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tions did not result in the gain or loss of
restriction enzyme sites and the DNA se-
quence abnormality was confinmed by the
DNA sequence analysis 2 times (Figure 3).
The absence of each DNA sequence abnor-
mality in 110 alleles from 56 unrelated nor-
mal Japanese individuals (54 females. 2
males) established that these abnormalities
were mutations and not polymorphisms that
would be expected to occur in > 1% of the
population.

Discussion

Qur results, which have identified 3 novel
mutations of the CLCNS gene in 3 families
with Japanese Dent’s disease, expand the
spectrum of such mutations that are associ-
ated with this renal tubulopathy. A single base
“A" insertion at codon 100 between nucleo-
tides 590 and 591 predicts to cause 6 amino
acids frame shift and form a “TGA™ termina-
tion codon at codon 106, which predicts trun-
cated CLC-5 channel that lacks the 642 (86%)
amino acids. The eftect upon CLC-5 channel
of this insertional mutation is likely to be a
loss of function. The R28X mutation predicts
1o lead to a truncated CLC-5 channel that
lacks the 718 (96%) amino acids. The effect
upon CLC-5 channel of this nonsense muta-
tion is also likely to be a loss of function. The
(G506R mutation predicts a disruption of
charge distribution of CLC-5 protein. The
sitilar mutation, G506E, was reported [Lloyd
et al. 1996]. The effect upon CLC-5 of this
missense mutation, which has been previ-
ously assessed, was a complete loss of func-
tion [Lloyd et al. 1996]. The G506E mutation
1s associated with the replacement of an un-
charged and nonpolar amino acid (glycin, G)
for a charged acidic amino acid (glutamic
acid, E}, while the G506R mutation repre-
sents a similar nonconservative amino acid
exchange of an uncharged and nonpolar
amino acid (glycin, GY and charged basic
amino acid (arginine, R). Therefore, the effect
upon CLC-5 of the G506R mutation is likely
to be a loss of lunction.

Female carriers of this X-linked recessive
discase, who are heterozygous for the pres-
ence of a mutation in CLCNS, typically have
moderate degrees of LMWP and may have
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hypercalciuria [Remnhart et al. 1995, Schein-
man 1997, Wrong ct al. 1994]. In addition,
heterozygous females rarely have symplom-
atic disease such as renal stone or moderate
renal insufficiency [Hoopes et al. 1998].
However, heterozygous females sometimes
have normal urinary excretion ol 3>sMG, cal-
cium to creatinine ratio and renal ultra-
sonography [Langlois et al. 1998, Lloyd et al.
1996, Reinhart et al. 1995] as was shown in
our 3 female carriers. Norden et al. [2000] re-
cently reported that new criteria assessing
urine RBP could deteet most carrier females
(21 of 24) of Dent’s disease. However, uri-
nary excretion of p,MG, o,MG and RBP in
these 3 mothers were normal. In contrast, a fe-
male carrier (Family 1. [.1) manifested hypo-
phosphatemia (2.2 mg/dl) and decreased
osmolality (375 mOsmv/H,0) in the early
moming urine (Table 1), To elucidate the
cause of hypophosphatemia and maximum
urine concentration defect, evaluation of
TmP/GFR (maximal tubular reabsorption of
phosphate/glomerular filtration rate) and as-
sessment of maximum urine osmolality after
antidiuretic hormone loading are needed in
the future. Hypophosphatemia duc 1o hyper-
phosphaturia and maximum urine concentra-
tion defect are common manifestations in
male patients with Dent’s disease. However,
such complications are not described in fe-
male carriers of Dent’s disease. Maximum
urine concentration defect was also seen in
patients with medullary nephrocalcinosis
[Wrong et al. 1992]. However, this female
carricr did not manifest nephrocalcinosis. Al-
though hypophosphatemia and decreased
urine osmolality might be a hint to suspect the
carrier state of Dent’s disease, detection of fe-
male carriers isnot always easy on clinical ex-
amination alone. The genetic mechanism un-
derlying these variable expressions in female
carriers is most likely to be due to the random-
ness of X-chromosome inactivation in the
kidney. Moreover, de novo CLCNS mutations
in the mothers of 3 different patients with
CLCNS mutation were reported [Lloyd et al.
1997, Takemura et al. 2001]. Thus, normal re-
sults of climecal examinations in mother can
not exclude the possibility of having a
CLCNS mutation in male patients with Dent’s
discase. Molecular analysis of CLONS is man-
datory for the correct genetic counseling in
the families with Dent’s discase,
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Abstract Recently, a urate transporter, hRURATI (human
uric acid transporter 1) encoded by SLC22A412, was iso-
lated from the human kidney. hURATI is presumed
to play the central role in reabsorption of urate from
glomerular filtrate. In the present study, we analyzed
SLC22A12 in seven unrelated Japanese patients with renal
hypouricemia whose serum level of urate was less than
1.0 mg/dl, and their family members. We performed
direct DNA’ sequencing of the exon and exon-intron
boundaries of SLC22A 12 using genomic DNA. Six of the
seven patients (86%) possess mutations in SLC22A12. In
five patients, a homozygous G to A transition at nucleo-
tide 774 within exon 4 of SLC22A12, which forms a
stop codon (TGA) at codon 258 (TGG), was identified
(W258X). In one patient, the C to T transition within exon
3, which changes threonine at codon 217 to methionine
(T217 M), and the W2538X mutation were found (com-
pound heterozygote). Thus, among 12 mutational alleles
in six patients, 11 were the W258X mutation (92%).
Family members with the heterozygous W258X mutation
(carriers) show relatively low levels of serum urate.
The present study demonstrates that homozygous W258X
mutation is the predominant genetic cause of idiopathic
renal hypouricemia in Japanese patients.

