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To the Editor
Deficiency of adenosine deaminase 2 (DADA2) is an autoinflammatory disease caused by loss-of-function
homozygous or compound heterozygous mutations in CECR1 (cat eye syndrome chromosome region 1).1,2
The phenotype of the DADA2 is widely heterogeneous with a variable age of onset. Manifestations include fever, early-onset lacunar stroke, livedo, portal hypertension, nodular vasculitis, immunodeficiency,
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hepatospenomegaly, pure red cell aplasia (PRCA), lymphopenia, cytopenia, and hypogammaglobulinemia.
Treatment mainly consists of anti-tumor necrosis factor (TNF) agents. Steroids are also widely used for
treatment and have shown variable success but often with flares of inflammation and vasculitis upon tapering. Cyclosporine (CyA), tacrolimus, cyclophosphamide, azathioprine, and methotrexate have all been used
with little success.1,2 Although anti-TNF agents prevent strokes and improve the manifestations of vasculitis
in DADA2, their efficacy for treating PRCA and bone marrow failure is less clear.3 Hematopoietic stem cell
transplantation may be considered for patients with severe hematologic presentations.4
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Here, we present here a young female patient who was initially diagnosed with idiopathic PRCA and later
identified to have had compound a heterozygous mutation in ADA2 associated with DADA2. Administration
of CyA and an anti-TNF agent (etanercept) successfully induced and maintained remission.
A 13-year-old girl was admitted to our hospital with fatigability and pallor. She has past histories of rash on
her extremities at 8 months old and erythema multiforme at 11 years old. Her physical examination revealed
palpebral conjunctival pallor and livedo reticularis of the lower limbs. Laboratory examinations indicated
anemia (white blood cell count, 2900/μL; neutrophils, 70.0%; lymphocyte, 21.5%; blasts, 0.0%; hemoglobin
(Hb), 4.6 g/dL; mean corpuscular volume, 81 fL; HbF, 0.4%; Reticuro, 1.9 × 104 /μL; and platelet count,
25.8 × 104 /μL). Transaminase and lactate dehydrogenase were within normal ranges. IgA, IgM, and IgG
were 42, 46, and 848 mg/dL, respectively. Erythropoietin was 4,650 mIU/mL. Parvovirus, Epstein-Barr
virus, and cytomegalovirus were serologically negative.
Bone marrow aspirate and biopsy indicated marked erythroid hypoplasia, and her nucleated cell count was
10.8 × 104 /μL. Chromosomal banding of bone marrow cells was 46,XX[14/14]. Bone marrow examination
indicated no T cell receptor rearrangement. Computed tomography of the chest revealed no thymoma.
Mutations affecting genes encoding ribosomal proteins causing Diamond Blackfan anemia were not detected.
She was diagnosed with idiopathic pure red cell aplasia (PRCA). Cyclosporine A (CyA) 4.5 mg/kg/day was
started at approximately 1.5 months after admission because she was dependent on red blood cell transfusion.
Biopsy of the skin of the lower limb revealed necrotizing vasculitis, and a diagnosis of cutaneous polyarteritis nodosa (cPAN) was made (Fig 1). She responded to treatment with CyA and became transfusionindependent. The dose of CyA was gradually reduced, and approximately 10 months after diagnosis, she
self-interrupted treatment with CyA. Six months after self-interruption, she became transfusion-dependent
again. Resumption of CyA improved her anemia.
At the age of 17 years, no ADA2 enzyme activity was detected in the patient’s plasma (0.0 nmole/min/mL,
normal range 2.38 ± 0.95 nmole/min/mL). The results of CECR1 sequencing revealed compound heterozygous mutations: c.744delG p.Arg248fs and c.278T>C p.lle93Thr. Thus, the patient was diagnosed with
DADA2. Both parents and her sister were not carriers. Magnetic resonance imaging of the head showed no
abnormal findings.
She continued to administer CyA but cPAN did not improve. She started administration of an anti-TNF
agent (etanercept) in combination with CyA and noted improvement in her symptom sof cPAN such as
livedo, edema, and fatigue in the lower limbs. More than a year has passed since starting etanercept with
no adverse effects. Because Hb has remained at 11–12 g/dL, the amount of CyA has been tapered and is
currently 0.5 mg/kg/day.
PRCA is a rare hematological disease characterized by bone marrow erythroid aplasia. PRCA may be
congenital or acquired; the acquired form of chronic PRCA may present as a primary hematological disease
in the absence of any other diseases or secondary to thymoma, lymphoproliferative disorders, infections, and
collagen vascular diseases or after exposure to various drugs or chemicals. PRCA associated with DADA2 was
described initially in three patients by Hashem et al. and Ben-Ami et al. and further confirmed in additional
reports.5,6 A very early age of onset has been reported for PRCA (median, 0.3 years; range, 0.1–12 years).7
Initial treatment for PRCA includes the cessation of potentially deleterious drugs and careful observation for one month while making efforts to identify the cause of PRCA. Sawada et al. reported that CyA
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and corticosteroids induced remission in 74% and 60% of patients, respectively, and that discontinuance of
maintenance therapy was strongly correlated with relapse.8 Although PRCA and other types of hematologic
dysfunction associated with DADA2 generally do not respond well to immunosuppressive agents such as
azathioprine and CyA,9 our patient achieved a response to CyA. CyA may be useful for treating PRCA
associated with DADA2.
PAN is considered a disease of adulthood with a median age of disease onset of approximately the 4th to
5th decade of life. The annual incidence of childhood vasculitis is estimated to be 20 per 100,000 individuals
under 17 years of age.10 Many children with PAN were found to have biallelic mutations inADA2 .1,2,9
The mainstay of treatment for vasculitis/vasculopathy consists of anti-TNF agents (etanercept, infliximab,
adalimumab). Although CyA was ineffective for cPAN in our patient, anti-TNF agents (etanercept) was
effective, and at the age of 20 years, our patient has no neurological complications such as ischemic strokes,
intracranial hemorrhage, and a wide range of neuropathies.
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Figure legend
FIGURE 1. Skin of lower limb biopsy
Livedo reticularis was observed in both lower limbs to the acrotarsiums.
B, C. Necrotizing vasculitis (fibrinoid necrosis) accompanied by neutrophil infiltration was found in the
subcutaneous fatty tissue.
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