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Abstract

Background. We previously established a treatment proto-
col for conventional cyclosporine (Sandimmune, Novartis,
Basel, Switzerland) in children with frequently relapsing
nephrotic syndrome; ~50% of patients remained relapse
free for 2 years, without serious adverse events. Recently,
microemulsified cyclosporine (Neoral, Novartis), which
has a more stable absorption profile than conventional
cyclosporine, has been developed. We tested the hypothe-
sis that microemulsified cyclosporine is at least as effective
as conventional cyclosporine.

Methods. To evaluate the safety and efficacy of microe-
mulsified cyclosporine, a prospective, multicentre trial
was conducted according to the previously established
protocol, using microemulsified cyclosporine instead of
conventional cyclosporine. The duration of treatment was
24 months. During the first 6 months, patients received mi-
croemulsified cyclosporine in a dose that maintained the
trough level between 80 and 100 ng/mL of cyclosporine.
For the next 18 months, the dose was adjusted to maintain
a level between 60 and 80 ng/mL.

Results. A total of 62 patients (median age, 5.4 years;
48 males, 14 females) were studied. The frequency of
relapse decreased from 4.6 £ 1.4 to 0.7 £ 1.5 times
per year (P<0.0001). The probability of relapse-free sur-
vival at Month 24 was 58.1% (95% confidence interval,
45.8-70.3%). The probability of progression (to frequently
relapsing nephrotic syndrome)-free survival at Month 24
was 88.5% (95% confidence interval, 80.4-96.5%).
Cyclosporine nephrotoxicity was detected in only 8.6%
of patients who underwent renal biopsy after 2 years of
treatment. Antihypertensive agents were administered
to 12.9% of the patients to control hypertension without
severe sequelae.

Conclusions. Microemulsified cyclosporine administered
according to our treatment protocol is safe and effective
in children with frequently relapsing nephrotic syndrome.

Keywords: clinical trial; mif ified cyclosporine;
syndrome; paediatric nephrology

Introduction

Managing frequently relapsing nephrotic syndrome (FRNS)
in children remains challenging despite progress in treat-
ment. The development of immunosuppressive therapies
other than corticosteroids has been enthusiastically at-
tempted to date [1-4] because repeated treatment with cor-
ticosteroids can lead to serious adverse events.

Cyclosporine is one treatment of choice for children
with FRNS or steroid-dependent nephrotic syndrome
[5-10]. For such patients, we have already established a
safe and effective protocol for treatment with conventional
cyclosporine, Sandimmune (Novartis, Basel, Switzerland),
in a prospective, randomized, multicentre trial [11]. With
our protocol, the dose of cyclosporine is titrated on the
basis of the whole-blood trough level. Approximately
50% of children with FRNS treated according to this proto-
col are expected to remain relapse free for 2 years, without
serious adverse events.

Microemulsified cyclosporine, Neoral (Novartis, Basel,
Switzerland) is a newer formulation of cyclosporine, de-
signed to promote stable absorption and improved bioavail-
ability [12-15]. Several small studies have compared safety
and efficacy between conventional cyclosporine and micro-
emulsified cyclosporine in children with nephrotic syn-
drome [16] and recipients of renal transplants [17,18];
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microemulsified cyclosporine has consistently been sug-
gested to be more effective, without compromising safety.

Because cyclosporine is stably absorbed after adminis-
tration of microemulsified cyclosporine, the dose of micro-
emulsified cyclosporine can be titrated on the basis of the
area under the concentration-time curve during the first 4 h
after treatment (AUCq41) or the 2-h post-dose cyclospor-
ine level (C2) in children who receive kidney transplants
[19,20]. The clinical efficacy of microemulsified cyclo-
sporine titrated by monitoring AUCq 4, or C2 in patients
with nephrotic syndrome is also expected but remains to
be confirmed.

‘We performed a prospective, single-arm, multicentre trial
according to our previously established protocol, using mi-
croemulsified cyclosporine instead of conventional cyclo-
sporine. The principal aim of this trial was to evaluate the
efficacy in terms of relapse-free survival probability and
the safety of microemulsified cyclosporine in children with
FRNS. The benefits of AUCy 4, and C2 monitoring in this
clinical setting were also assessed.

Materials and methods

Patients

The study group comprised children (1-18 years of age) with FRNS who
had idiopathic nephrotic syndrome. Patients were excluded if they had
any of the following conditions: (i) other renal or systemic forms of neph-
rotic syndrome diagnosed on the basis of renal biopsy, clinical features or
serology; (ii) poorly controlled hypertension; (iii) chronic renal dysfunc-
tion (creatinine clearance of <60 mL/min/1.73 m?); (iv) active infectious
disease; (v) severe liver dysfunction; (vi) a history of treatment with
cyclosporine; or (vii) pregnancy.

The criteria for and definitions of nephrotic syndrome, remission, and
relapse were in accordance with the International Study of Kidney Dis-
ease in Children [21]. FRNS was defined as two or more relapses of neph-
rotic syndrome within 6 months after the initial episode, three or more
relapses within any 6-month period, or four or more relapses within any
12-month period. Steroid dependence was defined as the occurrence of
two consecutive relapses on tapering the steroid dosage or within 14 days
after the termination of steroids.