Keywords Renal hypouricemia - Urate transporter -
hURATI - W258X mutation

Introduction

Since humans have lost hepatic uricase activity in the
process of evolution [1, 2], urate is the end product of
purine metabolism. Urate produced in the liver is excreted
mainly into the urine by glomerular filtration followed by
reabsorption in the proximal tubule. A secretory pathway
for urate has been also suggested [3, 4, 5, 6]. Thus, urate
is transported bidirectionally in the proximal tubule. In
humans, reabsorption is predominant, and normally less
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than 10% of filtrated urate is excreted into the urine. The
serum level of urate is mainly regulated by the kidney.

Hereditary renal hypouricemia is a congenital defect of
urate transport in proximal tubular cells. Patients with
renal hypouricemia manifest Iow levels of serum urate
{less than 2.0 mg/dl) without any underlying renal or
systemic diseases, such as Fanconi syndrome, Wilson
disease, or drug-induced tubulopathy [3].

Nephrolithiasis, hypercalciuria, and hematuria are
relatively common complications in renal hypouricemia
[3], while many of the patients are clinically silent. The
reason why these complications accompany renal hypo-
uricemia is not clear. A possible mechanism is that a high
rate of renal excretion of urate results in stone formation
followed by hematuria. Although not frequent, acute re-
nal failure (ARF) after exercise is a potential complica-
tion of this disorder [7]. Previously healthy young adults
with renal hypouricemia manifest nausea, vomiting, and
loin pain after mild exercise, and may develop non-olig-
uric ARF. Contrast computed tomography of the kidney
demonstrates wedge-shaped defects, suggesting patchy
renal vasoconstriction. In general, the prognosis of ARF
in patients with hypouricemia after exercise is good. More
than 80% recover without dialysis therapy. Recently,
many cases of ARF after exercise have been reported,
almost exclusively from Japan [7, 8, 9, 10]). The mecha-
nism of ARF after exercise remains unclear. A proposed
mechanism is that since urate is a strong endogenous
antioxidant, the free radicals produced in hypouricemic
patients during exercise may not be cleared as readily as
under normal conditions, leading to constriction of renal
vessels and damage to the kidney [7, 11]. Another hy-
pothesis is that uric acid nephropathy is the main cause of
ARF {12, 13).

