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SUMMARY: The autosomal dominant macrothrombocytopenia with leukocyte inclusions, May-Hegglin anomaly, Sebastian
syndrome, and Fechtner syndrome, are rare human disorders characterized by a triad of giant platelets, thrombocytopenia, and
characteristic Döhle body-like cytoplasmic inclusions in granulocytes. Epstein syndrome is another autosomal dominant
macrothrombocytopenia associated with Alport syndrome but without leukocyte inclusions. These disorders are caused by
mutations in the same gene, the MYH9, which encodes the nonmuscle myosin heavy chain-A (NMMHCA). The term, MYH9
disorders, has been proposed, but the clinicopathologic basis of MYH9 mutations has been poorly investigated. In this study, a
total of 24 cases with MYH9 disorders and suspected cases were subjected to immunofluorescence analysis by a polyclonal
antibody against human platelet NMMHCA. Abnormal subcellular localization of NMMHCA was observed in every neutrophil from
individuals withMYH9mutations. Comparison with May-Grünwald-Giemsa staining revealed that the NMMHCA always coexisted
with the neutrophil inclusion bodies, suggesting that NMMHCA is associated with such bodies. In three cases, neutrophil
inclusions were not detected on conventional May-Grünwald-Giemsa-stained blood smears but immunofluorescence analysis
revealed the abnormal NMMHCA localization. In contrast, cases with Epstein syndrome and the isolated macrothrombocytopenia
with normal NMMHCA localization had no MYH9 mutations. An antibody that recognizes the C-terminal 12 mer peptides showed
similar immunoreactivity from the patients heterozygous for truncated mutations that abolished the C-terminal epitope,
suggesting that normal NMMHCA dimerizes with abnormal NMMHCA to form inclusion bodies. We further propose that the
localization pattern can be classified into three groups according to the number, size, and shape of the fluorescence-labeled
NMMHCA granule. Immunofluorescence analysis of neutrophil NMMHCA is useful as a screening test for the clear hemato-
pathologic classification of MYH9 disorders. (Lab Invest 2003, 83:115–122).

T he autosomal dominant macrothrombocytope-
nia with leukocyte inclusions, May-Hegglin

anomaly (MHA; MIM 155100) (Hegglin, 1945; May,
1909), Sebastian syndrome (SBS; MIM 605249) (Gre-
inacher et al, 1990), and Fechtner syndrome (FTNS;
MIM 153640) (Peterson et al, 1985), are rare human

disorders characterized by a triad of giant platelets,
thrombocytopenia, and characteristic Döhle body-like
cytoplasmic inclusions in granulocytes. FTNS is asso-
ciated with a wide range of Alport syndrome symp-
toms, including nephritis, deafness, and cataracts,
whereas Epstein syndrome (EPS; MIM 153650) is
another autosomal dominant macrothrombocytopenia
associated with Alport syndrome but without leuko-
cyte inclusions (Epstein et al, 1972). By a positional
cloning approach, we and others have recently estab-
lished that the MYH9, the gene encoding the non-
muscle myosin heavy chain-A (NMMHCA), is mutated
in these disorders (Kelley et al, 2000; Kunishima et al,
2001a; The May-Hegglin/Fechtner Syndrome Consor-
tium, 2000). Several MYH9 mutations have been doc-
umented among patients, including those with a non-
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syndromic deafness, DFNA17 (MIM 603622) (Lalwani
et al, 2000), and these disorders appear to represent a
class of allelic disorders (Arrondel et al, 2002; Heath et
al, 2001; Kunishima et al, 2001b). Accordingly, the
term MYH9 (or NMMHCA) disorders has been pro-
posed. In addition to these characteristic macro-
thrombocytopenias, there is an isolated or nonsyn-
dromic form, which is not associated with leukocyte
inclusions nor with other abnormalities. It is not known
whether defects in MYH9 contribute to the etiology of
isolated macrothrombocytopenia.

