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Heterozygous germline variants in the transcription factor GATA2 have been implicated in the
multifaceted.GATA2 deficiency syndrome. The original descriptions of pathogenic germline
GATAZ2 variants.encompassed four overlapping phenotypes including (i) predisposition to
myelodysplastic syndrome (MDS)/acute myeloid leukaemia (AML) (Hahn et al., 2011), (ii)
monocytopenia and atypical mycobacterial infection (MonoMac) (Hsu et al.,, 2011), (iii)
dendritic cell, monocyte, B and NK lymphocyte (DCML) deficiency (Dickinson et al., 2011) and
(iv) lymphoedemarwith a predisposition to MDS and AML (Emberger Syndrome) (Ostergaard
et al., 2011).»Therprevalence of myeloid malignancy in patients harbouring a pathogenic
germline variant is approximately 75%, with a median age of onset of 20 years (Wlodarski et
al., 2017). Whilst incomplete penetrance has been noted with GATA2 mutations, in different
kindred, the phenotypic features have been described to be similar and broadly conforming
to the above phenotypes (Al Seraihi et al., 2018, Holme et al., 2012). However, intrafamilial
phenotypic variability has also been reported with some pedigrees containing individuals
displaying different combinations of the above mentioned phenotypes while harbouring the
same pathogenic variant (Spinner et al., 2014). Here, we report a large pedigree with a
synonymous germline GATAZ2 variant presenting marked intrafamilial phenotypic variability
which highlights several challenges and opportunities for improving the diagnosis of GATA2

deficiency.syndrome.

A 19-year-old female (proband IV-4, Figure 1) presented with bacterial pneumonia requiring
admission for intravenous antibiotics. She had previously been noted to have fluctuating
cytopenias,but had largely remained healthy during childhood. Bone marrow biopsy to
investigate normocytic anaemia, neutropenia and monocytopenia demonstrated moderate
hypocellularity for age with trilineage dysplasia. Metaphase karyotyping demonstrated a
monosomy 7. Targeted amplicon next generation sequencing (NGS) focussing on somatic

variants (Yannakou et al., 2018) was performed on her bone marrow aspirate and detected
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an acquired mutation in SETBP1 (p.Asp868Asn). She was diagnosed with MDS and

commenced work up for allogeneic stem cell transplantation (alloSCT).

Her family history was significant for AML (Figure 1). Her father (ll1-4) was one of seven siblings
and his brother (I11-9) had died from AML aged 18 years. Subsequently, the proband’s paternal
aunt (I11-10) was diagnosed with AML at age 16 and underwent alloSCT with the stem cell
donor being.thejproband’s father (Ill-4). She died from AML eight years after alloSCT, with the
AML noted toshave monosomy 7 in sex mismatched cells consistent with it being derived from
donor cells(i.e. proband’s father). Another paternal aunt (IlI-2) was well at age 59 with the
exception of bilateral lower limb lymphoedema. Of her three children, one female (IV-1) had
congenital hilateral arm and hand deformity (radial, ulnar and humeral hypoplasia, absence
of multiple digits).and also experienced bilateral lower limb lymphoedema and cytopenias,
and a son (IV-2) experienced hydrocele at age 18 and developed necrotising fasciitis following
surgical repair. He had also been diagnosed with Autism Spectrum Disorder at age 13. The
proband’s brother (1V-6) was found to have moderate cytopenias and bone marrow biopsy
was hypocellular with trilineage dysplasia sufficient to confer a diagnosis of MDS-multilineage
dysplasia. Conventional karyotype in patient IV-6 was normal and there were no somatic
mutations detected by targeted amplicon NGS. All other family members were well. The
proband’s paternal grandfather (lI-1) died of cardiovascular disease in his 70s and was not
known to thave any haematological disease. His mother (I-2) (the proband’s great
grandmother).was known to have bilateral lower limb lymphoedema and her cause of death

is unknown!

Given this“pronotinced family history, whole exome sequencing was performed on DNA
extracted from peripheral blood mononuclear cells of the proband (IV-4) (Hahn et al., 2019,
Blombery et Jal., 2020). A heterozygous synonymous variant in GATA2
(NM_032638.4::351C>G; p.(Thr117=)) was detected and confirmed to be germline by Sanger
sequencinguusing DNA extracted from hair follicles; no other likely candidate variants were
identified. RNA studies have previously demonstrated this variant introduces a cryptic splice
donor site and results in an aberrantly spliced transcript with a 136 nucleotide internal
deletion which in turn results in a frameshift and a putative truncated GATA2 protein

(p.Val118GInfs*55) (Wehr et al., 2018). This variant has previously been reported in a patient

This article is protected by copyright. All rights reserved



with AML and a family history of MDS, and in an unrelated individual with immunodeficiency

(Wehr et al., 2018).

The variant was considered causative of the proband’s (1V-4) phenotype and testing identified
an additional five family members with the GATA2 variant (Figure 1). The proband (IV-4)
underwent'a matched unrelated donor alloSCT and remains well eighteen months later. Five
of the six;family-members who carry the variant display varying degrees of monocyte, B cell
and NK deficiencies (Table 1). The remaining carrier (IV-2) had a normal full blood examination
but with the aforementioned history of hydrocele. The four carriers who to date have not
demonstrated any signs of haematological malignancy are undergoing monitoring with six
monthly full bloed examination and annual peripheral blood cytogenetics and targeted
amplicon NGS assessment, recognising the current lack of published data detailing germline
GATA2 clonal evolution to strongly inform surveillance practice. All seven family members

who tested'negative for the GATA2 variant show no signs of GATA2 deficiency syndrome.

