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The presence of an anterior urethral valve (AUV), although
uncommon compared with that of a posterior urethral valve
(PUV), is one of the causes of obstructive uropathies in children.
Congenital obstructive uropathies, when not severe, are rarely
diagnosed during infancy, but some are diagnosed prenatally on
the basis of findings such as oligohydramnios, hydronephrosis,
hydroureter, urinoma and megacystis. Recently, fetal inter-
vention has been performed in some patients with obstructive
uropathies,' although its efficacy is still controversial. We herein
present a patient with severe AUV on which the infusion of
artificial amniotic fluid and vesico-amniotic shunting were per-
formed. Although the long-term outcome of this patient’s renal

and urinary bladder functions needs to be followed up carefully,

pulmonary maturation was achieved and the exacerbation of the
obstructive nephropathy was prevented.

Case Report

A 25-year-old mother was introduced and admitted to The
Tokyo University Hospital at 31 weeks of pregnancy because
of oligohydramnios. The oligohydramnios was not noted before
30 weeks. Fetal ultrasonography at 31 weeks revealed a left
perinephric urinoma, megacystis, bilateral hydronephrosis and
hydroureter in the fetus. The fetus was male and had no other
congenital anomalies suggesting chromosomal abnormalities.
The mother had no other complications.

Lower urinary tract obstruction in the fetus was suspected.
Although there was a risk of premature labor, his hydroureter
deteriorated in a few days, and pulmonary immaturity was
strongly suspected at this gestational age. Therefore, after obtain-
ing informed consent from the parents, the infusion of artiticial
amniotic fluid followed by vesico-amniotic shunting was per-
formed three times during the 32nd and 33rd weeks of gestation
(Fig. 1). After the vesico-amniotic shunting, the hydronephrosis,
hydroureter and left urinoma showed no prominent change, and
the enlarged urinary bladder decreased in size markedly. The
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oligohydramnios improved and the volume of amniotic fluid was
maintained thereafter. The sodium level of the fetal urine at first
was 154 mEq/L; potassium, 0.8 mEq/L: chloride, 144 mEq/L;
creatinine, <0.3 mg/dL; N-acetyl-B-D-glucosaminidase (NAG),
0.8 TU/L; and P.-microglobulin, 0.46 mg/L.. A serial chemical
analysis of the fetal urine showed a rapid decrease in sodium
(to 69 mEq/L) and chloride (to 59 mEql/) levels.

The amniotic membrane ruptured prematurely and a male
infant was vaginally delivered at 33 weeks and 3 days of gesta-
tion weighing 2369 g with an Apgar score of 6 at | min and
presenting with neonatal asphyxia. Because his spontaneous
breathing was weak 3 min after the delivery, he was intubated
immediately and an artificial surfactant was administered
intratracheally. His body temperature was 36.6°C, his heart
rate. was 151 b.p.m., and his systemic blood pressure was
65/38 mmHg. He had no external malformations or any other
abnormal clinical findings. After he was admitted to the neonatal
intensive care unit, the basket catheters used for the vesico-
amniotic shunting were removed.

Biochemical examination revealed: sodium, 136 mEqg/L;
potassium, 4.5 mEq/L: chloride, 103 mEg/L: serum creatinine,
0.56 mg/dL; and blood urea nitrogen, 5.6 mg/dL. Urinalysis
showed proteinuria (2+), hematuria (occult blood {3+1), 21-50
red blood cells per high-power field and 6-10 white blood cells
per high-power field. Urinary examination revealed: osmolarity,
221 mOsm/L; sodium. 89 mEqg/L: chloride. 71 mEg/L: NAG,
224 TU/L; and af-microglobulin, 37.2 mg/L. A chest X-ray
showed no abnormalities. Ultrasonography revealed lett kidney
atrophy measuring 3.1 cm x 2.0 cm, [eft hydronephrosis and a
perinephric urinoma. The right kidney was not atrophic, measur-
ing 5.0cm x 2.7 cm. with hydronephrosis and hydroureter. A
thickening of the urinary bladder wall was detected.

He was initially ventilated with high-frequency osciflation
and his respiratory condition gradually improved. He was suc-
cesstully extubated on the 19th postpartum day.

A transurethral catheter (3 Fr} was smoothly inserted after
oirth and urine was successtully drained. Following tube-feeding
with regular formula milk. his serum potassium level increased
to 7.37 mEq/L on the Tth postpartum day. His serum creatinine
level at that time was (.68 mg/dL. Glucose-insulin therapy was

performied and MM3 millxe a special formula for renal failure
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'ig. 1 Fetal ultrasonograms. (a) (Before in utero shunting) bilateral hydronephrosis was detected. (b) (Before in utero shunting) the urinary
ladder was enlarged. (c) (After in utero shunting) the left urinoma (*) and hydronephrosis showed no change. (d) (After in utero shunting) the
ize of the urinary bladder was markedly decreased. The urinary bladder wall was markedly thickened.

ontaining a small amount of potassium (0.17 mEg/dL), was
dministered. He had an episode of urinary tract infection on the
6th postpartum day. The insertion of a new transurethral cath-
ter was unsuccessful even though the catheter with the smallest
iameter (3 Fr) was used, and surgical cystostomy was per-
ormed immediately. On the 3Sth postpartum day, cystostomy
vas performed again because ot the ditficulty of replacing the
atheter of the initial cystostomy. The time course of his renal
unction is shown in Figure 2. His creatinine clearance improved
p to 50 mL/min/m’, and the creatinine level decreased to
1.4 mg/dL. When the regular formula milk was restarted, his
erum potassium level increased, so he was alternately fed with
AM2 and regular formula milk.

