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Ultrastructural analysis of granulocyte inclusions
in genetically confirmed MYH9-related disorders 

Background and Objectives. MYH9-related disorders are autosomal dominant heredi-
tary macrothrombocytopenias caused by mutations in the MYH9 gene. This gene encodes
the non-muscular myosin heavy chain type II A (MHCIIA). Among these disorders, May-
Hegglin anomaly (MHA), Sebastian syndrome (SS), and Fechtner syndrome (FS) are asso-
ciated with different types of ribosome inclusions in granulocytes. FS also exhibits Alport-
like manifestations: nephropathy, neurosensory deafness, and cataracts. The aim of our
study was to assess the granulocyte inclusion ultrastructure in genetically confirmed
MYH9-related disorders.

Design and Methods. Ten individuals were studied. All fulfilled the clinical and labora-
tory findings to be diagnosed as having an MYH9-related disorder. The ultrastructure of
50 granulocyte sections for each patient was examined, and the percentages of the dif-
ferent types of inclusion were established. Mutations of the MYH9 gene were also ana-
lyzed. 

Results. The patients were classified as having MHA if the inclusions contained paral-
lel longitudinal filaments. If not, they were classified as having SS or FS. FS patients also
showed Alport-like manifestations. In all syndromes we observed a wide variability of the
inclusion ultrastructure. Moreover, a small number of inclusions typical of other syn-
dromes was observed. A new cross-striated inclusion variant was identified in SS. A sig-
nificant number of pure ribosome aggregates were identified in all syndromes. 

Interpretation and Conclusions. Like other MYH9-related traits, the variation and par-
tial overlap in the inclusion ultrastructure could be attributed to specific changes in the
polymerization, assembly, or stability of the MHCIIA. These changes might be associated
with MYH9 gene mutations as well as with its heterogeneous expression.

Key words: MYH9-related disorders, May-Hegglin anomaly, Fechtner syndrome,
Sebastian syndrome, granulocyte inclusions.

MYH9-related disorders are a group
of autosomal dominant hereditary
macrothrombocytopenias charac-

terized by few hemorrhagic manifestations,
large platelets in blood smears, and, in the
majority of cases, Döhle-like inclusions in
granulocytes. This association was reported
for the first time by May1 and Hegglin.2 The
granulocyte inclusions in the May-Hegglin
anomaly (MHA) appear as blue-grayish spots
under light microscopy (Figure 1). They are
pyroninophilic using methyl-green-pyronin
staining, indicating their RNA nature.3 The
same syndrome has also been reported in
one family whose members additionally suf-
fered clinical manifestations of nephropa-
thy, high tone neurosensory deafness, and
cataracts resembling Alport syndrome.4,5 The
inclusions of this disorder -the Fechtner syn-
drome (FS)- were less prominent than those
observed in MHA. Identical inclusion mor-

phology was subsequently demonstrated in
a family with macrothrombocytopenia but
without Alport features: the Sebastian syn-
drome (SS).6,7

At the ultrastructural level, all inclusions
are partially limited by short strands of
rough endoplasmic reticulum (RER) filled
with ribosomes,4,6 and, in the MHA type,
also show fine electron-dense filaments
organized along the long axis of the inclu-
sion (Figures 2A, 2B, 3A). A distinct inclu-
sion type has been identified in one FS fam-
ily:8 this is elongated spindle-shaped inclu-
sion  body filled with clusters of ribosomes
arranged in a banded, cross-striated organ-
ization (Figure 4A). Another type of inclu-
sion has recently been reported in SS:9 this
is mainly elongated, membrane-free, and
filled with ribosomes. Some inclusions
reveal a sharp bend in the rod, like the let-
ter L, or are relatively spherical. These inclu-
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sions are segmented by fragments of smooth endo-
plasmic reticulum (SER) together with glycogen par-
ticles, which give a cross-striated appearance.

