CASE REPORT

A novel GATAT variant linking germline and somatic

myelodysplastic syndrome in two patients

GATAT is an X-linked gene encoding a zinc finger (ZF) tran-
scription factor essential for erythroid and megakaryocyt-
ic differentiation.! Germline mutations in GATAT underlie
a spectrum of non-malignant hematopoietic disorders,
including dyserythropoietic anemia, macrothrombocyto-
penia, and Diamond-Blackfan anemia (DBA).*? In contrast,
somatic GATAT mutations are primarily associated with
myeloid neoplasms in the context of trisomy 21 (T21), par-
ticularly transient abnormal myelopoiesis (TAM) and acute
megakaryblastic leukemia (AMKL) in individuals with Down
syndrome (DS).2

The GATA1 protein contains three functional domains en-
coded by six exons: (i) an N-terminal transactivation do-
main (N-TAD, exons 2-3) that drives transcription, (ii) an
N-terminal ZF domain (N-ZF, exon 4 and part of exon 5)
mediating co-factor interactions; and (iii) a C-terminal ZF
(C-ZF, exon 5 and part of exon 6) binding consensus DNA
motifs to regulate lineage-specific transcription."?
Pathogenic variants most commonly affect either the N-ZF
domain (typically missense) or exon 2 (usually truncating
variants). Variants in exon 2 result in the production of
the shortened isoform GATA1s, which lacks the N-TAD and
are characteristic of Down syndrome-related TAM/AMKL.
In contrast, N-ZF missense variants do not generate GA-
TA1 but disrupt DNA or co-factor binding, usually leading
to congenital anemia or thrombocytopenia in hemizygous
males. Female carriers of N-ZF variants are typically asymp-
tomatic or present mild cytopenias, likely due to random
or moderately skewed X-inactivation."®* On the other hand,
germline variants in the C-t regions of GATA1, although rare,
have been also described: missense variants in affecting
the C-ZF have been linked to cytopenias in heterozygous
females, particularly when X-inactivation favors the mutant
allele,’ and variants located in the more distal C-terminal
region have been associated to a distinct form of X-linked
congenital hemolytic anemia.>® While GATAT7 variants have
primarily been linked to non-malignant hematologic disor-
ders, previous studies have also reported their involvement
in myelodysplastic syndromes (MDS) in male patients, both
in the germline” and somatic® contexts. However, germline
GATAT variants have not been associated with leukemic
transformation outside T721,%'° and to date, no cases of MDS
have been reported in female carriers.

Here, we report a novel germline variant in exon 5 of the
GATAT gene affecting the C-ZF domain (c.808C>T; p.R270W),
identified in heterozygosity in two female members of the
same family (Figure 1). One of these individuals (Figure 1,
11.2), a 52-year-old woman, was initially referred in January
2018 for evaluation of mild thrombocytopenia (134x10°/L

platelets) and macrocytosis (MCV 111 fL) without anemia,
in the context of compensated non-immune hemolysis. A
PNH clone was excluded in a follow-up sample. She re-
mained asymptomatic and had no relevant bleeding history
over the following 5 years. However, her platelet counts
progressively declined to 81x10°/L, accompanied by the
onset of mild anemia and asthenia. In October 2023, bone
marrow (BM) aspirate analysis confirmed a diagnosis of
myelodysplastic syndrome with excess blasts (MDS-EB) (6%
blasts) and normal karyotype. Megakaryocytes displayed
a highly distinctive morphology, characterized by reduced
size, basophilic cytoplasm and signs of nuclear immaturity,
including micromegakaryocyte forms (Figure 2A). A my-
eloid next-generation sequencing (NGS) panel identified a
previously unreported variant of uncertain significance in
exon 5 of GATA7 (c.808C>T; p.R270W), with a variant allele
frequency (VAF) of 46%. Copy number variant (CNV) anal-
ysis showed no additional abnormalities. Flow cytometry
revealed approximately 5% undifferentiated myeloid blasts
with partial CD7 expression. Her disease has remained
stable for 20 months under a “watch-and-wait” approach,
with a low-risk Molecular International Prognostic Scoring
System score.

