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ABSTRACT

Introduction: Haploinsufficiency of the hematopoietic transcription factor GATA2 is associ-
ated with a broad spectrum of diseases, including infection susceptibility and neoplasms.
We aimed to investigate GATA2 variants in patients with non-tuberculous mycobacterial
(NTM) and/or fungal infections (FI) without known immunodeficiencies.
Method: We performed GATA2 genotyping in patients with NTM and/or FI.
Results: Twenty-two patients were enrolled (seventeen FI, four NTM and one with both infec-
tions). The pathogenic variant NG_029334.1:2.16287C>T was found in one patient (4.5%) and
two asymptomatic offsprings. We also found the likely-benign variant NG_029334.1:
2.12080G>A (rs2335052), the benign variant NG_029334.1:g.16225C>T (rs11708606) and the vari-
ant of uncertain significance NG_029334.1:2.16201G>A (rs369850507) in 18.2%, 27.3%, and 4.5%
of the cases, respectively. Malignant diseases were additionally diagnosed in six patients.
Conclusion: Although detected in 45.4% of the patients, most GATA2 variants were benign or
likely benign. Identifying a pathogenic variant was essential for driving both the patient's treat-
ment and familial counseling. Pathogenic variants carriers should receive genetic counseling,
subsequent infection prevention measures and malignancies surveillance. Additionally, case-
control genotyping should be carried out in Brazil to investigate whether the observed variants
may be associated with susceptibility to opportunistic infections and/or concurrent neoplasms.
© 2022 Associagao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by
Elsevier Espafia, S.L.U. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Non-tuberculous mycobacteria (NTM) are ubiquitous in soil,
water and human-made environments. Infections caused by
these organisms seem to be increasing worldwide and the
immune host defects that may underly it were revised in
2015." Advances in imaging, microbiological and molecular
techniques have contributed to recognizing these infections,
leading to an apparent increased incidence rate over time.’
Morbidity caused by NTM is clinically manifested by lymph-
adenitis, skin and pulmonary diseases. The outcome of NTM
infection depends upon a complex interaction between expo-
sure, duration of host exposure, immune status and genetic
background.’ Overall, whether primary or acquired, patients
with immunodeficiencies are at risk of developing NTM or
fungal infections (FI).* Currently, recognizing the underlying
genetic background for NTM and/or FI is essential for therapy
and prognostic assessment. Some genetic variants in inter-
leukin 12-interferon y pathway genes (INGR1/2, IL12b, STAT1)
are often associated with the onset of opportunistic infections
in early childhood. In contrast, GATA2 pathogenic genetic var-
iants give rise to disseminated infection in late childhood or
adulthood.’

The GATA2 gene is located on the chromosome 3q21
region, encoding a 50.5 KDa protein. The GATA2 has six exons
and two zinc-finger domains and it acts as a transcription fac-
tor in several tissues.” The GATA2 is mostly expressed in
hematopoietic progenitors, myeloid and mast cells.° The
GATA2 haploinsufficiency has been associated with the
MonoMAC syndrome, characterized by a decreased number
of monocytes, T, B and NK cells, infections, autoimmunity
and pulmonary alveolar proteinosis in both sporadic and
familial forms. Additionally, the GATA2 haploinsufficiency
has been associated with lymphedema, warts and deafness, a
condition named Emberger syndrome. Both MonoMAC and
Emberger syndromes predispose patients to myelodysplastic
syndrome (MDS) and acute myeloid leukemia (AML).” Because
of the importance of identifying the underlying causes of
overt immunodeficiency in patients with NTM and/or FI, this
study aimed to identify GATA2 genetic variants among such
individuals and establish associations with clinical-pheno-
typic features.