Recently, hURATI1 (human uric acid transporter 1)
was identified [14]. hURATI is a member of the organic
anion transporter family (the OAT family), which plays
pivotal roles in the transepithelial transport of various
organic anions in the kidney [15, 16]. hURATI is a
membrane protein consisting of 553 amino acid residues
with 12 putative membrane-spanning domains. hURAT!
is encoded by SLC22A12, which is localized on human
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chromosome 11ql3. hURATI is expressed specifically in
the kidney and is localized in the luminal membrane of
the proximal tubular cells. \URAT1-mediated transport of
urate is inhibited by typical uricosuric drugs, such as
probenecid and benzbromarone. An angiotensin II re-
ceptor antagonist, losartan, also inhibits hURAT1-medi-
ated transport of urate. hURAT is an exchanger of urate
with intracellular inorganic and organic anions, such as
chloride, lactate, pyrazinocic acid (PZA), and nicotinate.
These substances accelerate the hURAT-mediated urate
uptake into cells. These functional characteristics of
hURAT] are mostly identical to those of the urate/anion
exchanger responsible for tubular reabsorption of urate
from the glomerular filtrate. In addition, Enomoto et al.
[14] identified several mutations of SLC22A712 in Japa-
nese patients with renal hypouricemia. However, genetic
analyses of SLC22A12 in renal hypouricemia patients
have not been performed systematically, and the preva-
lence and types of mutations of SLC224/2 in renal hy-
pouricemia remain to be determined.

In the present study, we analyzed exon and exon-intron
boundaries of SLC22A12 in patients with idiopathic renal
hypouricemia in seven unrelated Japanese families. We
identified the W258 stop mutation in six of the seven
patients (86%).

Materials ahnd methods

Informed consent for participation in this study was obtained from
the patients and their family members after the purpose, methods,
and potential risks of the study were thoroughly explained. This
study was approved by the ethics committee for analyses of the
human genome at Tokyo University Hospital.

Genomic DNA was extracted from peripheral blood leukocytes.
Polymerase chain reaction (PCR) amplification and DNA se-
quencing of the exon and exon-intron boundaries of SLC22412
were performed using primers listed in Table 1. SLC22A 12 consists
of 10 exons. Exons 3, 4, and exons 5, 6 were amplified using the
same primers. :

All exons and exon-intron boundaries except exen 7 were am-
plified under the following conditions. PCR was performed in 50 pl
of solution containing 15-20 ng of template genomic DNA,
10 pmol of sense and antisense primers for each exon. 5 gl of ANTP
mix, 3 gl of 25 mM MgCl,, 5 ul of 10x gold buffer, and 0.3 gl of

Table 1 Primers used for the

: g Exon 1 Sense
polymerase chain reaction Antisense
(PCR) amplification and se- Exon 2 Sense
quencing of SLC22A12 with Antisense
genomic DNA Exon 3, 4 Sense
Antisense
Exon 5, 6 Sense
Antisense
Exon 7L Sense
Antisense
Exon 7 Sense
Antisense
Exon 8 . Sense
Antisense
Exon 9 Sense
Antisense
Exon 10 Sense
Antisense

5'-CCTCACGCGGCCTCAGGGCCCAGTT-3
5'-GGGTCCCTCCCAGGACTGGACCTTT-¥
5'CTGCCTCTCTGCTGGGGCTCTCCCAA-3
5'-CCCACACCCAGCAAGTAGGGCGCTT-3'
5'-CCGCCTCAGCTCAGCGGGCAAGCAT-3
5-CCCCCGGGTGGAGAGTGGGCAGGAT-3
5'-GCCAGGCACTGGGGGCCACAGGCAAT-Y
5'-CCGTGTGCCAGCGAGAGCCCCGATT-3
5'-GCCAAACCCAAAGGGAAGCCATGCTGGCAAGG-3'
5-GCCACACCCACAATCTGCTCCACGCTCAGACAC-¥
5'-CCTGAGCCCCCACCGCCCATTGTT-¥
5'-CCTGCTCTAGTCCAGCACCTCCAA -3
5'-GCCCCCCACCAAGCTCACTA-Y
5'-GGGAGAAGCCAGTCCTGCCT-¥
5'-GGCACACAGACCAGGCGCTT-3
5'-CCCTGTGCTAGGGTTCTCTGGT-3
5'-TCCGCACCCCAAGACACACC-3'
5-TCCTCTGACCGTCCCATCGC-¥
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Ampli Taq Gold (AmpliTaq Gold kit, Perkin Elmer). Thirty-five
cycles of reactions were performed in a thermal cycler. Each cycle
consists of 30 s of denaturation at 94°C, 30 s of annealing at 64°C,
and | min of extension at 72°C, and 30 min of final extension at
72°C.

