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Young Stroke and Systemic Manifestations: Deficiency of 
Adenosine Deaminase‑2 (DADA‑2)

Sir,

DADA 2  (Deficiency of Adenosine deaminase‑2) is an 
autosomal recessive monogenic vasculitic syndrome caused 
by loss of function homozygous or compound heterozygous 
mutations in the ADA2  (also known as cat eye syndrome 
chromosome region, candidate 1 gene; CECR1) gene. It was 
first described in the year 2014 by Zhou et al. as an early onset 
stroke and vasculopathy syndrome.[1] The onset of the disease is 
usually in childhood; however, case reports in adults with onset 
as late as 59 years of age have also been reported. The clinical 
features include fever; mucocutaneous manifestations (livedo 
racemosa); neurological manifestations in the form of ischemic 
or hemorrhagic strokes, polyneuropathy; gastro‑intestinal 
manifestations; hypertension; arthritis; hepato‑splenomegaly 
and immunodeficiency  (hypogammaglobulinemia and 
lymphoproliferation). We report a case of a 28‑year‑old 
male with young‑onset hypertension and recurrent strokes 
who had a homozygous missense variant in exon 2 of the 
CECR1 (ADA‑2) gene confirming the diagnosis of DADA‑2. 
He responded to the treatment with TNF‑alpha inhibitor, 
etanercept.

A 28‑year‑old male, born out of non‑consanguineous marriage 
from North‑West India belonging to Aggarwal community, 
presented with history of recurrent neurologic deficits since 
the last 14 years, in the form of right‑hand grip weakness, two 
episodes of left hemiparesis, two episodes of right hemiparesis 
and one episode of binocular horizontal transient diplopia. 
Patient was diagnosed with hypertension nine years ago 
which is well controlled with antihypertensive treatment. He 
complained of low backache and arthralgias involving bilateral 
ankle and knee joints for the past 1.5 years. He also had hair 

loss and varicose veins. There was no history of photosensitive 
rash, dryness of eyes or mouth, Raynaud’s phenomenon. On 
examination, he was conscious and oriented with stable vital 
parameters. His neurological examination revealed normal 
higher mental functions and cranial nerves with asymmetric 
spasticity of bilateral upper and lower limbs  (right  >  left), 
exaggerated deep tendon reflexes and bilateral extensor 
plantar response. His gait was spastic. Patient was admitted 
at our hospital for detailed evaluation. Previous MRI brain 
image showed left medullary infarct. Current MRI brain 
was suggestive of small right basal ganglia bleed while MR 
angiogram was normal [Figure 1a, b]. Serum CRP was raised. 
Scalp skin biopsy was suggestive of cicatricial alopecia. 
ANA, dsDNA, ANCA, and APLA antibodies were negative. 
Ultrasound abdomen and renal artery Doppler were normal. 
Clinical exome sequencing revealed a homozygous missense 
variant in exon 2 of the CECR1 gene (ADA2) that results in 
the amino acid substitution of Arginine for Glycine at codon 
47 (p.Gly47Arg) confirming the diagnosis of Deficiency of 
Adenosine Deaminase‑2 (DADA‑2). He was managed with 
an anti‑TNF agent, etanercept. At 1 year follow up, the patient 
was stable with no fresh symptoms.

The deficiency of adenosine deaminase‑2 (DADA‑2) is  recently 
described as an autoimmune disease caused by mutations in the 
CECR1 (ADA‑2) gene. It is one of the rare causes of stroke 
in young, associated with varied systemic manifestations in 
the form of polyarteritis nodosa  (PAN), livedo reticularis, 
ulcerations of the extremities, arthritis, recurrent infections, 
and peripheral neuropathy.[1,2] Vasculopathy involving small‑ to 
medium‑size vessels is a major clinical manifestation of 
DADA‑2. Skin and central nervous system are most commonly 
involved. Neurological manifestations have been reported in 
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around 50–60% of cases, majority of whom had ischemic 
strokes.[2,3] A single‑center study has reported occurrence of 
hemorrhagic strokes in 25% of DADA‑2 patients.[4] Sharma 
et al recently published a case series of 33 DADA-2 patients, 
majority of whom (>50%) presented with neurological 
manifestations, which is a distinguishing feature from adult 
PAN in which CNS manifestations are observed in <5% of 
patients. None of these patients had hypogammaglobulinemia. 
Majority of these patients were treated with TNF inhibitors.
[5] Adult onset DADA2 differed from Paediatric onset cases 
in having lesser constitutional symptoms and haematological 
manifestations.[5]