When he was 2 months old, voiding cystourethrography
VCUG! (Fig. 3). renal diethylene triamine pentaacetic acid
DTPA) scintigraphy. and magnetic resonance imaging (MRD
vere performed. The initial contrast study was postponed to this

e because his generel condition had been unstable. that is.

urinary tract infection had repeated, and his serum potassium
level was unstable. VCUG demonstrated left vesicoureteral
regurgitation (VUR) with severe dilation of the left ureter but no
right VUR. An anterior urethral diverticulum was also identified.
Renal DTPA scintigraphy (not shown) revealed a nonfunctional
pattern in the left kidney and delayed washout in the right kidney.
The glomerular filtration rates (GFR) of the left and right kidneys
were 36.4 and 62.7%, respectively. MRI results (not shown)
showed bilateral hydronephrosis, hydroureters, and a thickened
urinary bladder wall. The anterior urethra showed a water density
area 16 mm in diameter. These findings strongly suggested the
presence of AUV. Cystourethroscopic examination was not per-
formed at that time because the urethra was too narrow. At 3
months of age. his bodyweight reached 4.4 kg, and he was defini-
tively diagnosed as having AUV by cystourethroscopy. Tempo-
rary diversion with cutancous vesicostomy was conducted. and
transurethral incision of diverticulum or open urethral recon-
struction will be uadergone when his weight increases.

Peclatic Socicty
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Fig.2 Time course of renal function
and treatment. With a series of treat-
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Discussion amniotic fluid for lung maturation. Vesico-amniotic shunting is

Recently, Merrot et al.” reported a patient with AUV managed by
prenatal urinary ascites evacuation. To our knowledge, this is the
first report on a patient with AUV treated by vesico-amniotic
shunting. There are several reports on the in utero treatment of
obstructive uropathies other than AUV, but there are no random-
ized or large multicenter studies regarding the long-term outcome
of in utero treatment. Antenatal vesico-amniotic shunting aims at
relieving urinary obstruction and providing adequate amniotic
fluid to improve renal and urinary bladder functions as well as
lung maturation. According to several reports,'~ the overall sur-
vival rate is 40-91% in the cases treated with in utero shunting.
Approximately 35% of patients who underwent in utero shunting
developed renal failure. The complication rate was 10-45%. It
is difficult to definitely assess whether prenatal intervention is
effective, because the patients who underwent in utero shunting
might have represented the worst end of the spectrum of obstruc-
tive uropathies. Even so, the above rate of renal failure suggests
a possible benefit from in utero shunting. When the chemical
analysis of fetal urine indicates sodium < 100 mEg/L, chloride
< 90 mEg/L, osmolarity < 200 mOsm/L, B:-microglobulin <
6 mg/L, calcium < 8 mg/dL and total protein < 20 mg/dL, the
renal tunction of the fetus is regarded as good.’

In this patient, hydronephrosis  and
hydroureter were observed prenatally and lower urinary tract
obstruction was suspected. Such urethral obstruction may lead to
urinary tract rupture, resulting in ascites or perinephric urinoma.’

oligohydramnios,

This patient exhibited a left perinephric urinoma sugg
the urethral obstruction was very severe. When severe urethral
obstruction was suspected at 31 weeks of gestation, we had only
two possible options: fetal intervention or an emergency cesarean

esting that

section. Considering the pulmonary immaturity and possiole res-
piratory complications such as respiratory distress syndrome and
dry lung syndrome, we periormed vesico-amniotic shunting to
decompress the urinary tract and meintain an adeguate volurme of
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superior to single vesicocentesis for the continuous drainage of
fetal urine.

After the vesico-amniotic shunting and infusion of artificial
amniotic fluid, the chemical analysis of the fetal urine showed a
rapid improvement in sodium and chloride levels. The enlarged
urinary bladder decreased in size, and the volume of amniotic
fluid was maintained. The patient showed the symptom of acute
respiratory distress after birth, but he was successfully extubated
and developed no chronic lung disease. The function of the right
kidney was maintained. Although it might be partly due to the
“pop-off” phenomenon, he does not require dialysis treatment
at the moment as a result of a series of treatments including
prenatal intervention, postnatal cystostomy, and electrolyte
management.

As for an expert and critical treatment for the anterior urethral
valve, urethroscopic treatment during the neonatal period should
be taken into account. Our patient will undergo transurethral
incision of diverticulum or open urethral reconstruction after
weight gain.