The diagnosis of MHA, SBS, and FTNS has been
conventionally made on the basis of hematomorpho-
logic examinations detecting a triad of giant platelets,
thrombocytopenia, and inclusion bodies in the cyto-
plasm of granulocytes (Hegglin, 1945; May, 1909).
Inclusion bodies are usually identified on May-
Grünwald-Giemsa (MGG) or Wright’s stained blood
smears. Although the hallmark of these disorders is
the presence of leukocyte inclusions, their faint ap-
pearance occasionally hampers proper recognition.
We have identified an abnormal localization of
NMMHCA in MHA and SBS neutrophils by immuno-
fluorescence analysis and suggested the usefulness
of this method for the diagnosis of these disorders
(Kunishima et al, 2001a). In this study, we further
investigated the neutrophil NMMHCA localization in
MYH9 disorders by comparing the immunoreactivity
pattern and the mutational status of the MYH9 gene.

Results

Localization of Neutrophil NMMHCA in MYH9 Disorders

Immunofluorescence analysis of neutrophil NMMHCA
was performed using the rabbit polyclonal antibody
against human platelet NMMHCA. In agreement with
previous studies, normal neutrophils displayed a dif-
fuse homogeneous distribution of NMMHCA through-
out the cytoplasm and sometimes in perinucleus (Fig.
1, B and D) (Kunishima et al, 2001a; Maupin et al,
1994). Analysis of neutrophil NMMHCA in patients
with MYH9 disorders revealed a loss of homogeneous
cytosolic distribution. Representative results are
shown in Figures 2 to 4. The abnormal subcellular
localization of NMMHCA was observed in every neu-
trophil as punctuate structures of various number and
size. In each patient, staining patterns—including their
number, size, and shape—were uniform and similar to
those of the cytoplasmic inclusions observed on
MGG-stained blood smears. Normal NMMHCA distri-
bution in patients’ lymphocytes is consistent with the
finding that inclusion bodies are not found in lympho-
cytes (data not shown).

A different anti-NMMHCA antibody that recognizes
the C-terminal 12 mer peptide sequences was also
used in the study. A similar immunoreactivity of
NMMHCA with the antihuman platelet NMMHCA an-
tibody and the antipeptide antibody was consistently
observed (Fig. 2, D and E, G and H, and J and K,
respectively). Mutant NMMHCA polypeptides associ-
ated with two deletion mutations (5779delC and

5818delG) or a nonsense mutation (R1933X) in exon
40 do not have an epitope recognized by the antipep-
tide antibody and thus do not react with those trun-
cated polypeptides within the cells. However, the
similar immunoreactivity obtained by the two antibod-
ies suggests that normal NMMHCA associates with
abnormal NMMHCA to form inclusion bodies.

NMMHCA Accumulates at Inclusion Bodies

To obtain additional information about the relationship
between MGG-stained inclusion bodies and
NMMHCA localization, we sequentially treated periph-
eral blood smears with MGG staining and immunoflu-
orescence analysis with the antiplatelet NMMHCA
antibody. To do this, we first photographed MGG-
stained neutrophils that contained inclusion bodies.
Then we immunostained the cells in the same slide
with the anti-NMMHCA antibody and analyzed the
marked position by immunofluorescence microscopy.
As shown in Figure 5, NMMHCA-positive fluorescent
granules exactly coincided with the blue inclusion
bodies stained with MGG, demonstrating that accu-
mulated NMMHCA is responsible for the morpholog-
ical appearance of inclusion bodies.

Localization Pattern of Neutrophil NMMHCA
Classification into Three Groups

According to the morphology of immunoreactivity of
neutrophil NMMHCA, three different localization pat-
terns were identified in patients with MYH9 disorders
(Figs. 2 to 4; Table 1). In type I, neutrophils contained
one or two large, intensely stained, oval- to spindle-
shaped cytoplasmic foci and low background (Fig. 2,