Genetic studies have demonstrated that all of these
syndromes are associated with mutations in the MYH9
gene located in chromosome 22q11.2, which encodes
non-muscle myosin heavy chain IIA (MHCIIA).10 Even
in the Epstein syndrome, which has most features of
FS but lacks granulocyte inclusions, mutations in the
same gene have been detected.11 All of these findings
suggest that different types of mutations in MYH9
gene result in the distinct phenotypic syndromes,
which are allelic variants. Accordingly, it has recently
been proposed that this group of diseases be defined

as MYH9-related disorders12 or MHCIIA syndromes.13 In
contrast, the true Alport syndrome is caused by muta-
tions in the α chain of type IV collagen genes located
on chromosomes X, 2, and 13.14

The human non-muscular myosins, type A and type B,
are widely co-expressed in tissues but some tissue sites
have differential expression.15 MHCIIA is preferentially
expressed in the cochlea and kidney, and is the exclu-
sive myosin heavy chain in granulocytes and platelets.
This may explain the limited pathology observed when
MCHIIA is genetically abnormal, and also the predom-
inance of granulocyte and platelet anomalies.

In our previous experience with hereditary macro-
thrombocytopenias with granulocyte inclusions, we

Figure 1. Granulocyte inclusions: light microscopy. Air-
dried blood films stained with May-Grünwald-Giemsa (×¥
1000) showing: a) one giant platelet, and one neutrophil
granulocyte with a bright blue spindle-shaped inclusion
(near the cell membrane) typical of the May-Hegglin
anomaly; b) two giant platelets, and one neutrophil gran-
ulocyte with two faint-blue irregularly-shaped inclusions
(arrows), typical of the Sebastian and Fechtner syn-
dromes.

Figure 2. May-Hegglin inclusions. Electron micrographs of
neutrophil granulocytes showing:  a) a cell with normal
morphology, except for one cytoplasmic inclusion body; b)
an inclusion composed of clusters of ribosomes, seg-
ments of rough endoplasmic reticulum and electron-dense
filaments oriented along the long axis of the inclusion;
bars = 1 µmm.

Figure 3. Fechtner/Sebastian inclusions. Electron micro-
graphs of neutrophil granulocytes showing: a) the typical
inclusion described in Fechtner and Sebastian syndromes
composed of clusters of ribosomes, and segments of
rough endoplasmic reticulum but no longitudinal fila-
ments; b) an inclusion  with a similar composition reveal-
ing a cross-striated distribution of its ribosome matrix;
bars = 1 µmm.

Figure 4. Fechtner inclusions. Electron micrographs of a
basophil and a neutrophil granulocyte, each showing elon-
gated inclusions composed of clusters of ribosomes, in a
banded cross-striated organization without any filaments;
a) in the basophil, the inclusion is located in the perinu-
clear area and the bands are oriented radially; b) in the
neutrophil the inclusion is much more elongated and cov-
ers a larger area of the cytoplasm; bars = 1 µmm.
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noted that inclusion numbers and ultrastructural mor-
phology vary greatly among different members of the
same family and over time in the same individual.
Moreover, mixed types of inclusions could be observed
in different cells of the same sample, and even in the
same cell. 

The aim of the present study was to assess the gran-
ulocyte inclusion characteristics in 10 cases of genet-
ically confirmed MYH9-related disorders. This assess-
ment included numerical evaluation of the granulocyte
inclusions, the proportion of the classic and new types
of inclusions and, in a selected group of patients, their
variations during a two-year follow-up.

Design and Methods

Ten individuals from 5 unrelated families were
enrolled in the study (Table 1). Some aspects of family
D have been previously reported.8,16 Informed consent
to this study was obtained from all the participants
according to the Declaration of Helsinki. The diagnosis
of an MYH9-disorder was based on clinical and labora-
tory findings including granulocyte ultrastructure and
genetic studies. A full clinical evaluation was done in all

individuals and included assessment of bleeding, kidney
function, hearing and sight. In addition to standard
blood and biochemistry tests, a phase microscopy
platelet count, 17 and a careful examination of granu-
locytes and platelets by light microscopy were per-
formed. Moreover, a granulocyte ultrastructural study
and mutational analysis of the MYH9 gene were carried
out. In 5 patients (A1, B4, C5, D7, D9), a second evalu-
ation was made approximately two years later.

