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Abstract

Deficiency of  adenosine deaminase 2 (DADA2) is an  autosomal recessive disorder that was 
first described in 2014. It is a monogenic disease that is caused by loss-of-function variants in 
the ADA2 gene. Deficiency of adenosine deaminase 2 involves small- and medium-sized vessels 
and its clinical presentations include polyarteritis nodosa (PAN)-like features such as livedoid 
rash, early-onset stroke, hypogammaglobulinemia, hematological abnormalities, and systemic 
inflammation. Early diagnosis and treatment of DADA2 are crucial as the clinical features could 
be potentially life-threatening but might be treatable. The first-line treatment of choice in DADA2 
is tumor necrosis factor α inhibitors. We aimed to provide an overview of the known pathophys-
iology, clinical presentations, diagnosis, and treatment of DADA2. A clearer knowledge of DADA2 
may help to better diagnose, manage, and improve the  clinical outcome of  DADA2 patients. 
However, further studies are required to investigate the genotype-phenotype associations and 
exact pathophysiology of DADA2.
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Introduction

Deficiency of  adenosine deaminase 2 (DADA2) is 
an  autosomal recessive and auto-inflammatory disor-
der. It is a  monogenic disease that is caused by loss-
of-function variants in the ADA2 gene (formerly known 
as the  CECR1 gene), which is located on chromosome 
22q11.1. Deficiency of adenosine deaminase 2 was first 
described in 2014 by two separate studies by Navon El-
kan et al. [1] and Zhou et al. [2]. 

Deficiency of  adenosine deaminase 2 is a  disorder 
with high variability of  age at onset, disease findings, 
severity, clinical courses, and organ involvement. This 
variability may even occur among family members or 
those with the same mutations. Deficiency of adenosine 
deaminase 2 has a wide spectrum of clinical presenta-
tions which range from fatal systemic vasculitis with 
multiple strokes (in pediatric patients) to limited cutane-
ous disease (in middle-aged patients). 

The clinical features of  DADA2 may include polyar-
teritis nodosa (PAN)-like features such as livedoid rash, 
early-onset stroke, hematological abnormalities (such 
as cytopenia), hypogammaglobulinemia, and systemic 
inflammation [3–7]. 

The first-line treatment of  choice in DADA2 is tu-
mor necrosis factor α (TNF-α) inhibitors, which control 
inflammation and preserve vascular integrity [3, 8–10].

Since DADA2 is a disorder with extensive variability 
in genotypic and phenotypic features and allele frequen-
cy of ADA2 mutation variants, the prevalence of DADA2 
may be higher than its current estimate, especially in 
certain populations. 

Therefore, screening the  ADA2 gene in pediatric 
patients who present with a rash, vasculitis, PAN, ear-
ly-onset neurological features, and systemic inflam-
mation may help to early diagnose DADA2. A  clearer 
knowledge of the wide range spectrum of DADA2 pres-
entations would help to better diagnose and manage 
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the patients, which would consequently improve their 
clinical outcome [8, 11]. 

We aimed to provide an  overview of  the  known 
pathophysiology, clinical presentations, diagnosis, and 
treatment of  DADA2 to help clinicians to better diag-
nose and treat these patients. As a result, with early pre-
vention and decrease of complications, DADA2 patients 
may experience a better quality of life.

Material and methods

We searched the PubMed/Medline, Web of Science, 
Scopus, and Google Scholar databases over the period 
2000–2021 for the relevant literature using the follow-
ing key words: deficiency of  adenosine deaminase 2, 
DADA2, ADA2 gene, CECR1 gene, early-onset stroke, 
early-onset vasculopathy, ADA2 deficient PAN, and ear-
ly-onset PAN.

Epidemiology and demographics

Deficiency of  adenosine deaminase 2 is a  rare 
disease with about 200 reported cases since its first 
description in 2014. Consequently, most mutational 
variants of ADA2 are novel or rare (allele frequency of  
1 : 1000). It has also been reported that the prevalence 
of  DADA2 is higher in populations with high parental 
consanguinity. 

In addition, some specific variants are more com-
mon in certain populations. For example, p.Gly47Arg and 
p.Arg169Gln are more frequent in Georgian-Jewish and 
Northern European populations, respectively [4]. 

Since DADA2 and PAN have many similar clinical fea-
tures, DADA2 may be initially misdiagnosed as PAN [12]. 
It has been estimated that DADA2 has a prevalence of  
4 per 100,000 individuals [13].

Pathophysiology

The extracellular enzyme adenosine deaminase 2 
(ADA2) is encoded by the ADA2 gene and is mainly ex-
pressed by monocytes/cells of  the myeloid lineage [14]. 
The  ADA2 enzyme has different effects. It is a  growth 
factor that is involved in the development of endothelial 
and hematopoietic cells, has autocrine activity, promotes 
the proliferation of monocytes, and induces the differen-
tiation of macrophages. Patients with deficiency of aden-
osine deaminase 2 have defective differentiation of M2 
macrophages (anti-inflammatory effects) [15]. 

Consequently, DADA2 leads to increased M1 mac-
rophages that release pro-inflammatory cytokines from 
monocytes and macrophages. These cytokines induce 
inflammation, damage the endothelial cells, and injure 
the vessel walls [14–16]. 

Therefore, loss-of-function mutations in the  ADA2 
gene disrupt the integrity of the vessel wall by decreas-
ing the activity of the ADA2 enzyme. Some of the clinical 
features of  DADA2 are associated with small or medi-
um-sized vessel vasculitis. For example, DADA2 has 
been associated with lymphopenia, hypogammaglobu-
linemia, and systemic vasculopathy [1–3, 5, 6, 8, 14, 15]. 