‘Ethical Guidelines for Clinical Research’, requiring that all proto-
cols for clinical studies are reviewed by an external ethics committee,
were issued by the Japanese Ministry of Health, Labour and Welfare
in 2003. At the start of our trial (January 2000), the study protocol
was approved by the director or other responsible person at each par-
ticipating centre and was not revwwed by an ex!ama] review board.
Therefore, at the time of the
ive approval by an ethical committee was performcd The exhlcal standards
laid down in the Declaration of Helsinki were applied accordingly in the
design and execution of this study. Informed consent was obtained from all
patients or their parents.

Protocol
The total duration of treatment was 24 months. For the first 6 months, all
patients received microemulsified cyclosporine in a dose that maintained
a whole-blood trough level between 80 and 100 ng/mL of cyclosporine;
for the next 18 months, the dose was adjusted to maintain a trough level
between 60 and 80 ng/mL. Maintenance prednisolone was not prescribed.
After 2 years of treatment, all patients were scheduled to undergo renal
biopsy, and the dose of cyclosporine was tapered by 0.5-1.0 mg/kg per
day every week. The concomitant use of drugs other than corticosteroids
and immunosuppressants was not restricted. Antihypertensive agents, in-
cluding ang enzyme inhit and HMG-CoA reduc-
tase inhibitors (statins) were also permitted.

Blood analysis (complete blond cell count and blood chemistry) and
urine tests (urinalysis and quantitative proteinuria) were performed monthly
during follow-up. The trough level of cyclosporine was measured monthly

K. Ishikura ef al.

by monoclonal radioimmunoassay. In addition to the trough level, other in-
dices of cyclosporine absorption (i.e. AUCp 41, and C2) were examined at
Month 1. For cyclosporine AUC, 4 and C2 sampling, time lags of +5 mins
were allowed. AUC, 41, was calculated by the linear idal method.

Patients in whom FRNS or steroid-resistant neph devel-
oped during treatment received off-protocol therapy, left to the discretion
of the physician in charge.

Corticosteroid treatment

To treat relapses of nephrotic syndrome immediately before study entry,
patients received 2 mg/kg/day of prednisolone in three divided doses
(maximum dose, 80 mg/day) for 4 weeks, followed by a single dose of
2 mg/kg of prednisolone administered in the morning on alternate days
for 2 weeks, 1 mg/kg on alternate days for 2 weeks and 0.5 mg/kg on
alternate days for 2 weeks. Patients who had relapses of nephrosis during
the study period received 2 mg/kg/day of prednisolone in three divided
doses (maximum, 80 mg/day) until remission, followed by a single dose
of 2 mg/kg of prednisolone administered in the moming on alternate days
for 2 weeks, 1 mg/kg on alternate days for 2 weeks and 0.5 mg/kg on
alternate days for 2 weeks.

Histopathological examination
A pathologlst at each study centre exammed each renal biopsy specimen.
Ani gator at the centre who was blinded to

all patient data also reviewed the histologic sections. Arteriolar changes,
tubular atrophy and interstitial fibrosis were graded semi-quantitatively
on a scale of 03+ as follows: 0, none; 1+, mild; 2+, moderate; and 3+,
intense.

Statistical analysis

The primary end point was the probability of relapse-free survival, based
on the period until the first relapse. The secondary end point was the
probability of progression-free survival, based on the period until the de-
velopment of FRNS. Survival curves were estimated by the Kaplan-Meier
method. Survival curves from our previous study of conventional cyclo-
sporine are included in the figures of this study. Multivariate analyses
using Poisson regression were performed to estimate the relations of
AUCy_4p, or C2 to the incidence of re]apse, ad_lustmg for sex, age and
steroid d d Data were analy g 10 the i

treat. A two-sided P-value of <0.05 was considered to mdmm stansucal
significance. All statistical analyses were performed with the use of the
software package SAS for Windows, release 9.13 (SAS Institute Inc.,
Cary, NC, USA).

Clinical trial registration

This study has been registered in a public trials registry, the University
Hospital Medical Information Network (UMIN, ID €000000010, http://
www.umin,ac.jp/ctr/index.htm).

Results

Data set

Between January 2000 and December 2005, a total of 66
children were enrolled at 21 institutions, and 4 patients
were excluded from all analyses. Therefore, 62 children
(59 with minimal change nephrotic syndrome and 3 with
mesangial proliferative glomerulonephritis; 48 males and
14 females) received treatment and were included in ana-
lysis (Figure 1). Their median ages at diagnosis and at
study entry were 3.0 years (range, 1.3-14.5) and 5.4 years
(range, 1.7-15.3), respectively. The clinical characteristics
of the patients at entry are shown in Table 1.

As for concomitant medications, antihypertensive agents
were given to eight patients (angiotensin-converting en-
zyme inhibitors, 4 patients; calcium channel blockers, 3;
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Fig. 1. Flow diagram. FRNS, frequently relapsing nephrotic syndrome.

and both drugs, 1). AHMG-CoA reductase inhibitor (statin)
was given to one patient.

Cyclosporine dosage and trough level

The mean dose of cyclosporine required to maintain the
whole-blood trough level between 80 and 100 ng/mL during
the first 6 months of treatment was 5.1 mg/kg/day. During
the next 18 months, the mean dose of cyclosporine required
to maintain a trough level between 60 and 80 ng/mL was
4.5 mg/kg/day. The distributions of the trough level are
shown in Figure 2.

