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Case Report: MYH9-related
disease caused by Ala44Pro
mutation in a child with a
previous diagnosis of chronic
immune thrombocytopenia
Kaori Niwa1, Hidemi Toyoda1*, Atsushi Kohso1, Yosuke Okumura1,
Shinji Kunishima2 and Masahiro Hirayama1

1Department of Pediatrics, Mie University Graduate School of Medicine, Tsu, Japan, 2Department of
Medical Technology, Gifu University of Medical Science, Gifu, Japan
MYH9-related disease, a rare autosomal dominant platelet disorder
characterized by thrombocytopenia, giant platelets, and leukocyte inclusion
bodies, may mimic immune thrombocytopenia in children unless suspected
and carefully excluded. Here, we present a case involving a three-year-old
girl with mild bleeding symptoms since infancy, previously diagnosed
with chronic immune thrombocytopenia. The patient exhibited isolated
thrombocytopenia and lacked any family history of thrombocytopenia, hearing
impairment, or renal failure. Examination of peripheral blood smears via light
microscopy revealed significant platelet macrocytosis with giant platelets and
basophilic Döhle-like bodies in the neutrophils. Subsequent sequencing
analysis of MYH9 gene identified a p.Ala44Pro mutation. Throughout a six-
year follow-up period, the patient’s condition remained stable. Our report
underscores the significance of identifying leukocyte inclusion bodies in
peripheral blood smears and considering MYH9-related diseases, even
in instances of chronic macrothrombocytopenia devoid of familial history or
non-hematological manifestations.
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Introduction

Immune thrombocytopenia (ITP) is a common childhood bleeding disorder

diagnosed by exclusion when isolated thrombocytopenia is not part of another disease

process (1). In most cases, medical history, physical examination, and a complete blood

count are sufficient to exclude secondary thrombocytopenia (e.g., multisystem

autoimmune diseases, lymphoproliferative diseases, drug-induced thrombocytopenia,

infections, and myelodysplastic syndromes). However, it is challenging to exclude

inherited thrombocytopenia, such as MYH9-related disease (MYH9-RD), Bernard-

Soulier syndrome (BSS), gray platelet syndrome, and von Willebrand disease type IIB,

due to the rarity of these conditions and lack of awareness, leading to inappropriate

treatment and delayed identification of the underlying condition. Clinical presentations

of MYH9-RD typically include mild bleeding tendencies, easy bruising, epistaxis,

menorrhagia in women, and postoperative hemorrhage, which depend on the severity
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2024.1391742&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fped.2024.1391742
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fped.2024.1391742/full
https://www.frontiersin.org/articles/10.3389/fped.2024.1391742/full
https://www.frontiersin.org/articles/10.3389/fped.2024.1391742/full
https://www.frontiersin.org/articles/10.3389/fped.2024.1391742/full
https://www.frontiersin.org/articles/10.3389/fped.2024.1391742/full
https://www.frontiersin.org/journals/pediatrics
https://doi.org/10.3389/fped.2024.1391742
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Niwa et al. 10.3389/fped.2024.1391742
of thrombocytopenia. However, some patients remain

asymptomatic. MYH9-RD is occasionally discovered accidentally

during routine blood tests in asymptomatic individuals. MYH9-

RD is a frequent form of inherited thrombocytopenia and

encompasses four autosomal-dominant thrombocytopenias that

were previously described as distinct disorders, namely May-

Hegglin anomaly (MHA), Fechtner syndrome, Sebastian

syndrome, and Epstein syndrome (2). These syndromes are

caused by mutations in the MYH9 gene, which encodes non-

muscle myosin heavy chain IIA (NMMHC-IIA) (3). Each

NMMHC-IIA comprises three domains: head, neck, and tail. The

human MYH9 gene contains 41 exons spanning 33,320 bases

and is located on chromosome 22 q12–13. Approximately 80

mutations, mostly point mutations, have been reported in MYH9

in several pedigrees (4). Abnormal NMMHC-IIA expression may

disrupt the composition and reorganization of the cytoskeleton,

leading to abnormal platelet formation by megakaryocytes,

resulting in macrothrombocytopenia (5–7). Characteristic clinical

features include thrombocytopenia with giant platelets and

polymorphonuclear Döhle-like bodies. Patients with MYH9-RD

may develop non-hematological manifestations, including

sensorineural deafness, nephropathy, and cataracts. Interestingly,

an analysis of a large case series of patients has concluded that

the clinical picture varied within families carrying the same

mutation and among individual patients during their lifetime (8).

