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Adenosine Deaminase 2 (DADA2), polyarteritis nodosa
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T he phrase autoinflammatory disease is a relatively new term 
that describes a group of disorders characterized by early 

onset recurrent or persistent inflammation, seemingly unpro-
voked and emerging without an infection or other apparent 
cause [1]. The inflammation occurs in the absence of autoanti-
bodies or autoreactive antigen-specific T cells, a feature that dis-
tinguishes these disorders from the more common and widely 
known autoimmune conditions [2]. Our understanding of the 
biologic basis of autoinflammatory diseases has advanced sig-
nificantly since Kastner proposed this term in 1999 shortly after 
the discovery of a genetic cause for familial Mediterranean fever 
[3]. Monogenic defects of genes involved in innate immunity 
comprise, and are associated with, most of the autoinflamma-
tory diseases. The field of study focusing on autoinflammatory 
disorders is expanding rapidly. 

Several classifications of autoinflammatory diseases have 
been proposed according to either underlying immunologic 
mechanism or clinical phe-
notype based on the major 
organ or system involved. 
One clinically defined sub-
group comprises disorders 
formerly referred to as peri-
odic or episodic fever syn-
dromes. Among periodic fevers, the most common is familial 
Mediterranean fever (FMF) [4,5]. A new subgroup of autoin-
flammatory diseases includes inherited vasculopathies with 
autoinflammatory features. 

Deficiency of adenosine deaminase 2 (DADA2) is a new 
autoinflammatory disorder described at 2014 by two indepen-
dent groups [6,7]. During the last two decades, Israeli rheuma-
tologists followed a group of children of Georgian-Jewish origin 
with familial polyarteritis nodosa (PAN) vasculitis. With recent 

advances in scientific tools and using whole exome sequencing, 
an autosomal recessive loss of function mutation in the cat eye 
syndrome chromosome region, candidate 1 (CECR1) gene, which 
encodes adenosine deaminase 2 (ADA2), was associated with 
this vasculitis in a cohort of 24 patients [6]. All 19 Georgian-
Jewish patients were homozygous for a mutation encoding a 
Gly47Arg substitution. Their unaffected relatives were either 
heterozygous for the mutation or did not carry it. In a random 
246-person cohort of unrelated controls of Georgian-Jewish 
ancestry, 25 were heterozygous and none were homozygous for 
this variant, yielding a carrier frequency of 0.1 in this isolated, 
ancient community. This mutation was not present in more 
than 8000 exome sequences (public and in-house databases). 
The enzymatic activity of ADA2 was significantly reduced in 
the serum of the patients. 

The age at disease onset varied widely from 2 months to 59 
years. Most patients were diagnosed with polyarteritis nodosa 
before the age of 10 years. In six children with severe disease, 
the diagnosis was concluded before 1 year of age. Skin mani-
festations were the most common finding in Georgian-Jewish 
patients, and livedo reticularis, specifically, was sometimes 
the sole manifestation of the disease. Necrotizing arterial 
vasculitis, characteristic of polyarteritis nodosa, was found 
in some skin biopsies. Pathologic findings consistent with 

non-specific leukocytoclas-
tic vasculitis, panniculitis 
and livedoid vasculitis were 
seen in the remainder of the 
specimens. Recalcitrant leg 
ulcers were common, and in 
some patients they were the 

most prominent feature, usually recurrent and healing very 
slowly. This condition is most probably under-diagnosed, as 
more patients with such ulcers are treated in dermatologic 
clinics and not diagnosed with DADA2. Of interest, a report 
from 1986 described four young Georgian-Jewish patients with 
recurrent leg ulcers, most of them familial and without systemic 
disease [8]. Visceral involvement was of great importance in 
the Georgian-Jewish cohort: seven patients had severe difficulty 
controlling hypertension without glomerulonephritis. In seven 
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different cases the gastrointestinal tract was involved, leading 
to bowel resection in some cases. Neurologic disease, which 
occurred in 60% of patients, affected the peripheral nervous 
system more commonly than the central nervous system, and 
consisted mainly of sensory neuropathy and cranial nerve palsy. 
Of great significance were brain 
strokes (usually ischemic), the 
most common central nervous 
system manifestation. Fever 
and musculoskeletal mani-
festations were common initial manifestations of the disease. 
Overall, disease severity was highly variable, even within a 
family. Few patients had a mild disease limited to the skin with 
no symptoms or signs of systemic vasculitis. The majority had 
severe, often nervous system and visceral polyarteritis nodosa, 
which was fatal for three of the patients [6]. 