Light microscopy
Air-dried blood films, obtained without anticoagu-

lant, were stained with panoptic May-Grünwald-
Giemsa buffered at pH 7.8, within 3 hours of with-
drawal. Using an immersion oil objective, 100 granu-
locytes were examined and the percentage of these
containing inclusions was determined. Size, shape and
clarity of the inclusions, as well as their number per
cell and the granulocyte classes containing them were
evaluated. The general morphology of platelets and
red blood cells was examined and platelet size meas-
ured on the same non-anticoagulated blood smear.
Platelets measuring 4.0 µm or more in diameter are
considered as giant. Blood films were also stained with
methyl-green-pyronin6 and periodic acid Schiff (PAS).18

Table 1. MYH9-related disorders with granulocyte inclusions: general data, gene mutations, and light microscopy
results.

Diagnosis Family Familial Age MYH9 gene *Platelet counts °Giant Fraction of Predominant
Case relationship Sex mutations (×109/L) platelets granulocytes inclusion

Electronic Microscopic (%) with type
inclusions  (%)

MHA A1 Proband 53 F E1841K exon 38 35 80 62 92 Bright blue
spindle-shaped

MHA A2 Mother 78 F nd 75 130 25 98 Bright blue
spindle-shaped

SS B3 Proband 30 F R1933X exon 40 13 90 21 69 Faint blue
irregular-shaped

SS B4 Mother 55 F R1933X exon 40 40 94 7 61 Faint blue
irregular-shaped

SS C5 Proband 38 F R1933X exon 40 35 87 12 74 Faint blue
irregular-shaped

SS C6 Son 12 M R1933X exon 40 24 93 31 69 Faint blue
irregular-shaped

FS D7 Proband 70 F R1165C exon 26 75 154 15 46 Faint blue
irregular-shaped

FS D8 Daughter 33 F R1165C exon 26 68 85 15 47 Faint blue 
irregular-shaped

FS D9 Daughter 44 F R1165C exon 26 81 153 13 67 Faint blue
irregular-shaped

FS E10 Proband 58 M D1424Y  exon 30 16 60 53 95 Faint blue
irregular-shaped

*Platelet counts (normal range is 150 to 350); °Giant platelets: platelets of 4.0 µm or more in diameter (non-anticoagulated blood films); nd: not determined; 
MHA: May-Hegglin anomaly; SS: Sebastian syndrome; FS: Fechtner syndrome. 

                



Granulocyte ultrastructure
For granulocyte ultrastructure examinations, the

samples were obtained and processed as previously
described.19 Briefly, buffy coats of citrated blood were
fixed with 1.5 % glutaraldehyde in 0.1 M cacodylate
buffer at pH 7.3. Specimens were then postfixed in 1
% osmium tetroxide in the same buffer, dehydrated in
graded series of ethanol, and embedded in Epon 812
following standard methods. The ultrathin sections
were stained with uranyl acetate and lead citrate and
were observed, in a blinded fashion, in a Hitachi 600
AB transmission electron microscope with an acceler-
ating voltage of 80 KV. Apart from examining the gen-
eral cellular traits, a careful analysis of the inclusions
was carried out in granulocyte electron micrographs.
Beside its size and shape, the structures contained in
the inclusion (RER, SER, single ribosomes and clusters,
filaments, amorphous material) and their organization
were evaluated. The percentages of the different types
of inclusion were determined, based on these obser-
vations in a minimum of 50 granulocyte sections. The
results were compared with those obtained in a group
of 15 healthy individuals.

Genetic studies
Genetic analysis of MYH9 was performed as previ-

ously described. 20 Briefly, each of the 40 coding exons
of MYH9 was amplified individually by polymerase
chain reaction (PCR) from genomic DNA isolated from
peripheral blood. PCR products were directly
sequenced. Exons with variants were confirmed by
sequencing on the opposite strand and/or by restric-
tion fragment length polymorphism analysis.