In addition, it has been recently suggested that 
the interferon (IFN) pathway has a role in DADA2 since 
increased IFN (type I) signatures have been detected in 
DADA2 [13]. Furthermore, ADA2 is an enzyme that con-
verts adenosine and 2′-deoxyadenosine to inosine and 
2′-deoxyinosine, respectively. Deficiency of  adenosine 
deaminase 2 regulates the activation of neutrophils as 
neutrophils express adenosine receptors. Decreased 
ADA2 activity may cause endothelial damage by chronic 
and increased activation of neutrophils. 

In addition, myeloperoxidase (MPO) has high levels 
in neutrophils and has been associated with the  dys-
function of  endothelial cells. Consequently, the  ADA2 
enzyme may cause endothelial damage through its roles 
as the regulator of neutrophil activation and an inhibitor 
of MOP expression [10]. 

A study in Japan showed that both types of  INF  
(type I and type II) signaling pathways were upregulated 
in DADA2. They also reported that the STAT1 gene may 
be involved in the pathogenesis of DADA2 [17].

Human et al. [9] summarized the  potential patho-
genesis of DADA2 in three main pathways. First, DADA2 
causes growth factor dysfunction leading to impair-
ment of the endothelial integrity and development and, 
in turn, vasculopathy. Secondly, it causes immune dys-
function resulting in disrupted neutrophil activation and 
subsequent vasculopathy. 

In addition, dysregulation of  macrophages/mono-
cytes occurs, which leads to increased production 
of  pro-inflammatory cells. The  immune dysfunction 
also causes mild B cell dysfunction and subsequent 
mild immunodeficiency. Finally, DADA2 causes catalyt-
ic dysfunction that leads to increased levels of aden-
osine. As a  result, inflammation, tissue damage, and 
fibrosis occur [9].

Furthermore, neutrophils and low-density granulo-
cytes (LDGs) (a subset of  neutrophils) form neutrophil 
extracellular traps (NETs) and are involved in the patho-
genesis of vasculitis [18]. 

Carmona-Rivera et al. [18] found that NET forma-
tion by neutrophils (NETosis) may be the cause of mac-
rophage activation leading to TNF-α production in 
DADA2 [19]. They reported that NETs and macrophages 
were present in the affected GI tissue of DADA2 patients 
(in vivo). 
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They also reported that there were increased levels 
of  circulating LDGs during the  active phase of  DADA2 
which decreased following treatment with TNF-α inhib-
itors, suggesting a link between inflammation and NET- 
osis in DADA2 [18]. 

In addition, adenosine triggered NETosis by interact-
ing with A1 and A3 adenosine receptors (through reac-
tive oxygen species [ROS] and peptidylarginine deimi-
nase [PAD]). Furthermore, M1 macrophages and NETs 
from DADA2 patients significantly released TNF-α, which 
indicates the  association between ADA2 dysfunction 
and inflammatory cytokine production [18]. 

The results of  this study demonstrated the  patho-
genic role of  NETosis in DADA2. The  authors also con-
cluded that modulating the NET formation which is in-
duced by adenosine could have therapeutic potential in 
these patients [18].

Genetic causes 

Deficiency of  adenosine deaminase 2 is an  auto-
somal recessive monogenic disorder and the  majority 
of the patients have loss-of-function variants in the cod-
ing region of ADA2. Pathogenic mutations can occur in 
all 4 domains of the ADA2 protein and have been found 
in every exon of the gene. 

Most DADA2 cases have bi-allelic mutations in 
the  ADA2 gene and the  majority of  the  mutations are 
missense mutations (about 80%). Other variations in-
clude copy number variations (CNVs) including single 
or multiple exons and frameshift, insertions/deletions, 
splicing, and nonsense mutations [4, 15, 20]. 

To date, 126 mutations of the ADA2 gene have been 
reported on the  online database “Infevers” (The reg-
istry of  Hereditary Auto-inflammatory Disorders Mu-
tations). These mutations include 100 substitutions 
(79.36%), 20 deletions (15.87%), 2 del-ins (deletion-in-
sertions) (1.58%), 3 duplications (2.38%), and 1 inser-
tion (0.79%) [21]. 

However, there have been reports of  DADA2 with 
typical clinical and enzymatic phenotypes without any 
mutations [4, 15]. For example, in 2017, Caorsi et al. [15] 
reported several cases of patients who presented with 
typical clinical features of DADA2 such as vasculopathy, 
stroke, and hypogammaglobulinemia. However, these 
patients had non-confirming or negative genetic anal-
yses [15]. 

This suggests that some DADA2 mutations may 
include null alleles, intronic mutations, noncoding reg-
ulatory areas, or insertions/deletions [4, 9, 15]. Half 
of  the  DADA2 patients have homozygous mutations. 
The most common mutation is reported in Georgian-Jew-
ish and Turkish populations (G47R mutation). This is be-

cause of the increased carrier frequency. This mutation 
is also seen in South Asia. G47R mutations are homozy-
gous and present with a classic PAN-like phenotype. 

On the other hand, the p.Arg169Gln (R169Q) muta-
tion is usually observed in the Northern European popu-
lation [1, 4, 9, 11, 15, 20, 22].

Genotype-phenotype

Deficiency of  adenosine deaminase 2 is a  disorder 
that has a  wide spectrum of  clinical findings and in-
volves multiple organs. It also has heterogeneity, which 
is even observed among family members with similar 
mutations [23]. 

The phenotypes of  DADA2 include PAN-like vascu-
litis, hematological features, immunodeficiency, auto-
inflammation, and lymphoproliferation. Many patients 
have overlapping presentations. However, some pa-
tients may be asymptomatic or have mild symptoms 
that are diagnosed in family screening [24]. 

Patients who are homozygous for the same founder 
mutation variant or have the same biallelic heterozygous 
mutation variant present at varying ages, frequency, and 
severity [4]. For example, patients who have a  homo- 
zygous R169Q mutation have variable presentations 
(vasculitis, hematologic abnormalities, or immunodefi-
ciency). Studies have tried to establish a genotype-phe-
notype association. Some were not able to find such 
an association [1, 4, 9, 11, 15, 20, 22]. 