Following confirmation of the germline nature of the GATA1
variant through analysis of cultured skin fibroblasts, segre-
gation analysis was performed. One sister (Figure 1, I1.4) was
found to carry the same GATA7PR?™W variant and exhibited
stable, isolated mild thrombocytopenia (110-120x10°/L) over
a 10-year period of routine monitoring, without associated
anemia or macrocytosis. Interestingly, the family history in-
cluded a maternal uncle who had died from a hematologic
malignancy. Six additional relatives (Figure 1, 11.3, 11.6, 1.7,
11124, 1.2, 111.3) showed no hematologic abnormalities and
were confirmed wild-type (WT) for GATAT.

To investigate whether the GATAT mutation affects platelet
function, we performed functional studies on primary sam-
ples from both carriers (1.2 and 11.4) and one WT relative
(I1.2). Platelet function was evaluated through multiple
complementary readouts: surface glycoprotein expression
(GPIb/IX, GPIIb/llla, GPla/lla, GPVI), agonist-induced fibrino-
gen binding (PAC-1), and a- and d-granule secretion (CD62P
and CDG63, respectively), all assessed by flow cytometry
as previously described."™ Expression levels of platelets
glycoproteins (with the exception of GPVI), as well as of
CD62P and CD63 were comparable between carriers, the
WT relative and healthy controls. Both carriers showed a
modest reduction in GPVI expression (20%) compared
with WT relatives and controls (Figure 3A). More notably,
agonist-induced PAC-1 binding in response to ADP and
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TRAP stimulation was markedly reduced in both carriers,
with a more pronounced defect in the sister with MDS
showing up to an 80% reduction upon TRAP stimulation
(Figure 3D). This indicates impaired activation of the allbf3
integrin upon agonist stimulation, potentially reducing the
capacity of platelets to bind fibrinogen and form stable
aggregates. Mutations in GATAT can impair megakaryocytic
maturation and lead to reduced expression and activation
of the allbf3 integrin, encoded by ITGA2B and /ITGB3 genes.
This consistent with evidence that ITGA2B is a direct tran-
scriptional target of GATA1.? PAC-1is a monoclonal antibody
that specifically recognizes the activated conformation of
allbp3; therefore, the reduced PAC-1 binding observed in
our carriers supports the presence of defective integrin
activation and impaired platelet function, both hallmarks
of GATA7-related dysfunction.

While platelet aggregation studies in response to collagen
could not be directly assessed due to thrombocytopenia
in our family, the reduced GPVI expression may further
contribute to defective allbp3 activation. Altogether, these
functional defects are consistent with previous reports
of C-ZF GATAT7 variants that compromise platelet function
and contribute to bleeding tendency.® Moreover, this pre-
sentation of compensated hemolysis without anemia, later
evolving to mild anemia, has also been reported in associ-
ation with other GATAT variants.® As certain GATAT variants
have been associated with thrombocytopenia and the rare
Lutheran-null blood phenotype,* we assessed Lutheran

