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Frequently Delayed Diagnosis and Misdiagnosis in MYH9-related Disorders: Data from
Genetically Confirmed Cases of Korean Patients
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MYH9-related disorders (MYHI9RD) are autosomal-dominant disorders characterized by macrothrombocytopenia with or without leukocyte inclu-
sion bodies or extra-hematological features, such as sensorineural deafness and renal impairment. MYHIRD can be misdiagnosed as an acquired
form of thrombocytopenia including immune thrombocytopenic purpura (ITP). This leads to delayed diagnosis or administration of ineffective treat-
ment. In the present study, we investigated the clinical and molecular characteristics of five unrelated Korean patients with MYHIRD and their
family members, from four institutions. We reviewed clinical and laboratory data including extra-hematological manifestations. MYH9 pathogenic
variants were detected by direct sequencing in all probands and the affected family members (N=10): two probands with ¢.5521G>A
(p.Glul841Lys) and one proband each with ¢.99G>T (p.Trp33Cys), ¢.287C>T (p.Ser96Leu), and ¢.3493C>T (p.Argl165Cys). All patients had mac-
rothrombocytopenia. Only the proband with Ser96Leu had extra-hematological manifestations. Past history revealed that two patients had been
misdiagnosed with ITP and one of them had received a splenectomy. We validated the frequency of misdiagnosis (~20%) and genotype-pheno-
type correlations through a comprehensive review of previously reported cases of MYHIRD in Korea. It is important to suspect MYHIRD in pa-
tients with thrombocytopenia, and timely identification of macrothrombocytopenia and MYH9 pathogenic variants is required for early and accu-

rate diagnosis of MYHORD.
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MYHO9-related disorders (MYHIRD) are rare autosomal-domi-
nant disorders caused by a pathogenic variant of the MYHO gene.
MYHO consists of 41 exons, the first of which is untranslated. The
coding regions of exons 2 to 19 determine the N-terminal globu-
lar head (GH) domain, exon 20 determines the neck, exons 21 to
40 determine the coiled-coil (CC) domain, and exon 41 deter-
mines the C-terminal non-helical tail of non-muscle myosin ITA.
MYHOIRD includes four hereditary thrombocytopenias that were
previously known as May-Hegglin anomaly (MHA), Sebastian
syndrome (SBS), Fechtner syndrome (FTNS), and Epstein syn-
drome (Table 1. MYH9RD is characterized by macrothrombocy-

topenia with or without leukocyte inclusion bodies (single or
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Table 1. Characteristics of MYH9-related disorders (modified from ref-
erence 12)

" ropeis incons PSS ey GO0
May-Hegglin anomaly Yes Yes No No No
Sebastian syndrome Yes Yes No No No
Fechtner syndrome Yes Yes Yes Yes Yes
Epstein syndrome Yes No Yes Yes No

multiple blue or grayish-blue cytoplasmic inclusions located in
the peripheral cytoplasm of neutrophils, which are also termed
Dohle-like inclusion bodies). MYHIRD is the most common form
of inherited thrombocytopenia worldwide. Thrombocytopenia is
completely penetrant and characterized by giant platelets, which
are larger than red blood cells. The degree of thrombocytopenia
is variable and remains stable through life [1]. The presence and
severity of bleeding are strongly correlated with platelet count.
Approximately 25-30% of patients have spontaneous mucocuta-
neous hemorrhages, whereas most experience easy bruising and
no spontaneous bleeding [1].

MYHORD should be suspected in patients with thrombocyto-
penia and giant platelets, with or without family history, since
cases from de novo pathogenic variants are common (35%) [2]. In
asymptomatic patients, MYHIRD is commonly recognized in
adulthood when macrothrombocytopenia is incidentally de-
tected. A significant proportion of MYHIRD patients are initially
misdiagnosed with immune thrombocytopenic purpura (ITP) [2].
Awareness of this disease entity and molecular confirmation are
important to avoid misdiagnosis and unnecessary treatment, and
to manage associated extra-hematological manifestations [3].

In this study, we investigated MYH9 pathogenic variants in five
unrelated Korean patients suspected to have MYHORD.

The patients with macrothrombocytopenia with or without leu-
kocyte inclusions were collected from four institutions. The diag-
nosis was initially made by hematologists from each institution
based on hemato-morphological examinations. We reviewed lab-
oratory data and clinical histories of bleeding tendency, sensori-
neural deafness, renal impairment, and presenile cataract. The
degree of thrombocytopenia was classified according to the auto-
mated platelet count at initial diagnosis as mild (100 X 10°/1-149 X
10°/L), moderate (50X 10°/1-99 X 10°/L), or severe (<50 10°/L)
[4]. Sensorineural deafness, renal impairment, and presenile cata-

ract were categorized as extra-hematological features. In addition,
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family members of each proband were examined for the pres-
ence or absence of abnormal hemostasis or extra-hematological
features.