Zhou and colleagues [7] found mutations in the CECR1 
gene in a cohort of nine patients with recurrent fevers, livedo 
racemosa and early onset of stroke. Functional studies proved 
the deleterious consequences of these mutations. Both stud-
ies [6,7] were published in the same issue of the New England 
Journal of Medicine.

In recent years, several cohorts and dozens of patients with 
DADA2 have been reported [9-13]. The clinical presentations 
of the original series described are varied and range from a vas-
culitis disease limited to the skin to a systemic and sometimes 
a fatal form of vasculopathy, which includes early onset stroke, 
lacunar infarctions, childhood polyarteritis nodosa, livedo 
reticularis, lacunar infarctions, fever, portal hypertension and 
Sneddon syndrome. Recently it was suggested to classify ADA2 
deficiency as a vasculitis associated with a probable cause, simi-
lar to hepatitis B-associated vasculitis [12]. Additional studies 
have shown the disease to be extremely heterogeneous with a 
wide spectrum of symptoms without vasculopathy, including 
various hematologic, neurologic, skin and other manifestations. 
Patients with isolated bone marrow failure, lympho-prolifera-
tion and spastic paraplegia were included as well [14].

Recently, Ben-Ami and colleagues [9] described five 
Caucasian children from four unrelated Arab families, all born 
to consanguineous parents, who were referred to the pediatric 
hematology clinic at Hadassah–Hebrew University Medical 
Center for evaluation of diverse 
hematologic disorders. Using 
whole exome sequencing, all 
patients were diagnosed with 
ADA2 deficiency. All five patients 
were found to have low levels of 
serum ADA2 activity. Interestingly, none of the children had any 
manifestations of vasculitis or personal or family history sugges-
tive of immune or inflammatory dysregulation. One patient was 
an 8 year old girl who presented with acute, severe hemolytic 
anemia (hemoglobin, 2.3 q/dl) and splenomegaly. Two patients 

had severe macrocytic anemia and reticulocytopenia from early 
infancy, requiring regular blood transfusions. Their clinical 
manifestations, laboratory findings and bone marrow biopsies 
were typical of classic Diamond-Blackfan anemia. Their workup 
showed that pure red cell aplasia (PRCA) was the only mani-

festation of ADA2 deficiency. 
Refractory PRCA was reported 
in a 4 year old boy with mild 
immunodeficiency, alopecia 
areata and hepatosplenomegaly, 

who was diagnosed with ADA2 deficiency. None of these five 
patients developed vascular manifestations, such as livedo reticu-
laris, or experienced strokes or aneurisms during follow-up [9]. 
Following failure of treatment with several immuno-suppressive 
agents he developed progressive bone marrow failure and under-
went a hematopoietic stem cell transplantation (HSCT) [15].  

In a cohort of 181 patients from different countries with 
common variable immunodeficiency, compound heterozygous 
or homozygous mutations in the CECR1 gene were found in 6% 
of cases [10]. The clinical spectrum of the patients ranged from 
isolated antibody deficiency to different inflammatory mani-
festations, including recurrent strokes. Compromised B-cell 
compartment with low memory B-cells and correlation between 
B-cell function and inflammatory parameters were observed. 