Results

Age, sex, familial relationships, and the specific type
of MYH9-related disorder of the 10 cases studied are
shown in Table 1. Different degrees of thrombocy-
topenia were observed in the electronic counts of all
individuals. Platelet counts performed by phase
microscopy showed a thrombocytopenia that was
much less marked; in two individuals the counts were
even in the minimum normal range. Granulocyte inclu-
sions and a family history revealing an autosomal
dominant hereditary pattern were present in all cas-
es. Some patients suffered from a mild hemorrhagic
diathesis, manifested mainly as easy bruising and
mucous bleeding (A1, B3, B4, C5, D7, D8, D9). No hem-
orrhagic manifestations were observed in the remain-
ing cases. Following previously established diagnostic
criteria,21 the individuals without Alport-like manifes-
tations were classified as having MHA if their granu-
locyte inclusions clearly exhibited the classic filaments

along the longitudinal axis. When longitudinal fila-
ments were absent in more than 90 % of inclusions,
the patients were classified as having SS. The patients
who additionally developed a progressive high tone
neurosensory deafness were classified as having FS.
None of our patients had other Alport-like features
such as nephropathy or cataracts. 

Light microscopy
The frequency of granulocyte inclusions and their

characteristics, together with the percentage of giant
platelets are reported in Table 1. Inclusions were seen
in neutrophils, eosinophils, basophils, and monocytes,
although these last cells were not included in the quan-
titative evaluation. Typical bright blue spindle-shaped
MHA inclusions, about 2-5 µm in length, were found
mainly in the MHA patients. They were generally single
(occasionally two per cell) and mainly, but not exclu-
sively, located in the periphery of the cytoplasm (Figure
1A). Faint blue irregularly shaped inclusions, about 1-2
µm in diameter, were mainly observed in the cases of
SS and FS (Figure 1B). These frequently appeared singly
or in pairs but sometimes, 3 or more small inclusions
were seen in all areas of the cytoplasm. Although the
predominant inclusion type remained constant, the
number of inclusions varied over time in some patients
(Table 3). The cytoplasm of granulocytes stained nor-
mally with PAS stain. However, the inclusions were PAS
negative, and were thus seen as well-defined clear
areas. In contrast, the inclusions were pyroninophilic
with the methyl-green-pyronin staining.

Granulocyte ultrastructure
The general ultrastructural morphology of granulo-

cytes was typically normal including nuclear chro-
matin and lobulation, and cytoplasmic granulation.
Granulocyte inclusions were located in cytoplasmic
areas devoid of granules. A single inclusion was gen-
erally present for each cell section but in some cells
two or more could be detected. Apart from the classic
MHA and FS/SS inclusion types and the elongated
cross-striated inclusion previously described, some
new inclusion types were observed (Tables 2 and 3).
Although a predominant inclusion class was present in
most patients, generally more than one class appeared,
even in the same cell. Overall, the following granulo-
cyte inclusions were identified.

MHA inclusions. The MHA inclusions were general-
ly spindle-shaped bodies about 1.7 to 4.5 µm in length
and 0.9 to 1.8 µm in width (Figure 2). They were not
enclosed by membrane and usually showed some frag-
ments of RER in the periphery. Single and clustered
ribosomes were the main constituents of the matrix,
which also contained filaments (about 7-10 nm thick).
These filaments always appeared organized in parallel
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along the long axis of the inclusion. 
Classic FS/SS inclusions. The classic FS/SS Inclusions

were round (about 0.9 – 1.3 µm in diameter) or oval
(about 1.2 – 3.5×0.9 – 1.5 µm), and not enclosed by
membranes. Most of them showed one or more seg-
ments of RER, preferentially in the periphery but some-
times in the matrix of the inclusion (Figure 3A). They
contained single and clustered ribosomes and, some-
times, faint unorganized filaments.

FS/SS inclusions with cross-striated bands. These
inclusions, which were about 1.5 – 3.5 µm long and 1.0
– 1.4 µm wide, looked like typical FS/SS inclusions but
showed cross-striated bands of polyribosomes in their
matrix (Figure 3B). The bands had a similar but more
variable periodicity than the elongated-cross-striated
inclusions described above.