antigen expression in our family. Both carriers (1.2 and
[1.4) and WT relatives (1.3, 11.6, 11.7, 1111 and 111.3) showed a
Lu(a-), Lub(+) phenotype, indicating no alteration associated
with our novel variant. Interestingly, variant classification
tools yield variable interpretations of GATA7¢8%¢¢T: Varsome
(https://varsome.com/) considers it likely pathogenic (apply-
ing PP3, PM1, PM2), while Franklin (https://franklin.genoox.
com) classifies it as a variant of uncertain significance (VUS)
based on PP3 and PM2 criteria. According to the American
College of Medical Genetics and Genomics and the Associ-
ation for Molecular Pathology guidelines, the incorporation
of our functional data allows the application of the PS3
criterion (supportive functional evidence), which would
support reclassification of this variant as likely pathogenic.
Interestingly, an unrelated male patient was incidentally
found to harbor the same GATAT variant (p.R270W) with a VAF
of 84.4%. However, the absence of this variant in cultured
skin fibroblasts confirmed the somatic origin in this case.
This 65-year-old male patient was referred from primary
care in February 2023 for evaluation of macrocytic anemia
(hemoglobin 10.6 g/dL) and thrombocytopenia (platelets
88x10%/L). A review of prior laboratory results revealed
these cytopenias were already present in December 2022,
and earlier blood count from July 2021 showed isolated
mild thrombocytopenia (hemoglobin 13.1 g/dL, platelets
110x10°/L). He was subsequently diagnosed with trilineage
MDS characterized by dysgranulopoiesis with neutrophil
hyposegmentation, erythroid precursors with occasional
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Figure 1. Pedigree of the family carrying the germline GATAT??"°Y variant. Squares represent males and circles denotes females.
Filled symbols indicate individuals with hematological abnormalities, while slashes mark deceased individuals. The proband (l1.2),
is indicated by an arrow. The bone marrow (BM) study of I11.2 revealed multilineage dysplasia characterized by 70% hypoplastic
megakaryocytes displaying unilobed or bilobed nuclei and cytoplasmic inclusions, dysgranulopoiesis with more than 20% of gran-
ulocytic precursors showing hypogranulation and pseudo-Pelger morphology, and erythroid precursors with intercytoplasmic
bridges. The blast percentage was 6%, consistent with a diagnosis of myelodysplastic syndrome with excess blasts (MDS-EB).
Cytogenetic analysis revealed a normal female karyotype (46,XX,inc[7]), and fluorescence in situ hybridization (FISH) studies were
negative for deletions in 5q and 7q. The sister (I1.4) presents with isolated mild thrombocytopenia over a 10-year period. Genotypes
and hematologic status are indicated where available. WT: wild-type; y: years.
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mitoses and binucleation, 2% blast cells, and immature mi-
cromegakaryocytes with basophilic cytoplasm, morpholog-
ically resembling those observed in the female patient with
germline GATAT mutation (Figure 2B). Cytogenetics showed
a normal male karyotype (46,XY[20]), and NGS analysis
revealed pathogenic somatic variants in SRSF2 (c.284C>A,
p.P95H, VAF 41.6%), NF1 (c.4339del, p.Q1447Rfs*22, VAF
41.4%), and TET2 (c.3965T>C, p.L1322P, VAF 33.0%), in addi-
tion to the GATAT variant. Unfortunately, no NGS panel was
available at the time when isolated thrombocytopenia was
first detected. The patient underwent allogeneic hematopoi-
etic stem cell transplantation (HSCT) from an HLA-identical
sister donor in August 2024. Fourteen months after HSCT,
he remains in complete remission, with hemoglobin 13.9
g/dL, white blood cells 4.9x10%/L, and platelets 156x10°/L.
The phenotypic similarity between the male patient with
the somatic GATAT variant and the female patient with the
germline GATAT variant was striking (Figure 2A, B). In both,
bone marrow displayed a predominance of small, immature,
basophilic megakaryocytes. In the male, these aberrant
megakaryocytes expressed CD34 (Figure 2C), consistent with

A

findings in murine models harboring leukemogenic GATAT
mutations.® Indeed, Gata7”low mouse models demonstrate
comparable abnormal megakaryocytic phenotype with
impaired maturation, excessive proliferation, and progres-
sion to myelofibrosis.®” These observations support the
notion that GATAT function is highly dosage-sensitive, and
that disruption of its C-ZF DNA-binding domain - whether
germline or somatic - can severely impair megakaryocyte
differentiation and promote clonal evolution. In the female
carrier with MDS-EB (Figure 1, 11.2), no bone marrow biopsy
was performed, consistent with clinical practice in isolated
cytopenias, which may explain why this megakaryocytic phe-
notype has not been described before in germline carriers.
The only other reported germline GATAT variant associated
with myeloid disease in females is p.T263M, affecting a
residue near the variant described here (p.R270W).°> Two
proband sisters showed thrombocytopenia, neutrophilia,
and anemia, with marrow resembling cellular-phase my-
elofibrosis. As in our case, megakaryocytic hyperplasia
with atypical morphology and varying degrees of fibrosis
was observed. Both sisters also had additional lesions -
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Figure 2. Bone marrow morphology in car-
riers of GATATR?®W variant and myelodys-
plastic syndrome with excess blasts and