Methods

A series of patients older than 12 years old with pulmo-
nary or disseminated NTM and/or FI were enrolled
between 2015 to 2018 at the Instituto Nacional de Infecto-
logia Evandro Chagas, Fundacao Oswaldo Cruz (FIOCRUZ),
Rio de Janeiro, Brazil. We used convenience sampling for
patients recruited during hematological consultations.
Demographic, clinical and laboratory features
obtained from the patients' medical records and during
follow-up. A complete blood count was performed upon
patient inclusion in the study (Supplementary Table 1).
The human immunodeficiency virus (HIV) serology was
tested in all patients. The infectious diagnosis was con-
firmed with direct microscopic examination, staining for

were

acid-fast bacillus (AFB), histopathological and/or microbio-
logical culture analysis, when available. Bone marrow
assessment was performed for a myelogram, immunophe-
notyping, histopathological and cytogenetics examination
in patients who presented sustained unexplained cytope-
nias or organomegalies (Supplementary Table 2).

The exclusion criteria were the prior diagnosis of primary
or secondary immunodeficiencies, such as acquired immuno-
deficiency syndrome/HIV infection; well established autoim-
mune diseases, such as rheumatoid arthritis; solid organ
transplantation; cystic fibrosis, and; immunosuppressive or
chemotherapeutic treatments.

According to the manufacturer's instructions, genomic
DNA was extracted from peripheral blood samples using the
commercial QIAamp DNA Blood Mini Kit (Qiagen, CA, USA).
Sanger sequencing was performed throughout the five coding
exons (2, 3, 4, 5 and 6) and intron 4 of the GATA2 gene using
the protocol described by Wang et al.” Whenever GATA2 path-
ogenic variants were identified in the proband, they were also
investigated in the relatives. All PCR products were sequenced
using the ABI3500x] automatic gene analyzer (Applied Biosys-
tems, CA, USA). Sequences were analyzed in the Mutation
Surveyer® software (Softgenetics, PA, USA). The GATA2
genetic variants identified were compared to the reference
databases available online at https://cancer.sanger.ac.uk/cos
mic, https://www.ncbi.nlm.nih.gov/clinvar and www.ensem
ble.org to evaluate the clinical association. The nomenclature
was applied following the American College of Medical Genet-
ics and Genomics and the Association for Molecular Pathol-
ogy guidelines.® We classified variants into the five categories
"pathogenic," "likely pathogenic," "variant of uncertain signif-
icance (VUS)," "likely benign," and "benign". The terms "likely
pathogenic" and "likely benign" are used to mean greater
than 90% certainty of a variant either being disease-causing
or benign, respectively.® Frequency analyses were performed
with the IBM® SPSS Statistics version 22.0.

Ethics

Patients were treated following the Declaration of Helsinki
and the Brazilian ethical standards — Resolution 466/12. Writ-
ten informed consent was obtained from the individuals to
participate in this research. The Review Board of the Evandro
Chagas National Institute of Infectious Diseases approved the
study (#64574417.0.0000.5262).

Results

Twenty-seven patients fulfilled the study inclusion criteria,
but five patients declined the invitation to participate. Thirty-
one samples from 22 patients and nine healthy relatives from
a single family were genotyped. There was a predominance of
males and white patients (63.6% and 59.1%, respectively). The
median age was 45.5 years old (range 19 - 75 years). The most
frequent infection groups were FI (77.3%), followed by NTM
(18.2%) and one patient had both NTM and FI (4.5%). The study
design and main findings are illustrated in Figure 1.


https://cancer.sanger.ac.uk/cosmic
https://cancer.sanger.ac.uk/cosmic
https://www.ncbi.nlm.nih.gov/clinvar
http://www.ensemble.org
http://www.ensemble.org

HEMATOL TRANSFUS CELL THER. 2023;45(2):211-216 213

Identified cases
(N=27)

Exclusion
(N=5)

Eligible cases
(N=22)
1

GATA2 genotyping

NG_029334.1:g.16 [ NG_029334.1:¢.12 | NG_029334.1:8.12
287C5T 080G>A A

pathogenic likely-benign
(N=1) +

likely-benign
(N=1)

NG_029334.1:
£.16225C>T
benign

1 (N=1)

9 relatives tested

2 carriers
(offspring)

NG_029334.1:
8.16225C>T
benign benign

l

NG_029334.1:
g16201G>A | NG_029334.1:g.12

uncertain pes
likely-benign

NG_029334.1:
8.16225C>T

significance

(N=1) (FE)) o (N=2)
NG_029334.1:
8.16225C>T

benign

(N=1)