Elongated cross-striated inclusions. These elongated

inclusions were generally spindle-shaped and about
2.2 to 7.1 µm in length and 0.3 to 0.6 µm in width
(Figure 4). They were filled with clustered particles
whose size (12 to 20 nm in diameter) and morpholo-
gy were characteristic of ribosomes.22 These particles
followed a cross-striated organization (about 290-350
nm in periodicity) and were accompanied by an amor-
phous background which was denser than the sur-
rounding cytoplasm. Sporadically the inclusions
showed a few segments of RER but not filaments. The
elongated cross-striated inclusions could be located
on the periphery of the nucleus, where they appeared
slightly curved with the ribosome bands radially ori-
ented (Figure 4A) or could be more elongated cover-
ing a long cytoplasmic area (Figure 4B).

Ribosome aggregates. Irregularly-shaped pure ribo-
some aggregates (ribosomes and/or polyribosomes)
without strands of RER or filaments, measuring about
0.6 – 1.2 µm in diameter, were observed in all patients
and healthy individuals (Figure 5), being much larger
and abundant in the patients.

Other inclusion types. True Döhle bodies, made up of
roughly parallel fragments of RER, were sporadically
detected, and, in some cases, a number of pure SER
inclusions were also observed.

Genetic studies
Within each family, the same mutation was identi-

fied in all affected members (Table 1). No mutations
were detected in any unaffected individual.

Discussion

MYH9-related disorders with granulocyte inclusions
are a group of autosomal dominant macrothrombocy-
topenias with a weak expression of bleeding diatheses,
large platelets in blood smears, and Döhle-like inclu-

Table 2. MYH9-related disorders: granulocyte inclusion
ultrastructure.

Diagnosis Family *Inclusion types (%) 
Case MHA FS/SS ECS RA

Classic Cross
striated

MH A1 58 38 0 0 4
MHA A2 36 43 0 0 21
SS B3 2 41 37 0 20
SS B4 0 30 36 0 34
SS C5 0 50 24 0 26
SS C6 0 37 13 0 50
FS D7 0 17 0 18 65
FS D8 0 34 0 10 56
FS D9 0 12 0 8 80
FS E10 0 42 0 16 42

*Inclusion types per 100 inclusions;  MHA: May-Hegglin anomaly;
SS: Sebastian syndrome; FS: Fechtner syndrome; ECS: elongated ribosomic-banded
cross-striated inclusions without endoplasmic reticulum segments;
RA: ribosome aggregates without other structures.

Table 3. MYH9-related disorders: follow-up results of 5 patients.

Diagnosis Family- *Platelet Light microscopy: **Granulocyte ultrastructure: inclusion types (%)
Case counts fraction of granulocytes FS/SS

(×109/L) with inclusions (%) MHA classic cross-striated ECS RA

MHA A1 (1) 80 92 58 38 0 0 4
(2) 95 97 73 23 0 0 4

SS B4 (1) 94 61 0 30 36 0 34
(2) 93 88 8 47 8 0 37

SS C5 (1) 87 74 0 50 24 0 26
(2) 64 35 18 31 28 0 23

FS D7 (1) 154 46 0 17 0 18 65
(2) 134 60 0 59 0 3 38

FS D9 (1) 153 67 0 12 0 8 80
(2) 181 80 0 76 0 5 19

*Microscopic platelet counts (normal range is 150 to 350); **Inclusion types per 100 inclusions; MHA: May-Hegglin anomaly; SS: Sebastian syndrome;
FS: Fechtner syndrome; ECS: elongated ribosomic-banded cross-striated inclusions without endoplasmic reticulum segments; RA: ribosome aggregates without
other structures; (1), (2): first, and second evaluation.