Figure 1.
Nonmuscle myosin heavy chain-A (NMMHCA) localization in normal neutro-
phils. A and C, Light micrographs of May-Grünwald-Giemsa-stained neutro-
phils from two normal individuals. B and D, Immunofluorescence micrographs
of neutrophils immunostained with the antiplatelet NMMHCA antibody. In
normal neutrophils, NMMHCA is homogeneously distributed in the cytoplasm.
Original magnification, �1000.
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B, D, E, G, H, J, and K). In this group, inclusion bodies
on MGG-stained blood smears were mostly blue and
spindle shaped with a diameter of approximately 0.5
to 2 �m (Fig. 2, A, C, F, and I). Type I includes four
cases with E1841K mutation in exon 38 and six cases
with mutations in the carboxyl-terminal domain in the
last exon of 40: four R1933X and two deletion muta-
tions that result in premature termination. Study of
NMMHCA mutation further suggested that neutrophils
from individuals with E1841K and deletion mutations
had exclusively one or two large and intensely stained
foci, whereas those from R1933X exhibited additional
small dots (Fig. 2, J and K).

Type II NMMHCA localization included 8 cases in
which neutrophils contained 3 to 20 circular to oval-
shaped cytoplasmic punctuate spots with a diameter
less than 1 �m (Fig. 3, B, D, F, and H). Individuals with
type II localization were associated with mutations
within exons 26 (R1165C, R1165L, and del L1205-
Q1207) and exon 30 (D1424H, D1424N, and D1424Y).

In the type III group, neutrophil inclusions were not
detected on MGG stained blood smears (Fig. 4, A, C,
and E), and indeed three patients have been diag-
nosed with EPS or isolated macrothrombocytopenia.
However, the pattern of NMMHCA localization was
abnormal, showing a speckled pattern or small dots

Figure 2.
Type I localization pattern of neutrophil NMMHCA in MYH9 disorders. Peripheral blood smears from case 14 (E1841K) (A, B), case 16 (5779delC) (C–E), case 21
(5818delG) (F–H), and case 17 (R1933X) (I–K) were stained with May-Grünwald-Giemsa (A, C, F, I), antiplatelet NMMHCA antibody (B, D, G, J), or anti-NMMHCA
peptide antibody (E, H, K). Inclusion bodies in neutrophils are indicated by arrowheads. Original magnification, �1000.
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scattered throughout the cytoplasm (Fig. 4, B, D, and
F). In each case with type III localization, missense
mutations leading to amino acid substitutions were
detected, N93K and S96L in exon 1 and I1816V in
exon 37. N93K and S96L, detected in an isolated
macrothrombocytopenia in this study, have been re-
ported in a MHA/SBS patient and a FTNS/EPS or a
EPS patient, respectively (Arrondel et al, 2002; The
May-Hegglin/Fechtner Syndrome Consortium, 2000).
I1816V, the novel and first mutation detected in exon
37, was identified in a patient with EPS. This mutation
cosegregated with the EPS phenotype in the family.
These mutations were screened in 50 normal individ-
uals, and none was found (data not shown).

Three cases had normal distribution of NMMHCA
(Fig. 6, B and D), and the clinicopathological manifes-
tation indicated that patient 22 had EPS, and patients
23 and 24 had isolated macrothrombocytopenia. In all
these cases, no MYH9 mutations were found by a
complete mutational screening of the entire 40 coding
exons, suggesting that the abnormal NMMHCA local-
ization is dependent on MYH9 mutation.

Discussion

A variety of clinical spectra of phenotypes caused by
MYH9 mutations, frequently present in various com-
binations, might reflect the diverse functions of
NMMHCA protein and the different influences of
MYH9 mutations on the function of this motor protein
in affected tissues. Alternatively, different properties of
NMMHCA mutants or defects in tissue-specific func-
tional domains may explain the diversity. Previous
studies on genetic analysis of MYH9 have failed to
display a clear relationship between clinical pheno-
types and the sites of the MYH9 mutations (Arrondel et
al, 2002; Heath et al, 2001; Kunishima et al, 2001b).
For example, the clinical phenotype of individuals
sharing the same mutation is variable. First, a muta-

Figure 3.
Type II localization pattern of neutrophil NMMHCA in MYH9 disorders.
Peripheral blood smears from case 3 (R1165C) (A, B), case 7 (delL1205-
Q1207) (C, D), case 9 (D1424N) (E, F), and case 10 (D1424Y) (G, H) were
stained with May-Grünwald-Giemsa (A, C, E, G) or antiplatelet NMMHCA
antibody (B, D, F, H). Inclusion bodies in neutrophils are indicated by
arrowheads. Original magnification, �1000.