the male patient with the somatic GA-
TATR?™W yariant. (A) Bone marrow smear
from the female proband (Figure 1, 11.2)

carrier of the germline GATATR?" showing
multilineage dysplasia with marked mega-
karyocytic abnormalities, including small,
hypolobulated megakaryocytes with baso-
philic cytoplasm and cytoplasmic projec-
tions (arrows), blasts (asterisks), erythroid
precursors with intercytoplasmic bridges
(1), and granulocytes with hypogranulation
(arrowheads) (May-Grinwald-Giemsa stain,
x400 magnification). (B) Bone marrow
smear from the unrelated male patient
with the same GATAT7 variant identified so-
matically, showing similar megakaryocytic
dysplasia, including micromegakaryocytes
with pseudopod-like projections (arrows)
(x400 magnification). (C) Immunohisto-
chemistry for CD34 in the male patient
confirms CD34 positivity in immature mega-
karyocytes (CD34 stain, x10 magnification).
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monosomy 7, a deleterious JAK3 variant, and other poten-
tially pathogenic NOTCH7 and ATM variants - complicating
genotype—phenotype interpretation.

Our male patient with somatic GATATPR?"W also carried
high-risk SRSF2, NF1 and TET2 mutations and underwent
allogeneic transplantation. By contrast, the female germ-
line carrier had no additional abnormalities. These findings
support that GATAT variants disrupt megakaryopoiesis and
predispose to clonal hematopoiesis, even without cooper-
ating mutations. However, a family history of hematologic

malignancy - particularly a maternal uncle who died of a
hematologic malignancy - suggests incomplete penetrance
or sex-related differences in expression.

All patients involved in the study provided written informed
consent. The study was approved by the Ethics Committee
of the Fundacién Jiménez Diaz University Hospital (CEI
code: PIC287-24_FJD).

In summary, we describe a novel germline GATAT C-ZF
variant associated with thrombocytopenia and MDS in fe-
male patients. The abnormal megakaryocytic phenotype
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Figure 3. Flow cytometry analysis of platelet glycoproteins, PAC-1 binding, and granule secretion. (A) Surface expression of plate-
let glycoproteins (GPIb/IX, GPllb/llla, GPla/lla, GPVI). (B) P-selectin (CD62P) expression after agonist stimulation with ADP (10 uM)
or TRAP-6 (25 uM). (C) CD63 expression after stimulation with TRAP-6 (25 uM). (D) PAC-1 binding after platelet activation with ADP
(10 uM) or TRAP-6 (25 uM). Results are expressed relative to parallel healthy control platelets for both carriers of the novel GA-
TATR2OW variant (Figure 1, 1.2 and 11.4) and for one wild-type (WT) relative (Figure 1, 111.2). Bars represent the patient/control ratio

of fluorescence intensity.
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mirrored that of a second male patient with the same
variant acquired somatically. Functional assays confirmed
impaired platelet function in primary samples of carriers.
This represents the first report of a GATAT7 variant linked to
myeloid neoplasm in the absence of T21, thereby expand-
ing the clinical spectrum of GATA7-related disorders. This
case also underscores the pathogenic potential of GATA7
mutations in females, challenges the traditional X-linked
inheritance paradigm, and supports the inclusion of GATA7
in diagnostic NGS panels for MDS, particularly in cases with
megakaryocytic dysplasia or family history of hematological
disease. Further studies are needed to clarify the molecular
mechanisms underlying C-ZF domain GATAT variants and
to define their long-term clinical impact.
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