However, Özen et al. [22] compared the PAN-like and 
DBA/immunodeficiency phenotypes with similar ADA2 
levels and reported a  possible genotype-phenotype 
association. They reported that mutations of  the  di-
merization domain were associated with the  PAN-like 
phenotype and mutations of the catalytic domain were 
associated with hematological features [22]. 

In addition, another study compared the DADA2 gen-
otypes with phenotypes and levels of ADA2. They report-
ed that mutations that caused minimal residual ADA2 
activity were associated with hematological phenotypes 
(such as pure red cell aplasia and DBA) and mutations 
with at least 3% enzymatic activity were associated with 
the PAN-phenotype [25]. 

Furthermore, Lee et al. [25] reported that in DADA2, 
vasculitis and strokes are associated with hypomorphic 
missense mutations that cause low ADA2 protein activity, 
and mutations that cause a complete lack of ADA2 pro-
tein are associated with hematological presentations. 

On the  other hand, it has been reported that 
the amount of activity of the remaining ADA2 enzyme 
may be more predictive of  DADA2 phenotypes com-
pared to the genotypes [23]. It has also been suggested 
that since patients with identical mutations have diverse 

https://infevers.umai-montpellier.fr/Classification_AID/page1.html
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clinical features and severity, it is likely that environmen-
tal factors, genetics, and epigenetic modifications are in-
volved in DADA2 [20]. 

Further investigations on DADA2 will broaden the 
knowledge about the genotype-phenotype associations [7].

Clinical presentations

Many of the clinical features of DADA2, knowledge of 
which is expanding with the ongoing reports, are the re-
sult of its involvement in the small- and medium-sized 
vessels [5]. Deficiency of  adenosine deaminase 2 pre-
sents with a wide range of clinical manifestations rang-
ing from mild skin features to severe organ involvement 
that may be lethal. 

For example, in pediatric patients, there may be 
fatal systemic vasculitis with multiple strokes, and in 
middle-aged patients, there may be a limited cutaneous 
disease. The common clinical features of DADA2 are pre-
sented in Table I.

Constitutional symptoms

The common constitutional symptoms include re-
current fever, myalgia, and arthralgia. 

Vasculitis and vasculopathy 
manifestations

Skin manifestations

The common cutaneous features include livedo rac-
emose, livedoid rash, livedo reticularis, maculopapular 
rashes, PAN nodules, Raynaud’s phenomenon, digital 
gangrene ulcers, and verrucae vulgaris (warts). 

Nervous system

The common clinical manifestations of the nervous 
system include stroke (ischemic, hemorrhagic, lacunar, 
ventricular hemorrhage), transient ischemic attack, 
central neuropathy, peripheral neuropathy, permanent 
polyneuropathy, cranial nerve palsy, transverse myeli-

Table I. Summary of common clinical features of deficiency of adenosine deaminase 2 [1, 2, 4–7, 9, 10, 13–15, 20, 
26, 27]

Abnormality Clinical manifestation

Constitutional 
symptoms

Recurrent fevers, myalgia, arthralgia

Vasculitis and 
vasculopathy 
manifestations 

•	Skin manifestations
Livedo racemose, livedoid rash, livedo reticularis, maculopapular rashes, PAN nodules, Raynaud’s 
phenomenon, digital gangrene ulcers, verrucae vulgaris (warts)

•	Nervous system
Stroke (ischemic, hemorrhagic, lacunar, ventricular hemorrhage), TIA, central neuropathy, peripheral 
neuropathy, permanent polyneuropathy, cranial nerve palsy, transverse myelitis, transient mononeuritis, 
optic neuritis, optic nerve atrophy, ptosis (CN III palsy), external ocular muscle palsies (diplopia, 
strabismus), uveitis, occlusive retinal vasculitis (monocular or binocular permanent vision loss), unilateral 
amaurosis fugax attacks, sensorineural hearing loss

•	Pulmonary manifestations
Necrotizing pneumonia

•	Cardiovascular manifestations
Systemic hypertension and cardiomyopathy

•	Gastrointestinal manifestations
Mesenteric vasculitis and ischemia (recurrent abdominal pain, diarrhea, hepatosplenomegaly, 
pancreatitis, portal hypertension, hematochezia, bowel perforation, massive bleeding), weight loss, 
chronic gastritis, bowel stenosis, hepatomegaly, splenomegaly, hepatosplenomegaly, elevated hepatic 
transient elastography, portal hypertension, splenic infarcts

•	Renal manifestations
Nephrogenic hypertension, focal glomerulosclerosis, renal amyloidosis, renal cortical lesions

Hematologic, 
immune, and 
inflammatory 
abnormalities

Diffuse adenopathy, abnormal serum Igs, hypogammaglobulinemia, low IgG, low IgM, low IgA, abnormal 
lymphocyte phenotyping, low class-switched memory B cells, low memory T cells, low NK cells, cytopenia, 
pancytopenia, neutropenia, leucopenia, lymphopenia, thrombocytopenia, neutrophilic leukocytosis, 
decreased levels of Hb, severe anemia, pure red cell aplasia, DBA-like phenotype (pure erythrocytic anemia), 
lymphoproliferative diseases, elevated ESR, elevated CRP, low serum iron, positive ANA, positive ANCA, 
inadequate specific antibody testing

ANA – antinuclear antibody, ANCA – anti-neutrophil cytoplasmic antibodies, CN – cranial nerve, CRP – C-reactive protein, DBA – Diamond-
-Blackfan anemia, ESR – estimated sedimentation rate, Hb – hemoglobin, Ig – immunoglobulin, PAN – polyarteritis nodosa, TIA – transient 
ischemic attack.
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ceptor-1 (sFlt-1), soluble isoform of a receptor for advanced 
glycation end-products sRAGE, Tie-2, and interleukin-18 
(IL-18). 