Figure 4.
Type III localization pattern of neutrophil NMMHCA in MYH9 disorders.
Peripheral blood smears from case 1 (N93K) (A, B), case 2 (S96L) (C, D), and
case 11 (I1816V) (E, F) were stained with May-Grünwald-Giemsa (A, C, E) or
anti-platelet NMMHCA antibody (B, D, F). Neutrophils from these cases contain
no inclusion bodies. Original magnification, �1000.
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tion, D1424N, originally described in a large Japanese
family with MHA, has been found in patients with SBS,
EPS, and FTNS (Arrondel et al, 2002; Heath et al,
2001; Kunishima et al, 2001a). A nonsense mutation at
R1933 has resulted in MHA, SBS, and FTNS (Arrondel
et al, 2002; Heath et al, 2001; Kunishima et al, 2001a).
Second, the expression of Alport manifestation in
individuals sharing the same mutation is inconsistent
even within a same family (Peterson et al, 1985; Rocca
et al, 1993). The variability in clinical phenotypes and
penetrance suggests that unknown genetic or epige-
netic factors might influence the phenotypic conse-
quences of MYH9 mutations. Although the molecular
mechanisms of the influence by abnormal NMMHCA
in affected tissues need to be clarified, difficulties in
the availability of affected tissue samples such as
kidney or inner ear hamper further histopathologic
investigation. Peripheral blood neutrophils, in which
characteristic cytoplasmic inclusion bodies are
present in affected individuals, are easily available and
thus suitable for hematopathological investigation. We
have found abnormal localization of neutrophil

NMMHCA in MHA and SBS patients, providing the
first evidence that mutations of the MYH9 are related
to the formation of leukocyte inclusions (Kunishima et
al, 2001a). Our findings were recently confirmed by
another group with immunohistochemical examination
(Pecci et al, 2002). However, both studies did not
show the correct subcellular localization of NMMHCA,
and the possible correlation between mutational sta-
tus of the MYH9 gene and localization pattern of
NMMHCA has not yet been examined.

In the present study, abnormal subcellular localiza-
tion of NMMHCA was observed in every neutrophil
from patients with MYH9 disorders (Figs. 2 to 4). Also,
the overall distribution of NMMHCA correlated well
with that of inclusion bodies observed on MGG-
stained blood smears. Furthermore, NMMHCA con-
sistently accumulated at the site of inclusion bodies as
revealed by sequential staining with MGG and
NMMHCA immunostaining (Fig. 5). The simplest inter-
pretation of these results may be that abnormal
NMMHCA aggregates and accumulates in the cyto-
plasm. Previous electron microscopic studies have
demonstrated that the inclusion bodies consist of
ribosomes and microfilaments (Jenis et al, 1971;
Lusher et al, 1968). It is thus conceivable that accu-
mulated NMMHCA interacts with ribosomes or micro-
filaments and that such complex is visible as inclusion
bodies on MGG-stained smears. Further experiments
are required to determine the interaction between
NMMHCA and ribosomes/microfilaments.

Myosins are the family of hexameric proteins com-
posed of two heavy chains and two pairs of light
chains, and they are involved in the motor function for
diverse movements such as cytokinesis, cell shape,
and specialized functions such as secretion and cap-

Figure 5.
Identical localization of inclusion bodies and NMMHCA. A peripheral blood
smear from case 15 with E1841K was sequentially stained with May-Grünwald-
Giemsa (A, C) and antiplatelet NMMHCA antibody (B, D). A consistent
appearance of inclusion bodies and NMMHCA-positive fluorescence was
observed in two neutrophils (A/B, C/D). Inclusion bodies and NMMHCA-
positive fluorescence granules are indicated by arrowheads. Original magnifi-
cation, �1000.

