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Case Report: A Chinese family with MYH9-RD caused by MYH9 p.E1841K mutation exhibiting widespread may-hegglin inclusions
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Case Report: A Chinese family with MYH9-RD caused by MYH9 p.E1841K mutation exhibiting widespread may-hegglin inclusions
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Introduction: MYH9-related disease (MYH9-RD) is a rare autosomal dominant genetic syndrome characterized by congenital thrombocytopenia, with a risk of developing progressive nephropathy, sensorineural deafness, and presenile cataract. Due to its presentation of isolated thrombocytopenia, it is frequently misdiagnosed as immune thrombocytopenic purpura (ITP).



Methods: A 10-year-old girl with an initial diagnosis of ITP was evaluated, based on isolated thrombocytopenia and intermittent epistaxis. Clinical assessments included peripheral blood and bone marrow smear examinations to observe cellular morphology. Family history was collected to identify potential hereditary associations. Genetic testing was performed to detect potential pathogenic mutations.



Results: Peripheral blood and bone marrow smears revealed giant platelets, along with blue inclusions in neutrophils, eosinophils, and monocytes—key cytological features of MYH9-RD. Family history investigation showed thrombocytopenia in the patient's mother and maternal grandmother; additionally, the mother had mild hearing impairment, and the maternal grandmother had died of renal failure. Genetic testing confirmed the presence of the MYH9 p.E1841K mutation in the patient, which was inherited from her mother. Based on these findings, the diagnosis was revised from ITP to MYH9-RD.



Discussion: This case emphasizes that MYH9-RD should be considered in the differential diagnosis of unexplained thrombocytopenia, particularly when accompanied by characteristic cytological findings (e.g., giant platelets, blue inclusions in leukocytes) and a positive family history of related manifestations. The consistency of phenotypes within the affected family supports the importance of genetic screening and long-term follow-up for relatives of confirmed cases to enable early detection and management of potential complications.
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Introduction

MYH9-related disease (MYH9-RD) represents a rare autosomal-dominant genetic disorder stemming from heterozygous mutations in the MYH9 gene. This gene is responsible for encoding the non-muscle myosin heavy chain II-A (NMMHC-IIA) (1, 2). The cardinal clinical manifestation of MYH9-RD is macrothrombocytopenia, frequently accompanied by non-hematological symptoms, including nephritis, high-frequency hearing loss, and cataracts (3). Historically, based on diverse clinical presentations, this disorder was segmented into four distinct diseases: May-Hegglin anomaly, Sebastian syndrome, Fechtner syndrome, and Epstein syndrome (4). Around the turn of the millennium, research groups led by Kunishima et al. and Seri et al. independently identified MYH9 mutations as the common etiological factor underlying these subtypes. This discovery led to the unification of these conditions under the umbrella term MYH9-RD (1, 2). Globally, over 300 families have reported cases of MYH9-RD, yet its incidence demonstrates marked regional variability. In Italy, the estimated incidence lies within the range of 1 in 300,000 to 1 in 400,000 [https://www.orpha.net/en/disease/detail/182050]. In Greifswald, Germany, the rate is estimated to be over 1 in 25,000 (5). In contrast, data from Asia remain relatively scarce. In recent years, with the remarkable progress of sequencing technologies, the detection rate of MYH9-RD has substantially increased. As a result, it has become one of the most frequently diagnosed hereditary thrombocytopenias (6–8). Notably, approximately 35% of MYH9-RD cases occur sporadically (9). The confluence of an elevated detection rate and a high proportion of sporadic cases has given rise to a diagnostic conundrum, greatly complicating the process of accurate identification. This study presents a case of a child with MYH9-RD harboring the p.E1841K mutation. Initially, due to isolated thrombocytopenia, the patient was misdiagnosed with immune thrombocytopenic purpura (ITP). By reporting this case, we aim to enhance awareness of the potential misdiagnoses in MYH9-RD, especially when initial symptoms are non-specific.