DADA2‑associated mutations are located over the entire 
coding region of ADA2. The majority of patients are compound 
heterozygous for missense mutations.[1,6] Patients homozygous 
for the same founder mutation may have a variable age of 
presentation, frequency, and intensity of symptoms. Parents 
of DADA2 patients are typically unaffected, which means that 
50% of normal enzymatic activity is sufficient for the protein 
functions.[7]

Patients may have anemia, neutropenia, or thrombocytopenia, 
raised erythrocyte sedimentation rate, CRP, or liver 
transaminases.[6] Skin biopsy in patients with cutaneous PAN 
may reveal non‑granulomatous, necrotizing vasculitis of small 
to medium size arteries.[1] The MRI Brain shows lacunar 
infarcts in the deep‑brain nuclei and the brain stem with sparing 
of subcortical white matter.[6]

Diagnosis of DADA2 in adults requires a high index of 
suspicion and presence of one the following: 1) Childhood PAN 
2) History of familial PAN 3) Early onset strokes with systemic 
inflammation 4) Immunodeficiency with vasculopathy 5) PAN 
without Hepatitis B infection 6) PAN which is non-responsive 
to treatment.

The recommended treatment for DADA‑2 includes steroids 
and anti‑TNF agents  (infliximab, adalimumab, etanercept). 
Azathioprine, methotrexate, cyclophosphamide, cyclosporine, 
and tacrolimus have also been used previously but with little 
success. At present, anti-TNF alpha therapy is considered to 
be the treatment of choice by experts, which remains to be 
confirmed by a randomized trial.[1,2] A recent cohort study 
by Laird et  al. which included 49 DADA‑2  patients, out 
of which 24 had histories of stroke, has shown a key role 
of anti‑TNF treatment in reducing stroke episodes in these 
patients.[8] Thalidomide has also been found to be effective; 
however, potential toxic effects on the peripheral nervous 
system is a matter of concern with this therapy. Hematopoietic 
stem cell transplantation might be an effective treatment 
option especially in those with immunodeficiency or bone 
marrow dysfunction.[9,10] It can be considered in patients 
with hematologic, immunologic manifestations or those 
with vasculopathy. In future, gene therapy may evolve as a 
promising treatment option.

To summarize, we report a case of a young male with recurrent 
neuro‑deficits and systemic features with a genetically 
confirmed diagnosis of DADA‑2, who responded well to 
treatment with etanercept. This case highlights the importance 
of considering DADA‑2 as a differential diagnosis in patients 
with recurrent neurologic deficits at a young age associated 
with other systemic manifestations. The accurate diagnosis 
followed by treatment with immunosuppression can prevent 
further attacks and morbidity.
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Figure 1: a,b: T1W MRI Brain and Susceptibility weighted image (SWI) 
image showing small right basal ganglia hemorrhage
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CErebral Dysgenesis, Neuropathy, Ichthyosis, and 
Keratoderma (CEDNIK) Syndrome with Brain Stem 

