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Abstract. We evaluated a 1-year course of a newly de-
veloped immunosuppressant, mizoribine (at a dosage of
3 mg/kg body weight per day), in nine children with ste-
roid-dependent nephrotic syndrome. Steroid treatment
could be discontinued in two patients and the maintenance
dosage of steroid could be reduced to less than half of that
given before mizoribine therapy in a third. There were no
beneficial effects in the remaining six patients. No adverse
effects of mizoribine were observed during the course of
therapy.
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Introduction

Most patients with minimal change nephrotic syndrome in
childhood respond to steroid therapy. However, some re-
sponders have frequent relapses or are steroid dependent
[1]. One of the serious problems in these patients is toxicity
from continous steroid therapy. Immunosuppressants, such
as cyclophosphamide and chlorambucil, often used to in-
duce longer remission have not been satisfactory in steroid-
dependent patients [2, 3]. Mizoribine, a newly developed
immunosuppressant, inhibits purine nucleoside synthesis
[4]. The purpose of this study was to evaluate the efficacy
and safety of mizoribine therapy in children with steroid-
dependent nephrotic syndrome.

Patients and methods

Nine children (6 males, 3 females) with steroid-dependent nephrotic
syndrome were enrolled in the study. The definitions of nephrotic

syndrome, remission, and relapse are those used by the International
Study of Kidney Disease in Children [5]. Steroid dependence was
defined as recurrence of proteinuria when the dose of prednisolone was
reduced or within 2 weeks of discontinuation of therapy. The initial
episode and first relapse were usually treated with 60 mg/m2 per day
(total dose not more than 60 mg/day) prednisolone for 4 weeks, fol-
lowed by 40 mg/m2 per day for 2 weeks, 30 mg/m2 per day for 2 weeks,
then alternate-day prednisolone with 60 mg/m2 given as a single dose
in the morning of every other day for 2 weeks, with the dosage being
decreased by 10 mg/m2 every 2 weeks. At each subsequent relapse,
patients were generally treated with 60 mg/m2 or less per day for
4 weeks, followed by alternate-day tapering, according to their pre-
vious response to prednisolone, the dose of prednisolone at relapse,
and the clinical course before relapse. Patients who had received im-
munosuppressive agents within the last 6 months were excluded from
the study. Clinical features of the nine patients with steroid-dependent
nephrotic syndrome are shown in Table 1. All patients had normal
renal function during their clinical course. Renal biopsy was performed
in three patients and documented minimal change disease. The other
patients were thought to have minimal change nephrotic syndrome
based on their clinical findings and response to steroid therapy [6].

Oral mizoribine was started when the patient was in remission and
was given at a dosage of 3 mg/kg body weight per day (not exceeding
150 mg/day) in three divided daily doses with maintenance doses of
prednisolone. The dosage of prednisolone was then gradually reduced.
When relapse occurred during mizoribine therapy, patients were
treated with prednisolone in the same manner as before mizoribine
therapy and mizoribine was continued for a year. Mizoribine was
discontinued after a year. Clinical evaluation and laboratory examina-
tion of mizoribine toxicity were performed every 2–4 weeks. Regular
laboratory examination of blood and urine consisted of complete blood
count, blood urea nitrogen, serum creatinine, uric acid, sodium,
potassium, chloride, calcium, phosphate, serumβ2-microglobulin,
total protein, albumin, liver function, routine urinalysis, and urinary
enzymes such asN-acetyl-β-glucosaminidase andβ2-microglobulin.
Trough and peak blood levels of mizoribine were measured at 3, 6, 9,
and 12 months during mizoribine therapy, according to the method
reported previously [7]. Informed consent was obtained from all
guardians and patients before mizoribine therapy.