                                          



sions in granulocytes. These disorders include MHA, SS,
which can be differentiated by subtle ultrastructural
inclusion features, and FS, which includes associated
clinical manifestations resembling the Alport syndrome:
nephritis, high tone neurosensory deafness, and/or
cataracts.21,23 Mutations in the MYH9 gene, which
encodes for the MHCIIA, have been reported in each of
these syndromes and thus it can be agreed that all of
these syndromes represent phenotypic variations of the
same genetic anomaly.10

We studied granulocyte inclusions in a group of 10
patients from 5 unrelated families with MYH9-related
disorders. As previously described, we found a wide
range in the proportion of inclusions seen under light
microscopy.21 This variation was also observed over time
in some patients, though the predominant inclusion
type remained constant (Table 3).

Ultrastructural evaluation of our patients’ samples
revealed a great variability in the number and morphol-
ogy of granulocyte inclusions even among members of
the same family (Table 2) and in the same patient over
time (Table 3). The typical MHA inclusions (Figure 2)
were found in significant amounts in both patients clas-
sified as having MHA. Moreover, these inclusions were
identified in 2 % of cells in one SS patient (B3). Curi-
ously, the other member of the same family (B4) showed
8 % of MHA inclusions in the second evaluation
although these had not been observed in the first study.
Another individual (C5), classified as having SS due to
lack of MHA inclusions in the first study, also exhibited
MHA inclusions in the second evaluation (18 %). On the

other hand, typical FS/SS inclusions were observed in
variable amounts in all individuals, including those clas-
sified as having MHA (Table 2). Various technical aspects
can influence granulocyte ultrastructure, such as sec-
tioning: for example, a transverse plane of section of an
MHA inclusion would appear as an FS/SS inclusion giv-
en that the cross sectioning would hide the longitudi-
nal filaments. Variations in ultrastructure processing are
additional causes of discrepancy. Despite these techni-
cal considerations, the morphologic variability observed
was not sufficient to prevent the definition of a char-
acteristic inclusion pattern in each patient.

The main type of inclusions found under electron
microscopy in our SS and FS patients was the classic
FS/SS inclusion (Figure 3A). We also observed similar
inclusions presenting a cross-striated arrangement of
ribosomes (Figure 3B). These inclusions are different
from the SS compartmentalized inclusions reported by
White et al.9 in which fragments of SER and glycogen
particles produce segmentation. It cannot be ruled out
that the different processing methodology, especially
fixation, could account for the absence of these inclu-
sions in our patients. However, the different processing
cannot explain the lack of inclusions that have a sharp
bend resembling the letter L in our samples.

All our FS patients also showed elongated spindle-
shaped cross-striated inclusions, which have been pre-
viously observed in the perinuclear area.8 In the pres-
ent study these inclusions were also detected in a wide
cellular area in all parts of the cytoplasm (Figure 4). 

A significant number of pure ribosome aggregates
were identified in all the cases studied (Figure 5). To
the best of our knowledge these have not been previ-
ously described in MYH9-related disorders. This obser-
vation could be related to the recently describe tech-
nique using MHCIIA immunocytochemistry.12,23,25

Employing this technique, the MHCIIA stain is diffuse-
ly distributed in the cytoplasm of normal granulocytes,
whereas it makes up typical clusters in MYH9-related
disorders. Using conventional stainings and light
microscopy, the number of granulocyte inclusions
observed is usually limited to one or two per cell where-
as immunocytochemistry reveals a higher number of
spots, including many small spots. Interestingly, the
clustered MHCIIA is located within the basophil cyto-
plasmic inclusions that can be observed using conven-
tional blood film staining. Moreover, the presence of
ribosomes in the granulocyte inclusions had been pre-
viously established with the aid of the methyl-green-
pyronin staining, and ultrastructural examinations.3,26

