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Abstract
GATA2 is a hematopoiesis regulatory nuclear protein. GATA2 deficiency syndrome is a rare disorder caused by heterozygous 
mutations leading to GATA2 decreased gene expression. It has several phenotypes, in special immunodeficiency predisposing 
to myelodysplastic syndrome (MDS). We reported a 19-year-old woman who developed pancytopenia with hypocellular bone 
marrow of unclear etiology. Subsequently, she presented recurrent and rapidly evolving infections, predominantly bacterial. The 
association between her clinical and hematological alterations highlighted the likelihood of GATA2 deficiency, later confirmed 
by the detection of the heterozygous variant c.1084C>T (R362*) in GATA2. Allogeneic bone marrow transplantation was 
performed with complete engraftment and reversion of hematological and infectious phenotypes. The early diagnosis and treat-
ment were critical to control the progression of MDS and her vulnerability to infections. This case highlights the importance of 
GATA2 deficiency suspicion in adolescents and young adults with recurrent infections and pancytopenia, especially when bone 
marrow dysplasia is also diagnosed.
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Introduction
Guanine-adenine-thymine-adenine sequence linkers type 2 
(GATA2) is a regulatory nuclear protein that binds to the con-
sensus T/A(GATA)A/G DNA sequence, located on numerous 
promoters and enhancers. This protein controls the transition 
from hemogenic endothelium to hematopoietic stem cells 
(HSC), essential for the survival and the self-renewal (mainte-
nance) of different blood cell lines [1,2]. 
GATA2 gene is located on the long arm of chromosome 3 
(3q21.3) [1]. GATA2 deficiency is an autosomal dominant 
syndrome caused by heterozygous GATA2 mutations in germ-
lines, but somatic mutations have also been reported [3]. Most 
described mutations behave similarly as they reduce/abrogate 
transcriptional activity [1,3]. Furthermore, almost 50% of in-
dividuals with GATA2 mutations develop myelodysplastic 
syndrome (MDS) associated with fibrosis and megakaryocyte 
dysplasia [1]. Moreover, monocytopenia, mild chronic neu-
tropenia, and NK lymphocyte deficiency are associated with 
GATA2 deleterious variants [3-5]. However, many patients 
experience clinical complications before reaching the crite-
ria for MDS. Treatment initially focuses on infection control, 
while defining the best time to treat the bone marrow dysfunc-

tion.

Case Report
During a routine consultation in 2013, a 19-year-old woman 
had mild anemia with anisocytosis, poikilocytosis with ovalo-
cytes, dacrocytes, and polychromatophilia, and leucopenia 
without morphological changes (Figure 1, Table 1). Her previ-
ous medical records showed normal blood counts. There was 
no history of hematological diseases in her family.
Initial investigation ruled out hypovitaminosis, and thyroid, re-
nal and hepatic diseases. Rheumatoid factor, antinuclear factor, 
serologies for viral hepatitis, human immunodeficiency virus 
and cytomegalovirus were negative. No clones were detected 
by flow cytometry. Karyotype was normal, and the chromo-
somal breakage assay was negative. The investigation for ce-
liac disease was negative, and the immunoglobulin dosage was 
normal. However, she had altered iron kinetics. No abnormali-
ties were found on chest X-ray, electrocardiogram, transthorac-
ic echocardiography, abdominal ultrasound, and rectosigmoid/
colonoscopy. Enanthematous pangastritis associated with H. 
pylori and erosive duodenitis were treated.
The bone marrow aspiration in early 2014 showed normocel-
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lular erythrocyte series, with dysplastic alterations in more 
than 10% of the cells evaluated as focal chromatin attenuation, 
mitosis figures, and hemoglobinization failure; normocellular 
granulocytic series, with presence of hypo granular cells, and 
hyper segmented neutrophils; unchanged lymphoplasmacytic 
series with 3.5% of plasma cells; but with enlarged, hyper lob-
ulated, and dysplastic megakaryocytes, with no evident platelet 
production (Figure 1). The karyotype was normal. The biopsy 
showed hypocellularity, but with rare immature CD34+ cells 
and micro megakaryocytes (Figure 1). Iron staining was nega-
tive and revealed no deposit nor reserve in the bone marrow.
In September/2014, a right axillary abscess was drained and 
treated with cephalexin. In December/2014, a necrotizing 
Streptococcus pyogenes lymphadenitis after pharyngitis was 
drained and treated with clindamycin. In March/2015, a pan-
sinusitis was treated with amoxicillin+clavulanate. In Octo-
ber/2015, she had a perianal abscess without fistulation which 
was drained and treated with ciprofloxacin and metronidazole. 
In November/2015, a right lower limb lymphadenitis was 
firstly treated with ceftriaxone and metronidazole, switched to 
amoxicillin+clavulanate. In February/2016, she had an eye in-
fection with right-sided corneal ulcer, without pathogen identi-
fication. She was initially treated with moxifloxacin eye drops 