Blood samples were drawn from the probands and family mem-
bers for molecular diagnosis of MYHIRD after written informed
consent. Genomic DNA was extracted from peripheral blood leu-
kocytes using the Wizard Genomic DNA Purification kit following
the standard protocols (Promega, Madison, WI, USA). Direct se-
quencing experiments were performed to detect variants covering
all coding exons and their flanking intronic regions of MYH9 using
primer pairs developed by the authors (available upon request).
The sequence chromatograms obtained were compared with the
reference sequence of MYH9 (NM_0024473.4). Variations identi-
fied were described according to the guidelines of the Human
Genome Variation Society and classified according to the recent
ACMG/AMP guidelines with reference to following public data-
bases: Human Gene Mutation Database (http:/www.hgmd.cf.ac.
uk/ac/index.php), dbSNP (http://www.ncbi.nlm.nih.gov/projects/
SNP/), 1000 Genomes (http://browser.1000genomes.org/), NHLBI
Exome Sequencing Project (http://evs.gswashington.edu/EVS/),
and the Exome Aggregation Consortium (http://exac.broadinsti-
tute.org/).

The clinical characteristics and laboratory findings of the pro-
bands and their affected family members (N=10) are summarized
in Table 2. The median age of the patients was 26 years (range
6-51). Three patients (30% [3/10]) showed leukocyte inclusions
on hemato-morphological examinations. Three patients (30%
[3/10D) had bleeding tendency, and two of them had severe
thrombocytopenia. One patient (10% [1/10]) had extra-hemato-
logical features (high-pitch sensorineural hearing loss and end-
stage renal disease). Two patients (20% [2/10]) had been misdiag-
nosed with ITP, one of whom underwent splenectomy. In all pa-
tients, direct sequencing revealed previously reported MYH9
pathogenic variants that were all heterozygous [5].

Proband 1 was a six-year-old boy and had severe thrombocyto-
penia with giant platelets and leukocyte inclusions (Fig. 1A). He
had experienced frequent epistaxis once or twice every month
since the age of four years. His family members (mother, grand-
mother, and maternal uncle) had thrombocytopenia with giant
platelets but no bleeding tendency. The proband was suspected
of MHA, SBS, or FINS. The pathogenic variant identified was
¢5521G>A (p.Glul841Lys).
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Table 2. Clinical characteristics of the present and previously published Korean cases of genetically confirmed MYH9-related disorders

Sex/ Misdiagnosis

Case Relationship Age  asacquired Unnecessary Grade of . Giant !.euchyte Bleeding Extra-hematological Amino acid Domain Reference
No. s form treatment thrombocytopenia® platelets inclusions tendency features change

1 Proband M/6 +++ + + - Glu1841Lys CC  Thisreport

2 Proband F/39 +++ + = = Glu1841Lys CC  This report

3 Proband M/15 o+ + - - Trp33Cys GH  This report

4 Proband F/51 ++ + - - - Arg1165Cys ~ CC  This report
4-1 |3 M/50 +++ + - - - Arg1165Cys ~ CC  This report
4-2 |4 Fla7 ++ + - - - Arg1165Cys ~ CC  This report
4-3 113 F30 + ++ + - + - Arg1165Cys ~ CC  This report
4-4 -6 F21 ++ + - - - Arg1165Cys ~ CC  This report
4-5 |I-7 M/20 ++ + - - - Arg1165Cys ~ CC  This report

5 Proband F/22 + 4+ F+ + - + + Ser96Leu GH  This report

6 Proband (SR-24)  F/? = ? ? = + Phe1303leu  CC [7]

7 Proband (SR-71)  M/[? - ? ? - + Arg1730Cys  CC 7]

8 Proband (SR-866) M/? = ? ? = + Arg1785Cys  CC [7]
8-1 -2 F[? - ? ? - + Arg1785Cys  CC [7]

9 Proband F/36 +4+ + + - + Glu1841Llys cC [8]

10 Proband F17 + +++ + ? + + Arg702Cys GH [9]

1 Proband M/23 + +4+ + ? - + Ser96Leu GH 9]

12 Proband M/21 +++ + + = = Trp33Arg GH [10]

13 Proband M/30 4+ + - ? + Asp1424Asn  CC [11]

14 Proband M/31 + 4 +++ + + ? + Ser96Leu GH [11]

15 Proband F17 + +F o+ + - ? + Ser96Leu GH [11]

16 Proband M[7 +++ + ? + Arg718Trp GH [11]

17 Proband M/5 ++ + ? - Glu1841Llys cC [11]

18 Proband M/8 + ++ + = ? = Arg1165Cys  CC [11]

19 Proband Flo ++ + - ? - Lys373Asn GH [11]

20 Proband F2 ++ + + ? = Arg1933Ter  Tail [12]
20-1 IB M/33 4+ + + ? - Arg1933Ter  Tail [12]
20-2 IC F/26 + + +++ ? + ? - Arg1933Ter  Tail [12]
20-3 ID F/59 + +F 4+ + + ? - Arg1933Ter  Tail [12]