Table 1. Classification of Neutrophil Nonmuscle Myosin
Heavy Chain-A (NMMHCA) Localization Pattern in MYH9
Disorders

NMMHCA-positive granules

Number Shape Size (�m)

Type I 1 or 2 Oval–spindle 0.5–2.0
Type II 3–20 Circle–oval �1
Type III �20 Circle �0.5

Figure 6.
Normal localization of neutrophil NMMHCA from Epstein syndrome and
isolated macrothrombocytopenia without MYH9 mutations. Peripheral blood
smears from case 22 (A, B) and case 23 (C, D) were stained with May-
Grünwald-Giemsa (A, C) or antiplatelet NMMHCA antibody (B, D). Original
magnification, �1000.
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ping (Sellers, 2000). NMMHCA consists of both an
N-terminal motor/head domain, harboring ATP- or
actin-binding functions, and a C-terminal rod/tail do-
main that undergoes homodimerization to form a
coiled-coil rod structure. In MYH9 disorders, the ma-
jority of the mutations have been identified in the rod
domain, clustering in exons 25, 26, 30, 38, and 40.
Mutations in the rod domain might result in disruption
of dimerization or in loss of associations with other
unknown proteins. In that case, the function of the
head domain may not be affected completely. Indeed,
29 amino acid sequences in the C-terminal rod of the
fast IId skeletal myosin are necessary for the assembly
into thick myosin filaments (Sohn et al, 1997). Figure 2
indicates similar immunoreactivity in neutrophils from
individuals with MYH9 truncation mutations, either by
the polyclonal anti-NMMHCA antibody or the anti-
NMMHCA C-terminal peptide antibody (Fig. 2, D and
E, G and H, and J and K, respectively). Therefore, the
wild-type protein participates in the inclusion body
formation, suggesting that the interaction of wild-type
and mutant proteins would produce dominant nega-
tive effects. This finding is quite consistent with the
fact that all MYH9 disorders are inherited with auto-
somally dominant nature.

The localization pattern of neutrophil NMMHCA in
MYH9 disorders can be classified into three groups
according to their number, size, and shape, so we
termed them type I, II, and III. The most characteristic
feature was type I in which NMMHCA formed one or
two large and intensely stained cytoplasmic foci by
four of the MYH9 mutations (E1841K, R1933X,
5779delC, and 5818delG). Exclusively, one or two
large foci were observed in E1841K, 5779delC, and
5818delG. So far, no patients with E1841K have been
diagnosed with SBS (Heath et al, 2001; Kelley et al,
2000; Kunishima et al, 2001a, 2001b; The May-Hegg-
lin/Fechtner Syndrome Consortium, 2000). R1933X,
however, exhibited additional small dots, and two
patients with this mutation were diagnosed with MHA
and the other two with SBS in this study. From the
previous reports, six patients with R1933X have been
diagnosed with MHA and two with SBS (Heath et al,
2001; Kelley et al, 2000; Kunishima et al, 2001a,
2001b; The May-Hegglin/Fechtner Syndrome Consor-
tium, 2000). The inclusions in MHA and SBS are
different in size (MHA � SBS), shape (MHA oval to
spindle, SBS round), and stainability (MHA � SBS)
(Greinacher et al, 1990). Electron microscopic analysis
can differentiate MHA from SBS by subtle ultrastruc-
tural features; in MHA, inclusions consist of ribosomes
aligned along parallel microfilaments, whereas in SBS,
the inclusions lack parallel filaments but are full of
depolymerized ribosomes (Greinacher et al, 1990). In
electron microscopic studies, inclusion bodies are
often difficult to detect in ultrathin section, and if a
small inclusion is present in a section, it is presumed
to be an SBS-type inclusion. Therefore, the presence
of additional small dots might affect the hematologic
diagnosis of patients with R1933X mutation, even
when a single granulocyte contains one or two large
inclusions on MGG-stained blood smears. Type II

neutrophils, consisting of several cytoplasmic spots
with circular to oval shape, are associated with muta-
tions within either exons 26 (R1165C, R1165L, and
1205_1207del) or exon 30 (D1424N, D1424H, and
D1424Y). All the patients with exon 26 mutations were
diagnosed with SBS, whereas those with exon 30
mutations were diagnosed with MHA. This may be
because of the presence of larger NMMHCA-positive
granules with exon 30 mutations rather than exon 26
mutations. However, further studies are required to
interpret the size of immunostainable NMMHCA dots.