Decreased frequency of relapses after treatment with
cyclosporine

Before treatment, the mean number of relapses was 4.6 + 1.4
times per year. During the 2 years of treatment with cyclo-
sporine, the mean number of relapses decreased significant-
ly to 0.7 = 1.5 times per year (paired z-test, P<0.0001).

Probability of relap

The estimated relapse rate, defined as the total number of
patients who had relapse during the trial divided by the
duration of observation for all patients, was 0.28 (95%
confidence interval, 0.17-0.39) per year. Figure 3 shows
the results of Kaplan-Meier analysis. At Month 24, the

-free and progr free survival

Table 1. Patient’s characteristics
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Fig. 2. Median trough level of cyclosporine during study period.
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Fig. 3. Comparison with the previous trial [11]. Previous Group A, patients
in Group A received conventional cyclosporine according to the same
protocol in the previous trial; Previous Group B, patients in Group B
received a fixed dose of conventional cyclosporine (2.5 mg/kg) from
Month 7 onwards. Most patients in Group B had a trough level
<60 ng/mL during this period.

probability of relapse-free survival was 58.1% (95% confi-
dence interval, 45.8-70.3%). In this figure, the probability
of relapse-free survival in the present study was compared
with that in our previous trial [11]. The probability of re-
lapse-free survival in Group A [24 patients (18 males);
median age, 7.3 years], which received conventional cyclo-
sporine according to the same protocol, was 50.0%, while
that in Group B [20 patients (17 males); median age,
6.9 years old), which received a fixed dose of conventional
cyclosporine (2.5 mg/kg) from Month 7 onwards, was
15.0%.

Age (years) Sex (n) Number of relapses before entry (n) Steroid dependence (n)
Male Female NA 22-<d/year 24-<6/year 26/year NA =) )
All ages 48 14 1 17 32 12 1 29 32
0-<3 6 5 0 1 6 4 0 3 8
23-<6 18 8 0 7 15 4 0 13 13
26-<10 12 0 1 5 5 1 1 4 7
210-<15 10 1 0 4 4 3 0 7 4
215 2 0 0 0 2 0 0 2 0

NA, not available.
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Table 2. Analysis for predictors of relapse

K. Ishikura et al.

Univariate Multivariate
Hazard ratio 95% CI P Hazard ratio 95% CI P
Sex Male 272 0.82-9.07 0.10 1.77 0.33-9.38 0.49
Female 1.00 1.00
Age 26 years 2.17 1.01-4.70 0.05 1.95 0.69-5.52 0.19
<6 years 1.00 1.00
Steroid dependence Yes 1.01 0.46-2.20 0.99 130 0.52-3.26 0.58
No 1.00 1.00
AUCop4p Each increment of 100-ng x h/mL 0.95 0.88-1.03 0.19 0.95 0.87-1.04 0.23

CI, confidence interval; AUCo 4y, the area under the concentration-time curve during the first 4 h after treatment.

Table 3. Nephrotoxicity of cyclosporine

Relapse Progression AUCpqpat C2at
during to FRNS 1 month 1 month Mean trough
Age/sex treatment  during treatment (ng x /mL) (ng/mL) level (ng/mL) Hypertension Renal histology
29 male  Yes No 1063 290 91.1 +) Mild arteriolar hyalinosis
Mild tubular atrophy
Mild interstitial fibrosis
39 male No No 2160 690 92.4 ) Mild arteriolar hyalinosis and vacuolation
Mild tubular atrophy
Mild interstitial fibrosis
54 male No No 2251 720 72.2 =) Mild arteriolar hyperplasia
Mild-to-moderate tubular atrophy
No interstitial fibrosis
62 male No No 975 380 60.0 (@] Mild arteriolar hyalinosis and vacuolation
Mild tubular atrophy
Mild interstitial fibrosis
10.8 male Yes No 619 160 72.0 +) Mild arteriolar hyalinosis
Mild tubular atrophy
Mild interstitial fibrosis
FRNS, frequently relapsi hroti d AUCg_4p, the area under the concentration-time curve during the first 4 h after treatment; C2, the 2-h

post-dose cyclosporine ]e:cL :

The estimated rate of progression to FRNS was 0.06
(0.02-0.11) per year. The probability of progression (to
FRNS)-free survival at Month 24 was 88.5% (95% confi-
dence interval, 80.4-96.5%).

Steroid-resistant nephrotic syndrome did not develop in
any patient during the trial.

AUCy_44, C2 and relapse

The mean AUCy 4y, at | month was 1493.4+681.2 ng x
h/mL, and that of C2 was 486.0 + 203.9 ng/ml. Table 2
shows the results of Poisson regression analysis for
AUCy 4, adjusted for important prognostic factors. None
of the four risk factors analysed [AUCg 4y, (continuous),
sex (male or female), age (26 years or <6 years), steroid
dependence (yes or no)] were significantly related to re-
lapse. The hazard ratio for AUCy 41, was 0.95 (95% confi-
dence interval, 0.87-1.04; P=0.23) for each 100-ng x h/mL
increment.

The results of Poisson regression analysis using C2 in
place of AUCg 4, were similar, and the hazard ratio for C2

was 0.86 (95% confidence interval, 0.64-1.15; P=0.30)
for each 100-ng/mL increment.

Growth

Before cyclosporine treatment (at study entry), the mean
standard deviation (s.d.) score for body height was
-0.27 £ 1.01 (n=62); at the end of the trial, the mean
s.d. score for body height was 0.33+0.97 (n=>58). The s.d.
score for height increased significantly from the start to the
end of 2-year treatment (paired #-test, P<0.001).