The higher levels of IL-18 in DADA2 were associated 
with hematological features. The level of IL-18 or IFN-γ 
is increased in the DBA-like phenotype. The increased 
levels of  Tie-1 and IL-18 levels were higher in DADA2 
with immunological findings. In addition, the  serum 
levels of sRAGE were higher in DADA2 with neuropathy 
compared to DADA2 without neuropathy and healthy 
controls [13].

Diagnosis

Enzymatic and genetic testing

Enzymatic testing in addition to genetic testing is 
the standard clinical testing for diagnosing DADA2 [4]. 
Deficiency of adenosine deaminase 2 enzymatic testing 
of less than 5% of normal or undetectable ADA2 activity 
confirms the diagnosis of DADA2. The genetic molecular 
tests for DADA2 include Sanger sequencing, next-gen-
eration sequencing (NGS), exome sequencing, single 
nucleotide polymorphism (SNP) microarray, multiplex li-
gation-dependent probe amplification (MLPA), and long-
range polymerase chain reaction (PCR). 

Single nucleotide polymorphism microarray is used 
to detect larger CNVs of > 10–25 kb, and MLPA analysis 
may be used to detect small genomic deletions/duplica-
tions or single exon CNVs of > 50 bp (Table II).

It has also been suggested that measuring ADA2 ac-
tivity before genetic testing would be more cost-benefi-
cial [3, 20]. 

tis, transient mononeuritis, optic neuritis, optic nerve 
atrophy, ptosis (cranial nerve [CN] III palsy), external 
ocular muscle palsies (diplopia, strabismus), uveitis, 
occlusive retinal vasculitis (monocular or binocular 
permanent vision loss), unilateral amaurosis fugax at-
tacks, and sensorineural hearing loss. 

Pulmonary and cardiovascular manifestations

The pulmonary and cardiovascular manifestations in 
DADA2 include necrotizing pneumonia, systemic hyper-
tension, and cardiomyopathy. Sahin et al. [5] reported 
that although hypertension may occur in DADA2, malig-
nant hypertension is not common.

Gastrointestinal manifestations

The common gastrointestinal (GI) presentations 
include mesenteric vasculitis and ischemia (recurrent 
abdominal pain, diarrhea, hepatosplenomegaly, pancre-
atitis, portal hypertension, hematochezia, bowel perfo-
ration, massive bleeding), weight loss, chronic gastritis, 
bowel stenosis, hepatomegaly, splenomegaly, hepato- 
splenomegaly, elevated hepatic transient elastography, 
portal hypertension, and splenic infarcts.

Renal manifestations

The renal features of DADA2 include nephrogenic hy-
pertension, focal glomerulosclerosis, renal amyloidosis, 
and renal cortical lesions.

Hematologic, immune, and inflammatory 
abnormalities

Patients with deficiency of adenosine deaminase 2 
may present with various hematologic and immune 
abnormalities, including diffuse adenopathy, abnor-
mal serum Igs, hypogammaglobulinemia, low IgG, low 
IgM, low IgA, abnormal lymphocyte phenotyping, low 
class-switched memory B cells, low memory T cells, low 
NK cells, cytopenia, pancytopenia, neutropenia, leuco-
penia, lymphopenia, thrombocytopenia, neutrophilic 
leukocytosis, decreased levels of hemoglobin (Hb), se-
vere anemia, pure red cell aplasia, Diamond-Blackfan 
anemia (DBA)-like phenotype (pure erythrocytic ane-
mia), lymphoproliferative diseases, elevated estimated 
sedimentation rate (ESR), elevated C-reactive protein 
(CRP), low serum iron, positive antinuclear antibody 
(ANA), positive anti-neutrophil cytoplasmic antibodies 
(ANCA), and inadequate specific antibody testing.

Other manifestations

Kaya Akca et al. [13] reported that DADA2 patients had 
increased levels of  TNF-α, tyrosine-protein kinase recep-
tor-1 (Tie-1), soluble vascular endothelial growth factor re-

Table II. Summary of the standard clinical testing in de-
ficiency of adenosine deaminase 2 [4, 11, 23]

Standard clinical testing in DADA2

Enzymatic 
testing

ADA2 enzymatic testing

Genetic 
molecular 
testing

•	Sanger sequencing
•	NGS-based targeted panels
•	Exome sequencing
•	SNP microarray:

-	Larger CNVs (> 10–25 kb)
•	MLPA:

-	Small genomic deletions/duplications
-	Single exon CNVs (> 50 bp)

•	Long-range PCR

ADA2 – adenosine deaminase 2, CNVs – copy number variations, 
DADA2 – deficiency of adenosine deaminase 2, NGS – next-ge-
neration sequencing, MLPA – multiplex ligation-dependent probe 
amplification, PCR – polymerase chain reaction, SNP – single 
nucleotide polymorphism.
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Imaging and angiography

Computed tomography scans and conventional an-
giography are not effective in detecting small lacunar 
strokes. Magnetic resonance imaging (MRI) is the most 
suitable imaging modality in detecting cerebral strokes. 
However, conventional angiography may be useful in 
detecting aneurism and stenosis in medium-sized ves-
sels [6]. 

Treatment

Tumor necrosis factor α inhibitors

Tumor necrosis factor α inhibitors (such as etaner-
cept, infliximab, and adalimumab) are considered as 
the first-line treatment in DADA2 [8, 15]. Early diagnosis 
and therapy with TNF-α inhibitors are important in pre-
venting severe complications in DADA2 [15]. 

Tumor necrosis factor α inhibitors have many bene-
fits in these patients, including inflammation control and 
decrease in inflammatory markers (such as ESR and CRP), 
maintenance of  vascular integrity, stroke prevention, 
and inhibition of  TNF-α production by M1-type macro- 
phages [7, 28–30]. 