Because AUV is a very rare obstructive uropathy, there has
been no report regarding the prognostic tactors of AUV. Accord-
ing to Ylinen et al.,” who investigated the prognosis of PUV, the
initial serum creatinine level, the maximum level of serum crea-
tinine during the first year, the presence of bilateral VUR, and
breakthrough urinary tract infections are prognostic factors of
PUV. Bajpai er al.” showed that children with a normal or near
normal serum creatinine level (0.8 mg/dL or less) at | year of age
are able to maintain good renal function at the time of final
evaluation (1.0 mg/dL or less). Lopez et al.’ reported that the
most significant prognostic factor is GFR at | year of age. The
onset of proteinuriz during the follow-up period is also assoctated
with a poor prognosis. Our patient showed the rollowing poor
prognostic factors such as: [eft unilateral VUR. proteinuria, and
an episode of urinary tract infection. The long-term outcome of

his renal and wrinary bladder functions should be followed up
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Fig.3 Voiding
coureteral regurgitation with severe dilation of the left ureter. The
anterior urethral diverticulum is indicated by an arrow.

cystourethrography  demonstrated  left  vesi-

Prenatal intervention for severe AUV €95

paying particular attention to ultrasonographic findings, and
serum creatinine level.

In conclusion, we performed prenatal intervention for a
patient with severe AUV. Although the efficacy of this interven-
tion on renal function awaits further evaluation, we believe that
pulmonary maturation was successfully attained, and the exacer-
bation of rena! function problems was prevented. There are some
controversies regarding prenatal intervention and postnatal man-
agement; thus, it is important for pediatricians to cooperate with
obstetricians and pediatric surgeons to preserve renal function in
such cases of severe urinary tract obstruction.
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Patients with EpsteinFechtner syndromes owing
to MYH9 R702 mutations develop progressive
proteinuric renal disease
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Recent [inkage analyses of nondiabetic Afiican-American
patients with focal segmental glomerulosclerosis (FSGS) have
identified MYH9, encoding nonmuscle myosin heavy chain 1A
(NMMHC-IA), as a gene having a ¢ritical role in this disease,
Abnormalities of the MYH? locus also underfie rare autosomal
dominant diseases such as May-Hegglin anomaly, and
Sebastian, Epstein (EPS), and Fechtner FTNS) syndromes that
are characterized by macrothrombocytopenia and
cytoplasmic inclusion bodies in granulocytes. Among these
diseases, patients with EPS or FTNS develop progressive
nephritis and hearing disability. We analyzed clinlcal features
and pathophysiological findings of nine EPS-FTNS patients
with MYH9 mutations at the R702 codon hot spot. Most
developed proteinuria and/or hematuria in early infancy and
had a rapid progression of renal impairment during
adolescence. flenal histopathological findings in one patient
showed changes compatible with FSGS. The intensity of
immunostaining for NMMHC-IIA in podocytes was decreased
in this patient compared with control patients. Thus, MYH9
R702 mutations display a strict genotype-phenctype
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correlation, and lead to the rapid deterioration of podocyte
structure, Our results highlight the critical role of NMMHC-IA
in the development of FSGS.
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May-Hegglin anomaly and Sebastian syndrome are rare
autosomal dominant disorders characterized by thrombocy-
topenia, giant platelets, and granulocyte cytoplasmic inclu-
sion bodies called Dahle body-like inclusion bodies.! There
are two related disorders, namely, Fechiner syndrome (FTNS)
and Epstein syndrome (EPS), in which progressive hearing
disability and pephrilis are observed.! In FINS, cataract is
also present. Recently, MYH9, a gene encoding nonmuscle
myvsin heavy chain DA (NMMHC-IIA), has been identified
as (he causative gene for these four disorders.>™ Several
mutations in MYH$ have been identified, and the existence of
mutational hot spots in MYH?9, that is, codons R702, R1165,
D1424, E184), and R1933, has been reported **

As mutations in a single gene cause four distinct disorders,
a novel nomenclature, MYHS disorders, has been pro-
posed.*™'® However, the mechanisms by which mutations
in a single gene cause a variety of phenotypes remain to
be clucidated.’ Certain mutations in MYH9 have been
associated with the development of renal phenotypes, and
R702 mutation is one of these.”° Nevertheless, detailed
information on renal manifestations, reoal histology, and
progrosis has been Jacking.
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In addition to macrothrombocytopenic diseases due to
MYH® mutations, a significant association between the
development of idiopathic focal segmental glomerulosclerosis
(FSGS) or end-stage repal disease (ESRD) in Afiican-
American individuals and single-nucleotide polymorphisms
in MYHS was identified in 2008.""** This finding shows that
NMMHC-ITA is responsible for not only EPS-FTNS, but also
FSGS. Structural or functional abnormalities of NMMHC-
TIA are considered to be critical in the development of FSGS
in the African-American population.

In this study, we analyzed nine cases with R702 mutation
in MYH9. Most cases with R702 mutation in MYH? develop
nephritis characterized by proteinuria and/or hematuria in
carly infancy, and the detlerioration of remal function
accelerates in early adolescence. Hearing disability also
manifests in carly infancy and progresses to deafness at
approximately 30 years of age. Findings of a serial renal
biopsy in one case indicated that the pathological feature
underlying this progressive nephritis is FSGS.

RESULTS

Clinicat presentation and MYH9 mutations

The clinical backgrounds of each case are summarized in

Table 1. The age at the latest exarnination ranges from 4 to

33 years. Most of the cases were diagnosed as having

idiopathic thrombocytopenic purpura at first presentation.
Genetic analysis revealed R702H mutation in case 1 and

R702C mutation in the remaining 8 cases. All the R702

mutations identified in this study were de nove mutations.

No disease-related family histories were noted.