Adverse events

Renal biopsies were performed in 58 patients at the end of
2 years of treatment. The results are shown in Table 3.
Mild nephrotoxicity attributed to cyclosporine occurred
in 5 (8.6%) of the 58 patients. Other adverse events are
shown in Table 4. Hypertension, defined as a requirement
for antihypertensive agents during the trial, was detected in
12.9% of the patients. Severe sequelae of hypertension,
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Table 4. Adverse events

Adverse events Number of events (%)

Hypertrichosis 20 (32.3)
Hypertension 8 (12.9)
Gingival hypertrophy 7(11.3)
Elevation of alkaline phosphatase 5(8.1)
Herpes zoster 2(32)

1(1.6)
1(1.6)

Elevation of serum creatinine
General fatigue

ALP, alkaline phosphatase.

such as encephalopathy, seizures and cardiac dysfunction,
were not detected. One patient had a mild elevation of the
serum creatinine concentration, which was transient and
resolved. No patient had serious adverse events that re-
quired discontinuation of the trial.

Discussion

This prospective, open-label, multicentre trial evaluated
the safety and efficacy of 2 years of treatment with micro-
emulsified cyclosporine (Neoral) in children with FRNS.
Our results showed that microemulsified cyclosporine sig-
nificantly decreased the frequency of relapse and increased
the probability of relapse-free survival, suggesting that
treatment with microemulsified cyclosporine is effective
for children with FRNS. Renal biopsy was performed after
2 years of treatment and showed that the treatment protocol
was safe in terms of nephrotoxicity.

The significant decrease in the frequency of relapse dur-
ing 2 years of treatment suggested that microemulsified
cyclosporine is effective in children with FRNS. The prob-
ability of relapse-free survival in the present trial was com-
pared with that in our previous trial, in which conventional
cyclosporine was given to children with FRNS [11]. The
probability of relapse-free survival in the present trial
(58.1% in 2 years) was higher than the lowest target level,
which was the upper limit of the 95% confidence interval
for the probability of relapse-free survival in Group B
[given a fixed dose of 2.5 mg/kg conventional cyclospor-
ine from Month 7 onwards in the previous trial (37.9%), i.e.
standard treatment]. On the other hand, better outcomes in
terms of probability of relapse-free survival with microe-
mulsified cyclosporine as compared with conventional
cyclosporine were not obtained. The dose of cyclosporine
did not differ significantly (data not shown). In this regard,
microemulsified cyclosporine was not superior to conven-
tional cyclosporine. Further clinical studies are thus needed
to confirm the efficacy of microemulsified cyclosporine in
children with FRNS.

The results of our study do not allow us to make firm
conclusions about whether AUCq 4, and C2 monitoring
are clinically useful for titrating the dose of cyclosporine
in children with FRNS. AUCg 4y, and C2 monitoring have
been shown to be a useful method for titrating the dose of
cyclosporine, particularly the microemulsified formula-
tion, in adults [22,23] and in children who receive renal
transplants [19,20,24]. C2 is the best single time point pre-
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dictor of AUCg.4y,, but the trough level closely correlates
with acute rejection [25]. On the other hand, limitations of
C2 monitoring in renal transplant recipients have been
demonstrated: C2 levels did not predict rejection or tox-
icity; poor and/or slow absorption were observed in a
substantial number of patients; and C2 levels were not
dose-proportional [26]. Moreover, in a randomized setting,
C2 monitoring was not superior to trough monitoring in
terms of graft survival in renal transplant recipients [27].
In the present trial, Poisson regression analysis was used
to assess the relations of AUCy 4y, and C2 to relapse. The
risk of relapse was not dependent on AUCg 41, or C2, prob-
ably because the dose of cyclosporine was adjusted on the
basis of trough levels, and neither AUC, 4}, nor C2 had suf-
ficient variability (or power) to test the relation to relapse.
To settle these issues, further studies are required; another
new multicentre randomized controlled trial supported by
the Ministry of Health, Labour and Welfare, entitled ‘Cyclo-
sporine C2 monitoring for frequently relapsing nephrotic
syndrome in children: a randomized controlled trial’, is
now being conducted in Japan to evaluate the safety and ef-
ficacy of C2 monitoring for cyclosporine (Neoral).

Improvement in the mean height s.d. score is another en-
couraging result of our trial. Growth failure is a serious ad-
verse effect of steroids in children. Improvement in the
mean height s.d. score is attributed to the steroid-sparing
effect of cyclosporine. This effect is an important reason
for using immunosuppressants such as cyclosporine in chil-
dren with FRNS. At the same time, our protocol for the use
of prednisolone in this trial appears to be appropriate.

Adverse events associated with cyclosporine were
acceptable in our trial. The main adverse events of cyclo-
sporine are nephrotoxicity, neurotoxicity including enceph-
alopathy and seizures, hypertension, gingival hyperplasia,
hirsutism, and hypomagnaesemia [10,28-30]. In our trial,
five patients (8.6%) had nephrotoxicity, and four (6.9%)
had interstitial fibrosis. Fibrosis was mild in all of our pa-
tients. However, since irreversibility of interstitial fibrosis
has been reported [31] and paediatric patients have a long
life expectancy, nephrotoxicity due to cyclosporine should
be closely monitored, and renal biopsy should be per-
formed to confirm safety in patients who receive repeated
or prolonged treatment with cyclosporine. Hypertension,
defined as a requirement for antihypertensive agents, was
detected in 12.9% of our patients. Although severe seque-
lae of hypertension such as seizures did not occur in this
study, management of blood pressure is an important con-
cern whenever cyclosporine is administered. No patient had
serious adverse events that required the discontinuation of
treatment during the trial.

