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The May-Hegglin anomaly is characterized by inherited thrombocytopenia, giant platelets, and leuko-
cyte cytoplasmic inclusion bodies. The Fechtner, Sebastian, and Epstein syndromes are associated with
mutations of the MYH9-coding nonmuscle myosin heavy chain IIA, similar to the May-Hegglin anom-
aly, and are together classified as MYH9 disorders. MYH9 disorders may include symptoms of Alport
syndrome, including nephritis and auditory and ocular disorders. A 6-year-old boy was diagnosed with
an MYHY disorder after incidental discovery of hematuria and proteinuria. Focal segmental glomerulo-
sclerosis was detected on renal biopsy. However, despite no prior bleeding diatheses, he developed a
large post-biopsy hematoma despite a preprocedural platelet transfusion calculated to increase the
platelet count from 54,000/pL to >150,000/pL. Idiopathic thrombocytopenic purpura is a major cause of
pediatric thrombocytopenia following acute infection or vaccination, and patients with MYH9 disorders
may be misdiagnosed with idiopathic thrombocytopenic purpura and inappropriately treated with cor-
ticosteroids. Careful differential diagnosis is important in thrombocytopenic patients with hematuria
and proteinuria for the early detection of thrombocytopenia. Patients with MYH9 disorders require
close follow-up and treatment with angiotensin II receptor blockers to prevent the onset of progressive
nephritis, which may necessitate hemodialysis or renal transplantation. The need for renal biopsy in pa-
tients with MYH9 disorders should be carefully considered because there could be adverse outcomes
even after platelet transfusion. (] Nippon Med Sch 2021; 88: 579-584)
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Introduction
The May-Hegglin anomaly, characterized by a triad of
thrombocytopenia, macrothrombocytopenia, and leuko-
cyte cytoplasmic inclusions (e.g., Dohle bodies), is a rare
inherited thrombocytopenic macrothrombocytopenia that
results from an MYH9 gene anomaly, which generates a

nonmuscle myosin heavy chain IIA (NMMHC-IIA) mu-

tant'”. It has an incidence of 1 in 20,000° and occurs
across a broad age range, although predominantly in
young adults*’. MYH9 disorders are difficult to diagnose
because of nonspecific symptoms or unclear investiga-
tional findings.

We report an MYH9 disorder in a 6-year-old boy who

underwent renal biopsy with hematuria and proteinuria
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Fig. 1 Hematological analysis of a peripheral blood sam-

ple
Giant platelets (arrowhead) and Dohle body (ar-

row; agglomeration of modified myosin protein)
stained blue in granulocytic cytoplasm (hematoxy-
lin-eosin staining, x400).

and consequently sustained a large post-biopsy hema-
toma despite preprocedural platelet transfusions. We fo-
cus on the need for invasive investigations for differential

diagnosis and associated adverse outcomes.

Case Report
A 6-year-old boy was referred to our hospital in Tokyo,
Japan for the evaluation of hematuria and proteinuria
that were incidentally detected during a routine school
health checkup. The patient was asymptomatic and had
no relevant medical or family history of kidney disease.
His urinary protein-to-creatinine ratio was high at 3.09
g/gCre (normal <0.15g/gCre). He had thrombocy-
topenia (platelet count 54,000/uL) but no purpura, hema-
toma, or bleeding diathesis. Hematology revealed several
giant platelets (Fig. 1, arrowheads) and leukocytes with
Dohle bodies (Fig. 1, arrow), which indicated an MYH9
disorder, characterized by thrombocytopenia (Table). He
had no cataracts or hearing loss, which are associated
with some MYH9 disorders. A renal biopsy was planned
to determine the extent of glomerulonephritis for further
clinical workup and treatment planning. Considering his
young age, we aimed to prevent a future necessity for
hemodialysis or renal transplantation. Pre-procedurally,
10 units of platelets were transfused to increase his plate-
let count to approximately 150,000/pL. Under intrave-
nous sedation and anesthesia, renal biopsy was per-
formed uneventfully with minimal blood loss. Three
hours post-biopsy, he complained of abdominal pain and
nausea. Ultrasonography revealed a hypoechoic region,

indicative of a large hematoma, extending along two-
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Table Results of the patient’s initial investigations