Urinary abnermalities and development of renal dysfunction
The renal manifestations of nine cases are described in
Table I. Except for case 1, all the other cases developed
proteinuria and/or hematuria before 12 years of age. Case 2
developed significant proteinuria (14; wurine protein/
gCr=310mg/g creatinine (Cr)) as early as 2 years and
7 months of age. It is notable thal four cases over 15 years old

developed ESRD between 15 and 20 years of age. Distinct
from another progressive hereditary nephritis, that is,
Alport’s syndrome, none of the cases showed macroscopic
hematuria at presentation. For cases 6, 7, 8, and 9 who
developed ESRD, their serum Cr levels are plotted in Figure 1.
Each case progressed to ESRD shortly afier the serum Cr leve!
exceeded 1.0 mg/dl. The clinical status at the Jatest evaluation
is described in Table 1 along with age at final evaluation.

Extzarenal manifestations

Among these cases, only case [ showed cataract (Table 2). A
hearing disability was observed in most of the cases by
approximately 5 years of age, which progressed rapidly. Over
30 years old, all of the cases in this study became deaf.

Ranal histopatholagical analysis of case 6

Light and electron microscopy findings of serial renal
biopsies of specimens from case § are shown in Figure 2.
The first biopsy was performed at 9 years of age by surgical
operation, when the serum Cr level was 0.4 mg/dl. Twenty-
four glomeruli were obtained, and mild mesangial cell
proliferations and expansion were observed in most glomer-
uli (Figure 2a). Sclerotic lesions were not observed in any
glomeruli, and tubulointerstitial changes were minimal.
Immunofluorescence studies using immunoglobulins G, A,
M, and Clq, C3, and C4 antibodies showed negative or no
significant findings, Electron microscopy of these specimens
revealed focal lesions of podocyte foot process effacernent
(indicated by an amrow in Figure 2¢c). Focal glomerular
basement membrane (GBM) thickening lesions were
observed (up to 1000-4500 am in diarueter), whereas most
GBM show normal appearance (thickness ranges from 300 to
400am). The other GBM abnormalities, such as splitting,
attenuation, or reticulation, were not observed. The second
biopsy was performed by needle biopsy when the case was 11
years and § months of age. Only four glomeruli were
obtained; one glomerulus showed global sclerosis, and two of
the remaining three glomeruli showed segmental sclerosis.

Table 1] Clinical backgrounds and renal manifestations In patients with R702 mutation in MYH?

Age and urinalysls findings when

urine abnormalities wece first noted

Age at {atest evaluation and each dinical status

First
Case Ethnic MYMY dlinical Qinleal Age at CKD
no. Sex background mutation diagnosis Age Proteinuria  Hematuria Age  status 5onset  Proteinuria Hematuria
1 F Japanese R702H MNP -) (-] ylim wal ) {-)
2 F Japanese R702C MHA 2yTm (14} {~] 4y2m CKD stage V {-) {-}
3 F Chinese R702¢ L1134 Gy8m {-) {14) 6y8m CKD stage ) - {t+)
4 M Japanese R702C 1134 Sy8m [r 2%} 38 12y3m CKD stage 34 (34)
s M Japanese RIRC TP ily8m {#) <) 11y8m CKD stage | +) (+/-)
& F Japanese R702C TP 8y8m {14} - {14 21yIm Tiansplant 1Sy
? M Japanese R702C MHA 9y {14) {1+ 20y7m Transplant 17y
8 F Jspanese R702C [P Unknown Unknown 33y  PO/HD &y
9 F_Japanese  A202C NP Sy8m {+/-) Unknown 32y  Transplant 20y

Abbreviations: HD, hemodiafysiss HPF, high power fields; [TP, [diopathic thrombocytopenic purpura; MHA, May-Hegolin anceruly: m, monty PD, peritoneal dialysls; y, year,

ia the urinalysis, stages of proteinuria and hematuria were defined a5 follows

Prowinuria +/—, 15mg/dk +, 30 mgrdl; 24, 100my/dl 3+. 300 mg/di or over 300 mg/dl.

Hematurix 4/—, RAC ~ SYHPF; 1 v, S-VOVHPE; 24, 10~ SO/HPF; 34, >50-100/HPF.
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Figure 1| Rapid progression of renal dysfunction in cases 6, 7,
8, and 9. Serum Cr levels (mg/dl) of cases 6, 7, 8, and 9 are
plotted. The rapid deteriosation of renal function is apparent in
these cases, Each case progiessed to end-stage renal disease
shoatly after Cr levels exceeded 1.0 mg/dl.

The glomeruli were not enlarged. Interstitial fibrosis, cellular
infiltration, and tubular atrophy were observed around the
impaired glomeruli. At the time of the second renal biopsy,
the serum Cr level was 0.6mg/dl, and the estimated
glomerular filrate rate calculated by Schwartz’s formula
was 107ml/min per 1.73m? The findings of the second
biopsy of case 6 are compatible with the diagnosis of FSGS.
Considering an almeost normal glomerular filtrate rate at the
time of the second remal biopsy, absence of enlarged
glomeruli in the kidoey specimen, and the subsequent rapid
progression to ESRD in this patient, focal segmental sclerosis
is considered to be the primary lesion due to MYH9 mutation
rather than a phenomenon secondary to nephron mass
reduction.