In addition, there have been reports of an increase in 
the serum levels of iron and improvements in white blood 
cell (WBC), hemoglobin, hematocrit, and platelet counts. 
Moreover, the patients have shown improvements in he-
patic findings (both vascular and parenchymal) and ery-
thema nodosum and nodules (caused by vasculitis). 

There has also been a subjective improvement of live-
do racemosa in some DADA2 patients. However, DADA2 
patients with hematologic and immune abnormalities 
have shown varied responses to TNF-α inhibitors [7, 29]. 

Treatment with TNF-α inhibitors is usually efficient 
in patients with the vascular type of DADA2. However, 
it is insufficient in patients with severe neutropenia or 
pancytopenia. These patients may benefit from other 
treatment options such as hematopoietic cell transplan-
tation (HCT) [7].

Other treatment options

Caorsi et al. [15] reported that thalidomide might be 
a less expensive but effective drug as a first-line treatment 
drug and alternative to TNF-α inhibitors. Other treatment 
options for DADA2 may include glucocorticosteroids or 
cytokine inhibitors [4, 31, 32]. Glucocorticosteroids used 
to be the main treatment option in patients who present-
ed with early-onset PAN and recurrent strokes. 

However, there were variable outcomes in these pa-
tients and some developed flares of  inflammation and 
vasculitis following the tapering of glucocorticosteroids. 
In addition, other drugs such as azathioprine and meth-

otrexate have not been proved to be effective in these 
patients as well [1, 2, 8]. 

Schnappauf et al. [4] reported that those DADA2 pa-
tients who had two null variants and no ADA2 activity 
are likely to be resistant to treatment with TNF-α inhib-
itors. Therefore, these patients may be considered for 
transplantation [4]. 

Treatment with enzyme replacement therapy in 
late-onset DADA2 and clinical presentations of combined 
immunodeficiency has been reported to be effective [33]. 
There is controversy over prophylactic therapy with anti- 
platelet and anticoagulant medications for stroke due to 
the risk of developing hemorrhagic events [34]. 

In addition, it has been reported that exogenous re-
placement of ADA2 through fresh frozen plasma causes 
a  transient increase in serum ADA2 levels. Therefore, 
treatment with fresh frozen plasma does not seem to be 
an option in treating DADA2 [30].

Hematopoietic cell transplantation

The first international study on the outcome of the 
hematopoietic cell transplantation (HCT) in DADA2 was 
conducted by Hashesm et al. [34]. They found that HCT 
treated the immunological, hematological, and vascular 
phenotypes of DADA2 and suggested HCT as an effec-
tive treatment for DADA2 [32]. 

Other studies have also reported similar results on 
the  efficacy of  HCT in reversing refractory cytopenia, 
vasculopathy, and immunodeficiency [35]. Deficiency 
of adenosine deaminase 2 with severe neutropenia or 
pancytopenia is usually treated with HCT. However, if 
HCT is not an option, other treatment options such as 
aggressive suppression of T cells may be considered [7]. 

On the  other hand, HCT is associated with some 
adverse effects, has limited availability of  human leu-
kocyte antigen (HLA)-matched donor, and causes mor-
bidity. Therefore, finding an alternative treatment option 
seems necessary [29, 36].

Gene therapy

Gene therapy is a  potential treatment option for 
DADA2 and research regarding gene therapy is still on-
going [7]. For example, Zoccolillo et al. [37] investigated 
the possibility of curing DADA2 with genetic correction 
through autologous hematopoietic stem and progenitor 
cells (HSPCs). 

They concluded that lentiviral-mediated ADA2 
gene transfer corrects the  ADA2 enzyme deficiency in 
the macrophages of DADA2 patients and subsequently 
prevents excessive inflammation [37]. 

In addition, Khon et al. [38] reported successful treat-
ment of severe combined immunodeficiency due to ADA 
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deficiency (ADA-SCID) with ex vivo lentiviral HSPC gene 
therapy [38].

A summary of  the  treatment options in DADA2 is 
shown in Table III. 

Screening 

Screening for ADA2 mutations has been recommend-
ed in patients with signs and symptoms of vasculopathy 
(similar to PAN), particularly in cases with early-onset 
clinical features or a  history of  strokes, inflammatory 
diseases, and family history [5, 15]. 

In addition, DADA2 should be considered in patients 
with early-onset PAN-like features who have consan-
guineous parents due to its autosomal recessive inher-
itance nature [3]. 

Early diagnosis and therapy with TNF-α inhibitors 
are important in preventing severe complications [15] 
as some of  these complications could be potentially 
life-threatening but might be treatable [3]. 

Frequent neurodevelopmental evaluation such as 
evaluation of  hearing impairment is recommended in 
DADA2 [33]. Furthermore, Schnappauf et al. [4] recom-
mended a combination of genetic and enzymatic test-
ing in asymptomatic family members of DADA2 patients 
to detect individuals at risk [4]. 

Prevention

There is controversy over treating asymptomatic 
DADA2 with TNF-α inhibitors. Some studies argue that 
treatment with TNF-α inhibitors would put asymptomat-
ic patients at risk of side effects such as immune sup-
pression. 

In addition, there is concern about the decrease in 
the efficacy of TNF-α inhibitors following long-term use 
[39]. Other researchers believe that treatment of  all 
DADA2 patients without contraindications seems nec-
essary as there is still insufficient knowledge about 
the risk factors that cause stroke in these patients [7]. 

For example, Schnappauf et al. [4] recommended 
prophylactic treatment of asymptomatic DADA2 [4]. 

Prognosis

The exact clinical outcome of DADA2 is still unknown 
and it has a wide spectrum of severity from mild to lethal 
[6]. Involvement of the central nervous system, strokes, 
and the GI system are common causes of morbidity in 
DADA2 and are associated with poor prognosis [12, 26]. 