Here, we present a case of an exon 2 mutation c.130 G > C

(p.Ala44Pro) in the MYH9 gene in a patient with

macrothrombocytopenia and mild bleeding symptoms in the

absence of nephritis, cataracts, and deafness, who had been

misdiagnosed with chronic ITP.
Case description

The patient, born at term following an uncomplicated

pregnancy, is the only daughter of healthy, non-consanguineous

Japanese parents. There is no family history of hearing loss, renal

insufficiency, presenile cataracts, or hematological disorders.

Although she has had petechiae since infancy, she has not

undergone any examinations. At the age of three years,

thrombocytopenia was incidentally noted during a review for a

generalized erythematous maculopapular rash. She was diagnosed

with ITP and was subsequently followed up without treatment at

a local hospital. At the request of the patient’s family for an

assessment of thrombocytopenia by pediatric hematologists, the

patient was referred to our hospital.

Physical examination revealed no purpura on the legs,

petechiae in the oral cavity, or hearing loss. Peripheral blood

analysis revealed thrombocytopenia, with a platelet count of 53 ×

109/L (normal range 150–400 × 109/L). White blood cell and

erythrocyte counts were 9.8 × 109/L (normal range 4.0–15.0 × 109/L)

and 4.85 × 1012/L (normal range 4.00–5.30 × 1012/L), respectively.

Other laboratory data, including creatinine, blood urea nitrogen,

liver profiles, prothrombin time, and partial thromboplastin time,

were all within normal limits, with a creatinine level of 0.23 mg/dl

(normal range 0.20–0.39 mg/dl), an alanine aminotransferase level
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of 9 U/L (normal range 9–30 U/L), and an aspartate

aminotransferase level of 62 U/L (normal range 24–44 U/L).

Urinalysis results were normal, with no evidence of hematuria or

proteinuria. Audiometric and ophthalmological findings were

normal. Examination of peripheral blood films (May-Grünwald-

Giemsa stain) by light microscopy showed giant platelets and

Döhle-like inclusions in neutrophils (Figures 1A,B).

Immunofluorescence analysis (IFA) for the NMMHC-IIA revealed

small aggregates (<0.7 µm), less than 11 in number, predicting

mutations in motor domain of MYH9 gene (9) (Figure 1C). Bone

marrow examination revealed an increased number of

megakaryocytes without dysplasia. The presence of

macrothrombocytopenia and Döhle-like bodies in neutrophils

suggested a molecular investigation of the suspected MYH9

mutations. The patient carried a previously described heterozygous

transversion, c.130 G >C (p.Ala44Pro), in MYH9 exon 2, which

was diagnosed as MYH9-RD. Family members were excluded if

they refused to participate. The segregation analysis could not be

performed because the other family members did not consent to

genetic testing.

No treatment was administered as no bleeding complications

were observed. She has been in good condition for the last six years

following diagnosis, without progression of thrombocytopenia,

hearing impairment, renal insufficiency, or cataracts.
Discussion

Although MYH9-RD, caused by a mutation of the MYH9 gene,

is the most common cause of inherited macrothrombocytopenia, it

is a rare disorder in real-life scenarios. This rarity may lead to

patients being misdiagnosed with more frequent bleeding

disorders. Misdiagnosis of MYH9-RD as ITP is common due to

overlapping clinical features, resulting in unnecessary diagnostic

procedures and inappropriate treatments, such as undue

immunosuppressive therapies and splenectomy. Approximately

60% of cases among patients enrolled in the Italian registry were

initially diagnosed with ITP, with 30% and 12% receiving

inappropriate treatments and unnecessary splenectomy,

respectively (5). This highlights the necessity for a comprehensive

approach, including a detailed family history and a careful review

of peripheral blood films. Our patient was easily overlooked

because she presented with subtle clinical characteristics, and a

complete family history was not readily available.

The diagnosis of MYH9-RD has conventionally been based on

morphological examination revealing a triad of giant platelets,

thrombocytopenia, and Döhle-like bodies, along with inclusions

in the cytoplasm of granulocytes in blood films. An extreme

degree of platelet macrocytosis is commonly accepted as a

hallmark of MYH9-RD and a crucial clue for identifying these

patients (2, 5). A mean platelet diameter >3.7 µm and/or >40%

of platelets larger than 3.9 µm show good sensitivity and

specificity in distinguishing MYH9-RD from other forms of

inherited or acquired thrombocytopenia (10). However, routine

automated cell counters, utilizing impedenziometric or optical

technology, primarily recognize platelets based on their size and
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FIGURE 1

NMMHC-IIA localization in neutrophils from the patient. (A,B) May-Grünwald-Giemsa-stained peripheral blood smear images of the patient. Döhle-
like body (arrow) and giant platelet as large as red blood cells (arrowhead) (A) Döhle-like body (arrow). Scale bars = 10 µm (B). (C) An
immunofluorescence micrograph of a neutrophil immunostained with anti-NMMHC-IIA antibody. Small aggregates (<0.7 µm) with less than 11 in
number are shown (arrows).
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often misclassify giant platelets ofMYH9-RD as erythrocytes (2, 5).