Figure 1.-Schematic representation of the study design and main findings. From 2015 to 2018, 27 non-tuberculous mycobac-
teria (NTM) and fungal infection (FI) cases were identified, five were excluded, as they declined to participate, leaving 22 eligi-
ble cases. From these, four were NTM, 17 were FI and one case presented both infections. The GATA2 genotyping was
performed in all cases and four variants were identified. The NG_029334.1:g.16287C>T, a pathogenic variant, was detected in 1
NTM case and two relatives (out of nine relatives tested). The likely-benign variant NG_029334.1:2.12080G>A (rs2335052) was
identified in 2 NTM cases, one of which also carried the benign variant NG_029334.1:2.16225C>T (rs11708606) and in 2 FI cases.
The benign variant NG_029334.1:g.16225C>T (rs11708606) was detected in the simultaneous NTM and FI case and in 4 FI
cases, one of which also carried the variant of uncertain significance NG_029334.1:2.16201G>A (rs369850507).

Among the FIs, histoplasmosis, sporotrichosis, paracocci-
dioidomycosis, aspergillosis and candidosis were detected.
The NTM cases were caused by Mycobacterium kansasii, M.
abscessus, M. fortuitum and M. intracellulare. The infections
were identified at the following sites: blood, lymph node,
lung, synovial fluid, skin, adrenal gland, larynx, bone marrow,
bones, pleura and brain. The demography, clinical informa-
tion and GATA2 variants are depicted in Table 1.

Single nucleotide variants were fund in 10 out of 22
patients (45.4%), with exons 3 and 5 harboring the most fre-
quent genetic alterations. Four genetic variants were identi-
fied. Only one patient (4.5%) exhibited the pathogenic loss-of-
function missense variant NG_029334.1:g.16287C>T. It was
identified in a 43 years-old white male with a 20-year follow-
up of autoimmune and thrombotic phenomena, hypothyroid-
ism, disseminated refractory M. kansasii infection, MonoMAC
syndrome and a progressive MDS. The same mutation was
detected in two asymptomatic offsprings out of 9 relatives
tested. His complete clinical presentation and pedigree were
reported elsewhere.’ Four patients (18.2%) presented the
likely benign variant NG_029334.1:2.12080G>A (rs2335052) in
exon 3. We also identified the benign variant NG_029334.1:
g.16225C>T (rs11708606) in 6 patients (27.3%), and the VUS
NG_029334.1:2.16201G>A (rs369850507) in one patient (4.5%).
According to the ALFA Project consulted at https://www.ncbi.
nlm.nih.gov on 09/01/20, the minor allele frequency of the
variants NG_029334.1:g.12080G>A (rs2335052), NG_029334.1:
g.16225C>T  (rs11708606) and NG_029334.1:g.16201G>A
(rs369850507) were 16.5%, 16.5% and 0.01% respectively,
among the total general population.

Six patients developed neoplasms either before or after the
infectious disease diagnosis, as described in Table 1.

Nevertheless, they had not received any immunosuppressive
treatment before the study. Three presented with MDS, two
with melanoma (one patient presented MDS and melanoma
simultaneously), one with diffuse B-cell non-Hodgkin lym-
phoma and one patient with ovarian cancer. Two cases (one
melanoma and the ovarian cancer patient) underwent prior
surgery and the others received chemotherapy after enroll-
ment. A mortality rate of 27.3% (6 patients) was observed.
Three in 17 patients had low CD4" lymphocyte levels and
overall, three individuals presented monocytopenia (13.6%)
and two of them suffered from MDS (see
Supplementary Table 1).

Discussion

Since the first description of GATA2 haploinsufficiency was
associated with primary immunodeficiency in 2011, 343 cod-
ing variants have been described by ClinGen/ClinVar and 168
are deemed pathogenic.’® So far, there are more than 100
families and 122 individual cases (7 pediatric cases of con-
firmed de novo) of GATA2 haploinsufficiency described.’* A
new class of GATA2 germline mutation with the insertion of
amino acids between the first and second zinc fingers was
recently reported in Brazil.’” Herein, we present the preva-
lence of GATA2 genetic variants in Brazilian patients with
NTM and/or FI without known immunodeficiencies. Overall,
nine patients (40.9%) carried at least one of the GATA2 var-
iants benign, likely benign or of uncertain significance and
one individual presented a pathogenic variant with an NTM
infection.
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Table 1 - Summary of main clinical findings and GATA2 genetic variants in the ascertain patients.