An important limitation of the present trial is the study
design: no control group was established. Because of sev-
eral differences between the present trial and our previous
trial, caution should be exercised when comparing the re-
sults. The results of the aforementioned randomized con-
trolled trial are awaited to confirm our findings. Our study
group was characterized by a significant male preponder-
ance (48 boys and 14 girls), which has also has been re-
ported in children with nephrotic syndrome, including
frequently relapsing nephrotic syndrome [7,9]. In our pre-
vious study, the male:female ratio was also as high as 35:9.
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Another concern is missing data, such as the results of renal
biopsy after treatment and measurement of AUCp 4 and
C2. Some patients refused repeated renal biopsy because
of associated risks. AUC(_4), measurement, which requires
multiple blood samples, was inconvenient and was occa-
sionally not performed by the physicians in charge; a single
C2 measurement might be more practical. Finally, lack of
adequate statistical power, particularly on Poisson regres-
sion analysis, was also a weakness of the present study.

A major limitation of cyclosporine treatment for chil-
dren with FRNS is relapse after drug withdrawal. Several
studies have evaluated relapse after cyclosporine treatment,
albeit the treatment protocols differed from ours [8,32,33];
most patients had relapse of FRNS after the discontinu-
ation of cyclosporine. Such patients require further treat-
ment with cyclosporine or other immunosuppressants.
‘We are continuing to follow up our patients to better define
this critical issue.

In conclusion, treatment with microemulsified cyclo-
sporine (Neoral) for 2 years in a dosage that maintains
the trough level between 80 and 100 ng/mL for the first
6 months and 60-80 ng/mL for the next 18 months appears
to be safe and effective in children with FRNS. Among
several immunosuppressants recommended for children
with FRNS, e.g. cyclophosphamide, levamisole, chloram-
bucil and mycophenolate mofetil, microemulsified cyclo-
sporine is considered an important treatment option.
Follow-up studies are being conducted to evaluate the risk
of relapse after the withdrawal of cyclosporine.
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Patients with Epstein-Fechtner syndromes owing
to MYH9 R702 mutations develop progressive
proteinuric renal disease
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Recent linkage analyses of nondiabetic African-American
patients with focal segmental glomerulosclerosis (FSGS) have
identified MYH9, encoding nonmuscle myosin heavy chain lIA
(NMMHC-IIA), as a gene having a critical role in this disease.
Abnormalities of the MYH9 locus also underlie 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 clinical 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. Renal 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-phenotype
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correlation, and lead to the rapid deterioration of podocyte
structure. Our results highlight the critical role of NMMHC-IIA
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 Dohle body-like inclusion bodies." There
are two related disorders, namely, Fechtner syndrome (FTNS)
and Epstein syndrome (EPS), in which progressive hearing
disability and nephritis are observed. In FINS, cataract is
also present. Recently, MYH9, a gene encoding nonmuscle
myosin heavy chain IIA (NMMHC-IIA), has been identified
as the causative gene for these four disorders.”® Several
mutations in MYH9 have been identified, and the existence of
mutational hot spots in MYH9, that is, codons R702, R1165,
D1424, E1841, and R1933, has been reported.*”

As mutations in a single gene cause four distinct disorders,
a novel nomenclature, MYH9 disorders, has been pro-
posed.**1° However, the mechanisms by which mutations
in a single gene cause a variety of phenotypes remain to
be elucidated.! 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, renal histology, and
prognosis has been lacking.
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In addition to macrothrombocytopenic diseases due to
MYHY9 mutations, a significant association between the
development of idiopathic focal segmental glomerulosclerosis
(FSGS) or end-stage renal disease (ESRD) in African-
American individuals and single-nucleotide polymorphisms
in MYH9 was identified in 2008.""' This finding shows that
NMMHC-IIA is responsible for not only EPS-FTNS, but also
FSGS. Structural or functional abnormalities of NMMHC-
IIA 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 MYH9 develop
nephritis characterized by proteinuria and/or hematuria in
early infancy, and the deterioration of renal function
accelerates in early adolescence. Hearing disability also
manifests in early 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

Clinical presentation and MYH9 mutations

The clinical backgrounds of each case are summarized in

Table 1. The age at the latest examination 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 novo mutations.

No disease-related family histories were noted.

Urinary abnormalities and development of renal dysfunction
The renal manifestations of nine cases are described in
Table 1. Except for case 1, all the other cases developed
proteinuria and/or hematuria before 12 years of age. Case 2
developed significant proteinuria (1+4; urine protein/
gCr=310mg/g creatinine (Cr)) as early as 2 years and
7 months of age. It is notable that four cases over 15 years old

in

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 after the serum Cr level
exceeded 1.0 mg/dl. The clinical status at the latest evaluation
is described in Table 1 along with age at final evaluation.

Extrarenal manifestations

Among these cases, only case 1 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.

