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Novel Mutation in CECR1 Leads to Deficiency of ADA2 with Associated
Neutropenia
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Abstract
Purpose Adenosine deaminase 2 (ADA2) have been reported to cause vasculitic diseases and immunodeficiency recently.
Patients present with stroke episodes and rashes mimicking polyarteritis nodosa (PAN). We report a patient who has been
followed up with severe neutropenia and found an unexpectedly revealed novel mutation in CECR1 affecting ADA2.
Methods We reviewed medical records and clinical history of the patient. No mutations in other known neutropenia genes such
as ELA, G6PC3, HAX1, AP3B1, LAMTOR2, VPS13B, VPS45, GFI1, JAGN1, or WAS could be detected. Sanger sequencing
was used to confirm the genetic variants in the patient and relatives.
Results Genetic analysis by exome sequencing revealed a novel mutation in the gene CECR1 (c.G962A; p.G321E) which
segregated perfectly in the relatives.
Conclusion This is the first DADA2 patient presenting with severe neutropenia. We suggest that in patients with unexplained
cytopenias combined with immunodeficiency, fevers of unknown origin and high inflammation markers, DADA2 should be
considered.
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Introduction

CECR1 (cat eye syndrome chromosome region, candidate 1)
mutations encoding adenosine deaminase 2 (ADA2) have been
reported to cause vasculitic diseases with skinmanifestations and
immunodeficiency recently. Patients present with stroke episodes
and rashes mimicking polyarteritis nodosa (PAN) [1, 2]. In many
cases, the histological findings are consistent with the diagnosis
of polyarteritis nodosa (PAN) with childhood-onset. Recent re-
ports added more variable immunodeficiency phenotypes such
as low or high Ig levels, in particular selective IgM deficiency,
high IgG levels, pan-hypogammaglobulinemia-like CVID (com-
mon variable immunodeficiency), and lowmemoryB cells. New
clinical presentations such as red cell aplasia and pure antibody
deficiency were also reported [3, 4]. By now, 19 different muta-
tions in CECR1 gene have been detected. The pathogenetic
mechanism of DADA2 is still unclear. Here, we would like to
report a patient who has been followed up with severe neutrope-
nia about 5 years. No mutations in other known neutropenia
genes such as ELANE [5, 6], G6PC3 [7], HAX1 [8], AP3B1
[9], LAMTOR2 [10], VPS13B [11], VPS45 [12, 13], GFI1 [14],
JAGN1 [15], or WASP [16] could be detected. Exome sequenc-
ing unexpectedly revealed a novel mutation in CECR1 affecting
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ADA2. Clinical findings of DADA2 were established in the last
1 year of the patient before she died.

Case Report

The patient was initially admitted to the hospital at the age of
7 years due to febrile neutropenia. Clinical history revealed
frequent oral aphthous lesions and two skin abscesses in her
early life. She also suffered from recurrent gastroenteritis. In the
first laboratory examination, neutropenia was detected (abso-
lute neutrophil count (ANC): 0–100/mm3). Severe neutropenia
persisted in all blood counts (0–300/mm3), whereas other pa-
rameters were normal (Hb 12.1 g/dl, white blood cells (WBC)
7800/mm3, platelets (Plt) 349,000/mm3, absolute lymphocyte
count 6500/mm3). Detailed immunological phenotyping un-
covered no obvious alterations in lymphocyte subtypes, lym-
phocyte proliferation tests, neutrophil function tests, and immu-
noglobulin levels (Table 1, Fig. 1). Also peripheral blood smear
and bone marrow aspiration did not show any alterations.
Secondary causes (such as malignancy, myelodysplastic syn-
drome (MDS), severe infections) of neutropenia could be ex-
cluded. After initial hospitalization, she was consulting our
clinics four to five times per year due to recurrent febrile neu-
tropenia episodes. No other symptoms like abdominal pain,
arthritis, or rashes except oral aphthous lesions appeared.
Acute phase reactants were high in every attack but no culture
growth was proved from any region of the body. We excluded
malignancy, familial Mediterranean fever (FMF), and Behçet’s
disease with some basal and genetic tests such as bone marrow
aspiration, immunophenotyping of the bone marrow, imaging
of the thorax, abdomen, and cranium, FMF mutation analysis,
HLA tissue typing and pathergy test Mild abdominal pain ac-
companied with few febrile attacks was not remarkable.