This large pedigree presents several important features of germline GATA2 mutation
assessment and management. Firstly, the striking phenotypic variability observed across six
genetically affected family members, with a kindred experiencing a wide range of GATA2
deficiency symptoms and signs, highlights the need to clinically evaluate each potential
patient (and relatives of known carriers) for all features of the GATA2 deficiency spectrum.
This marked_phenotypic variability attributable to one germline variant is in keeping with
previously described lack of correlation between GATA2 mutation type and haematologic
phenotype AWlodarski et al., 2016). Secondly, the pathogenic variant in this case is
synonymous, and'which may not be identified with use of bioinformatics and curation filters
that screen’out such variants (typically used in broad sequencing approaches such as whole
exome sequencing). Our pedigree, along with previous reports of this variant (Kozyra et al.,
2017) supportsroutine curation of synonymous GATA2 variants when assessing for possible
germline “predisposition to haematological malignancy and/or immunodeficiency and
exemplifies the need for provision of adequate clinical information and gene-specific
expertise when curating variants. Thirdly, our pedigree describes donor-derived leukaemia
with poor outcome, an increasingly appreciated occurrence and one of the important reasons

to carefully examine for germline disease both clinically and in the laboratory prior to alloSCT
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from a related donor (Galera et al., 2018). Finally, this pedigree highlights the challenges of
counselling and monitoring these affected kindred, in whom the high prevalence rates and
young median age of malignancy onset mandate close haematological follow up, but which

must be balanced to avoid undue anxiety potentially over many decades.
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Figure 1: Pedigree of kindred harbouring GATA2 variant

Pedigree diagram where squares represent males and circles represent females.

Strikethrough represents family member deceased. Family members tested for GATA2 variant

This article is protected by copyright. All rights reserved



NM_032638.4:¢c.351C>G; p.(Thrl17=) are annotated with ‘+’ for mutation detected and ‘-’ for
not detected (wild type). Arrowhead indicates proband, mutated (mut), wild type (WT),
diagnosis (dx), current age (a), age at death (if known) (d), matched unrelated donor (MUD),

allogeneic stem cell transplant (alloSCT).
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Table 1: Clinical characteristics of the 6 family members harbouring the GATA2 c.351C>G

Full Blood Examination Lymphocyte subsets
Pedigree Age Phenotype Haemoglobin White Neutrophils Lymphocytes Monocytes Platelets Bone marrow Cytogenetics Targeted CD3+ CD4+ CD8+ CD19+ CD3- 16/56+
Female Cell [2-8 [1.0-3.5 [0.2-1.0 [150-450 aspirate & trephine (sample type) amplicon T cells T cells T cells B cells NK cells
[115-165g/L] Count x1079/1] x1079/L] x1079/L] x1079/L] next absolute absolute absolute absolute absolute
Male [4-12 generation [0.6-2.5 [0.45-1.70 [0.2-1.15 [0.07-0.55 [0.07-0.70
[130-170g/L] x1079/L] sequencing x1079/1] x1019/L] x1079/L] x1079/1] x1079/1]
(sample
type)
V-4 19 Myelodysplastic 101L 3.2L 1.1L 11 0.05L 156 Moderately Monosomy 7 SETBP1 1.47 0.64 0.76 0.09L 0.03L
Syndrome hypocellular, (BMA) (BMA)
trilineage
dysplasia with
occasional small,
hypolobated
megakaryocytes
V-1 19 Severe bilateral 137 8.5 5.7 2.5 0.00L 148L Not done Not done NVD (PB) 2.43 0.91 1.26H 0.06L 0.03L
arm/hand
deformity,
Lymphoedema
V-2 18 Hydrocele, 150 115 7.8 2.6 0.70 230 Not done No mitoses, no | NVD (PB) 2.02 0.76 0.86 0.08 0.07
necrotising monosomy 7
fasciitis, detected by
Autism.Spectrum FISH (PB)
Disorder
V-6 25 Myelodysplastic 142 2.6L 1.7L 0.8L 0.00L 70L Mildly 46, XY (BMA) NVD 0.77 0.26L 0.37 0.02L 0.02L
Syndrome hypocellular with (BMA)
multilineage
dysplasia
including

This article is protected by copyright. All rights reserved




multiple small,

hypolobate
megakaryocytes
111-2 59 Lymphoedema 142 10.6 7.6 2.1 0.40 248 Not done No mitoses, no | NVD (PB) 1.44 0.97 0.4 0.08 0.05L
monosomy 7
detected by
FISH (PB)
-4 60 Nil 153 9.4 7.0 1.5 0.60 212 Not done Not done NVD (PB) 1.4 1.07 0.32 0.09 0.03L

Bone marrow aspirate/(BMA), Peripheral blood (PB), Fluorescence In-situ Hybridisation (FISH), No variants detected (NVD), BOLD text indicates value outside normal reference range
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