Renal histopathological analysis of case 6

Light and electron microscopy findings of serial renal
biopsies of specimens from case 6 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 effacement
(indicated by an arrow in Figure 2c). Focal glomerular
basement membrane (GBM) thickening lesions were
observed (up to 1000-1500nm in diameter), whereas most
GBM show normal appearance (thickness ranges from 300 to
400nm). 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 9 months of age. Only four glomeruli were
obtained; one glomerulus showed global sclerosis, and two of
the remaining three glomeruli showed segmental sclerosis.

with R702 in MYH9

Table 1| Clinical backgrounds and renal

Age and urinalysis findings when

urine abnormalities were first noted

Age at latest evaluation and each clinical status

First
Case Ethnic MYH9 clinical Clinical Age at CKD
no. Sex backgi d i di is Age Proteinuria Hematuria Age  status 5 onset Proteinuria Hematuria
1 F Japanese R702H ITP (=) =) 4y11m w.nl (=) =)
2 F Japanese R702C MHA 2y7m (14 (=) 4y2m  CKD stage 1 =) =)
3 F  Chinese R702C TP 6y8m (=) (14) 6y8m  CKD stage 1 =) (14)
4 M Japanese R702C ITP 5y8m (2+) (3+) 12y3m CKD stage 1 (3+) (34)
5 M Japanese R702C TP 11y8m +) (+/-) 11y8m CKD stage 1 53] +/-)
6 F Japanese R702C ITP 8y8m 1+ 1+ 21y3m Transplant 15y
7 M Japanese R702C MHA 9y 1+ 1+) 20y7m Transplant 17y
8 F Japanese R702C ITP Unknown Unknown 33y PD/HD 16y
9 F Japanese R702C ITP 5y8m (+/=) Unknown 32y Transplant 20y

Abbreviations: HD, hemodialysis; HPF, high power fields; ITP, Idiopathic thrombocytopenic purpura; MHA, May-Hegglin anomaly; m, month; PD, peritoneal dialysis; y, year.

In the urinalysis, stages of proteinuria and hematuria were defined as follows:

Proteinuria: +/—, 15mg/dl; +, 30 mg/dl; 2+, 100 mg/dl; 3+. 300 mg/dl or over 300 mg/dl.

Hematuria: +/—, RBC ~ 5/HPF; 1+, 5-10/HPF; 2+, 10~ 50/HPF; 3+, >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 deterioration of renal function is apparent in
these cases. Each case progressed to end-stage renal disease
shortly 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 filtrate 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 almost normal glomerular filtrate rate at the
time of the second renal biopsy, absence of enlarged
glomeruli in the kidney 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.

hi hemical

I of NMMHC-1IA in control and

case 6 kidney samples

Figure 3 shows the immunostaining data of NMMHC-IIA in
the glomerulus in normal control and case 6 kidney samples.
In the glomeruli of the control sample, the intensity of
NMMHC-IIA immunostaining 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, NMMHC-IIA 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 capillaries also express NMMHC-IIA (Figure 4a-c).
In case 6, NMMHC-IIA expression in renal tubular cells and
endothelial cells did not change significantly (Figure 4e and f).

NMMHC-1IA distribution in peripheral blood neutrophils

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

Kidney Intemational (2010) 78, 207-214

B. 11 year
(PAS stain)

Figure 2| Histopathological analysis of renal specimen from
case 6. Light and electron microscopies of the renal specimen
from case 6. (a) Periodic acid Schiff (PAS) staining of typical
glomerulus and surrounding tubules of the renal specimen of
case 6 at 9 years of age (first biopsy). (b) Findings of the same case
at 11 years of age (second biopsy). This glomerulus shows typical
morphological changes compatible with focal segmental
glomerulosclerosis. (c) Electron microscopy 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-
IIA is indicated by an arrowhead). This granular pattern
(type 1I) was observed in neutrophils from all the cases with
R702 mutations (Figure 5 and Table 2, see Methods and
Discussion sections for the definition of NMMHC-IIA
distribution patterns in neutrophils).

Effect of ARB/ACEI on urinary abnormalities and renal
function in three cases

Three cases, namely cases 2, 4, and 7, were treated 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 500-700 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| Expression of NMMHC-JIA in the glomerulus from normal control and case 6 kidney samples. (a and b) NMMHC-IIA
expression in the glomerulus from normal control sample. NMMHC-IIA is strongly expressed in podocytes. (¢ and d) First biopsy specimen
from case 6. The intensity of immunostaining of NMMHC-IA is already decreased. (e and f) Second biopsy specimen from case 6. The

intensity of immunostaining of NMMHC-IIA is decreased.

Figure 4| Expression of NMMHC-IIA in normal control and case 6 kidney samples. (a-d) NMMHC-IIA expression in normal control
kidney sample. Compared with the strong staining of NMMHC-IIA in podocytes, its expression in other renal tissues is relatively weak. Weak
expression of NMMHC-IIA is observed in the distal nephron (b and d) and loop of Henle (b). Endothelial cells of arteries also express
NMMHC-HHA (c). In the first (e) and second (f) renal biopsy specimen from case 6, expression of NMMHC-IIA 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 have
been associated with the development of nephritis.” Pecci
et al’ showed that mutations in the motor domain of
NMMHC-IIA are associated with severe thrombocytopenia
and the development of nephritis and deafness before
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40 years of age, whereas patients with mutations 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 genotype-phenotype
correlation in both renal impairment and hearing
disability.
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Figure 5 | Distribution of NMMHC-IIA in the cytoplasm of neutrophils in control and cases with R702 mutations. Controls 1, 2, and 3:
Normal distribution of NMMHC-IIA in the cytoplasm of neutrophils. NMMHC-IIA is diffusely distributed in the cytoplasm. Cases 1 to 9:
In all the cases with MYH9 R702 mutations, NMMHC-IIA was condensed and localized in a granular pattern in the cytoplasm as indicated by

gray arrowheads.