Hereditary macrothrombocytopenia is a genetically
heterogeneous disorder, and the molecular mecha-
nisms responsible for the production of giant platelets
are not known (Mhawech and Saleem, 2000). If addi-
tional characteristic clinical or laboratory findings—
such as abnormal platelet morphology, a bleeding
tendency disproportionate to the platelet counts, or
other associated abnormalities—are evident, an ap-
propriate diagnosis can be made (Mhawech and Sal-
eem, 2000). In this regard, detection of leukocyte
inclusions, another characteristic feature and the con-
ventional diagnostic criterion since the first description
by May in 1909, is a necessary prerequisite for a
proper diagnosis of MHA and SBS (May, 1909). Spe-
cial attention is needed to identify the inclusion bodies
because they may not be visible in all granulocytes,
and inclusion bodies tend to become gradually less
stained after blood sampling. Difficulty in discovery of
inclusion bodies may sometimes lead to misdiagnosis
of this disorder, such as a diagnosis of idiopathic
thrombocytopenic purpura. Our current immunofluo-
rescence technique represents a sensitive and accu-
rate alternative to MGG staining in the detection and
classification of the leukocyte inclusions. In particular,
our technique successfully detected an abnormal
speckled staining in neutrophils from patients with
EPS and isolated macrothrombocytopenia associated
with MYH9 mutations in which MGG-stained inclusion
bodies have never been identified (Fig. 4). From the
first description of EPS as a variant form of Alport
syndrome, EPS has been characterized as having no
leukocyte inclusion bodies (Eckstein et al, 1975; Ep-
stein et al, 1972). However, our analysis clearly dem-
onstrated that it is merely unrecognizable on standard
MGG-stained blood smears. Moreover, results also
suggest a genetic heterogeneity for EPS. Indeed, all
three cases with EPS and the isolated macrothrom-
bocytopenia with normal distribution of NMMHCA had
no MYH9 mutations.

In conclusion, immunofluorescence analysis of neu-
trophil NMMHCA is useful for screening macrothrom-
bocytopenias and in the hematopathologic classifica-
tion of MYH9 disorders. It does not require experience
in histopathology and can be performed on stored
blood smears. Finally, the present investigation further
broadens the spectrum of clinical phenotypes associ-
ated with MYH9 defects from the previously described
six clinical phenotypes, MHA, SBS, FTNS, EPS,
Alport-like syndromes, and DFNA17, to an isolated
macrothrombocytopenia.
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Materials and Methods

Patients and Samples

To investigate possible association between the pat-
tern of subcellular localization of neutrophil NMMHCA
protein and the location of the MYH9 mutation, we
examined 24 samples of peripheral blood smears from
patients with MYH9 disorders in which differential
diagnoses of MHA and SBS have been confirmed by
electron microscopic analysis and from suspected
cases (Table 2). Control subjects consisted of a pa-
tient with Bernard-Soulier syndrome caused by a
homozygous nonsense mutation of the glycoprotein
Ib� gene (Kunishima et al, 1994) and several unaf-
fected individuals from the families or sporadic cases.
Peripheral blood was obtained after each individual
gave informed consent for the study and the study had
been approved by the institutional ethical committee.

Immunofluorescence Analysis of Leukocyte NMMHCA

The blood smears from all patients were used for the
microscopic immunofluorescence analysis as de-
scribed previously (Kunishima et al, 2001a). Briefly,
peripheral blood samples were smeared on glass
slides and air-dried. After being permeabilized with
acetone for 1 minute at �20° C, the cells were hy-
drated and blocked with 10% normal swine serum for
10 minutes. Slides were incubated with antihuman
platelet NMMHCA polyclonal antibody (BT561; Bio-

medical Technologies, Stoughton, Massachusetts) at
1:200 dilution and then reacted with rhodamine-
labeled swine antirabbit IgG (DAKO, Glostrup, Den-
mark). The stained cells were examined under a fluo-
rescence microscope (Eclipse E800; Nikon, Tokyo,
Japan). In some experiments, rabbit polyclonal anti-
body raised against the C-terminal peptide sequences
of human NMMHCA (GKADGAEAKPAE, 1950-
1961aa; Berkeley Antibody Company, Richmond, Cal-
ifornia) was used. As negative controls, slides were
incubated with normal rabbit serum instead of the
primary antibody. In each staining experiment, normal
control samples were simultaneously examined.