Results

All nine patients completed the trial; three were considered
responders to mizoribine. As shown in Table 1, predniso-
lone was discontinued after starting mizoribine therapy inCorrespondence to:T. Hamasaki
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two children; one patient at 7 months and the other at
11 months. These patients remained in remission during the
observation period (24 and 20 months, respectively). In the
third patient, the dosage of prednisolone could be decreased
after 1 year of therapy to 5 mg/48 h, which was less than
half of the dosage administered before mizoribine therapy;
relapse did not occur during the observation period. In six
unresponsive patients, the difference in the rate of relapse
and total dosage of prednisolone before and after mizor-
ibine therapy was not significant. Furthermore, there was
no statistically significant difference in the duration of ill-
ness and the number of relapses before mizoribine therapy
between the three responders and the six non-responders.

Peak and trough blood levels of mizoribine measured at
3, 6, 9, and 12 months during therapy are shown in Table 2.
Mean peak values of the three responding patients and the
six non-responding patients were 0.52µg/ml and 0.40µg/
ml at 3 months, 0.55µg/ml and 0.31µg/ml at 6 months,
0.46µg/ml and 0.22µg/ml at 9 months, and 0.44µg/ml and
0.51 µg/ml at 12 months, respectively. At 3, 6, and
9 months, mean peak blood levels of mizoribine appeared
higher in responding patients. However, there were statis-
tically no significant differences between blood levels
(peak and trough) of the three responding and six non-re-
sponding patients. None of our patients had indications of
mizoribine toxicity, such as leukopenia, gastrointestinal
symptoms, alopecia, hepatotoxicity, and nephrotoxicity, as
assessed by regular examination.

Discussion

Minimal change nephrotic syndrome in childhood is gen-
erally a benign disease with a good prognosis. However,
steroid toxicity remains a major problem for children with
steroid-dependent nephrotic syndrome and is difficult to
manage. The effectiveness of alkylating agents, such as
cyclophosphamide and chlorambucil, in steroid-dependent
nephrotic syndrome is less than optimum and the use of
these drugs is restricted by their potential side effects, in-
cluding gonadal toxicity [2, 3]. The steroid-sparing effect
of mizoribine that was observed in three of our patients has
been reported previously [8]. Although the remaining six
patients did not show comparable benefits, this may relate
to the doses of mizoribine used. Unfortunately, we were

626

Ta
bl

e
1.

C
lin

ic
al

fe
at

ur
es

of
th

e
ni

ne
ch

ild
re

n
w

ith
st

er
oi

d-
de

pe
nd

en
t

ne
ph

ro
tic

sy
nd

ro
m

e

P
at

ie
nt

S
ex

A
ge

at
on

se
t

D
ur

at
io

n
of

A
ge

M
Z

B
st

ar
te

d
R

el
ap

se
s

M
ea

n
in

te
rv

al
P

rio
r

R
en

al
O

bs
er

va
tio

n
R

el
ap

se
s

M
ea

n
E

ffe
ct

of
M

Z
B

ill
ne

ss
be

fo
re

be
tw

ee
n

th
er

ap
y

bi
oo

ps
y

pe
rio

d
af

te
r

af
te

r
M

Z
B

in
te

rv
al

be
-

th
er

ap
y

M
Z

B
th

er
ap

y
re

la
ps

es
M

Z
B

th
er

ap
y

th
er

ap
y

tw
ee

n
re

la
ps

es
(y

ea
rs

)
(m

on
th

s)
(y

ea
rs

)
(t

im
es

)
(m

on
th

s)
(m

on
th

s)
(t

im
es

)
(m

on
th

s)

1
M

6
72

12
9

8
P

rd
C

pm
–

24
0

W
ith

dr
aw

al
of

P
rd

2
F

3
33

6
5

6.
4

P
rd

C
pm

–
20

0
W

ith
dr

aw
al

of
P

rd
3

M
6

94
14

5
19

P
rd

C
pm

–
24

0
R

ed
uc

tio
n

of
P

rd
a

4
M

3
54

7.
5

5
10

.8
P

rd
M

ps
C

pm
M

C
27

1
27

(–
)

5
M

5
10

9
14

12
9

P
rd

C
pm

–
32

3
11

(–
)

6
M

4
10

8
13

11
10

P
rd

C
pm

–
32

3
11

(–
)

7
F

6
13

1
17

25
5

P
rd

C
pm

M
C

13
4

3
(–

)
8

F
2

30
4.