Malformation
Dear Editor,

CErebral Dysgenesis, Neuropathy, Ichthyosis, and 
Keratoderma  (CEDNIK) syndrome, a novel and rare 
neurocutaneous condition, was first described by Sprecher 
et  al. in 2005.[1] CEDNIK syndrome is characterized by 
severe psychomotor retardation, failure to thrive, progressive 
microcephaly, facial dysmorphism, visual impairment, 
sensori‑neural hearing loss, ichthyosis, and palmoplantar 
keratoderma.[1,2] The radiological abnormalities include 
defects in corpus callosum, cortical dysplasia, pachygyria, 
and polymicrogyria.[2,3] Currently there is no curative therapy 
available for this syndrome and the lifespan is limited.[2] The 
abnormal expression of synaptosomal‑associated protein 
29‑KD  (SNAP29) which belong to the t‑SNARE family 
of proteins, functions as a negative modulator of the 
neurotransmitter release as it probably slows the recycling of 
the SNARE complex and the synaptic vesicles.[4] The resulting 
disruption of vesicle trafficking is the underlying molecular 
mechanism causing CEDNIK syndrome.[5] SNAP29 gene is 
mapped to chromosome 22q11.2 by homozygosity mapping 
in seven patients belonging to two large families.[1] Till date, 
only 12 patients with CEDNIK syndrome have been reported 
in literature; all belonging to the Arab and Pakistani origin.[2] 
Here we report a child of South‑Indian origin with brainstem 
malformation, a novel imaging finding in this syndrome.

The index patient, six‑year‑old female, second born of 
second‑degree consanguineous parentage, was delivered at 
term without any complications. Her APGAR score was 10 
and she weighed 3.3 kg at birth. She had poor sucking pattern 
during the initial few weeks and was managed by feeding 
with expressed breast milk. Dryness and scaling of palms 
and soles were seen from 4 months of age. She had gross 
developmental delay and has not achieved the ability to walk 
or speak words yet. Family history was not significant. Her 
occipito‑frontal circumference was 45 cm (z score, <‑3), weight 
was 11.5 kg (z score, < ‑3) and height was 110 cm (z score,‑1). 

She had dysmorphic facial features  [Figure 1a]: (depressed 
nasal bridge, hypertelorism, and synorphys), palmoplantar 
keratoderma [Figure 1b], ichthyosis, and excessive body hair. 
Her dentition was normal. Her auditory regard was poor; 
however, she was able to track objects visually. Ophthalmology 
assessment showed bilateral esotropia and optic atrophy. 
Motor system manifestations included generalized hypotonia, 
weakness, and areflexia.

The motor nerve conduction study showed reduced conduction 
velocities from bilateral median  (20 and 22 m/s) and ulnar 
nerves (21 and 23 m/s) along with mild prolongation of distal 
and F wave latencies. The compound muscle action potential 
and F waves of the lower limb nerves were not elicited. The 
sensory potentials from superficial, sural, and ulnar nerves 
were not recordable and the peak latencies from median nerves 
were increased (4.2 and 4.3 ms). Thus, the electroneurographic 
study was confirmatory for the presence of diffuse sensorimotor 
demyelinating polyneuropathy. The electromyography from 
right tibialis anterior and rectus femoris was also suggestive of 
neurogenic process. Visual evoked potential showed prolonged 
P100 latency on the left side. Brainstem auditory evoked 
potential showed prolonged peak latencies of waves III, IV, 
V bilaterally suggestive of brainstem pathology.

Magnetic resonance imaging (MRI) of the brain [Figure 2] at 
age 3 years, showed dysgenesis of the corpus callosum, bilateral 
frontoparietal polymicrogyria with abnormal cortical folding, 
T2W diffuse white matter hyperintensity, and hypoplastic 
intraconal optic nerves. In addition, brain stem malformation 
in the form of elongated pons and short medulla was seen. 
We considered Zellweger spectrum disorders, tubilinopathies, 
congenital disorders of glycosylation, congenital muscular 
dystrophy and CEDNIK syndrome as possible causes for 
her condition. Her routine blood investigations including 
serum creatine phosphokinase (73 U/L) was normal. Clinical 
exome sequencing identified a homozygous single base pair 
insertion in exon 3 of the SNAP29 gene  [(c.486_487insA) 
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