Immunchistochemical analyses of NMMHC-IIA in control and
case 6 kidney samples

Figure 3 shows the immunostaining data of NMMHC-IIA ia
the glomeralus in normal control and case 6 kidney samples.
In the glomeruli of the control sample, the intensity of
NMMHC-IIA iramunostaining is very strong in podocytes
(Figure 3a and b). In the first biopsy specimen from case 6,
the intensity of immunostaining of NMMHC-IIA is already
significantly decreased (Figure 3c and d). The second biopsy
specimen from case 6 (Figure 3e and f) also shows a
decreased NMMHC-IIA immunostaining intensity.

In the normal kidney sample, NMMHCIIA is also
expressed in renal tubular cells, particularly those of the distal
tubule, Henle's loop, and proximal tubular cells (Figure 4a-d).
Endothelial cells of interlobular arteries and arterioles, and
peritubular capillasies also express NMMHC-TIA (Figure 4a-c).
In case 6, NMMHC-TIA expression in renal tubular cells and
endothetial cells did not change significantly (Figure 4e and f).

NMMHC-IA distribution in peripheral blood neutrophils

The NMMHC-TIA distribution pattern in peripheral blood
peutrophils was examined by immunofluorescence analysis.
In normal blood neutrophils, NMMHC-IA distrbutes
diffusely in the cytoplasm (Figure 5, control 1, 2, and 3).
In all the cases with MYH9 R702 mutations, NMMHC-IIA

Odney Irtesnatonal (2010) 78, 207-2t4

Figure 2| Histopathological analysis of renal spedmen from
case 6. Light and electron microscopies of the renal specimen -
from case 6. (a) Periodic acid Schiff (PAS) staining of typical
glomerulus and surounding tubules of the renal specimen of
case 6 at 9 years of age (fitst biopsy). (b) Findings of the same case
at 11 years of age (second biopsy). This glomerulus shows typical
morphological changes compatible with focal segmental
glomevulosclerosis. (¢) Electron miaroscopy of first biopsy
specimen shows a nearly normal appearance of the glomerular
basement membrane with focal podocyte foot process
effacement (arrow) and focal thickening of GBM (arrowhead).

was condensed and localized in the peripheral region of
neutrophils (Figure 5, cases 1-9; condensation of NMMHC-
IA is indicated by an arrowhead). This granular pattern
{type I1) was observed in neutrophils from all the cases with
R702 mulations (Figure 5 and Table 2, see Methods and
Discussion sections for the definition of NMMHC-IIA
distribution patterns in neutrophils).

Effect of ARB/ACE! on urinary abnormalities and zenal
function in three cases

Three cases, namely cases 2, 4, and 7, were lreated with

. angiotensin receptor blockers (ARB) and/or angiotensin-

converting enzyme inhibitors (ACEIs) for progressive ne-
phritis. Figure 6 shows the effect of ARB/ACEI on urinary
protein level in case 2. The urinary protein level evaluated in
terms of urine protein/Cr was decreased from 500700 mg/
gCr to approximately 100 mg/gCr by administration of 20 mg
of valsartan (Figure 6). In cases 4 and 7, the effect of ARB/
ACEI was not very conclusive (data not shown). In case 4,
other drugs such as cyclosporine A were used simultaneously;
therefore, the effect of only ARB/ACEI could not be
determined. In case 7, the effect of ARB/ACEI was transient.
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Figure 3]Expnsslon of NMMHC-UA in the glemerulus from normal control and case 6 kidney samples. {a and b) NMMHC-IA
expression in the glomerulus from normal control sample. NMMHC-IIA is strongly expressed tn podocytes. (c and d) First biopsy specimen
from case 6. The intensity of immunostaining of NMMHC-1IA is already decreased. (e and f) Second htopsy specimen from case 6, The

intensity of immunostaining of NMMHC-IIA is decreased.

Figure 4| Expression of NMMHC-BA in normal control and case 6 kidney samples. (a-d) NMMHCHIA expression in normal control
kidney sample. Compared with the strong staining of NMMHC-IA in podocytes, its expression in other renal tissues is relatively weak. Weak
expression of NMMHCIA Is observed in the distal nephron (b and d) and loop of Kenle (b). Endothelial cells of arteries also express
NMMHC-HHA (c). In the first (@) and second (f) renal biopsy specimen from case 6, expression of NMMHC-DA in tubular cells and
endocapillary cells is not remarkably changed compared with the controls, whereas decreased staining of podocytes is noted.

DISCUSSION

In this study, we showed that cases with MYH9 R702
mutation show a very rapid deterioration of renal function
with concurrent progressive hearing disability. Proteinuria
and/or hematuria was detected in early infancy, and ESRD
developed during adolescence. To date, several mutations
including S96L, R702C, R702H, R1165C, and D1424 bave
been associated with the development of nephritis. 19 Pecci
et al’ showed that mutations in the motor domain of
NMMHC-IIA are associated with severe thrombocytopenia
and the development of nephriis and deafoess before