and acyclovir eye ointment, later changed to natamycin and 
amphotericin B eye drops. In September/2016, a human papil-
loma virus-associated mild cervical dysplasia was cauterized.
The association of hematological alterations of unclear etiology 
and recurrent infections highlighted the possibility of GATA2 
deficiency syndrome. In May/2016, Sanger sequencing from 
peripheral blood leucocytes confirmed the hypothesis by de-
tecting the heterozygous variant c.1084C>T (p. Arg362Ter) or 
R362*, rs1553770510 , in the GATA2 gene, which generates a 
stop codon in the normal protein sequence (Figure 1) [6]. The 
mutation was not detected in her first-degree relatives.

Allogeneic bone marrow transplantation (aBMT) was im-
mediately indicated in evidence of pancytopenia (pre-aBMT 
in Table 1), confirmed by both bone marrow aspiration and 
biopsy. Immunophenotyping confirmed B-cell and NK lym-
phopenia. Transthoracic echocardiogram, electrocardiogram, 
chest computed tomography, and pulmonary function were 
normal. Since there was not histocompatibility within the 
family, the HSC were donated by a matched unrelated indi-
vidual (10/10). The conditioning regimen involved fludarabine 
160 mg/m2 and busulfan 16.4 mg/kg (days -5, -4, -3 and -2) 
[6]. Immune prophylaxis was performed with cyclosporine, 

Blood test R e f e r e n c e 
values Before onset Initial presen-

tationa Pre-aBMT Discharge af-
ter aBMT Most recent

Date ---- Nov/24/2010 Jul/12/2013 Sep/13/2016 Oct/21/2016 Apr/01/2019

Hemoglobin (g/dL) 13.0 to 17.5 12.4 11.6 8.6 9 13.8

Hematocrit (%) 40.0 to 50.0 32.7 35.1 28.2 26.3 40.5
ACV (fL) 80.0 to 100.0 91.8 89.1 - 91 94.1

RDW (%) 11.5 to 14.6 16.2 16.7 - - 12.8
Global leukocyte (/
mm3)

4,000 to 
11,000 4,200 2,600 1,800 5,740 4,800

Neutrophils [/mm3 
(%)] 2,000 to 7,000 2,331 (55.5) 1,422 (54.7) 810 (45.0) 5,170 (90.0) 2,440 (50.8)

Platelets (/mm3) 150,000 to 
450,000 246,000 159,000 101,000 148,000 215,000

Table 1: Blood count evolution from initial presentation to the last follow-up visit.

Figure 1: Timeline from asymptomatic period before diagnosis to post-transplant and currently.
aBMT, allogeneic bone marrow transplantation; GVHD, graft versus host disease; CMV, cytomegalovirus.

aIn the initial presentation, poikilocytosis with ovalocytes, target red blood cells, and dacryocytes with polychromatophilia were 
also evidenced.

aBMT, allogeneic bone marrow transplantation; ACV, average corpuscular volume; RDW, red cell distribution variation (aniso-
cytosis index).
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methotrexate, and anti-thymocyte globulin 7.5 mg/kg (days 
-3, -2 and -1). Antimicrobial prophylaxis was performed with 
sulfamethoxazole+trimethoprim, fluconazole, and acyclo-
vir. On Sep/23/2016, 1.8x108 bone marrow nucleated cells/
kg were infused, with 2.0x107 CD3+ cells/kg and 1.6x106 
CD34+ cells/kg (Figure 1). No peri-procedure complication 
was reported (Table 1).
After 15 days, the patient developed grade-III mucositis and 
watery diarrhea due to graft-versus-host disease (GVHD), 
which were treated with corticosteroids (Figure 1). On the 22nd 
day, she developed nonpruritic maculopapular rash in the up-
per and lower limbs, which also resolved with corticosteroids. 
The antigenemia for cytomegalovirus reactivated twice, both 
resolving with intravenous ganciclovir followed by oral val-
ganciclovir (Figure 1). Blood marrow function recovered with 
neutrophil engraftment on day 16 and platelet engraftment on 
day 20 post-aBMT. Chimerism analysis on day 28 post-aBMT 
suggested complete chimera, 100% compatible with donor 
genotype. The patient was discharged home.