Case description

The patient, a 10-year-old girl, was admitted to our hospital due to intermittent nosebleeds. Physical examination revealed no significant abnormalities. Laboratory tests showed a white blood cell count of 6.08 × 10⁹ /L, hemoglobin of 131 g/L, and platelet count of 60 × 10⁹ /L. Urinalysis and other biochemical tests showed no notable abnormalities. Initially, the clinical diagnosis was immune thrombocytopenia (ITP), and the patient was treated with intravenous immunoglobulin. However, after 5 days, a follow-up complete blood count revealed a white blood cell count of 4.51 × 10⁹ /L, hemoglobin of 129 g/L, and platelet count of 55 × 10⁹ /L, indicating no improvement from the treatment. To further investigate the cause of thrombocytopenia, the patient underwent cytomorphological examination. Notably, both bone marrow and peripheral blood smears demonstrated large platelets and blue inclusions. Some of the platelets were larger than red blood cells (Figure 1A), and the inclusions were predominantly oval or spindle, mostly located at the edges of neutrophil cytoplasm (Figure 1B). Additionally, blue inclusions were also observed in eosinophils (Figure 1C) and monocytes (Figure 1D). As reported by the proband's mother, both she and the maternal grandmother had a history of thrombocytopenia. The mother also self-reported hearing impairment, and noted that the maternal grandmother had died of renal failure. Further examination of the mother's peripheral blood smear showed large platelets and blue inclusions, while the father's peripheral blood smear was normal. Based on the clinical presentation and family history, we suspected that the patient might have the hereditary thrombocytopenia MYH9-RD.
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FIGURE 1
Cell morphology and the family pedigree. Peripheral blood smear of the proband (Wright-Giemsa staining, ×1,000): (A) Giant platelet. (B–D) Light blue cytoplasmic inclusions in neutrophils (B), eosinophils (C), and monocytes (D), respectively. (E) Family pedigree of the proband: The proband (Ⅲ-1) presents with macrothrombocytopenia and leukocyte inclusions. The mother (Ⅱ-2) has a history of thrombocytopenia, leukocyte inclusions, and hearing impairment. The maternal grandmother (Ⅰ-2) had thrombocytopenia and died of renal failure.


After obtaining informed consent of this work, the whole-exome sequencing was performed on the patient and her parents. Genetic testing revealed that the patient carried the known MYH9 c.5521G>A mutation, which leads to the substitution of glutamic acid with lysine at amino acid position 1,841 in non-muscle myosin heavy chain IIA (NMMHC-IIA) (MYH9 p.E1841K). Segregation analysis determined that the mutation was of maternal origin and absent in the proband's father (Figure 2). Finally, a definite diagnosis of hereditary thrombocytopenia MYH9-RD was made for the child.


[image: DNA sequence chromatograms for two individuals. Image A shows the proband with a heterozygous C nucleotide at position 120, indicated by a red arrow. Image B shows the proband's father with a matching nucleotide sequence and arrow. Peaks represent nucleotide bases.]
FIGURE 2
Gene sequencing. (A) Sequencing chromatogram of the proband showing the heterozygous MYH9 c.5521G>A mutation, which causes the p.E1841K amino acid substitution. (B) Sequencing chromatogram of the proband's father showing the wild-type MYH9 sequence.


During hospitalization, the patient was managed for bleeding risk associated with hereditary macrothrombocytopenia using intravenous etamsylate (340 mg once daily) and vitamin C (1 g once daily) to reduce capillary permeability and enhance vascular integrity. The patient's epistaxis improved significantly with treatment, and discharge followed shortly thereafter. Upon discharge, caregivers were informed that oral maintenance therapy was not required but were advised to maintain careful daily monitoring and avoid potential bleeding triggers such as nasal trauma or vigorous physical activity. A telephone follow-up conducted one week post-discharge confirmed the absence of recurrent epistaxis or purpura. Caregivers were also instructed to continue long-term monitoring for signs of bleeding and extra-hematologic manifestations, particularly renal involvement (e.g., proteinuria) and hearing impairment.



Discussion

The MYH9 gene (NC_000022.11) is located on chromosome 22q12.3 and spans approximately 106,791 base pairs. It comprises 41 exons, with the first exon being non-coding. MYH9 encodes non-muscle myosin heavy chain IIA (NMMHC-IIA), a protein composed of 1,960 amino acids. Structurally, NMMHC-IIA consists of three major regions: (1) the head region, which includes a globular motor domain (encoded by exons 2–19) and a neck domain (encoded by exon 20); (2) a coiled-coil rod domain (encoded by exons 21–40); and (3) a short non-helical tail domain of 34 amino acids (encoded by exon 41) (10). The head region is responsible for actin binding and force generation through MgATPase activity, the rod domain mediates heavy chain dimerization, and the non-helical tail contains a regulatory phosphorylation site that may influence filament assembly (10, 11).