21 Proband M/11 + + - ? - Lys373Asn GH [12]
21-1 VB M/44 ++ + - ? + Lys373Asn GH [12]
21-2 IVC F/16 ++ + - ? - Lys373Asn GH [12]
21-3 VD F/80 ++ + - ? - Lys373Asn GH [12]
21-4 IVE M/46 + + - ? - Lys373Asn GH [12]
21-5 IVF M/42 -+ + - ? - lys373Asn  GH 2]

22 Proband 7 ? + + ? - Ala95Thr GH [13]

23 Proband 7 ? + + ? - Asp1925fs Tail [13]

24 Proband ?? ? + + ? = Arg1933Ter  Tail [13]

25 Proband M/62 4+ + + ? + Arg1933Ter  Tail [14]
25-1 1I-2 M/58 +4+ + + - - Arg1933Ter  Tail [14]
25-2 lI-1 Fl27 +4+ + + - - Arg1933Ter  Tail [14]
25-3 II-3 M/20 4+ + + - - Arg1933Ter  Tail [14]
25-4 ll-4 M/18 +++ + + - - Arg1933Ter  Tail [14]

*Grading criteria for thrombocytopenia are + : 100x 10°/L-149x 10°/L, ++ : 50x10°/L-99x 10°/L, +++: <50x109/L [4]; *Underwent splenectomy.

Proband 2 was a 39-year-old woman with severe thrombocyto- tures. She was suspected of MHA. Her pathogenic variant was

penia with giant platelets and leukocyte inclusions (Fig. 1B). She €5521G>A (p.Glul841Lys). None of her family members had

had no history of bleeding tendency or extra-hematological fea- thrombocytopenia.
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Fig. 1. Peripheral blood smears (x1,000, Wright Giemsa stain) of (A)
Proband 1, (B) Proband 2, and (C) Proband 3, showing leukocyte in-
clusion bodies (arrow) and giant platelets (arrow head).

Proband 3 was a 15-year-old boy who had severe thrombocyto-
penia with giant platelets and leukocyte inclusions (Fig. 10). He
had no history of bleeding tendency or extra-hematological fea-
tures. However, his father and uncle had the extra-hematological
feature of hearing loss. He was suspected of FTNS. His patho-
genic variant was ¢99G >T (p.Trp33Cys).

https://doi.org/10.3343/lm0.2019.9.4.224

Proband 4 was a 51-year-old woman and had moderate throm-
bocytopenia with giant platelets. She had no history of bleeding
tendency or extra-hematological features. Several of her family
members (I-3, I-4, 1I-3, 11-6, and 11-7) had macrothrombocytope-
nia. She and her family members were suspected of MHA. The
proband and her affected family members had ¢.3493C>T
(p.Argl165Cys) (Fig. 2). Her daughter (II-3) was a 30-year-old fe-
male and was diagnosed with idiopathic thrombocytopenia and
iron deficiency anemia at the age of 23 years. She experienced
easy bruising. Other family members (I-3, I-4, 1I-6, 11-7) had no
history of bleeding tendency.

Proband 5 was a 22-year-old woman with severe thrombocyto-
penia with giant platelets. She experienced easy bruising and fre-
quent epistaxis. Audiometry showed high-pitch sensorineural
hearing loss. At the age of three years, she had been diagnosed
with chronic idiopathic thrombocytopenic purpura and under-
went splenectomy. At the age of eight years, proteinuria was de-
tected, which led to end-stage renal disease. She was suspected
of FTNS. She had ¢.287C>T (p.Ser96Leuw).

In this study, we describe 10 patients with genetically con-
firmed MYH9RD (Table 2). Two patients had been misdiagnosed
with I'TP, one of whom underwent splenectomy. Misdiagnosis of
MYH9RD as an acquired form of thrombocytopenia has been re-
ported previously and often leads to delayed diagnosis or admin-
istration of ineffective treatment (immunosuppressive drugs and
splenectomy) [6]. Collectively with our cases, we reviewed previ-
ously reported Korean patients with genetically confirmed
MYH9RD [7-14]. Data from a total of 43 patients, including 25 pro-
bands, demonstrated similar frequency of misdiagnosis: nine pa-
tients (209%) had been misdiagnosed with I'TP, and five of them
with severe thrombocytopenia received unnecessary treatment
(splenectomy in four). The median age at diagnosis of the series
of patients was 24.5 years (range 0-80) with 27.8% (10/36) being
older than 39.