DNA Analysis of MYH9

Mutational analysis of MYH9 was performed as we
described previously (Kunishima et al, 2001b). First, to
screen for known MYH9 mutations, exons 1, 16, 25,
26, 30, 38, and 40 from genomic DNA from the
patients were amplified by PCR. All amplified PCR
fragments were subjected to restriction fragment
length polymorphism analysis. If none of the reported
mutations were detected, direct sequencing of the
entire 40 coding exons and exon-intron boundaries of
MYH9 were performed. All mutations were verified by
reamplifying from genomic DNA and then repeating
sequencing. The MYH9 cDNA sequence was num-
bered with the first ATG as �1, and amino acid
residues are numbered from the ATG initiation codon
(residue 1) (Saez et al, 1990; Toothaker et al, 1991).

Table 2. Clinical Phenotype, MYH9 Mutations, and Nonmuscle Myosin Heavy Chain-A (NMMHCA) Localization Pattern in
Patients with Autosomal Dominant Macrothrombocytopenia

Family/Case Diagnosis Inheritance Exon Nucleotide substitution Amino acid change NMMHCA localizationa Reference

1 MTCP Familial 1 C279A N93K Type III (Fig 4B) This study
2 MTCP Sporadic 1 C287T S96L Type III (Fig 4D) This study
3 FTNS Familial 26 C3493T R1165C Type II (Fig 3B) Kunishima et al, 2001b
4 SBS Familial 26 C3493T R1165C Type II Kunishima et al, 2001b
5 SBS Familial 26 C3493T R1165C Type II Kunishima et al, 2001b
6 SBS Sporadic 26 G3494T R1165L Type II Kunishima et al, 2001b
7 SBS Familial 26 3613_3621del L1205_Q1207del Type II (Fig 3D) Kunishima et al, 2001b
8 MHA Familial 30 G4270C D1424H Type II Kunishima et al, 2001a
9 MHA Familial 30 G4270A D1424N Type II (Fig 3F) Kunishima et al, 2001a
10 MHA Familial 30 G4270T D1424Y Type II (Fig 3H) Kunishima et al, 2001b
11 EPS Familial 37 A5446G I1816V Type III (Fig 4F) This study
12 MHA Familial 38 G5521A E1841K Type I Kunishima et al, 2001a
13 MHA Familial 38 G5521A E1841K Type I Kunishima et al, 2001b
14 FTNS Familial 38 G5521A E1841K Type I (Fig 2B) Kunishima et al, 2001b
15 MHA Familial 38 G5521A E1841K Type I (Fig 5B, D) This study
16 MHA Familial 40 5779delC Frameshift Type I (Fig 2D, E) Kunishima et al, 2001a
17 SBS Familial 40 C5797T R1933X Type I (Fig 2J, K) Kunishima et al, 2001a
18 MHA Familial 40 C5797T R1933X Type I Kunishima et al, 2001a
19 MHA Familial 40 C5797T R1933X Type I Kunishima et al, 2001b
20 SBS Sporadic 40 C5797T R1933X Type I Kunishima et al, 2001b
21 MHA Familial 40 5818delG Frameshift Type I (Fig 2G, H) Kunishima et al, 2001b
22 EPS Familial ND ND Normal (Fig 6B) This study
23 MTCP Familial ND ND Normal (Fig 6D) This study
24 MTCP Familial ND ND Normal This study

MTCP � macrothrombocytopenia; FTNS � Fechtner syndrome; SBS � Sebastian syndrome; MHA � May-Hegglin anomaly; EPS � Epstein syndrome; ND � not
detected.

a NMMHCA localization pattern of neutrophils are categorized into type I, II, and III, as described in Table 1. Representative neutrophils are shown in Figures 2 to
6.
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