NMMHC-IIA is a critical protein extensively involved in cytodynamic processes. Mutant NMMHC-IIA abnormally aggregates within leukocytes, forming characteristic May-Hegglin inclusions, a consistent feature of MYH9-RD in clinical practice (12, 13). While severe inflammatory reactions can also lead to thrombocytopenia and the presence of blue Döhle bodies, isolated MYH9-RD typically lacks other toxic neutrophil changes. The absence of a history of infection in the proband further aids in distinguishing MYH9-RD from inflammation-induced thrombocytopenia. Moreover, the distribution of May-Hegglin inclusions under Wright-Giemsa staining has been inconsistently reported in the literature. Some studies describe these inclusions as confined to neutrophils, while others define them as present in leukocytes more broadly. Consistent with the findings of May and colleagues, our study observed that May-Hegglin inclusions are not limited to neutrophils but are also present in eosinophils and monocytes. This widespread distribution aligns with the broad expression of NMMHC-IIA across various cell types.

To date, more than 220 pathogenic variants have been identified in MYH9, the majority being missense mutations arising from single-nucleotide substitutions, while a smaller proportion consists of frameshift mutations resulting from small insertions or deletions (14). These mutations are concentrated at 21 hotspot residues, with the most frequent alterations occurring at S96 and R702 in the motor domain, and R1165, D1424, and E1841 in the rod domain—collectively accounting for approximately 80% of all reported cases (15). MYH9-RD typically presents with mild to moderate bleeding symptoms, but more significant clinical issues are often linked to Alport-like features. Studies show that approximately 30% of MYH9-RD patients are at risk for kidney damage, 16% may develop age-related cataracts, and around 60% experience hearing loss (16). Pecci et al. demonstrated a significant correlation between the MYH9-RD genotype and non-hematologic phenotypes, specifically linking mutations in the head region of NMMHC-IIA to a higher risk of kidney disease and hearing loss, while mutations in the tail region were associated with a lower risk of these conditions (3). These findings have been confirmed in subsequent studies (17, 18). In this study, the proband exhibited no significant non-hematologic features, and the mother only had mild hearing loss. While the proband's maternal grandmother died from renal failure, specific details regarding the onset and progression of her renal disease are unclear. This family's phenotypic characteristics generally align with the low-risk profile associated with the MYH9 p.E1841K. However, in contrast, a study by Hao et al. on a Chinese family with the same mutation found no severe bleeding events in 10 patients, but 3 members died from uremia, and 4 others had varying degrees of kidney damage (19). This highlights the phenotypic heterogeneity in renal manifestations among patients with the MYH9 p.E1841K. Although the mechanisms are not fully understood, it has been shown that the MYH9 p.E1841K mutation alters podocyte structure, causing abnormal intracellular stress and making podocytes more susceptible to injury (20, 21). Podocytes play a critical role in renal filtration, and their dysfunction can directly impair kidney filtration, leading to renal damage. Mover, in a different low-risk family with the MYH9 p.V1516L mutation, 6 out of 11 adults developed proteinuria (22). The elevated incidence of renal damage in abovementioned families, compared to the general MYH9-RD population, suggests a phenotypic convergence within the same pedigree. Cechova, et al. found that under high-salt dietary conditions, MYH9 p.E1841K mice exhibit significantly higher systolic blood pressure compared to the wild-type group (20). It suggesting that dietary factors may exacerbate the renal susceptibility of MYH9 p.E1841K patients, thereby promoting the progression of renal damage. Further investigation through a within-litter feeding-controlled experiment using MYH9 mutant mice is needed to validate this hypothesis. Therefore, considering the history of renal failure in the proband's maternal grandmother, it is advisable for the proband and other family members, who have not yet developed kidney disease, to undergo long-term monitoring of renal function. This approach is crucial for the early detection and timely management of potential kidney issues.

Chronic liver enzyme abnormalities have emerged as a new phenotype of MYH9-RD in recent years, in addition to the classic hematologic triad and Alport-like features. Pecci et al. conducted a detailed analysis of liver enzyme profiles in 75 MYH9-RD patients, revealing that 50.7% exhibited elevated levels of aspartate aminotransferase (AST) and/or alanine aminotransferase (ALT) (23). Interestingly, this liver enzyme abnormality did not appear to correlate with the patient's age or mutation site, a finding that aligns with the results from Favier et al. (23, 24). In the present study, the proband's mother did not undergo liver enzyme testing, and the proband's AST and ALT levels were within the normal range, possibly due to the absence of exposure to hepatotoxic drugs (24). Despite this, ongoing monitoring and follow-up remain crucial to assess any potential future developments.

