CECR1
(NM_001282225 c.139G>A; p.Gly47Arg),
which was confirmed by Sanger sequencing.
This mutation has been previously reported
to be pathogenic, resulting in early onset
stroke and vasculopathy.1,2 His healthy father,
mother, and brothers were all heterozygous
for the same mutation (Fig. 2). Incidentally, a
second, heterozygous synonymous mutation
in CECR1 (NM_011282225 c.138G>C; p.
Lys46Lys) was found in only the proband’s
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Fig. 2. Sanger sequencing of the pathogenic CECR1 (NM_011282225 c.139G>A; p.Gly47Arg) mutation
in the proband and family members (noted with a red arrow). The black arrow notes a synonymous
heterozygous mutation in CECR1 incidentally found in only the healthy father and healthy brother 3, which
does not segregate with the pathogenic variant and is absent in the proband.

father and healthy brother (Fig. 2). This
incidental mutation did not segregate with the
pathogenic p.Gly47Arg variant, preserved the
wild-type amino acid sequence, and was found
only in healthy carriers, thus demonstrating
that it does not contribute to the proband’s
disease. With the diagnosis of DADA2, he was
maintained on etanercept (25 mg/sc/week),
fresh frozen plasma (FFP) infusions (15 ml/
kg, every two weeks) and anti-hypertensives,
resulting in dramatic clinical improvement.
Anti-hypertensives and FFP infusions were
discontinued after 6 months. He has not had
fever, diarrhea or ocular attack since the first
dose of etanercept 3 years ago.
Informed consent was received from the family.
Discussion
Mechanisms
driving
autoinflammatory
diseases have been elucidated by advances
in sequencing technologies and international
collaborations and many new disorders have
been described recently.4,9,10 DADA2 was
described in 2014 and initial cohorts consisted
of children with early onset stroke and PANlike vasculitic features and most of the cases
had diagnosis of PAN or undefined vasculitis/
autoinflammatory syndrome.1,2 Subsequent
reports have shown that this disease can be
associated with anemia, neutropenia, mild to
severe immune deficiency, thus expanding the
clinical spectrum of DADA2.1,2,6,11-15
The clinical spectrum of the disease ranges from
mild skin involvement to severe major organ
involvement that may lead to mortality. Most
of the patients have constitutional symptoms

like recurrent fevers, myalgia and arthralgia
as a common feature.1,2,12,14 Recurrent fevers
may lead to consideration of a periodic fever
syndrome, especially of familial Mediterranean
fever (FMF), in countries where FMF is a
prevalent disease.11,14,16
Skin manifestations of DADA2 include
livedo
reticularis,
livedo
racemosa,
maculopapular rashes, erythema nodosum,
Raynaud phenomenon, ulcers, and digital
gangrene.1-3 Nearly all of the cases described
in the literature have one of these skin
manifestations, with livedo reticularis being
the most common.1-3,12,14 A few cases had
only skin involvement and were diagnosed as
cutaneous PAN, reflecting the degree of clinical
diversity of DADA2.13 Our case had Raynaud
phenomenon, livedo reticularis and erythema
nodosum, but no other clinical or laboratory
evidence of a connective tissue disease.
Ocular involvement may occur as external
ocular muscle palsies leading to diplopia
and strabismus, optic nerve atrophy, uveitis,
and occlusive retinal vasculitis leading to
monocular or binocular permanent vision
loss.1,6,13,14 Our case had unilateral amaurosis
fugax attacks that were possibly secondary
to vasospasm of the retinal artery, since no
vascular abnormalities by ocular angiography
were identified. To our knowledge, this is the
first description of amaurosis fugax attacks in
DADA2.
Central
nervous
system
(CNS)
and
gastrointestinal system (GIS) involvement
are the leading causes of morbidity and
mortality in DADA2.1,2,6,14 CNS involvement

416

Çakan M, et al

may be reflected as transient ischemic attacks,
ischemic or hemorrhagic lacunar strokes, and
intraventricular hemorrhage. Some patients
may have clinically silent episodes, as seen in
our case, and some of them may have permanent
disability or death.1,2,11-14,17 The symptoms
and signs of GIS involvement are secondary
to mesenteric vasculitis and ischemia,
resulting in recurrent abdominal pain,
diarrhea, hepatosplenomegaly, pancreatitis,
portal hypertension, hematochezia, or bowel
perforation.1,2,12-14 Our case had recurrent
abdominal pain and diarrhea attacks
complicated by massive bleeding.
Most of the DADA2 cases had initial diagnosis
of PAN.1,2,14,15 We did not suspect PAN in this
case, because he did not have hypertension
at the early stages of the disease, and neither
had renal involvement nor neuropathy. Also
we were unable to demonstrate any vascular
abnormality in MR angiographies. Stenosis
and/or aneurysms of middle sized arteries like
renal, mesenteric, hepatic and celiac arteries
are usual findings both in PAN and DADA2.1,2,6
Our working diagnosis was Behçet’s disease
because of the recurrent fevers, oral aphthosis,
GIS and CNS manifestations, amaurosis fugax
attacks, pathergy and HLA-B51 positivity.18
Unresponsiveness of the patient to the
treatment made us reconsider the diagnosis.
Treatment with tumor necrosis factor (TNF)–α
antagonists (i.e., etanercept, adalimumab,
infliximab) have been shown to be effective for
DADA2.1,2,12-15 Notably, the patient responded
well to etanercept, but not infliximab,
indicating the utility for empirical use of
different TNF-α antagonists in this disease.
In conclusion, DADA2 should be considered
in the differential diagnosis of patients
with signs and symptoms of unexplained
periodic fever syndrome, vasculitis, stroke,
immunodeficiency, or cytopenia. If a patient
has forme fruste form of an old, well-known
disease, or does not respond to conventional
treatment, they probably have another or
possibly newly described disease.
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