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Case report: Clinical
characteristics and genetic
analysis of a familial platelet
disorder associated with
RUNX1 gene mutation

Hua Zhou, Jing Zhao* and Xiaoyan Gu

Department of Hematology and Oncology, Affiliated Changzhou Children’s Hospital of Nantong
University, Changzhou, Jiangsu, China

Objective: To explore the clinical and genetic mutation characteristics of familial
platelet disorder with acute myeloid leukemia tendency (FPD/AML) caused by
RUNX1 germline mutations.

Methods: The clinical data and gene mutation results of a child with FPD/AML
and family members admitted to Changzhou Children’s Hospital on 8 September
2022 were analyzed.

Results: A 1-year and 11-month-old male patient had recurrent thrombocytopenia
for 1 year, with scattered bleeding points throughout the body. Blood routine tests
showed thrombocytopenia, and peripheral blood smears and bone marrow
cytology tests showed no significant abnormalities. The gene sequencing results
showed that the patient carried a frameshift mutation in RUNX1: c.494delG
(p.G165Vf*11). Sanger sequencing, which was used for family verification
analysis, revealed that the mutation in the patient was inherited from his mother,
and his grandmother had similar clinical symptoms.

Conclusions: These findings expand the spectrum of RUNX1 variants linked to
familial platelet disorders. The familial platelet disorder (FPD) associated with this
gene is clinically rare and has the potential to undergo malignant transformation.
Continuous monitoring of biological evolution is essential, and early intervention
and treatment may be warranted.
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1 Introduction

The RUNXI1 gene is located on chromosome 21q22.3 and spans
approximately 261 kb. It is one of the members of the RUNX
transcription factor family, which includes RUNX1, RUNX2, and
RUNX3. This gene plays a crucial role in determining cell lineage
differentiation, the formation of normal hematopoietic cells, and the
proliferation of stem cells (1-3). Allelic mutations of the RUNX1
gene, including deletions, missense mutations, splicing alterations,
frameshift mutations, and nonsense mutations, can lead to a rare
autosomal recessive genetic disorder known as familial platelet
disorder (FPD) (4). Mutations in RUNXI are also significant in
prognostic assessments of patients with AML. The World Health
Organization (WHO) has categorized AML with RUNX1 mutations
as a separate entity, currently termed “AML with RUNXI
mutations,” to highlight its clinical significance in AML (5). This
study employed whole-exome sequencing (WES) to identify a
RUNXI1-FPD pedigree, which is reported herein.

2 Materials and methods
2.1 General information

The male patient, aged 1 year and 11 months, was the first child,
born at term through a normal delivery, with a birth weight of 3.6 kg.
He was admitted to the hospital after “noticing generalized petechiae
for over a year.” Since birth, the child had exhibited scattered petechiae
across his body that did not blanch on pressure and would resolve on
their own; however, the family did not pay much attention to it. Four
months prior to admission, the parents sought medical advice at a local
hospital where a bone marrow cytology examination led to a diagnosis
of “immune thrombocytopenia,” but no special treatment was
administered, and the platelet count was maintained between 60 and
90 x 10°/L. On physical examination, the child appeared well, with no
palpable superficial lymph nodes, scattered pinhead-sized petechiae on
the abdomen, and a few ecchymoses on the lower limbs. Examination
of the heart, lungs, and abdomen showed no abnormalities. The results
of the auxiliary examination revealed the following: blood routine test
showed white blood cells at 6.35 x 10°/L, hemoglobin at 111 g/L, and
platelets at 69 x 10°/L; and the other tests conducted (liver and kidney
function, myocardiac zymogram, coagulation function, full set of
antinuclear antibodies, immunoglobulins, and urine/feces) showed
no significant abnormalities. Electrocardiogram and imaging of the
liver, spleen, kidneys, and abdominal masses also showed no
significant abnormalities.

2.2 Family information

The proband’s parents, brothers, sisters, and grandparents were
interviewed regarding their clinical manifestations and medical
history, including any occurrences of purpura, ecchymoses, gingival
bleeding, epistaxis, and blood in stool. They also underwent blood
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routine tests, including platelet count and microscopic analysis of
peripheral blood cell morphology, coagulation function, liver and
kidney function, and autoantibodies, along with a rapid whole-exome
sequencing test for the entire family.

3 Results
3.1 Laboratory tests

The investigation revealed that both the proband’s mother and
maternal grandmother exhibited varying degrees of bleeding
tendencies, including frequent skin bruising and heavy menstrual
flow. The mother had a healthy pregnancy without any history of
spontaneous miscarriage. There was no history of malignancy or
congenital hereditary diseases reported. Blood routine tests showed
that both the proband’s mother and grandmother had
thrombocytopenia, while the proband’s father and grandfather
had normal platelet counts and no notable abnormalities in
platelet morphology under microscopy. Coagulation profiles, liver
and kidney functions, and autoantibody panels were all normal for
all four individuals.