Patient Age/Sex/ Infectious Site of Neoplastic GATA2 variant Type of Follow-
Ethnicity diagnosis infection diagnosis variant up
1 75/M/W M. kansasii Blood, lymph MDS/AML NG_029334.1:g.12080G>A  Likely benign Dead
nodes and lung (rs2335052)
2" 50/M/W M. kansasii Blood, lung and MDS NG_029334.1:2.16287C>T  Pathogenic Dead
synovial fluid (rs387906631)
3 19/M/W PCM lood, lymph = G_029334.1:2.16201G>A VUS and Dead
nodes (rs369850507) and benign
NG_029334.1:
2.16225C>T (rs11708606)
4 55/F/N-w M. fortuitum Lung Melanoma® NG_029334.1:g.12080G>A  Likely benign Dead
(rs2335052) and benign
And NG_029334.1:
2.16225C>T (rs11708606)
5 57/M/W Histoplasmosis Skin and adrenal NHL - - Alive
gland
6 52/F/N-w Sporotrichosis Skin - - - Alive
7 37/M/N-w Histoplasmosis Skin and lung - NG_029334.1:.16225C>T  Benign Alive
(rs11708606)
8 42/F/N-w Histoplasmosis Bone marrow, Ovary - - Alive
lymph node
and lung
9 25/M/N-w PCM Lymph node = NG_029334.1:g.12080G>A  Likely Dead
(rs2335052) benign
10 40/F/W M. intracellulare Lung = = - Dead
11 74/F/N-w Sporotrichosis Skin - - - Alive
12 58/M/W Histoplasmosis Lung, skin and = NG_029334.1:g.16225C>T  Benign Alive
and Candidosis larynx (rs11708606)
13 49/M/N-w Sporotrichosis Skin and bones MDS and - - Alive
Melanoma”
14 36/F/N-w Sporotrichosis Skin and bones - NG_029334.1:g.16225C>T  Benign Alive
(rs11708606)
15 55/M/W Histoplasmosis Lung and skin = - - Alive
16 58/M/W Histoplasmosis Lung = = - Alive
17 59/M/W Aspergillosis and Lungand pleura - NG_029334.1:g.16225C>T  Benign Alive
M. abscessus (rs11708606)
18 24/M/W Histoplasmosis Lung = = - Alive
19 29/M/N-w PCM Lung and lymph - = - Alive
nodes
20 30/E/W Histoplasmosis Lung and skin - - - Alive
21 30/M/W Histoplasmosis Lung - NG_029334.1:g.12080G>A  Likely Alive
(rs2335052) benign
22 39/F/W Histoplasmosis Brain - = - Alive

M: Male; F: Female; W: White; N-w: Non-white; FH: Familial history; PCM: Paracoccidioidomycosis; NTM: Nontuberculous mycobacteria; MDS:

Myelodysplastic syndrome; AML: Acute myeloid leukemia; NHL: Non-Hodgkin Lymphoma of skin; VUS: Variant of uncertain significance.

MAF: Minor allele frequency in the population;

* Case previously reported”.
! Intestinal Melanoma.
2 Palmar Melanoma.