210

40 years of age, whereas patients with mufations in the tail
domain not only have a much lower risk of developing
such impairments but also significantly higher platelet
counts. Heath et al? and Dong et al® described the
development of nephritis in patients with R702 mutations.
However, description of the clinical course of nephritis in
these reports was very limited. In this study, we examined the
precise clinical manifestations in nine patients with MYH9
R702 mutations, and showed a definite genotypephenotype
correlation in both renal impairment and hearing
disability.
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Coantral 3

cotrol £2

Figure 5| Distribution of NMMHC-1IA in the cytoplasm of neutrophils in control and cases with R702 mutations. Controls 1, 2, and 3:
Normal distribution of NMMHC-lIA in the cytoplasm of neutrophils. NMMHCHIA is diffusely distributed in the cytoplasm. Cases 1 to O:
In all the cases with MYH? R702 mutations, NMMHC-(IA was condensed and localized in a granular pattem in the cytoplasm as indicated by

gray arrowheads,

Table 2| Extrarenal manifestations in each patient

Type of cytoplasmic Hearlng disabllity

Case  distribution of  Age of presentation Latest

no. NMMHC-IA and severity hearing level Cataract
1 [} 2y2m: 50db NT +
2 ] (-} ) )
3 It (=) ) )
4 1} 4y NT )
5 L] 4y 40-50dB )
6 L] 8y10m: 30dB 40-55dB -}
7 ] 10y 70-80dB -)
8 ] Sy Deaf (-)
9 i} Sy Deaf {-)

Abbreviations: m, monthy NJAMHC-IA, nonmusde myosin heavy chain BA; NT, not
tested; y, year.

Note: Abnormal distributions of NMMHC-ILA are dassified into thres types according
to the number, size, and shape of accumulated NMMHCHIA gramdes (see also the
Matesials and Methods seaion)'® Type Il Is characterized by the presence of up to
20 circular to oval NMMHCHIA positive spots (< 1um).

In Epstein-Fechtner syndrome, renal biopsy is principally
contraindicated because of the accompanying thrombacyto-
penia. There have been few reports on the morphological

Kidney Intesnational {2010} 78, 207-214

changes of renal histology in Epstein-Fechiner syndrome.
Only three reports on renal pathological findings are available
in the literature."*?® Epstein et al'® described the renal
morphology in a 13-year-old patient with Epstein syndrome.
Their study revealed interstitial fibrosis, focal mesangial
proliferation, and global sclerotic changes when the serum Cr
level was 0.6 mg/dl. A recent genetic study by Heath et al”
identified MYH9 R702C mutation in this patient. Moxey-
Mims et al.'* performed renal biopsy twice in an African-
American female with Fechtner’s syndrome. The type of
MYH9 mutation in this patient was not identified in the
literature. The fust biopsy at 7 years of age showed
proliferation of mesangial cells and matrix with alterations
in the GBM, such as effacement, thickening, and splitting; the
second biopsy at 10 years of age revealed global sclerotic
changes in 75% of glomeruli."* Moxey-Mims et al.* con-
cluded that these renal changes are similar to those in Alport
syndrome. Ghiggeri et aL'® performed renal biopsy in FTNS
patients with D1424H mutation, and electron microscopy
showed focal and segmental effacement of podocytes and loss
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Figure 6] Effect of valsartan on urinary protein excretion.
The effect of 20mg of valsartan on urinary protein excretion
{urine protein g/urine creatinine mg) in case 2 is shown.

The start of treatment with valsartan in case 6 was immediately
after the age of 3 years (y) and 4 months {m), when the urinary
protein [evel was nearly 0.7 g/g Cr.

of the interpodocyte slit diaphragm. The histopathological
changes reported so far could occur in various types of
glomerulonephritis. In this study, renal biopsy was per-
formed twice in case 6 with platelet transfusion. The second
renal biopsy specimen from case 6 showed that the
pathological diagnosis is FSGS. In Epstein-Fechtner’s syn-
drome with R702 mutation, progressive proteinuria and
rapid deterioration of renal function are the common
characteristics, as shown in this study, and the renal histology
in case 6 is compatible with the clinical features of
Epstein-Fechtner’s syndrome with MYH9 R702 mutation.

Epstein syndrome has been considered to be a variant of
Alport syndrome, because of their very similar phenotypes,
except for macrothrombocytopenic purpura, which is
observed only in Epstein syndrome. However, the following
two lines of evidence make them distinct from each
other. The first is the different types of urinary abnormality.
As shown in Table 1, proteinuria is equivalent or predomi-
pant in patients with Epstein syndrome; in contrast,
hematuria is predominant, and macroscopic hematuria is
often observed in patients with Alport syndrome much
earlier than proteinuria. The second is the differences in the
expression of causalive genes in the glomeruli. The type IV
collagen a5 chain geme responsible for Alport syndrome
encodes an essential structural component of GBM; in
contrast, NMMHC-IIA encoded by MYH9 is exclusively
expressed in podocytes, renal tubular cells and endothelial
cells, as shown in Figure 3. In general, GBM abnormalities
could occur secondary to podocyte dysfunction. Taken
together, we consider that the alterations of GBM in Epstein
syndrome are a phenomenon secondary to the dysfunction
NMMHC-IIA molecule in podocytes owing o MYH?
mutation.