Parameters Values
White blood cell (mm3/uL) 7,100
Hemoglobin (g/dL) 13.5
Platelet (mm3) 54
Dohle bodies Positive
Megathrombocytes Positive
Bleeding time (m) 6
International normalized ratio of prothrombin time  1.09
Activated partial thromboplastin time (s) 27.7
Fibrinogen (mg/dL) 274
Hepaplastin test (%) 93
antithrombin IIT (%) 131.6
Fibrin/fibrinogen degradation products (ug/mL) <25
D-dimer (ug/mL) 0.73
Aspartate aminotransferase (IU) 26
Alanine aminotransferase (IU) 15
Lactate dehydrogenase (IU) 300
Total protein (g/dL) 6.1
Albumin (g/dL) 3.8
Blood urea nitrogen (mg/dL) 13.3
Creatinine (mg/dL) 0.33
Sodium (mEq/L) 142
Potassium (mEq/L) 4.4
Chloride (mEq/L) 106
Calcium (mEq/L) 9.0
Phosphorus (mEq/L) 4.8
Magnesium (mEq/L) 1.9
Cystatin C (mg/L) 0.87

Platelet-associated immunoglobulin G (ng/107 cells) 109

Antiplatelet antibody Negative

thirds of the kidney from the superior pole to the lateral
convex border, and an echo-free space in the Pouch of
Douglas. He became febrile 7 days after renal biopsy and
was managed with complete bed rest, analgesics, icepack
application, and empirical antibiotic therapy for a sus-
pected hematoma infection. Absorption fever secondary
to increased cytokine levels and activity during hema-
toma absorption was considered.

Contrary to expectations, the hematoma persisted after
his fever subsided, and bedside ultrasonography on al-
ternate days showed a hypoechoic region. The hematoma
gradually pooled at the superior renal pole. Computed
tomography revealed a persistent hematoma 7 days post-
biopsy, indicating continuous low-volume bleeding/ooz-
ing from the kidney puncture site. We transfused 10
units of platelets over 3 days, and his platelet count in-
creased to 228,000/pL. Thereafter, the hematoma disap-
peared, and he was discharged 18 days after the biopsy.
Genetic testing revealed that a mutation of exon 24 on

MYH? caused his hematuria and proteinuria’, and an an-
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Fig. 2 Light microscopy findings in a renal biopsy specimen
Among 34 glomeruli (a: Periodic acid silver-methenamine (PAM) stain, x150; b: Masson stain, x200), two are globally sclerotic
(a: arrowhead). The glomeruli have minor abnormalities, and some had segmental glomerulosclerosis (b: arrow). Three glomer-

uli show segmental glomerulosclerosis with exudative lesions in the perihilar region (c—e: arrow) (c, d: Periodic acid-Schiff stain,

x600; e: PAM stain, x600), indicative of perihilar focal segmental glomerulosclerosis. An arcuate artery is present in the renal

corticomedullary area (f: PAM stain, x200).

Fig. 3 Myosin expression in the patient’s podocytes
Intraglomerular weak and irregular myosin expression shown using immunofluorescence (a: x600) and

immunohistochemistry (b: x600).

giotensin II receptor blocker was prescribed to maintain
his renal function’.

Histology revealed that the biopsy specimen had 34
glomeruli: two glomeruli were globally sclerotic (Fig. 2a),
and three exhibited segmental glomerulosclerosis with
exudative changes and perihilar adherence to Bowman’s
capsule (Fig. 2b-e). The remaining glomeruli had minor

abnormalities; no arteriolar changes were noted (Fig. 2f).
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These findings indicated perihilar focal segmental
glomerulosclerosis (FSGS). Focal tubular atrophy, intersti-
tial fibrosis, and mild mononuclear cell infiltration
around the atrophic tubules were apparent. Immunofluo-
rescence staining showed nonspecific complements.