In conclusion, this study reports a Chinese family with the MYH9 p.E1841K mutation, characterized by a low-risk of non-hematologic manifestations. Genotype-phenotype correlation facilitates phenotypic prediction in sporadic cases or families where Alport-like features have not yet manifested. In families with established Alport-like symptoms, phenotypic homogeneity within a pedigree can guide genetic counseling and long-term management. Additionally, this study reaffirms the characteristic wide distribution of May-Hegglin inclusions across various types of white blood cells.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Medical Ethics Committee of Handan Central Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

XL: Conceptualization, Writing – original draft, Writing – review & editing. HaixiaL: Formal analysis, Writing – review & editing. JH: Conceptualization, Funding acquisition, Writing – review & editing. HaixinL: Investigation, Writing – review & editing. LX: Formal analysis, Investigation, Writing – review & editing. SZ: Formal analysis, Investigation, Writing – review & editing. LC: Formal analysis, Investigation, Writing – review & editing. RL: Conceptualization, Investigation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was supported by the S&T Program of Hebei (Grant No. 22377772D).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. Kunishima S, Kojima T, Tanaka T, Kamiya T, Ozawa K, Nakamura Y, et al. Mapping of a gene for May-Hegglin anomaly to chromosome 22q. Hum Genet. (1999) 105(5):379–83. doi: 10.1007/s004390051119


	2. Seri M, Cusano R, Gangarossa S, Caridi G, Bordo D, Lo Nigro C, et al. Mutations in MYH9 result in the May-Hegglin anomaly, and fechtner and sebastian syndromes. The May-Heggllin/fechtner syndrome consortium. Nat Genet. (2000) 26(1):103–5. doi: 10.1038/79063


	3. Pecci A, Klersy C, Gresele P, Lee KJ, De Rocco D, Bozzi V, et al. MYH9-related disease: a novel prognostic model to predict the clinical evolution of the disease based on genotype-phenotype correlations. Hum Mutat. (2014) 35(2):236–47. doi: 10.1002/humu.22476


	4. Seri M, Pecci A, Di Bari F, Cusano R, Savino M, Panza E, et al. MYH9-related disease: May-Hegglin anomaly, sebastian syndrome, fechtner syndrome, and epstein syndrome are not distinct entities but represent a variable expression of a single illness. Medicine (Baltimore). (2003) 82(3):203–15. doi: 10.1097/01.md.0000076006.64510.5c


	5. Fernandez-Prado R, Carriazo-Julio SM, Torra R, Ortiz A, Perez-Gomez MV. MYH9-related disease: it does exist, may be more frequent than you think and requires specific therapy. Clin Kidney J. (2019) 12(4):488–93. doi: 10.1093/ckj/sfz103


	6. Rabbolini DJ, Chun Y, Latimer M, Kunishima S, Fixter K, Valecha B, et al. Diagnosis and treatment of MYH9-RD in an australasian cohort with thrombocytopenia. Platelets. (2018) 29(8):793–800. doi: 10.1080/09537104.2017.1356920


	7. Noris P, Pecci A. Hereditary thrombocytopenias: a growing list of disorders. Hematology Am Soc Hematol Educ Program. (2017) 2017(1):385–99. doi: 10.1182/asheducation-2017.1.385


	8. Shen K, Chen T, Xiao M. MYH9-related inherited thrombocytopenia: the genetic spectrum, underlying mechanisms, clinical phenotypes, diagnosis, and management approaches. Res Pract Thromb Haemost. (2024) 8(6):102552. doi: 10.1016/j.rpth.2024.102552


	9. Balduini CL, Pecci A, Savoia A. Recent advances in the understanding and management of MYH9-related inherited thrombocytopenias. Br J Haematol. (2011) 154(2):161–74. doi: 10.1111/j.1365-2141.2011.08716.x


	10. Pecci A, Ma X, Savoia A, Adelstein RS. MYH9: structure, functions and role of non-muscle myosin IIA in human disease. Gene. (2018) 664:152–67. doi: 10.1016/j.gene.2018.04.048


	11. Ronen D, Rosenberg MM, Shalev DE, Rosenberg M, Rotem S, Friedler A, et al. The positively charged region of the myosin IIC non-helical tailpiece promotes filament assembly. J Biol Chem. (2010) 285(10):7079–86. doi: 10.1074/jbc.M109.049221