Clinical manifestation and other disease characteristics were 
described in a series of nine patients with ADA2 deficiency from 
the Netherlands and Belgium, all with an identical homozygous 
R169Q mutation in the CECR1 gene [13]. This mutation is most 
common in North Europe with a carrier rate of 1 in 500. All 
patients presented before age of 8 years. ADA2 enzyme activity 
was low in patients and correlated with the presence of strokes. A 
large phenotypic variability in patients homozygous for identical 
mutation was observed, as it was reported previously in patents 
of Georgian-Jewish ancestry. This series differed from previously 
reported studies. In addition to manifestations of vasculopathy, 
most patients had hepatosplenomegaly, cytopenia and hypo-
gammaglobulinemia. Three patients underwent a HSCT that 
restored ADA2 activity and resolved the clinical symptoms [13]. 
In a cohort of 15 patients with ADA2 deficiency, most evaluated 
in England, a wide range of disease severity was described, from 
limited cutaneous vasculitis to severe multi-system vasculitis. 

Almost half of the patients had 
lymphopenia and/or hypogam-
maglobulinemia. One-third of 
the cases were asymptomatic, 
never having received treatment. 
Nanthapisal and colleagues [11] 

recommended screening of all unaffected siblings of index cases 
by Sanger sequencing of CECR1 and measurement of ADA2 
enzyme activity in the serum. 

The pathogenesis of ADA2 is not yet fully understood. 
ADA2 is an intra- and extra-cellular enzyme involved in the 

deficiency of adenosine deaminase 
2 (dAdA2) was associated with 

different hematologic disorders and 
immunodeficiency of the B-cell compartment

Therapy with anti-TnF agents is effective 
in treating deficiency of adenosine 
deaminase 2 (dAdA2) and warrants 

genetic screening of siblings for proper 
diagnosis, follow-up and timely treatment
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purine pathway, secreted mainly by monocytes and macro-
phages. Very low blood levels of ADA2, observed in ADA2 
deficient patients, are used to confirm the condition. ADA2 
functions also as a growth factor for endothelial cells and mac-
rophages, essential for endothelial stability and inducing T-cell-
dependent differentiation of monocytes into anti-inflammatory 
M2 macrophages [7,16,17]. ADA2 deficiency is associated with 
upregulation of neutrophils-expressed genes and production of 
inflammatory cytokines. 

Although high doses of systemic corticosteroids are benefi-
cial for many patients, most immunosuppressive medications 
are not effective in the treatment of more severe patients with 
ADA2 deficiency. Since the original report from our group [6], 
the beneficial effect of tumor necrosis factor (TNF) blockers 
was observed in most ADA2 deficient patients. Few patients 
were reported to be cured by successful HSCT [18].

ConClusion

In conclusion, recessive loss of function mutations of the 
CECR1 gene and ADA2 deficiency were found to be a cause 
of autoinflammatory disease and familial polyarteritis nodosa 
vasculopathy with highly varied clinical expression. Recently 
DADA2 was associated with different hematologic disorders 
and immunodeficiency of the B-cell compartment. 

Genetic analysis of the CECR1 gene should be considered 
in various clinical conditions, including inflammatory vascu-
lopathy with early onset or familial disease, early stroke, bone 
marrow failure and hypogammaglobulinemia. Therapy with 
anti-TNF agents is effective in treating DADA2 and warrants 
genetic screening of siblings for proper diagnosis, follow-up 
and timely treatment. HSCT should be considered in patients 
with severe cytopenia and bone marrow failure. 
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Obesity is associated with an increased risk of developing 
a range of disorders, including cardiovascular diseases and 
type 2 diabetes. In obese individuals, accumulation of fat in 
the liver (known as nonalcoholic fatty liver disease or NAFLD), 
has been linked to the development of insulin resistance. 
Ghazarian and colleagues found that type I interferon-driven 
activation of CD8+ T cells in the liver correlated with insulin 

resistance in patients with NAFLD and in mouse models of 
obesity. Furthermore, the gut microbiome played an important 
role in driving inflammation in the livers of obese mice. These 
findings add to the growing recognition of the immune axis in 
metabolic disorders associated with obesity.
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