The NG_029334.1:2.16287C>T is one of the GATA2 patho-
genic variants most frequently associated with the MonoMAC
syndrome and is located at the second zinc finger domain."*
We identified this variant, also known as T354}, in a patient
presenting NMT, MDS, monocytopenia and low CD4" levels.
Identifying it was essential for driving both the patient's treat-
ment and familial counseling.” The NG_029334.1:2.12080G>A
(rs2335052) is not a pathogenic variant and does not affect the
zinc finger domains. However, it is located in a coding and
regulatory region. It has been described as an expression
quantitative trait locus by the Genotype-Tissue Expression
(GTEx) Project, contributing to the GATA2 expression

regulation. Furthermore, this variant has been previously
associated with a worse prognosis in a colon cancer study™*
and described in an AML case report, along with a novel
GATA2 pathogenic variant.’® The other variants identified
here, the NG_029334.1:g.16225C>T (rs11708606) and
NG_029334.1:g.16201G>A (rs369850507), encompass intronic
regions and have not been explored in vitro. Although these
non-pathogenic variants are not likely to exert a high pene-
trance effect on the disease onset, they might be associated
with infection and/or progression susceptibility. Future case-
control studies should explore this hypothesis. So far, the
benign and VUS variants identified in this study are not
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clinically actionable and should not drive clinical manage-
ment change.

The marked heterogeneity of the GATA2 haploinsuffi-
ciency clinical presentation is a diagnostic challenge. Infec-
tions, such as NTM or FI due to immune dysfunction, can be
the first manifestation, persist throughout the patient's life
and be a significant cause of death.'® A study observed dis-
seminated NTM infections in 53% of the patients, including
both slow growing (Mycobacterium avium complex, M. kansasii
and M. szulgai) and rapid-growing mycobacteria (M. fortuitum,
M. abscessus and M. chelonae), while severe FI were observed
in 16%: invasive aspergillosis in 9%, disseminated histoplas-
mosis in 5% and recalcitrant mucosal candidiasis in 5%."
However, some carriers can be asymptomatic or present just
slight laboratory abnormalities. Despite the autosomal domi-
nant inheritance, pathogenic variants can deliver a highly
variable penetrance and many functional paths affecting the
GATA2 expression are still unknown.>'%'® The penetrance of
the GATA2 haploinsufficiency increases with age, but
remains incomplete at the age of 40 years old in 32.9% of the
carriers.’® Moreover, few cases over 60 years old are
asymptomatic.’®'® Epigenetic plasticity and coexisting
somatic mutations can trigger pathogenesis and dictate pen-
etrance.’® Catto et al. demonstrated somatic genetic rescue
in the germline GATA2 haploinsufficiency setting.’® This
finding would explain the early recovery of hematopoiesis
and lack of symptoms in a mosaic 61-year-old carrier and a
possible false-negative initial result.”” The MDS is the most
common first malignancy seen in GATA2 carriers, with a
noticeable peak in the second decade of life."" The allogeneic
stem cell transplant is available for the GATA2 haploinsuffi-
ciency in selected cases and the eligible related donors
should be systematically tested.””**°

This study reinforces the need for multidisciplinary care
for patients with oportunistic infections without known
immunodeficiencies, particularly NMT with MDS, considering
a putative germline GATA2 haploinsufficiency. Despite being
associated with the susceptibility to FI, as well as being the
majority of cases, we did not find any GATA2 pathogenic vari-
ant in our fungal cohort. Finally, we had limitations in this
small, single-center and descriptive work; in particular, we
did not perform a more comprehensive study of the immune
competence and we could not rule out other causes of pri-
mary immunodeficiencies because we did not investigate
such conditions.

Conclusion

The GATA2 genetic variants are found in patients presenting
with NTM and/or FI without known immunodeficiency. The
NTM/FI can indicate a primary immunodeficiency and some
immunodeficiency patients are at risk of cancers, such as
MDS and AML. Individuals with NMT infections and monocy-
topenia are suspected of having the MDS and MonoMac syn-
drome. Even asymptomatic carriers of pathogenic variants
should receive genetic counseling, subsequent infection pre-
vention measures and surveillance for hematologic malig-
nancies. Further studies on the prevalence, expression and
clinical significance of GATA2 variants are necessary to

comprehend this condition in all its complexity and to be able
to indicate the best and safest treatment in each case.

Funding

The MSPO and RMZO are supported by the Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq) [#310877/2019-9
and #302796/2017-7] and by the Fundagao de Amparo a Pesquisa
do estado do Rio de Janeiro (FAPERJ) [E-26/203.076/2016 to
RMZO)]. SCSL is a scholar of FAPER] [#E-26/202.918/2019].