Renal NMMHC-IIA expression was evaluated with im-
munofluorescence (Fig. 3a) and immunohistochemistry
(Fig. 3b) using the rabbit polyclonal human NMMHC-
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Fig. 4 Electron microscopy of podocytes

The foot processes of podocytes, containing microvilli (ar-
rowheads) and increased mitochondria, show irregular
distribution and diffuse effacement in almost all surfaces
with the aggregation of actin filaments (arrows).

ITA antibody (PRB-440P; BioLegend, CA, USA). There
was intraglomerular weak, irregular myosin expression
in patient’s specimen podocytes, respectively, indicating
reduced myosin expression. Electron microscopy revealed
irregular distribution and diffuse effacement of podocyte
foot processes on the glomerular basement membrane
(Fig. 4), consistent with FSGS and aggregation of actin
filaments in podocytes in effaced areas of foot processes
with microvilli formation.

Written informed consent was obtained from the pa-
tient’s mother for publication of this case report and any

accompanying images.

Discussion
Genetic testing revealed an MYH9 disorder with a rare
mutation on exon 24 (EXON24p.E1066_A1072del) that
destroys the double-stranded structure of NMMHC-IIA,
which matched the pathological findings’. NMMHC-IIA
are distributed in various cells with various functions, in-
cluding stress fibers in neutrophils for cell structure and
mitosis. The abnormal NMMHC-IIA structure in indi-
viduals with MYH9 mutations results in the formation of
leukocytes with Dohle bodies. NMMHC-IIA is essential
for proplatelet differentiation from blood megakaryo-
cytes, which explains thrombocytopenia in MYH9 disor-
ders. NMMHC-IIA is distributed in podocytes opposite
to the glomerular basement membranes to inhibit protein

filtration. Podocytes provide an essential filtration layer
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with the network of foot processes, and pathological
changes cause proteinuria.

Most patients with MYH9 disorders caused by exon 24
mutations develop signs, such as hematuria, proteinuria,
cataracts, and macrothrombocytopenia, in adulthood and
remain asymptomatic until they develop chronic kidney
disease, with illness onset depending on the genotype.
Patients with incidentally discovered asymptomatic
MYH9 disorders tend to be misdiagnosed with idiopathic
thrombocytopenia®. The first opportunity for a diagnosis
in this asymptomatic patient occurred with the detection
of hematuria and proteinuria on a routine school health
checkup. Since the 1970s, all students younger than 18
years in Japan have undergone mandatory annual check-
ups for urinary protein, hematuria, and glucosuria to
screen for chronic kidney disease with an aim to prevent
future hemodialysis or kidney transplantation’. This pa-
tient came to our hospital for an evaluation of protein-
uria and hematuria. Blood investigations revealed the
triad of the May-Hegglin anomaly: thrombocytopenia, gi-
ant platelets, and cytoplasmic inclusion bodies, which led
to the diagnosis of an MYH9 disorder. Before the inciden-
tal detection of urinary abnormalities, the patient was
healthy and had not previously undergone blood investi-
gations or experienced bleeding problems; therefore, this
was the first identification of thrombocytopenia. Some
patients with isolated hematuria are monitored with uri-
nalysis for years because the hematuria has no pathologi-
cal effect. Patients with proteinuria tend to have severe
kidney disease, and thus, hematuria is sometimes over-
looked. In our patient, hematological investigations facili-
tated an accurate diagnosis. Hematological investigation
of students with urinary abnormalities can help detect
occult MYH9 disorders despite the absence of symptoms
or proteinuria. Approximately 10% of patients who are
initially diagnosed with idiopathic thrombocytopenia are
subsequently diagnosed with secondary thrombocy-
topenia”. In our patient, prophylactic platelet transfusion
was undertaken to increase the plasma platelet count to
more than 150,000/pL to avoid a post-renal biopsy hema-
toma, although a platelet count higher than 100,000/uL
generally suffices for invasive hematological treatment.
Hemorrhage as a complication of renal biopsy has been
reported in 1.2% of patients". Among the hemorrhagic
complications after a pediatric kidney biopsy, hematoma
occurs in 11-18% of cases, and transfusion is needed in
0.9% of cases despite a normal platelet count”. Syn-
dromes with macrothrombocytopenia may be associated

with abnormal hemostatic function; however, we did not
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ascertain the patient’s platelet function before the biopsy.
Flow cytometry can effectively evaluate platelet func-
tion"”, thereby facilitating the detection of abnormal he-
mostatic function. Thus, macrothrombocytopenia could
possibly have resulted in the large hematoma'.

