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ETV6-related thrombocytopenia and platelet dysfunction
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Thrombopoiesis involves a sequence of complex cellular events in mature bone marrow
megakaryocytes, culminating in the generation of proplatelet extensions that release platelets
into circulation (1). ETV6 is a member of the ETS family of transcription factors,
indispensable for bone marrow hematopoiesis and required for normal megakaryopoiesis.
ETV6encodes the E26 Transformation-Specific (Ets) family transcription repressor and
tumor suppressor variant 6. There are 27 members of the Ets family of transcription factors,
representing a vast network of inter and intra-molecular interactions to achieve
combinatorial regulation of gene expression (2). ETV6 is a canonical member of the Ets
family, containing an 85 amino acid ETS DNA binding domain at the C terminal end of the
protein, an N terminal PNT (pointed) dimerization domain, and a central linker domain (3).
ETV6Emaps to chromosome 12p13 and transcribes a 57-kDa protein with these three
functional domains. All Ets transcription factors bind to the highly conserved 5’GGA(A/
T)3’ motif in the promoter region of target genes (4). While monomeric ETV6 is sterically
hindered from the DNA-binding interface, dimerization through the PNT domain facilitates
cooperative DNA binding and transcriptional regulatory activity (5). ETV6 has been
reported to bind to co-repressors such as HDAC3, NCOR, and Sin3A, forming a multi-
protein transcriptional complex that regulates histone acetylation and chromatin
condensation at target promoters, thereby influencing gene expression (6, 7).

ETV6has classically been described as a key transcriptional regulator of hematopoiesis.
Global deletion of £#v6in murine models results in embryonic lethality between E10.5 and
E11.5 with yolk sac angiogenic defects (8, 9). Conditional knockout of £fv6in
megakaryocyte erythroid progenitor cells results in mice that are thrombocytopenic (8, 10)
with an increased frequency of megakaryocyte colony forming cells. These findings are
consistent with a terminal defect in megakaryocyte maturation, and a compensatory increase
in megakaryocyte progenitor cells. £tv6 controls the survival of hematopoietic stem cells (8)
and is required late in the development of megakaryocytes, where it may be acting in concert
with other transcriptional regulators of megakaryopoiesis to bind megakaryocyte specific
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promoters. E7V6 s typically described as a transcriptional repressor (11), but only a few
targets of ETV6 have been reported (12, 13). Interestingly, the genes that encode for
megakaryocyte/platelet glycoprotein 1ba (GP1BA) and glycoprotein 1X (GP9) are among
those transcriptional targets of ETV6 (14). Additionally, it has been reported that ETV6 can
interact with another platelet and megakaryocyte specific Ets transcription factor, FLI1,
inhibiting its transcriptional activity (14). FLI1, like ETV®6, has been implicated in the
heritable thrombocytopenia Paris-Trousseau syndrome. (15).

Recently, it has been reported that autosomal dominant variants in £7V6 lead to mild
thrombocytopenia with bleeding diathesis, red cell macrocytosis, and predisposition to
hematologic malignancies (30.2% risk overall), with B-cell acute lymphoblastic leukemia
(B-ALL) being the most common (16-19). The mechanisms responsible for
thrombocytopenia and propensity for bleeding in patients with £7 V6 variants remain
unknown. Missense mutations in the central domain and the ETS DNA binding domain of
ETV6 result in aberrant subcellular localization, decreased transcriptional repression, and
impaired megakaryocyte maturation (16, 17). Several families carrying these germline
mutations have been described, with the overwhelming majority demonstrating
heterozygous single-nucleotide changes in the ETS DNA binding domain (19). Five families
have been identified with a heterozygous single-nucleotide modification in the central
domain of ETVS, ¢.641C>T, encoding a p.Pro214Leu substitution (19). Deletions have also
been described, which have been shown to result in protein truncation as a consequence of
alternate splicing (20, 21). The bone marrow of these affected individuals shows erythroid
dysplasia and hyperplasia of small, hypolobulated, immature megakaryocytes, suggesting
incomplete differentiation and inability to release platelets into circulation (16).