Table 2 | Extrarenal manifestations in each patient

Hearing disability

Type of cy

Case distribution of ~ Age of presentation  Latest

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

Abbreviations: m, month; NMMHC-IIA, nonmuscle myosin heavy chain IIA; NT, not
tested; y, year.

Note: Abnormal distributions of NMMHC-IIA are classified into three types according
to the number, size, and shape of accumulated NMMHC-IIA granules (see also the
Materials and Methods section).' Type Il is characterized by the presence of up to
20 circular to oval NMMHC-IA-positive spots (<1 pum).

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

Kidney International (2010) 78, 207-214

changes of renal histology in Epstein—Fechtner 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 first 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 20 mg 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 level 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-
nant 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 causative genes in the glomeruli. The type IV
collagen a5 chain gene responsible for Alport syndrome
encodes an essential structural component of GBM; in
contrast, NMMHC-TIA 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-TIA molecule in podocytes owing to MYH9
mutation.

Kunishima et 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 I, NMMHC-IIA is present as granular masses of up to

212

20; type 11, NMMHC-IIA is diffusely distributed as fine
granules throughout the cytoplasm. Kunishima et al.'® also
indicated that the type of abnormal distribution 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 II (Figure 5 and
Table 2).

The abnormal distribution of NMMHC-IIA 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-IIA 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 o-actinin-
4 to actin filaments, alter their intracellular localization, and
finally cause FSGS.'*?° Michaud et al.?° showed that when
mutated ¢-actinin-4 is expressed in cultured podocytes, and
the localization of o-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 foot process effacement.
Recently, several studies have indicated that NMMHC-II 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
cellcell adhesion molecule 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-IIA 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 common in the
African-American populations. Recently, two groups have
independently 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-IIA is
responsible for the development of not only Epstein-Fechtner
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syndrome, but also idiopathic FSGS. There is no information
on why specific single-nucleotide polymorphisms in MYH9
increase the susceptibility of African-American individuals to
FSGS or ESRD. Clarification of the pathophysiological
mechanisms underlying the development of FSGS in
Epstein-Fechtner syndrome would provide clues elucidating
the molecular mechanisms underlying the development of
FSGS.

Just recently, Pecci et al.? have reported a favorable effect
of ACEI and/or ARB on proteinuria in patients genetically
diagnosed with Epstein—Fechtner syndrome. In this study,
three cases among the nine enrolled were treated with ARB
and/or ACEL In 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 ACEI 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-IIA.

In conclusion, in this study, we showed a rapid
deterioration of renal function in cases with MYH9 R702
mutation, and the pathological findings in one case were
consistent with FSGS; apparent changes in NMMHC-IIA
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 MYH9 disorders. Among those 100 patients,
we selected all unrelated patients with R702 mutation and enrolled
them in this study (Table 1). Some of the clinical and hematological
data of patients 1, 2, 4, and 5 were previously published:* except for
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 data were obtained by
the attending physician in each case. Ocular abnormalities and
hearing disabilities were evaluated by ophthalmologists and
otolaryngologists, respectively.

The renal biopsy specimens from case 6 were evaluated by light
microscopy and electron microscopy using conventional techniques.
Immunohistochemical 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
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where the patients were enrolled, and was performed after 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 MYH9 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 i histochemical analysis. This
was performed using 3 pm-thick sections of a paraffin-embedded
sample. A renal specimen derived from a 51-year-old renal
transplantation donor kidney, which was excised from the donor
with immediate perfusion (0h), was used as a control. Each renal
section was autoclaved for 15 min at 121°C in a citrate buffer of pH
6.0. After washing with water and phosphate-buffered saline, each
section was incubated with an anti-NMMHC-IIA antibody (BT561,
Biomedical Technologies, Stoughton, MA, USA, 1:100) for 2h at
room temperature. After washing, each section was further
incubated with a secondary antibody (ENVISION, Dako, Kyoto,
Japan) for 20min. Subsequently, each section was treated with
streptavidin-horseradish peroxidase and diaminobenzidine. The
sections were then counterstained with hematoxylin.

1 o N

of NMMHC-1IA in peripheral
blood neutrophils

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-TIA
granules, into types I, II, and IIL. Type I comprises one or two large
(0.5-2 pm), intensely stained, oval- to spindle-shaped cytoplasmic
NMMHC-IIA-positive granules. Type II comprises up to 20 circular
to oval cytoplasmic granules (<1pm). Type III appears as a
speckled staining. The pattern of localization correlates with the site
of MYH9 mutation. Mutations in exons 16, 26, and 30 are associated
with type II localization.'®
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Abstract Etanercept is a tumor necrosis factor (TNF)-o
inhibitor that has been applied beneficially for juvenile
idiopathic arthritis (JIA). We experienced long-term remis-
sion of nephrotic syndrome (NS) in a boy treated with
etanercept, which was initially used for concomitant JIA.
He developed NS at age 3 years 7 months and had mostly
been treated with cyclosporine because of steroid depen-
dency and frequent relapses. Cyclosporine was halted at
10 years 7 months because of nephrotoxicity, and he was
subsequently treated with mizoribine. However, he had
three relapses in the first year and developed JIA at 11 years
7 months. He was treated with sulfasalazine, methotrexate,
and prednisolone, but his arthritis persisted. Etanercept was
started at 12 years 3 months. Thereafter, his arthritis went
into complete remission. Surprisingly, he has remained
relapse-free for both NS and JIA for more than 3 years with
etanercept and mizoribine. It is difficult to know whether