Cyclosporine, methotrexate, and corticosteroids were gradu-
ally discontinued. Oral candidiasis, herpes zoster, and herpetic 
stomatitis were treated as an outpatient. One year later, she was 
submitted to cervical high-frequency cauterization for moder-
ate dysplasia/squamous metaplasia. Currently, 4.5 years after 
aBMT, she is healthy, without infections, and in semesterly 
hematological follow-up (Figure 1). Her last blood count was 
normal in April/2019 (Table 1).

Discussion and Conclusion
The current report may contribute to a better understanding of 
the disease. The average age at onset of symptoms of the syn-
drome is 20 years, ranging from 4 months to 78 years [3,4,7]. 
Three-quarters of patients develop MDS at this age, mainly 
starting with cytopenias, immunodeficiency, and hypocellular 
bone marrow.(8) The affected individuals usually complicate 
with severe infections [8]. In the case described herein, mild 
anemia and leucopenia were initially evidenced, evolving to 
pancytopenia and bone marrow hypocellularity with micro 
megakaryocytes. Then the patient started rapidly evolving in-
fections, which ultimately led to the diagnosis of GATA2 de-
ficiency.
GATA2 deficiency has a broad phenotypical spectrum with par-
tial penetration [1,9]. Many presentations have been described 
since 2011: a dominant autosomal form of familial MDS/AML 
[10]; Emberger syndrome comprising MDS, lymphedema, and 
warts [11]; MonoMAC syndrome of monocytopenia and My-
cobacterium avium [2]; and the deficiency of dendritic cells, 
monocytes, B lymphocytes and NK cells (DCML) with vul-
nerability to viral infections [12]. Shortly thereafter, mutations 
in GATA2 were also recognized in congenital neutropenia and 
pediatric MDS [1,3,4,7]. Additional findings, such as deafness, 
erythema nodosum, spontaneous abortion, and hypothyroid-
ism, were reported later [7]. DCML is the condition closest to 
the clinical presentation of our patient, as she presented B lym-
phoid cell and NK cytopenias. Although we have no data about 
dendritic cells profile, both the rarity of viral and the absence 
of mycobacterial infections she experienced stand against this 
hypothesis.

The mortality associated with recurrent infections with the risk 
of severe infections would be enough to justify the BMT [13]. 

Some authors consider the most important and relevant points 
for indicating aBMT are the progression of bone marrow dys-
plasia and cytogenetic abnormalities, due to the tendency of 
progression to hypocellular MDS and AML [13]. The likeli-
hood of developing MDS/AML increases rapidly with each 
decade of life, from 20% at the age of 20 to 80% at 40 years, 
causing a considerable increase in mortality [3,7]. This rein-
forces the importance of early treatment of the patient. Another 
indication of BMT is the emergence of severe infections and 
their recurrences [13], the main reason why our patient was 
treated with aBMT.
There is no consensus on the optimal conditioning regimen 
for BMT, which can be nonmyeloablative, reduced-intensity 
conditioning, and myeloablative, depending on both donor and 
recipient characteristics. Cuellar-Rodriguez et al. reported six 
patients who received nonmyeloablative HSC transplantation 
(HSCT), which corrected monocyte, B-cell and NK counts, as 
well as the clinical phenotype [14]. Nevertheless, Grossman et 
al. described 14 transplanted patients, reinforcing the merit of 
conventional myeloablative conditioning for the elimination of 
pre-leukemic host cells [13]. Recently, Parta et al. described 13 
matched unrelated donor recipients who received a busulfan-
based conditioning regimen, from which 3 had clinical features 
similar to our patient: GATA2 variant, MDS, and bone marrow 
conditioning [6]. Although 3/13 patients died, all the 3 patients 
with clinical features similar to ours survived [6].
 
There are no reliable estimates of the prospective outcomes 
of these treatments. A survival rate of 54% in four years af-
ter HSCT has been reported in 21 patients transplanted for 
myeloid neoplasia or immunodeficiency [7]. In other study, 
survival after BMT depends on the age of the patient when 
performing the treatment, being better when it is performed 
sooner [3]. The treatment chosen in the respective case was 
myeloablative, with complete engraftment after 3 years, as re-
ported before [13]. 

Given the general uncertainty about the progression, early 
diagnosis and BMT treatment are critical to a good outcome 
in GATA2 deficiency syndrome. General physicians should 
be aware of these signs and symptoms, to refer those patients 
to a specialist. The reported case addresses all these essential 
treatment milestones. Even among adolescents/young adults, 
pancytopenia with several rapidly evolving infections asso-
ciated with bone marrow hypocellularity, GATA2 deficiency 
syndrome should also be considered. This may be decisive for 
successful treatment and increased survival of the patient.
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