The discovery of these mutations led to additional larger studies that demonstrated a 4.5%
prevalence of ETV6 germline mutations in families with known inherited thrombocytopenia
(20), confirming the near-complete penetrance of low platelet counts in these families,
though some carriers with normal platelet counts have been reported (22). In all patients
with thrombocytopenia, 2.6% are estimated to carry £7 V6 variants (20). Clinically, the
thrombocytopenia is typically mild, with platelet counts >75 x 10%/L, and mild bleeding
symptoms reported, including epistaxis, mouth bleeding, easy bruising, and menorrhagia
(23). A small subset of these patients have large platelets, with the majority of patients
exhibiting normal platelet size (23). Complete blood counts in these patients typically
demonstrate normal white blood cell counts and hemoglobin concentrations (19). While
some patients do not experience bleeding diathesis, others bleed out of proportion to their
mildly decreased platelet counts. A portion of patients have abnormal platelet aggregation
despite no major difference in platelet membrane receptor distribution suggesting a
functional platelet deficit (18). It does not appear to be a correlation between the location of
ETV6 mutations and platelet dysfunction, but further studies are needed to confirm this
observation.

Because bleeding is mild in the majority of these patients, observation is usually sufficient;
however, antifibrinolytics or desmopressin may be considered in cases where bleeding is
significant. Beyond preventing excessive bleeding in these patients, management includes
identifying related carriers and considering surveillance for the development of hematologic
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malignancies. Genetic counseling remains a cornerstone for patients with germline £7V6
variants, as family members may carry the same £7 V6 variant and are at risk for developing
malignancies, or could also be considered as donors for hematopoietic stem cell
transplantation in cases of relatives that progress to myelodysplasia or leukemia (19).

Functional studies suggest that decreased ETV6 function leads to megakaryocyte maturation
arrest, impaired platelet production, and differentially expressed platelet transcripts among
individuals affected with ETV6 mutations when compared to control relatives (16).
Furthermore, recent studies describe decreased ability of platelets from individuals with
ETV6 mutations to spread on fibrinogen covered surfaces (20) and abnormal clot retraction,
suggesting a platelet outside-in signaling defect in these patients (18). Finally,
megakaryocytes derived from patients expressing ETV6 variants are smaller and form fewer
proplatelets (16). Interestingly, platelet RNA-seq analyses of patients with a mutation in the
central domain (ETV6 P214L) show significant decrease of transcripts involved in
megakaryocyte and platelet pathways, underscoring the role of ETV6 in megakaryopoiesis,
thrombopoiesis and platelet function (Figure 1) (16).

The clinical relevance of ETV6 has been established by the discovery of germline mutations
resulting in thrombocytopenia, bleeding diathesis, and megakaryocyte abnormalities.
However, the disease mechanisms and overall biology of ETV6 are incompletely
understood. Further research and better understanding of ETV6 is needed to define the
function of ETV6 in hematopoiesis, shedding light on its master role in megakaryocyte
development, platelet production, and platelet function.
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Figure. Transcriptional changesinduced by mutant ETV6, overall decreased megakaryocyte and

platelet transcripts.

A) RNA clustering among affected individuals with the ETV6 p.P214L mutation compared
to unaffected relatives. B) differentially expressed transcripts between affected and
unaffected relatives. Gene Set Enrichment Analysis of differentially expressed transcripts in
p.P214L platelets compared to control C) erythroid transcripts enriched in patients D)
platelet transcripts enriched in controls. E) Genes significantly associated with gene
ontology terms. All the genes and pathways in boxes are downregulated in patients with the
ETV6 p.P214L mutation when compared to related controls and are overlapped to the
megakaryocyte erythroid progenitor to megakaryocyte/platelet pathway as potential sites of

action.
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