	12. Kunishima S, Matsushita T, Kojima T, Sako M, Kimura F, Jo EK, et al. Immunofluorescence analysis of neutrophil nonmuscle myosin heavy chain-A in MYH9 disorders: association of subcellular localization with MYH9 mutations. Lab Invest. (2003) 83(1):115–22. doi: 10.1097/01.lab.0000050960.48774.17


	13. Bury L, Megy K, Stephens JC, Grassi L, Greene D, Gleadall N, et al. Next-generation sequencing for the diagnosis of MYH9-RD: predicting pathogenic variants. Hum Mutat. (2020) 41(1):277–90. doi: 10.1002/humu.23927


	14. Casas-Mao D, Carrington G, Pujol MG, Peckham M. Effects of specific disease mutations in non-muscle myosin 2A on its structure and function. J Biol Chem. (2024) 300(1):105514. doi: 10.1016/j.jbc.2023.105514


	15. Savoia A, De Rocco D, Pecci A. MYH9 gene mutations associated with bleeding. Platelets. (2017) 28(3):312–5. doi: 10.1080/09537104.2017


	16. Noris P, Balduini CL. Inherited thrombocytopenias in the era of personalized medicine. Haematologica. (2015) 100(2):145–8. doi: 10.3324/haematol.2014.122549


	17. Saposnik B, Binard S, Fenneteau O, Nurden A, Nurden P, Hurtaud-Roux MF, et al. Mutation spectrum and genotype-phenotype correlations in a large French cohort of MYH9-related disorders. Mol Genet Genomic Med. (2014) 2(4):297–312. doi: 10.1002/mgg3.68


	18. Arif AR, Zhou H, Fang Y, Cheng Y, Ye J, Chen W, et al. Clinical and genetic characteristics of 40 patients with nonmuscle myosin heavy chain 9-related disease (MYH9-RD) misdiagnosed as immune thrombocytopenia: a retrospective analysis in China. J Thromb Haemost. (2024) S1538–7836(24):00719. doi: 10.1016/j.jtha.2024.12.001


	19. Hao J, Kunishima S, Guo X, Hu R, Gao W. A large family with MYH9 disorder caused by E1841K mutation suffering from serious kidney and hearing impairment and cataracts. Ann Hematol. (2012) 91(7):1147–8. doi: 10.1007/s00277-011-1370-5


	20. Cechova S, Dong F, Chan F, Kelley MJ, Ruiz P, Le TH. MYH9 E1841k mutation augments proteinuria and podocyte injury and migration. J Am Soc Nephrol. (2018) 29(1):155–67. doi: 10.1681/ASN.2015060707


	21. Fukuda SP, Matsui TS, Ichikawa T, Furukawa T, Kioka N, Fukushima S, et al. Cellular force assay detects altered contractility caused by a nephritis-associated mutation in nonmuscle myosin IIA. Dev Growth Differ. (2017) 59(5):423–33. doi: 10.1111/dgd.12379


	22. Zhang S, Zhou X, Liu S, Bai T, Zhang Y, Wang J, et al. MYH9-related disease: description of a large Chinese pedigree and a survey of reported mutations. Acta Haematol. (2014) 132(2):193–8. doi: 10.1159/000356681


	23. Pecci A, Biino G, Fierro T, Bozzi V, Mezzasoma A, Noris P, et al. Alteration of liver enzymes is a feature of the MYH9-related disease syndrome. PLoS One. (2012) 7(4):e35986. doi: 10.1371/journal.pone.0035986


	24. Favier R, DiFeo A, Hezard N, Fabre M, Bedossa P, Martignetti JA. A new feature of the MYH9-related syndrome: chronic transaminase elevation. Hepatology. (2013) 57(3):1288–9. doi: 10.1002/hep.25913






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case Report: A Chinese family with MYH9-RD caused by MYH9 p.E1841K mutation exhibiting widespread may-hegglin inclusions

		Introduction



		Case description



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/fped-13-1588675-g002.jpg
Proband

A

s father

Proband'







OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Case Report: A Chinese family
with MYH9-RD caused by MYH9
p.E1841K mutation exhibiting
widespread may-hegglin
inclusions





OPS/images/fped-13-1588675-g001.jpg
i
&}
> .
10 ym 10 ym
D
ilg

. [ Non-affected subject @ Deceased affected subject

10 ym 10um | @Affected subject @ Proband % = WES analysis








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