The majority of  DADA2 patients present before 
the age of  10 years and approximately 25% of  the pa-
tients present before the  age of  one year. About 8% 
of DADA2 patients die at a young age (under 30 years). 

The  majority of  the  patients die due to complications 
caused by recurrent stroke or infection [8, 40].

Deficiency of adenosine deaminase 2 and 
polyarteritis nodosa 

Since DADA2 and PAN have many similar clinical 
features, DADA2 may be initially misdiagnosed as 
PAN. It has been reported that about 25% of patients 
with DADA2 have been misdiagnosed with childhood 
PAN [20]. 

The common clinical characteristics between these 
two disorders are due to the involvement of small- and 
medium-sized vessels. For example, the recurrent clini-
cal features of PAN, such as angiographic findings, hy-
pertension, increased acute phase reactants, myalgia, 
and polyneuropathy, also occur in DADA2. In addition, 
patients with both disorders may have a positive family 
history or a positive history of parental consanguinity [5, 
6, 15, 26]. 

However, Huang et al. [20] reported that some fea-
tures may help to distinguish DADA2 from PAN (Table IV). 

For example, DADA2 usually presents earlier and at 
younger ages. Skin manifestations are more commonly 
seen in childhood PAN and DADA2 compared to adult 
PAN. The  livedo presentation of  the skin is more com-
mon in DADA2 than PAN. The peripheral nervous system 
(PNS) is more involved in adult PAN. 

Central nervous system involvements such as is-
chemic stroke and brain bleeding occur more in DADA2 
(Table IV). Polyarteritis nodosa patients usually have in-
creased WBC and platelet counts. However, DADA2 pa-
tients usually have decreased immunoglobulin (IgA, IgM, 
and IgG) levels and decreased platelet and WBC counts  
[20, 22, 23, 27, 29, 41–43]. 

Table III. Treatment options in deficiency of adenosine 
deaminase 2 [4, 6–8, 31–33, 37, 38]

Treatment options in DADA2

First-line:
•	Tumor necrosis factor α inhibitors:

-	Etanercept
-	Infliximab
-	Adalimumab

Suggested alternative first-line:
•	Thalidomide

Other:
•	Glucocorticosteroids
•	Cytokine inhibitors
•	Enzyme replacement therapy

Hematopoietic cell transplantation
Gene therapy
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Furthermore, Kaya Akca et al. [13] reported that 
the  levels of  TNF-α, Tie-1, and sFlt-1 were higher in 
DADA2 patients compared to healthy controls and PAN 
patients. 

In addition, DADA2 patients had higher levels 
of  sRAGE and Tie-2 compared to PAN patients (Ta-
ble IV). The serum levels of IL-18 were high in both dis-
orders [13].

Conclusions
Deficiency of adenosine deaminase 2 is an autoso-

mal recessive disease that is caused by loss-of-function 
variants in the ADA2 gene. It has a wide spectrum of clin-
ical presentations and the phenotypes have expanded 
ever since its first description in 2014. Early diagnosis 
and treatment of DADA2 are crucial as the clinical fea-
tures could be potentially life-threatening but might be 
treatable. 

Moreover, a clearer knowledge of DADA2 may help to 
better diagnose, manage, and improve the clinical out-
come of DADA2. 

Further studies are also required to investigate 
the genotype-phenotype associations, the exact patho-
physiology, and other therapeutic options. 

In addition, there are other aspects of DADA2 that 
are still not yet fully understood and should be con-
sidered in future studies such as its genetics, activ-
ity of  the ADA2 enzyme, and other possibly involved  
factors. 

The authors declare no conflict of interest.

References

1.	 Navon Elkan P, Pierce SB, Segel R, et al. Mutant adenosine 

deaminase 2 in a  polyarteritis nodosa vasculopathy. N Engl  

J Med 2014; 370: 921–931, DOI: 10.1056/NEJMoa1307362.

2.	 Zhou Q, Yang D, Ombrello AK, et al. Early-onset stroke and vas-

culopathy associated with mutations in ADA2. N Engl J Med 

2014; 370: 911–920, DOI: 10.1056/NEJMoa1307361.

3.	 Ganhão S, Loureiro GB, Oliveira DR, et al. Two cases of ADA2 

deficiency presenting as childhood polyarteritis nodosa: nov-

el ADA2 variant, atypical CNS manifestations, and literature 

review. Clin Rheumatol 2020; 39: 3853–3860, DOI: 10.1007/

s10067-020-05210-4.

4.	 Schnappauf O, Zhou Q, Moura NS, et al. Deficiency of  Ade-

nosine Deaminase 2 (DADA2): hidden variants, reduced pen-

etrance, and unusual inheritance. J Clin Immunol 2020; 40: 

917–926, DOI: 10.1007/s10875-020-00817-3.

5.	 Sahin S, Adrovic A, Barut K, et al. A 9.5-year-old boy with re-

current neurological manifestations and severe hypertension, 

treated initially for polyarteritis nodosa, was subsequently di-

agnosed with adenosine deaminase type 2 deficiency (DADA2) 

which responded to anti-TNF-α. Paediatr Int Child Health 

2020; 40: 65–68, DOI: 10.1080/20469047.2018.1559495.

6.	 Caorsi R, Penco F, Schena F, Gattorno M. Monogenic polyarte-

ritis: the lesson of ADA2 deficiency. Pediatr Rheumatol Online  

J 2016; 14: 51, DOI: 10.1186/s12969-016-0111-7.

7.	 Barron KS, Aksentijevich I, Deuitch NT, et al. The  Spectrum 

of the deficiency of adenosine deaminase 2: an observation-

al analysis of a 60 patient cohort. Front Immunol 2022; 12: 

811473, DOI: 10.3389/fimmu.2021.811473.