Consequently, these instruments overestimate the degree of

thrombocytopenia and platelet macrocytosis (11). Therefore,

microscopic or flow cytometric counting of platelets is important

for the accurate measurement of platelet count in individuals

with MYH9-RD, and microscopic examination of blood smears is

essential for identifying prominent platelet macrocytosis (3).

Döhle-like bodies, with a major diameter ranging from 1 to

2 µm, may be identified as faint, light-blue inclusions with

different shapes (round, oval, or spindle-shaped) in the

cytoplasm of neutrophils after conventional May-Grünwald-

Giemsa staining of blood smears (12). Although they are

identified in 42%–84% of patients with MYH9-RD and detected

in 15%–100% of neutrophils, the difficulty in detecting inclusion

bodies sometimes leads to the misdiagnosis of this disorder.

Döhle-like bodies, the cytoplasmic aggregates of the NMMNC-

IIA protein, can be detected in all neutrophils of patients with

MYH9-RD after immunolabeling for NMMHC-IIA, and this

assay has near 100% specificity and sensitivity for diagnosis (9,
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12–15). Hao et al. applied a classification tree approach to

hierarchically classify neutrophil NMMHC-IIA localization based

on the size and number of NMMHC-IIA aggregates (9). Our

patient had small aggregates (<0.7 µm) with less than 11 in

number, predicting p.Arg702Cys or p.Ser96Leu mutations in

motor domain (9). Genetic analysis of motor domain revealed

p.Ala44Pro mutation in MYH9 exon 2. Therefore, an IFA for

NMMHC-IIA in peripheral blood smears should be performed

as a diagnostic test for MYH9-RD.

The phenotype of patients with MYH9-RD can evolve, as

supported by previous studies. Progressive manifestations that

can develop over time include deafness, presenile cataracts, and

nephropathy, which may ultimately progress to end-stage renal

disease. Although the diagnosis of MYH9-RD can be confirmed

by immunofluorescence assay for NMMHC-IIA using peripheral

blood smears and identifying the causative MYH9 mutation is

not strictly required, it is important for providing prognostic

assessment. A genotype-phenotype correlation has been

recognized in MYH9-RD (16, 17). A higher incidence and worse
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FIGURE 2

MYH9 genetic variants in patients with MYH9-RD. Affected exons and mutations are shown.
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prognosis of kidney impairment and deafness are associated with

mutations affecting the head domain (exons 2–19) of NMMHC-

IIA than with mutations in the tail domain (exons 20–41)

(Figure 2) (2). Mutations of head domain were mainly located in

two specific regions, the SH1 helix and the interface between the

SH3-like motif and the motor domain (MD) (SH3/MD interface)

(18, 19). Substitutions in the SH1 helix (corresponding to R702

substitutions) were associated with a much higher risk of

nephropathy than those in the SH3/MD interface (19). Instead,

the SH3/MD substitutions associate with hearing impairment: all

patients carrying the mutations in the SH3/MD interface are

expected to develop sensorineural deafness before 60 years of

age, whereas the risk of developing nephropathy and cataract is

low (19). Our patient carried a single nucleotide substitution in

exon 2 of MYH9 [c.130G > C (p.Ala44Pro)] located in the SH3/

MD interface of the head domain, which has been previously

described in one case (16); however, the natural history of the

illness is unknown. Therefore, our patient should be carefully

followed up especially for possible hearing loss than

nephropathy. It is also important to instruct patients to avoid

drugs that impair platelet and renal functions, including

nonsteroidal anti-inflammatory drugs, antibiotics, and

oncological drugs.
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In conclusion, we describe a case of a girl with MYH9-RD

carrying the c.130 G > C (p.Ala44Pro) mutation in MYH9; she

was diagnosed with ITP. MYH9-RD can be misdiagnosed as ITP

without a comprehensive approach involving blood smears or

family history. Early recognition of inherited thrombocytopenia

can prevent unnecessary diagnostic studies such as bone marrow

aspiration and biopsy, and even adverse therapies with

corticosteroids, immunosuppressive agents, and splenectomy.
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