the NS remission after initiating etanercept was coinciden-
tal. However, there are many reports of increased TNF-« or
soluble TNF-« receptor in NS relapse. To date, there are
two reports of the efficacy of TNF-« inhibitors against NS.
It is possible that TNF-« inhibitors may have potential as
therapeutic agents for NS.

Keywords Nephrotic syndrome - Etanercept - TNF-cc -
Juvenile idiopathic arthritis - Children

Introduction

The etiology of idiopathic nephrotic syndrome (NS) is still
unknown. However, it has been speculated that the etiology
is strongly associated with abnormal immunity. For a long
time, T cells have been assumed to play major roles in its

pathog Recently, however, the anti-CD20 monoclo-
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nal antibody rituximab has emerged as a new agent for
refractory NS [1]. There have been many reports of its
remarkable effects, which shed light on the role of B cells.
On the other hand, the roles of cytokines have not been
well elucidated. We experienced long-term remission of NS
in a 15-year-old boy treated with etanercept, a TNF-«
inhibitor, which was initially used for concomitant juvenile
idiopathic arthritis (JIA). We consider whether TNF-a
inhibitors may have potential as new therapeutic agents
for refractory NS based on our observations and some
previous reports.

Case report

A boy aged 11 years 7 months developed JIA. He had
developed NS at 3 years 7 months. A renal biopsy revealed
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minimal changes in the NS. He had mostly been treated with
cyclosporine, which was used from 5 years 9 months to
10 years 5 months, because of steroid dependency and
frequent relapses. He had one or two relapses per year while
being treated with cyclosporine. Cyclosporine treatment
was halted when he was 10 years 5 months because of
nephrotoxicity proven by a renal biopsy. He was subsequently
treated with mizoribine instead of cyclosporine. However, he
had three relapses in the first year after mizoribine initiation,
and returned to steroid dependency (Fig. 1).

The patient abruptly developed arthritis in the right
hip joint at 11 years 7 months, and his NS relapsed
simultaneously. The serum C-reactive protein (CRP)
level increased to 6.5 mg/dl. Daily prednisolone (PSL)
of 40 mg for the NS relapse resolved not only the
proteinuria but also the arthritis. However, after
3 months, when PSL had been tapered to 10 mg, he
developed arthritis again in the bilateral knee joints,
bilateral hip joints and proximal interphalangeal joints
of the right fourth toe. Magnetic resonance imaging
revealed fluid in the knee joints and synovial thicken-
ing. Enthesopathy of the right ankle was also indicated
clinically. Rheumatoid factor, anti-cyclic citrullinated
peptide antibodies, and anti-nuclear antibodies were all
negative. Ophthalmologic abnormalities such as uveitis
were absent. Serum complements were normal, and anti
dsDNA antibody, pancytopenia and urinary abnormali-
ties were not present. Systemic lupus erythematosus was
ruled out by laboratory examinations and clinical
manifestations. HLA-B27 was found, and he was
diagnosed as having HLA-B27-related JIA.

He "was initially treated with naproxen 400 mg,
salazosulfapyridine 1,000 mg, and PSL 10 mg. Since
mizoribine is known to be effective for both NS and

Fig. 1 Clinical course
of the patient. R relapse; PSL

3 Dose
prednisolone; CsA cyclosporine; of PSL
MZR mizoribine; SAP salazo- (mg)
sulfapyridine; MTX methotrex- 20

rheumatoid arthritis, mizoribine was continued. Howev-
er, the patient did not respond to these medications.
Additional methotrexate was transiently effective, but
could not ameliorate his arthritis. He presented with gait
disturbance owing to severe pain in the swollen bilateral
knee joints. CRP and erythrocyte sedimentation tests
were elevated.

Biweekly etanercept of 25 mg was administered from
12 years 3 months and he improved dramatically within
2 weeks. The swollen and painful joints promptly
resolved, and CRP and erythrocyte sedimentation tests
decreased to the normal ranges. PSL was successfully
discontinued. Salazosulfapyridine was also discontinued
at 14 years 3 months. To date, he has been free from
recurrence of arthritis for over 3 years with etanercept
and mizoribine. Surprisingly, no relapse of NS has been
experienced for over 3 years with mizoribine. Thus far,
he has not had any severe adverse events for etanercept

(Fig. 1).

Discussion

Our experience has raised the possibility that etanercept, a
TNF-« inhibitor, may be effective for the prevention of NS
relapse. In our case, it is difficult to know whether the NS
remission after initiating etanercept was coincidental,
because most patients with NS tend to exhibit decreased
relapses with growth and puberty. In addition, synergistic
effects of etanercept, mizoribine, and salazosulfapyridine
may have resulted in the favorable outcome in this patient,
although salazosulfapyridine was subsequently discontin-
ued and mizoribine alone was initially ineffective. Regret-
fully, we did not examine the serum TNF-o or soluble
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