Nevertheless, colchicine was given empirically, but she did
not respond. She was started on G-CSF prophylaxis which
led to increase of ANC. Consequently, she received G-CSF
treatment for 2 years.

Despite treatment, she was required three to four
times hospitalizations per year. At 9 years of age, she
suffered from a life-threatening infection resulting in
candida esophagitis and gastritis which ultimately led
to fungal pneumonia. During this period, she further
suffered from lymphopenia (ALC 200–1300/mm3).
Myelodysplastic syndrome and malignancy were re-ex-
cluded. Although the laboratory and clinical findings
did not suggest severe congenital neutropenia and cyclic
neutropenia, we wanted to exclude this diagnosis by
mutation analysis. All genes about congenital neutrope-
nia were found to be normal.

After this severe infection, genetic analysis was performed.
Exome sequencing revealed a novel mutation in the gene
CECR1 (c.G962A; p.G321E) which was segregating in the
pedigree (Fig. 2). This mutation was predicted to be damaging
with several prediction algorithms (Table 2). The patient was
well about 1 year again until persistent fever of unknown
origin and abdominal pain emerged. Based on the identifica-
tion of ADA2 deficiency, we started anti-tumor necrosis factor
(TNF)-α (etanercept) treatment paralleled by initiation of
bone marrow transplant search. Only two doses of etanercept
could be given; severe, watery diarrhea (40–50 times/day)
started which caused transmission to the intensive care unit
(ICU). Because of this, etanercept treatment was stopped.
After 1 week in the ICU, a hemorrhagic necrosis appeared
on her right lower leg and foot (Fig. 3). It progressed to the
upper region of the leg and amputation was considered.
Because of uncontrolled inflammation or infection, the patient
deceased at the age of 11.

Table 1 Summary of laboratory
evaluation of the patient %

(absolute
counts)

Results (at 7 and
9 years of age)

Normal values Results (at 7 and
9 years of age)

Normal values

CD3+ 73 (4745), 68 (544) 60–76 (744–2634) Hb [g/dl] 12.1, 13 12.0–14.7

CD4+ 48 (3120), 36 (288) 31–47 (470–1610) WBC
[mm3]

7800, 4500 4400–9500

CD8+ 24 (1560), 16 (128) 18–35 (198–1402) Plt [mm3] 349,000,
235,000

150–450,000

CD19 18 (1170), 17 (136) 13–27 (182–1560) ANC [mm3] 0, 200 1500–7000

CD20 18 (1170), 18 (144) 12–26 (182–1560) ALC [mm3] 6500, 800 1500–3700

CD3-16+
56+

14 (910), 12 (96) 4–17 (80–962) Ig G [mg/dl] 1210, 1834 600–1600

HLA-DR 24 (1560), 20 (160) 20–36 (210–1890) IgA [mg/dl] 122, 213 50–230

IgM [mg/dl] 234, 45 50–250

IgE [kU/L] 12, 10 0–300
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Discussion

Initially, deficiency of ADA2 (DADA2) was described
in patients with vasculopathy and PAN-like skin man-
ifestations. Patients with early-onset lacunar strokes
have also been reported [1, 2]. In addition to variable
reported immunodeficiencies, both IL17 receptor A
and ADA2 mutations have also been described in
the same patient [20]. In our patient, Ig levels were
normal until the age of nine. At the age of 9 years,
we noticed an increase in IgG levels and decrease in
IgM levels. At the age of nine during her fatal hos-
pitalization, general lymphopenia (500–1500/mm3)
was detected without alterations of lymphocyte sub-
types or proliferation capabilities. We excluded that
the pa t i en t may su f f e r f rom mye lodysp la s t i c
syndrome/acute myeloid leukemia (AML). Despite
the fever of unknown origin and leukopenia, no auto-
ant ibodies were detec ted which ruled out the