Author's contributions

DPMA designed the study, attended to the patients, collected
and analyzed the clinical data. DPMA, SCSL and MSPO wrote
the manuscript; DPMA, FGA and FVSB performed the genetic
tests; DFSF attended to patients and revised the article; MSPO
and RMZO designed, provided funding and supervised the
study. All authors have seen and approved the manuscript
and its submission.

Conflicts of interest

The authors declare no competing financial interests.

Acknowledgments

The authors thank the patients and relatives for making sam-
ples available and the physicians for providing clinical details,
particularly Dr. Valeria Rolla. We also thank Alexandre Viz-
zoni for the laboratory and data set support and Prof. Logan
Spector for the critical revision of the manucript. The authors
are also grateful to the INI-FIOCRUZ Flow Cytometry platform,
the Oswaldo Cruz Institute (IOC-FIOCRUZ) and the INCA
sequencing platform for technical support on genetic testing.
Finally, we thank the Genotype-Tissue Expression (GTEXx)
Project, supported by the Common Fund of the Office of the
Director of the National Institutes of Health and by NCI,
NHGRI, NHLBI, NIDA, NIMH and NINDS. The data used for the
analyses described in this manuscript were obtained from the
GTEx Portal on 08/23/20.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.htct.2022.01.014.

REFERENCES

1. Wu U-I, Holland SM. Host susceptibility to non-tuberculous
mycobacterial infections. Lancet Infect Dis. 2015;15:968-80.

2. Henkle E, Hedberg K, Schafer S, Novosad S, Winthrop KL. Pop-
ulation-based incidence of pulmonary nontuberculous


https://doi.org/10.1016/j.htct.2022.01.014
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0001
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0001
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0002
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0002

216

HEMATOL TRANSFUS CELL THER. 2023;45(2):211-216

10.

mycobacterial disease in oregon 2007 to 2012. Ann Am Thorac
Soc. 2015;12:642-7.

. Stout JE, Koh W-], Yew WW. Update on pulmonary disease

due to non-tuberculous mycobacteria. Int ] Infect Dis.
2016;45:123-34.

. Lee PP, Lau Y-L. Cellular and molecular defects underlying

invasive fungal infections—revelations from endemic myco-
ses. Front Immunol [Internet]. 2017;8. [cited 2017 Dec 3]Avail-
able from:  http:/journal.frontiersin.org/article/10.3389/
fimmu.2017.00735/full.

. Hsu AP, Sampaio EP, Khan J, Calvo KR, Lemieux JE, Patel

SY, et al. Mutations in GATA2 are associated with the auto-
somal dominant and sporadic monocytopenia and myco-
bacterial infection (MonoMAC) syndrome. Blood. 2011;118:
2653-5.

. Luesink M, Hollink IHIM, van der Velden VH]J, Knops RHJN,

Boezeman JBM, de Haas V, et al. High GATA2 expression is a
poor prognostic marker in pediatric acute myeloid leukemia.
Blood. 2012;120:2064-75.

. Wang X, Muramatsu H, Okuno Y, Sakaguchi H, Yoshida K,

Kawashima N, et al. GATA2 and secondary mutations in
familial myelodysplastic syndromes and pediatric myeloid
malignancies. Haematologica. 2015;100:e398-401.

. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al.

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
college of medical genetics and genomics and the association
for molecular pathology. Genet Med. 2015;17:405-23.

. Mendes-de-Almeida DP, Andrade FG, Borges G, dos Santos-

Bueno FV, Vieira IF, da Rocha LKM, da S, et al. GATA2 mutation
in long stand mycobacterium kansasii infection, myelodys-
plasia and MonoMAC syndrome: a case-report. BMC Med
Genet [Internet]. 2019;20. [cited 2019 Jun 9]; Available from:
https://bmcmedgenet.biomedcentral.com/articles/10.1186/
$12881-019-0799-6.

Bresnick EH, Jung MM, Katsumura KR. Human GATA2 muta-
tions and hematologic disease: how many paths to pathogen-
esis? Blood Adv. 2020;4:4584-92.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Brown AL, Hahn CN, Scott HS. Secondary leukemia in patients
with germline transcription factor mutations (RUNX1, GATA2,
CEBPA). Blood. 2020;136:24-35.