Kunishima e¢ aL'® reported that the abnormal distribu-
tions of NMMHC-IIA in blood neutrophils in cases with
MYHY disorders are classified into three types: type I,
NMMHC-IIA is condensed into one or two granular masses;
type II, NMMHC-IIA is present as granular masses of up to

an

20; type OI, NMMHC-TIA is diffusely distributed as fine
granules throughout the cytoplasm. Kunishima et al.'® also
indicated that the type of abnormal distdbution of
NMMHC-IIA is closely related to the site of the MYH9
mutation.’® In all the cases in this study, NMMHC-IIA
distribution in neutrophils was of type Il (Figure 5 and
Table 2).

The abnormal distribution of NMMHC-TIA in Epstein—
Fechtner syndrome could be directly associated with the
pathogenesis in the kidney. Arrondel et al.'” showed the
expression of NMMHC-IIA in podocytes, endocapillary cells,
and proximal tubular cells in the human kidney. In this study,
we show that NMMHC-IIA is expressed in the glomerulus,
tubular cells including the distal tubule, loop of Henle, and
the proximal tubule, endothelial cells of the interlobular
arteries and arterioles, and peritubular capillaries. Ghiggeri
et al.”® discussed that the aggregation and compartmentation
of NMMHC-TIA in podocytes might be associated with
podocin dysfunction. In addition, there is another possibility.
Two hereditary types of FSGS with an autosomal dominant
trait are known, and one is caused by mutations in the gene
encoding a-actinin-4 (ACTN4).® Several studies have
indicated the following possible mechanisms: mutations in
ACTN4 increased the ability of binding of mutated a-actinin-
4 to actin filaments, alter their intracellular localization, and
finally cause FSGS.'"*® Michaud et al?® showed that when
mutated a-actinin4 is expressed in cultured podocytes, and
the localization of a-actinin-4 changes; that is, aberrant
sequestering of a-actinin-4 impairs podocyte spreading and
motility and decreases the number of peripheral projections.
They suggested that these cytoskeletal derangements may
underlie podocyte damage and fool process effacement.
Recently, several studies have indicated that NMMHC-1I has
important roles in cell polarity, cell adhesion, and cell
migration.?! Podocytes are highly differentiated epithelial
cells, and are connected to each other through a specific
cell-cell adhesion raolecule complex, that is, a slit diaphragm,
which is crucial for glomerular filtration. NMMHC-IIA is
considered to be located at the scaffolding underneath the
plasma membrane and in the cytoplasm, and to have a role in
maintaining and disassembling the adhesion junction com-
plex? It is plausible that mutated NMMHC-1IA would
impair the function and structure of the slit diaphragm,
which would result in proteinuria and the development
of FSGS.

It has been reported that human immunodeficiency virus-
related or hypertension-related FSGS are coramon in the
African-American populations. Recently, two groups have
independenly identified a highly significant association
between the development of FSGS or ESRD and single-
nucleotide polymorphisms in MYH9 in African-American
individuals using an admixture-mapping linkage-disequili-
brium genome scan method.!"' The development of ESRD
was associated with hypertension, not with diabetes mellitus.
This evidence strongly indicates that NMMHC-HIA is
responsible for the development of not only EpsteinFechtner

Kidney femationai (2010) 78, 207-214

— 234 —



T Sekine et al: Phenotypes and pathology of MYH% R702 mutation

original article

syndrome, but also idiopathic FSGS. There is no information
on why specific single-nucleotide polymorphismas in MYH9
increase the susceptibility of African-American individuals to
ESGS or ESRD. Clarification of the pathophysiological
mechanisms underlying the development of FSGS in
Epstein-Fechiner syndrome would provide clues elucidating
the molecular mechanisms underlying the development of
FSGS.

Just recently, Pecdi ef al.” have reported a favorable effect
of ACE{ and/or ARB on proleinuria in patients genetically
diagnosed with Epstein-Fechtner syndrome. In this study,
three cases among the nine earclled were treated with ARB
and/or ACEL. 1n case 2, administration of 20 mg of valsartan
markedly reduced the amount of protein in the urine
(Figure 3). In cases 4 and 7, ARB and ACE] partially reduced
the amount of proteinuria. These findings, as well as those of
Pecci et al., suggest the protective effect of ARB and ACEI on
the kidney in cases with D1424H and N93K mutations. As
the susceptibility to ESRD or FSGS caused by certain single-
nucleotide polymorphisms in MYH9 in African Americans is
also associated with hypertension, ARB and ACEI presum-
ably showed a protective effect on the progression of renal
dysfunction owing to their direct effects on podocytes.
This is another important issue in the elucidation of the
mechanisms underlying the development of FSGS related to
NMMHC-TIA.

In condusion, in this study, we showed a rapid
deterioration of renal function in cases with MYHS R702
mutation, and the pathological findings in one case were
consistent with FSGS; apparent changes in NMMHC-HA
expression in podocytes were observed in this patient.
Further studies are required to elucidate the possible
pathophysiological mechanisms by which podocyte dysfunc-
tion occurs because of R702 mutations in MYH9, which is
cardinal in the development of FSGS in African-American
populations. Such studies could provide us clues to the
mechanisms underlying the development of idiopathic FSGS.

MATERIALS AND METHODS

Cases

We performed genetic analysis in approximately 100 patients
suspected of having MYH?Y disorders. Amang those 100 patients,
we selected all unrelated palients with R702 mutation and enrolled
them in this study (Table 1). Some of the dinical and hematological
data of patients 1, 2, 4, and 5 were previously published:** except (or
case 4, there were no symptoms of nephritis in these patients
previously reported. The other cases are all new.