For the diagnosis of MYHIRD, identification of family history is
helpful, but not necessary, since its absence does not exclude the
disease due to frequent de novo pathogenic variants (~35% of
probands) [2]. With or without family history, evaluation of pe-
ripheral blood smears is a simple and effective diagnostic step in
individuals with thrombocytopenia for differential diagnosis of
MYHIRD and other inherited thrombocytopenia showing giant

platelets from ITP [15]. In addition to macrothrombocytopenia,
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Fig. 2. Pedigree chart (A) and DNA sequences (B) of proband 4 and family members. The asterisks represent the members analyzed by genetic
screening. The bottom panels show the nucleotide change of ¢.3493C>T in the affected individuals.

leukocyte inclusions are a pathognomonic feature specific to
MYH9RD. Kunishima et al. [16] and Seri et al. [17] reported leuko-
cyte inclusions in 42-84% of individuals with MYH9RD; these
were frequently missed because they were very faint and/or small.
Patients with MYHORD may also have extra-hematological mani-
festations, such as sensorineural hearing loss, presenile cataract,
or proteinuric nephropathy, often evolving to end-stage renal dis-
ease [5]. Extra-hematological manifestations of MYHORD can de-

velop anytime between infancy and adulthood, while macro-
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thrombocytopenia is present from birth. The overall annual rates
per 100 affected persons are 1.71 for sensorineural hearing loss,
0.77 for nephropathy, and 057 for cataract [1]. Leukocyte inclu-
sions and extra-hematological features were documented in
54.1% (20/37) and 32.6% (14/43) of Korean patients with
MYHORD, respectively. When MYHORD is suspected because of
family history, peripheral blood findings, or extra-hematological
manifestations, a molecular genetic test confirms the diagnosis of

MYHORD. Shim et al. [18] also suggested that genetic studies
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Fig. 3. Schematic representation of the genotype-phenotype correlations in 43 Korean patients with genetically confirmed MYH9-related disorders
including 10 patients identified in this study. (A) The pathogenic variants detected in each exon are indicated in boxes. Our cases are indicated
with asterisks (¥). (B) Associations of the three domains affected by pathogenic variants with incidence of bleeding tendency. Pathogenic variants
in the globular head domain correlated with bleeding tendency. (C) Associations of the three domains affected by pathogenic variants with extra-
hematological features (deafness, renal impairment, cataracts, etc.). Pathogenic variants in the globular head and coiled-coil domains correlated

with the incidence of extra-hematological features.

should be done to identify congenital thrombocytopenia in pa-
tients who do not recover platelets to greater than 100X 10°/L in
childhood chronic immune thrombocytopenia. Direct sequenc-
ing is an effective method for detection of MYH9 gene variants
because the disease-causing pathogenic variants are mostly mis-
sense variants [5]. Moreover, MYHORD is known to possess strong
genotype-phenotype correlations. The prevalence of spontane-
ous mucocutaneous bleeding (grade 2 or 3 according to the World
Health Organization) and the incidence of extra-hematological
features were significantly higher in subjects with MYH9 patho-
genic variants in the head domain [1, 19].

All pathogenic variants in our patients were missense variants,
and the most common type of pathogenic variants in Korean pa-
tients was the missense variant (42/43, 97.7%; Fig. 3A). Ser96Leu
(Proband 5) and Glu1841Lys (Proband 1 and Proband 2) were the

https://doi.org/10.3343/lm0.2019.9.4.224

most common pathogenic variants in Korean patients. Moreover,
we noted apparent genotype-phenotype correlations. The inci-
dence of bleeding tendency was higher in subjects with patho-
genic variants in the head domain than in those with pathogenic
variants in the coiled-coil domain or nonhelical tail (40.0% vs.
15.4% and 0%, respectively, Fig. 3B). The incidence of extra-hema-
tological manifestations was higher in patients with pathogenic
variants in the head and coiled-coil domain than in those with
pathogenic variants in the nonhelical tail (43.8% and 375% vs.
9.1%; Fig. 30).

In conclusion, data from Korean patients with genetically con-
firmed MYHORD demonstrated frequent misdiagnosis as ITP and
delayed diagnosis in adulthood. MYHIRD should be suspected in
patients with thrombocytopenia, and molecular confirmation can

overcome an ambiguous history or findings on peripheral blood
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smear. In addition, identification of the domain affected by patho-
genic variants will help determine genotype-phenotype correla-
tions and genetic counseling.
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