diagnosis of systemic lupus erythematosus. The
encoded protein of ADA2 gene is one of the two
adenosine deaminases found in humans, which regu-
late levels of the signaling molecule, adenosine.
Secreted from monocytes undergoing differentiation
and may regulate cell proliferation and differentiation,
ADA2 is also responsible for catalyzing the conver-
sion of adenosine to inosine. It binds to adenosine
receptors on regulatory T cells expressing CD39 and
helps immunological synapse formation. In a recent
report, the authors found that ADA2 binds to neutro-
phils, monocytes, NK cells, and B cells [21]. A de-
crease in NK, NKT, and CD16 subset of monocytes
was a characteristic feature of DADA2 patients in
their study [21]. In our patient, all lymphocyte subset
percentages stayed normal at different times of evalu-
ation despite persisting lymphopenia.

ADA2 is expressed only in monocytes, macrophages,
and dendritic cells, not in the endothelial cells [22].

G R G T T TG C A
Ala Glu/Gly Phe

G C A G A G T T T
Ala Glu Phe

G C A G R G T T T
Ala Glu/Gly PheFig. 2 Chromatograms showing

the mutation in CECR1

Fig. 1 Demonstration of absolute
neutrophil counts follow
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This might explain why endothelial damage occurs in
DADA2, but it remains still unclear why variable phe-
notypes are seen in different patients. In one report,
CECR1 mutations were found to be associated with in-
creased neutrophil counts in peripheral blood. Belot
et al. proposed that ADA2 may act as a regulator of
neutrophil activation, and that DADA2 results in endo-
thelial damage via a neutrophil-driven process [23]. In
another report, it was stated that ADA2 seemed to be
involve in the balance between pro-inflammatory and
anti-inflammatory monocytes; in the case of its absence,
ADA2 was associated with a defect in differentiation of
anti-inflammatory macrophages, which leads to a preva-
lence of pro-inflammatory cells [2, 24]. Montfrans et al.
reported a DADA2 patient with granulocytopenia with
accompanying hepatosplenomegaly and red cell aplasia
[25]. Other cytopenias especially lymphopenia were re-
ported in diagnosed DADA2 patients with vasculopathic
manifestations [4, 7, 25–28]. Our patient initially pre-
sented with neutropenia as a different first manifesta-
tion. Other clinical findings consistent with DADA2 ap-
peared about 4 years after the first hospitalization due to
neutropenia. We might have speculated that the febrile
neutropenia episodes could be caused by unidentified
vasculopathic inflammation which is one of the hall-
mark features of DADA2. However, other symptoms
like arthritis or stroke were not present in our patient.

We want to emphasize that this was the first patient
manifested with only neutropenia before other
manifestations.

Our patient bears a novel homozygous mutation in the
gene CECR1 (c.G962A; p.G321E). Although there is no
established genotype-phenotype correlation, homozygous
mutation R169Q in CECR1 seems more hematological
manifestations than the other 18 types of mutations in a
recent review of all reported patients [24]. We always
thought that this patient had congenital neutropenia and
hospitalizations due to unexplained infections. So, we can
just speculate that the different first manifestation can be
due to the location of the mutation. Further clinical stud-
ies are suggested in order to understand the phenotypic
variability and the genotype-phenotype correlation [24].

In conclusion, our data and other reports [3, 4, 20,
24, 28] reveal an expanding spectrum of phenotypes in
DADA2 in addition to the well-defined symptoms of
vasculopathies, strokes, and/or PAN-like situations. As
in our patient, neutropenia can be the first clinical
manifestation of DADA2 which can be accompanied
with other findings during follow-up. We suggest that
in patients with unexplained isolated neutropenia/
leucopenia combined with immunodeficiency, fevers
of unknown origin, and high inflammation markers,
DADA2 should be considered as a potential cause of
the disease.

Fig. 3 Hemorrhagic necrosis on
right foot and leg

Table 2 Characteristics of the
mutation in CECR1 Gene Position

Ref. Obs.
Protein

Polyphen-
2

SIFT
ExAC allele
counts

CE-
CR1

Chr22, 17670842
[rs865858930]

C T CCDS31007;
c.G962A;
p.G321E

0.998 0 Not
detected

Prediction scores were calculated with Polyphen-2 [17] and SIFT [18]. Variant counts were downloaded from
ExAC database [19] [accession date 20th September 2017]
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