Details of clinical data and courses, the treatment for nephritis,
the treatment for ESRD, and the latest clinical dala were oblained by
the altending physician in each case. Ocular abnormalities and
hearing disabilities were evaluated by ophthalmologists and
otolaryngologists, respectivety.

The renal biopsy specimens from case 6 were evaluated by light
microscopy and electron microscopy using conventional techniques.
Immunchistochemical analysis was carried out as described below.

Genetic analysis of MYH9 was approved by the institutional
review boards of Nagoya Medical Center and each of the hospitals

Kdney intenational 2010) 78, 207-214

where the patients were enrolled, and was performed afier informed
consent was obtained from the patients and/or their parents. The
IRB of the National Hospital Organization Nagoya Medical Center
also approved the publication of the case reports and the obtained
experimental data, Mutational analysis of MYHS was performed as
previously described.®

Immunohistochemical analysis of renal specimens from
control and case 6 kidney samples

Renal biopsy specimens from normal control and case 6 kidney
samples were also subjected to immunohistochemical analysis. This
was performed using 3 pm-thick sections of a paraffin-embedded
sample. A renal specimen derived from a 51-year-old remal
transplantation donor kidney, which was excised from the donor
with immediate perfusion (0Oh), was used as a control. Each renal
section was autoclaved for 15 min at 121 °C in a citrate bufler of pH
6.0. Afier washing with water and phosphate-buffered saline, each
section was incubated with an anti-NMMHC-ILA antibody (BT561,
Biomedical Technologies, Stoughton, MA, USA, 1:100) for 2h at
room temperature. Afier washing, each section was forther
incubated with a secondary antibody (ENVISION, Dako, Kyoto,
Japan) for 20 min. Subsequently, each section was Weated with
streptavidin-horseradish peroxidase and diaminobenzidine. The
sections were then counterstained with hematoxylin.

Immunoflucsescence analysis of NMMHC-IIA in peripheral
tlood neutrephils

Immunofluorescence analysis was performed to evaluate the
subcellular localization of NMMHC-IIA in peripheral blood
neutrophils as previously described.’® The cytoplasmic distribution
patterns of NMMHC-IIA in neutrophils can be classified according
to the number, size, and shape of accumulated NMMHC-1IA
granules, into types I, I1, and I1L. Type [ comprises one or two large
(0.5-2pum), intensely stained, oval- to spindle-shaped cytoplasmic
NMMHC-11A-positive granules. Type Ul comprises up to 20 circular
to oval cytoplasmic granules (<1pm). Type Il appears as 2
speckled staining. The pattern of localization correlates with the site
of MYHS mutation. Mutations in exons 16, 26, and 30 are associated
with type I localization.’®
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R B IR IRARE{LEE
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canaonical transient reveptor protein 6 11q
(TRPC8) ion channel {TRPCS)
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phospholipase C epsiton (PLCE1) 10g23.32-24.1
coenzyme Q2 homclogue, prenyltransferase 4q921.22
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integrin 84 (ITGA4) 17925.1

hereditary multiple exostoses

86.3 kD endoplasmic reticulum-localized type
II transmembrane glycoprotein (EXT1/2)
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X Feaihit V& collagen o5 §8 (COL4AS) Xg22
BLREALM T L IIEY VA collagen 3 $§ (COL4A3) or 2q35-37
V& collagen «4 $§ (COL4A4)
IgA BiE EBResEd ? 6q22-23
MPGN type II Factor H (CFH) 1g32
glomerulopathy with fibronectin fibronectin (FNT) 2q34
deposits
lipoprotein glomerulopathy apolipoprotein E (APOE) 19g13.2
atypical HUS Factor H (CFH) 1g32
Factor | (CFI) 4g25
membrane cofactor protein (MCP) 1932
famitial TTP ADAM metallopeptidase with thrombospondine  9q34
type 1 motif, 1313 (ADAMTS 13)
[REAEHRERSE]
autosomal recessive renal glucoscria  Na’ / gucose cetransporter (SLC5A2) i6pt11.2
21 IBKE
type [ alanine : glyoxylate aminotransferase (AGT) 2q36-37
type [I glyoxylate reductase / hydroxypyruvate 8g11
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chespheribosyltransferase ceficiency
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xart-ire derydrogenase / xanthine xanthinecehydrogenase / xanthine oxidase 2q22
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ER ATP-binding cassette, sub-family G, 4q22
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Dent #% (SFRAMEIRMEER > /YU [RIE)
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type 2 glucose transporter 9 {SLC2A9) 4p16-15
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calcium-sensing-receptor (CASR) 3g13.3-21
RIEMSH IS 7 LERWEH IV DT LM
calcium~sensing-receptor (CASR) 3g13.3-21
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bumetanide-sensitive Na-K-2Cl cotransporter
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ATP-sensitive K channel (KCNJ1)
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thiazide-sensitive Na-Cl cotransporter
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Na* / HCOs™ cotransporter (SLC4A4)
Cl” / HCOa™ exchanger (SLC4A1)
H*-ATPase, B1 subunit (ATP6V1B1)
H'-ATPase, a4 subunit (ATP6VOA4)
carbonic anhydrase [l (CA2)

neutral endopepticase family of proteins
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