Although more specific studies (e.g. ultrastructural
immunocytochemistry) should be performed to demon-
strate this, the relevant number of ribosome aggregates
and their spatial distribution resembling that of the
MHCIIA clusters would suggest a relationship between
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Figure 5. Ribosome aggregates. Electron micrograph of
a neutrophil granulocyte showing two pure aggregates
of ribosomes (arrowheads); bar = 1 µmm.
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both structures. 
Myosins are hexameric enzymes that convert ATP

energy to mechanical work through their ATP-ase activ-
ity on actin.  The type A non-muscle myosin is composed
of two chains of MHCIIA and two distinct pairs of light
chains.27 Each heavy chain N terminus forms a globu-
lar head, complexed to a pair of light chains, which con-
tain the actin- and ATP-binding sites. The C terminus,
where the regulatory activity resides, forms an exclusive
two-chain a-helical coiled-coil with a non-helical tail-
piece on the end and is responsible for myosin filament
polymerization. Several distinct mutations of the MYH9
gene have been reported in hereditary macrothrombo-
cytopenias, more frequently, involving the α-helical
coiled-coil and tailpiece.10 Mutations in this site are
thought to inhibit filament assembly leading to a fail-
ure in cytoskeletal reorganization.27,28 The head-myosin
mutations generally correspond to MYH9-related dis-
orders with Alport-like manifestations whereas those
in the coiled-coil or tailpiece are more frequent in MHA
and SS. The relative lack of correspondence between
genetic mutations and phenotype as well as the wide
phenotypic variations observed among members of the
same family might be due to additional genetic fac-
tors,13 environmental influences, or stochastic varia-
tion.  Our genetic studies revealed mutations in the
MYH9 gene, specifically the C terminal domain of
MHCIIA, in all patients. Despite the limited number of
cases, we observed a correlation between the genetic
mutation and the phenotype. The E1841K mutation was
associated with the MHA phenotype. Although this
genetic anomaly has mainly been described in MHA
patients it has also been described in some FS and
Epstein cases.13,20,25,29,30 The nonsense R1933X muta-
tion, which is known to produce a truncated C terminal
MHCIIA, was detected in the individuals classified as
having SS. Despite being reported in a few cases of SS,
the R1933X mutation has more frequently been found
in individuals with MHA.13,20,25,29-31 This mutation has
also been identified in some FS individuals suffering
from nephropathy as the sole Alport-like feature.13,32 In
one of our FS families a mutation producing amino acid
changes in position 1424 was detected (D1424Y).
Although other mutations in this position have been
mainly reported in FS, they have also been found in all
types of MYH9 disorders.23 The other FS family showed
an R1165C mutation, previously described in FS,
although this has also been found in SS.29,30

Seri et al.33 recently analyzed the genotype-pheno-
type correlations in a large number of patients with
MHY9-related disorders. Interestingly, after an accu-
rate clinical and laboratory evaluation, they found some
Alport-like manifestations in a number of patients pre-
viously classified as having MHA or SS. In the light of
these findings, it would be possible to infer an improve-
ment in the genotype-phenotype correlation if the ini-
tial diagnoses (MHA, SS) were changed to FS. The muta-
tions at the end of the myosin coiled-coil, especially at
the most terminal exons, would be more frequently
associated with MHA or SS. In contrast, the mutations
in the region closer to the myosin head would be more
frequently associated with Alport-like manifestations:
FS and Epstein syndrome. Despite the small number of
cases studied, our results follow the same tendency
reflected in the aforementioned article. The mutations
detected in the terminal region of the coiled-coil (exons
38 and 40) were observed in MHA and SS whereas those
located in a region closer to the myosin head (exons 26
and 30) were observed in FS. As for the granulocyte
inclusions, our results suggest that their ultrastructur-
al characteristics could be associated with specific gene
mutations: 1) the E1841K mutation with a high num-
ber of MHA inclusions, accompanied by a number of
FS/SS inclusions, 2) the R1933X mutation with FS/SS
inclusions including the classic and the cross-striated
types, and 3) the R1165C, and D1424Y mutations with
elongated cross-striated inclusions together with clas-
sic FS/SS. On the other hand, the presence of different
inclusion types in the same patient, and even in the
same cell, seem to confirm the close relationship among
the MYH9-related disorders. It is reasonable to assume,
therefore, that the ultrastructural morphology of the
inclusions can be attributed to specific changes in the
polymerization, assembly, or stability of the MHCIIA.
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