Genetic testing was conducted using high-throughput sequencing
(NGS) followed by Sanger sequencing for confirmation. Figure 1
shows that the proband, his mother, and his grandmother all possess
the RUNXI gene frameshift mutation ¢.494delG/p.G165Vfs*11. This
mutation results in premature termination of the polypeptide chain
synthesis at a highly conserved RUNT domain (shown in Figure 2),
lacking subsequent amino acid sequences and affecting the gene’s
function. The protein structure prediction diagram was generated
using the SWISS-MODEL, showcasing the three-dimensional
structures of both the wild-type and mutant proteins. Due to a
frameshift mutation (highlighted in red) in the mutant protein, the C-
terminal sequence has undergone significant alterations, which may
affect the protein’s folding and function. The C-terminal structure of
the mutant protein exhibits an irregular conformation, potentially
associated with loss of function or decreased protein stability. In the
diagram, the mutant protein is represented in yellow, the wild-type
protein in green, and the frameshift mutation region of the mutant
protein in red. Although the structure prediction tool provides
valuable structural insights, the predicted results still require further
experimental validation (shown in Figure 3). According to
the ACMG guidelines, this variant is classified as pathogenic (PVS1
+PS4_Supporting+PM2_Supporting). PVS1: This variant may result
in the premature termination of polypeptide chain synthesis, thereby
affecting gene function. Loss of function (LOF) serves as the
pathogenic mechanism underlying the disease. PS4_Supporting:
The variant demonstrated phenotypic enrichment in at least two
patients, consistent with a dominant disease model, and was
concordant with the disease phenotype associated with the
implicated gene. PM2_Supporting: This variant was not identified
in the dbSNP, 1000 Genomes, or gnomAD databases. The presence of
the same heterozygous RUNX1 mutation across two generations,
with no other known pathogenic variants associated with FPD
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FIGURE 1
The proband's family tree and RUNX1 gene sequencing results.
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FIGURE 2
RUNX1 secondary structure and RUNT domain conservation analysis.
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FIGURE 3
The protein structure prediction diagram.

disorder caused by mutations in the RUNXI1 gene. This condition is
characterized by thrombocytopenia, with or without functional
impairment, and carries a significant risk of progression to
hematological malignancies, particularly AML (6, 7). The earliest
report of FPD/AML was in 1978 by Luddy et al., who described a
family where early-onset thrombocytopenia and platelet
dysfunction were observed, with three siblings eventually
succumbing to myeloproliferative tumors (8). In 1999, Song and
colleagues first described germline heterozygous mutations in
RUNZXI1 across six families, each carrying different mutations (9).
To date, more than 130 families with one to four different germline
RUNXI1 mutations have been reported (10).

The RUNX protein family comprises highly conserved
transcription factors crucial for lineage-specific gene expression
during development and essential for cell proliferation and
differentiation. In mammals, this family has three members,
namely, RUNX1, RUNX2, and RUNX3, in which RUNX1 is a key
regulator in hematopoiesis and a common target of various
chromosomal translocations in human leukemia.

The type of RUNXI1 mutation (haploinsufficiency and
dominant negative effects) or the location of the mutation
influences the tendency to transform into leukemia (11), with
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most mutations causing haploinsufficiency. Frameshift mutations
and large deletions typically result in haploinsufficiency, which
often leads to thrombocytopenia, whereas gene deletions are more
likely to lead to leukemia. The family in question carries the RUNX1
gene c.494delC (p.G165Vfs*11) frameshift mutation, displaying
clinical manifestations of thrombocytopenia and skin ecchymosis,
consistent with patient phenotypes reported in the literature.

FPD/AML is a distinct subtype within IT (12). First described
by Wessi and colleagues in 1969, it is characterized by mild to
moderate reduction in platelet counts, abnormal platelet
aggregation, easy bleeding, and a high tendency to progress to
hematological malignancies (13). In 1998, germline mutations in
the core transcription factor RUNX1 were identified as the cause of
FPD/AML (12). Besides germline mutations, somatic mutations in
RUNXI are also seen in patients with isolated thrombocytopenia
without a family history of FPD/AML (14). These patients are often
misdiagnosed or overlooked as having immune thrombocytopenia
(ITP), showing poor response to steroids and immunomodulatory
treatments, and even undergoing splenectomy.

Currently, there is no uniform treatment protocol for RUNX1-
FPD, with very few reports on treatment strategies and prognosis.
Allogeneic hematopoietic stem cell transplantation (allo-HSCT)

frontiersin.org


https://doi.org/10.3389/frhem.2025.1608314
https://www.frontiersin.org/journals/hematology
https://www.frontiersin.org

Zhou et al.

offers a potential cure for the disease. DiFilippo and colleagues
reported three cases of RUNX1-FPD-associated myeloid tumors
achieving sustained complete remission (CR) after HSCT (15).
Christopher et al. conducted experiments on mice and found that
knocking out or inhibiting RUNXI can induce more apoptosis in
AML cells expressing mtRUNX1, thereby improving the survival
rate of AML mice expressing mtRUNX1 (16). Lachowies and others
reported that among 12 RUNX1-FPD patients, five who underwent
allo-HSCT had a median survival of approximately 2.9 years, with
significant benefits seen in MDS patients (17). Limited data suggest
that hematopoietic stem cell transplantation may benefit such
patients, although the number of cases is too small and may be
biased. The child in this case has been followed for more than 6
months, occasionally showing bleeding spots on the trunk that
resolve on their own, with platelet counts maintained at 80 x 10 (9)/
L and no significant abnormalities in other lineages, without special
treatment. It is estimated that germline RUNX1 mutations result in
the well-described autosomal-dominant familial platelet disorder
with predisposition to hematologic malignancies (RUNX1-FPD,
FPD/AML, FPDMM); ~44% of affected individuals progress to
AML or myelodysplastic syndromes (18). Given that neither the
patient’s mother nor grandmother exhibited progression to
leukemia, this may be indicative of a potential protective factor.
In summary, RUNX1 mutations are highly prevalent in
thrombocytopenia (including recurrent refractory ITP), and
thrombocytopenia carrying these mutations has a high risk of
transforming into malignant hematological diseases. Therefore, it is
necessary to perform NGS testing for recurrent refractory ITP and
closely monitor patients positive for RUNX1 mutations. Particularly for
patients who have already experienced thrombocytopenia, there should
be high vigilance for malignant hematological diseases, especially the
potential transformation into MDS and AML myeloid tumors.
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