8.	 Meyts I, Aksentijevich I. Deficiency of adenosine deaminase 2  

(DADA2): updates on the  phenotype, genetics, pathogene-

sis, and treatment. J Clin Immunol 2018; 38: 569–578, DOI: 

10.1007/s10875-018-0525-8.

9.	 Human A, Pagnoux C. Diagnosis and management of ADA2 de-

ficient polyarteritis nodosa. Int J Rheum Dis 2019; 22 (Suppl 1): 

69–77, DOI: 10.1111/1756-185x.13283.

Table IV. Some differences between polyarteritis nodosa (PAN) and deficiency of adenosine deaminase 2 [13, 33]

PAN DADA2

•	Skin manifestations (childhood PAN) 
•	Manifestations of the PNS (adult PAN)
•	Increased WBCs (adult PAN)
•	Increased platelets (adult PAN)

•	Presentation at younger ages
•	Skin manifestations 
•	CNS involvement:

Ischemic stroke
Brain bleeding 

•	Decreased WBCs
•	Decreased levels of Igs:

IgA, IgM, IgG
•	Decreased levels of platelets
•	Increased levels of:

TNF-α, Tie-1, sFlt-1, sRAGE, Tie-2

CNS – central nervous system, DADA2 – deficiency of adenosine deaminase 2, Ig – immunoglobulin, PAN – polyarteritis nodosa, PNS – pe-
ripheral nervous system, sFlt-1 – soluble vascular endothelial growth factor receptor-1, sRAGE – soluble isoform of a receptor for advanced 
glycation end-products, Tie-1 – tyrosine-protein kinase receptor-1, TNF-α – tumor necrosis factor α, WBCs – white blood cells.



53Deficiency of adenosine deaminase 2

Reumatologia 2023; 61/1

10.	Belot A, Wassmer E, Twilt M, et al. Mutations in CECR1 asso-
ciated with a neutrophil signature in peripheral blood. Pediatr 
Rheumatol Online J 2014; 12: 44, DOI: 10.1186/1546-0096-
12-44.

11.	Gibson KM, Morishita KA, Dancey P, et al. Identification of nov-
el adenosine deaminase 2 gene variants and varied clinical 
phenotype in pediatric vasculitis. Arthritis Rheumatol 2019; 
71: 1747–1755, DOI: 10.1002/art.40913.

12.	Alaygut D, Alparslan C, Öncel EP, et al. A child diagnosed with 
treatment-resistant polyarteritis nodosa: can the clinical diag-
nosis be different? Arch Rheumatol 2019; 34: 338–342, DOI: 
10.5606/ArchRheumatol.2019.7075.

13.	Kaya Akca U, Sag E, Unal S, et al. The role of vascular inflam-
mation markers in deficiency of  adenosine deaminase 2. 
Semin Arthritis Rheum 2021; 51: 839–844, DOI: 10.1016/ 
j.semarthrit.2021.04.013.

14.	Keer N, Hershfield M, Caskey T, Unizony S. Novel compound 
heterozygous variants in CECR1 gene associated with child-
hood onset polyarteritis nodosa and deficiency of  ADA2. 
Rheumatology (Oxford) 2016; 55: 1145–1147, DOI: 10.1093/
rheumatology/kew050.

15.	Caorsi R, Penco F, Grossi A, et al. ADA2 deficiency (DADA2) as 
an unrecognised cause of early onset polyarteritis nodosa and 
stroke: a multicentre national study. Ann Rheum Dis 2017; 76: 
1648–1656, DOI: 10.1136/annrheumdis-2016-210802.

16.	Zavialov AV, Gracia E, Glaichenhaus N, et al. Human adenosine 
deaminase 2 induces differentiation of monocytes into mac-
rophages and stimulates proliferation of  T helper cells and 
macrophages. J Leukoc Biol 2010; 88: 279–290, DOI: 10.1189/
jlb.1109764.

17.	Nihira H, Izawa K, Ito M, et al. Detailed analysis of Japanese 
patients with adenosine deaminase 2 deficiency reveals char-
acteristic elevation of type II interferon signature and STAT1 
hyperactivation. J Allergy Clin Immunol 2021; 148: 550–562, 
DOI: 10.1016/j.jaci.2021.01.018.

18.	Carmona-Rivera C, Khaznadar SS, Shwin KW, et al. Deficiency 
of adenosine deaminase 2 triggers adenosine-mediated NET- 
osis and TNF production in patients with DADA2. Blood 2019; 
134: 395–406, DOI: 10.1182/blood.2018892752.

19.	Lee PY. NETing the  mechanism of  inflammation in DADA2. 
Blood 2019; 134: 338–339, DOI: 10.1182/blood.2019001251.

20.	Huang Z, Li T, Nigrovic PA, Lee PY. Polyarteritis nodosa and 
deficiency of  adenosine deaminase 2 – shared genealogy, 
generations apart. Clin Immunol 2020; 215: 108411, DOI: 
10.1016/j.clim.2020.108411.

21.	Poulter JA, Savic S. Genetics of  somatic auto-inflammatory 
disorders. Semin Hematol 2021; 58: 212–217, DOI: 10.1053/ 
j.seminhematol.2021.10.001.

22.	Özen S, Batu ED, Taşkıran EZ, et al. A  Monogenic disease 
with a  variety of  phenotypes: deficiency of  adenosine de-
aminase 2. J Rheumatol 2020; 47: 117–125, DOI: 10.3899/
jrheum.181384.

23.	Lee PY. Vasculopathy, immunodeficiency, and bone marrow 
failure: the intriguing syndrome caused by deficiency of ade-
nosine deaminase 2. Front Pediatr 2018; 6: 282, DOI: 10.3389/
fped.2018.00282.