MYH9 disorders have previously been reported to
strongly influence the prognosis of FSGS”. The NMMHC-
ITA, coded by the MYH9 gene, is a motor protein that
modulates the movement of the actin filament in mus-
cles. The NMMHC-IIA is distributed throughout several
types of cells and may polymerize or depolymerize as
relevant to perform a variety of roles in each cell
NMMHC-IIA contributes to the movement of the foot
processes in podocytes, which function as the filtration
layer and maintain capillary wall motion. Animal experi-
ments have demonstrated that functional and structural
changes in podocytes caused by NMMHC-IIA protein
anomalies coded by MYH9 mutations can cause perm-
selective membrane failure. This demonstrates the im-
portance of NMMHC-II in glomerular filtration".

NMMHC-IIB or C has a function similar to that of
NMMHCH-IIA in the kidney, eye, and ear and, therefore,
can substitute for abnormal NMMHC-IIA. Cataracts or
hearing disabilities often appear later than thrombocyto-
sis or macrothrombocytosis because of the substitutional
function of NMMHC-IIB or C. Our patient was screened
for cataracts or hearing disability, but glomerulonephritis
was the only sign at diagnosis™”.

The results of the renal biopsy indicated FSGS” and
suggested the presence of an MYH9 disorder. In this case,
blood examination suggested an MYH9 disorder before
the definitive diagnosis by genetic testing. As the patient
was asymptomatic, it is debatable whether the renal bi-
opsy was indicated at that time. Primary medical treat-
ment without a renal biopsy is initiated in patients with
pediatric nephrotic syndrome because most have mini-
mal changes. Therefore, renal biopsy can be deferred un-
til a specific diagnosis.

This patient’s genetic testing led to the subsequent ge-
netic testing and diagnosis of his mother who had never
had proteinuria, hematuria, bleeding tendency, hearing
loss, or cataracts. Gene testing was conducted on three
sample types: blood and kidney cells, which develop
from the mesoderm, and are collected from the urine; fin-
gernails and hair roots, which develop from the ecto-
derm; and buccal mucosal cells, which develop from the
endoderm. The mother was found to have a mosaic mu-
tation in somatic cells. All germ layers had, to some ex-

tent, the MYH9 gene mutation, which is presumed to oc-
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cur as a mutation in the early embryonic gastrula stage;
however, 0% mutation was found in kidney cells in the
patient’s mother’s urine sample”. This was possibly the
reason for her asymptomatic state.

In conclusion, this patient was diagnosed with an
MYH9 disorder following the incidental detection of he-
maturia and proteinuria during a school checkup in the
absence of symptoms. However, he sustained a huge he-
matoma and fever after a renal biopsy, despite a prepro-
cedural platelet transfusion to increase his platelet count
to more than 150,000/pL. It is important to consider an
MYH9 anomaly in the differential diagnosis of thrombo-
cytopenia with giant platelets. The need for a renal bi-
opsy should be carefully considered because, in patients
with an MYH9 disorder, the renal pathology can be pre-
dictive of FSGS. Clinicians can determine the primary
treatment without a renal biopsy based on typical histo-
pathological characteristics indicative of FSGS. Patients
with hematuria and proteinuria complicated by thrombo-
cytopenia should be carefully evaluated, and an MYH9
disorder should be considered in the differential diagno-
sis. A renal biopsy in a patient with an MYH9 disorder is
associated with a risk of bleeding complications and

should be carefully considered for each patient.
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