Cavalcante de Andrade Silva M, Katsumura KR, Mehta C, Velloso
EDRP, Bresnick EH, Godley LA. Breaking the spatial constraint
between neighboring zinc fingers: a new germline mutation in
GATA?2 deficiency syndrome. Leukemia. 2021;35:264-8.

Hahn CN, Chong C-E, Carmichael CL, Wilkins EJ, Brautigan PJ,
Li X-C, et al. Heritable GATA2 mutations associated with
familial myelodysplastic syndrome and acute myeloid leuke-
mia. Nat Genet. 2011;43:1012-7.

Liu X, Jiang B, Wang A, Di J, Wang Z, Chen L, et al. GATA2
12335052 polymorphism predicts the survival of patients
with colorectal cancer Carrasco-Avino G, editor PLOS ONE.
2015;10:e0136020.

Mendes-de-Almeida DP, Sellos F, Moura PG, dos Santos-Bueno
FV, Andrade FG, Soares-Lima SC, et al. Acute myeloid leuke-
mia associated with a novel GATA2 mutation: a case report
and the importance to identify GATA2 haplodeficiency. Leuk
Lymphoma. 2020: 1-4.

Donadieu J, Lamant M, Fieschi C, de Fontbrune FS, Caye A,
Ouachee M, et al. Natural history of GATA2 deficiency in a sur-
vey of 79 French and Belgian patients. Haematologica.
2018;103:1278-87.

Spinner MA, Sanchez LA, Hsu AP, Shaw PA, Zerbe CS, Calvo
KR, et al. GATA2 deficiency: a protean disorder of hematopoie-
sis, lymphatics, and immunity. Blood. 2014;123:809-21.
Oleaga-Quintas C, de Oliveira-Junior EB, Rosain J, Rapaport F,
Deswarte C, Guérin A, et al. Inherited GATA2 deficiency is
dominant by haploinsufficiency and displays incomplete clin-
ical penetrance. J Clin Immunol [Internet]. 2021. [cited 2021
Jan 15]; Available from: http:/link.springer.com/10.1007/
510875-020-00930-3.

Catto LFB, Borges G, Pinto AL, Clé DV, Chahud F, Santana BA,
et al. Somatic genetic rescue in hematopoietic cells in GATA2
deficiency. Blood. 2020;136:1002-5.

Rafei H, DiNardo CD. Hereditary myeloid malignancies. Best
Pract Res Clin Haematol. 2019;32:163-76.


http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0002
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0002
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0003
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0003
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0003
http://journal.frontiersin.org/article/10.3389/fimmu.2017.00735/full
http://journal.frontiersin.org/article/10.3389/fimmu.2017.00735/full
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0005
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0005
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0005
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0005
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0005
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0006
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0006
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0006
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0006
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0007
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0007
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0007
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0007
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0008
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0008
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0008
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0008
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0008
https://bmcmedgenet.biomedcentral.com/articles/10.1186/s12881-019-0799-6
https://bmcmedgenet.biomedcentral.com/articles/10.1186/s12881-019-0799-6
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0010
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0010
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0010
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0011
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0011
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0011
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0012
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0012
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0012
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0012
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0013
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0013
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0013
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0013
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0014
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0014
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0014
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0014
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0015
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0015
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0015
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0015
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0015
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0016
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0016
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0016
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0016
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0017
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0017
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0017
http://link.springer.com/10.1007/s10875-020-00930-3
http://link.springer.com/10.1007/s10875-020-00930-3
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0019
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0019
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0019
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0019
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0020
http://refhub.elsevier.com/S2531-1379(22)00035-9/sbref0020

	GATA2 variants in patients with non-tuberculous mycobacterial or fungal infections without known immunodeficiencies
	Introduction
	Methods
	Ethics
	Results
	Discussion
	Conclusion
	Funding
	Author's contributions
	Conflicts of interest
	Acknowledgments
	Supplementary materials
	REFERENCES