24.	Pinto B, Deo P, Sharma S, et al. Expanding spectrum of DADA2: 
a  review of  phenotypes, genetics, pathogenesis and treat-

ment. Clin Rheumatol 2021; 40: 3883–3896, DOI: 10.1007/
s10067-021-05711-w.

25.	Lee PY, Kellner ES, Huang Y, et al. Genotype and functional cor-
relates of disease phenotype in deficiency of adenosine de-
aminase 2 (DADA2). J Allergy Clin Immunol 2020; 145: 1664– 
1672.e10, DOI: 10.1016/j.jaci.2019.12.908.

26.	Çakan M, Aktay-Ayaz N, Karadağ ŞG, et al. Atypical phenotype 
of an old disease or typical phenotype of a new disease: de-
ficiency of adenosine deaminase 2. Turk J Pediatr 2019; 61: 
413–417, DOI: 10.24953/turkjped.2019.03.014.

27.	Nanthapisal S, Murphy C, Omoyinmi E, et al. Deficiency of ad-
enosine deaminase type 2: a description of phenotype and 
genotype in fifteen cases. Arthritis Rheumatol 2016; 68: 
2314–2322, DOI: 10.1002/art.39699.

28.	Fayand A, Sarrabay G, Belot A, et al. [Multiple facets of ADA2 
deficiency: vasculitis, auto-inflammatory disease and im-
munodeficiency: a  literature review of 135 cases from liter-
ature]. Rev Med Interne 2018; 39: 297–306, DOI: 10.1016/j.
revmed.2017.11.006 [Article in French].

29.	Ombrello AK, Qin J, Hoffmann PM, et al. Treatment strategies 
for deficiency of adenosine deaminase 2. N Engl J Med 2019; 
380: 1582–1584, DOI: 10.1056/NEJMc1801927.

30.	Ombrello A, Stone D, Hoffmann P, et al. The deficiency of ade-
nosine deaminase type 2 – results of therapeutic intervention. 
Pediatr Rheumatol Online J 2015; 13 (Suppl 1): O40–O40, DOI: 
10.1186/1546-0096-13-S1-O40.

31.	Van Eyck L Jr, Hershfield MS, Pombal D, et al. Hematopoietic 
stem cell transplantation rescues the immunologic phenotype 
and prevents vasculopathy in patients with adenosine deami-
nase 2 deficiency. J Allergy Clin Immunol 2015; 135: 283–287.
e5, DOI: 10.1016/j.jaci.2014.10.010.

32.	Hashem H, Vatsayan A, Gupta A, et al. Successful reduced 
intensity hematopoietic cell transplant in a patient with de-
ficiency of adenosine deaminase 2. Bone Marrow Transplant 
2017; 52: 1575–1576, DOI: 10.1038/bmt.2017.173.

33.	Cagdas D, Gur Cetinkaya P, Karaatmaca B, et al. ADA defi-
ciency: evaluation of  the  clinical and laboratory features 
and the  outcome. J Clin Immunol 2018; 38: 484–493, DOI: 
10.1007/s10875-018-0496-9.

34.	Hashem H, Kelly SJ, Ganson NJ, Hershfield MS. Deficien-
cy of  adenosine deaminase 2 (DADA2), an  inherited cause 
of polyarteritis nodosa and a mimic of other systemic rheu-
matologic disorders. Curr Rheumatol Rep 2017; 19: 70, DOI: 
10.1007/s11926-017-0699-8.

35.	Hashem H, Bucciol G, Özen S, et al. Hematopoietic cell trans-
plantation cures adenosine deaminase 2 deficiency: report 
on 30 patients. J Clin Immunol 2021; 41: 1633–1647, DOI: 
10.1007/s10875-021-01098-0.

36.	Vinchi F. Towards a cure for adenosine deaminase 2 deficiency 
through genetic correction of  macrophage polarization. He-
masphere 2021; 5: e653, DOI: 10.1097/hs9.0000000000000653.

37.	Zoccolillo M, Brigida I, Barzaghi F, et al. Lentiviral correction 
of  enzymatic activity restrains macrophage inflammation in 
adenosine deaminase 2 deficiency. Blood Adv 2021; 5: 3174–
3187, DOI: 10.1182/bloodadvances.2020003811.

38.	Kohn DB, Booth C, Shaw KL, et al. Autologous ex vivo lentivi-
ral gene therapy for adenosine deaminase deficiency. N Engl 
J Med 2021; 384: 2002–2013, DOI: 10.1056/NEJMoa2027675.



54 Shakiba Hassanzadeh, Mohammad Bahadoram, Karim Mowla

Reumatologia 2023; 61/1

39.	Cooray S, Omyinmi E, Hong Y, et al. Anti-tumour necrosis fac-
tor treatment for the prevention of  ischaemic events in pa-
tients with deficiency of  adenosine deaminase 2 (DADA2). 
Rheumatology (Oxford) 2021; 60: 4373–4378, DOI: 10.1093/
rheumatology/keaa837.

40.	Moens L, Hershfield M, Arts K, et al. Human adenosine deam-
inase 2 deficiency: a multi-faceted inborn error of immunity. 
Immunol Rev 2019; 287: 62–72, DOI: 10.1111/imr.12722.

41.	Springer JM, Gierer SA, Jiang H, et al. Deficiency of adenosine 
deaminase 2 in adult siblings: many years of a misdiagnosed 

disease with severe consequences. Front Immunol 2018; 9: 
1361, DOI: 10.3389/fimmu.2018.01361.

42.	Sönmez HE, Armağan B, Ayan G, et al. Polyarteritis nodosa: 
lessons from 25 years of  experience. Clin Exp Rheumatol 
2019; 37 (Suppl 117): 52–56.

43.	Bae YD, Choi HJ, Lee JC, et al. Clinical features of polyarteritis 
nodosa in Korea. J Korean Med Sci 2006; 21: 591–595, DOI: 
10.3346/jkms.2006.21.4.591.