5
5

6
P

rd
C

pm
G

gl
–

21
4

5
(–

)
9

M
8

10
0

16
17

6
P

rd
C

pm
M

C
24

4
6

(–
)

M
Z

B
,

M
iz

or
ib

in
e;

P
rd

,
pr

ed
ni

so
lo

ne
;

C
pm

,
cy

cl
op

ho
sp

ha
m

id
e;

M
ps

,
pu

ls
e

m
et

hy
lp

re
dn

is
ol

on
e

th
er

ap
y;

G
gl

,
hi

gh
-d

os
e

ga
m

m
a

gl
ob

ul
in

th
er

ap
y;

M
C

,
m

in
im

al
ch

an
ge

a
R

ed
uc

tio
n

of
P

rd
w

as
de

fin
ed

as
re

du
ct

io
n

of
th

e
do

sa
ge

of
P

rd
to

le
ss

th
an

ha
lf

of
th

at
ad

m
in

is
te

re
d

be
fo

re
M

Z
B

th
er

ap
y

Table 2. Mean blood levels (µg/ml) of MZB in children with steroid-
dependent nephrotic syndromea

3 responding children 6 non-responding children

Time
(months)

Trough Peak Trough Peak

3 0.28+0.07 0.52+0.20 0.14+0.19 0.40+0.38
6 0.33+0.26 0.55+0.13 0.13+0.09 0.31+0.22
9 0.07+0.09 0.46+0.27 0.10+0.14 0.22+0.15

12 0.16+0.15 0.44+0.07 0.21+0.36 0.51+0.32

P 40.05 when comparing responding patients with non-responding
patients at each interval
a Mean+ SD



unable to determine effective blood levels of mizoribine
and chose a conservative dose of 3 mg/kg body weight per
day. This dose resulted in no short-term adverse effects of
mizoribine. Whether higher doses of the drug would be
more effective and free from side effects or whether long-
term side effects of mizoribine will develop remains to be
determined.

Recently, the use of cyclosporin A in steroid-dependent
nephrotic syndrome has been reported [9, 10]. However,
long-term cyclosporin A treatment is necessary to maintain
remission, and relapse often occurs soon after cessation of
cyclosporin A treatment. Furthermore, it is well known that
the most serious toxic effect of cyclosporin A is ne-
phrotoxicity, including tubulointerstitial damage which
may arise in the absence of any signs of renal functional
impairment [10]. Although the efficacy of mizoribine was
restricted in our patients with steroid-dependent nephrotic
syndrome, mizoribine may prove to be a suitable alter-
native to alkylating agents or cyclosporin A in selected
nephrotic children who prove refractory to currently used
drugs or who develop severe side effects from prolonged
use of steroids.
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Circulating luteinizing hormone receptor inhibitor(s) in boys with chronic renal failure

Leo Dunkel, Taneli Raivio, Jarmo Laine, and Christer Holmberg

Patients with chronic renal failure frequently have hypogonadism. To
elucidate the molecular mechanisms involved, we tested the ability of
serum from these patients to inhibit recombinant human luteinizing
hormone receptors. Using a cell line expressing functional human lu-
teinizing hormone receptors, we found that adenosine 39,59-mono-
phosphate (cAMP) production was markedly inhibited by sera from the
patients, but not by sera from healthy subjects. Inhibition of cAMP
production was associated with inhibition of125I-human chorionic

gonadotropin binding. Inhibition of LH receptors by sera from patients
correlated with the glomerular filtration rate and after renal allograft
transplantation, decreased. Fractionation of serum samples indicated
the receptor-inhibiting activity in proteins of molecular weights from
30,000 to 60,000 Daltons. When characterized and purified, the factor
responsible may well be a new LH receptor antagonist of clinical
significance.
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