For exon 7, two steps of nested PCR were carried out. Firstly,
PCR was performed using Takara Pyrobest DNA polymerase R:/2-
step PCR in 50 yl of solution containing 15-20 ng of template
genomic DNA, 10 pmol of sense and antisense primers for exon 7L.
4 pl of ANTP mix, 5 ul of 10x Pyrobest Buffer [I (Takara). and
(.25 pl of Takara Pyrobest DNA polymerase. Thiny-five cycles of
amplification were performed in a thermal cycler. Each cycle
consists of 10 s of denaturation at 93°C. ]| min of annealing and
extension at 72°C, and 3 min of final extension at 72°C. The second
nested PCR was performed using TaKaRa Ex Taq HotStart Ver-
sion. PCR was performed in 50 gl of solution centaining 1 pl of
primary PCR product at a 1:50 dilution, 10 pmol of sense and
antisense primers for exon 7, 4 ul of ANTP mix, and 5 ul of 10x Ex
Taq Buffer (Takara), and 0.25 ul of Takara Ex Tag HS version
DNA polymerase. Thirty-five cycles of amplification were per-
formed. Each cycle consists of 10 s of denaturation at 98°C, 30 s of
annealing at 64°C, | min of extension at 72°C. and 3 min of final
extention at 72°C. After confirming that each PCR product showed
a single band following agarose gel electrophoresis, each DNA
sequence was determined using a Big Dye Terminator cycle se-
quencing kit according to the manufacturer’s instructions using the
ABI PRISM 310 Genetic Analyzer (Perkin Elmer). Each sequence
was determined with sense and antisense primers used in PCR.

Results

Clinical and laboratory data of patients
and family members

Table 2 shows the clinical and laboratory data of the
members of seven unrelated families. The proband of
each family manifests extremely low levels of serum ur-
ate, ranging from 0.5 to 0.8 mg/dl. Fractional excretion of
urate is very high in the patients, suggesting that hypo-
uricemia is due to the defect of urate transport in the
proximal tubule. Laboratory data and physical examina-
tion did not show any abnormalities indicating underlying
renal diseases, such as Fanconi syndrome. Three patients

in families 1, 5, and 6 developed ARF after exercise. The
patient in family | had ARF twice. Other relatively
common complications, such as nephrolithiasis. hyper-
calciuria, and hematuria, were not observed in the patients
examined in this study. The type of renal hypouricemia of
these three patients was a pre-secretory reabsorption de-
fect. as determined by the probenecid and pyrazinamide
loading test. Family members also showed relatively low
levels of serum urate.

DNA sequencing of SLC22A12 of patients
and family members

Direct PCR amplification and DNA sequencing of exon
and exon-intron boundaries of the genomic DNA in the
patients revealed a G to A transition at nucleotide 774
within exon 4 in six of the seven patients (Fig. 1, Table 1).
In five patients, this mutation was homozygous. The G to
A transition at nucleotide 774 in SLC22A72 changes
tryptophan at codon 258 to a stop codon (W258X)
(Fig. 1). This nonsense mutation produces a truncated
hURAT]! lacking the latter half of the protein, and the
transport function of the mutated hURAT! is abolished
[14).

The patient in family 3 possesses a heterozygous C to
T transition within exon 3, which changes threonine at
codon 217 to methionine (T217 M), in addition to the
W258X mutation {compound heterozygote) (Fig. 2). The
T217 M mutation was shown to abolish the transport
activity of the protein completely [14]. Genetic analyses
of the members of this family revealed that each allele
was derived from the patient’s mother and father, re-
spectively. Thus, both alleles of hURATI are mutated in
this patient, and renal hypouricemia can be explained
clearly by the complete loss of the function of hURAT1.
No mutation in SLC22A12 was detected in the patient of
family 1.

Table 2 Clinical data and mutations of SLC22A412 in the patients and the family members with idiopathic renal hypouricemia (FEUA
fractional excretion of uric acid, ARF acute renal failure after exercise. NE not examined)

Family Member Age Sex Seum urate FEUA Type" ARF SLC22A 1 2mutation

no. {years) (mg/d) (%)

1 Patient 17 M 0.7 48 Pre-secretory 2x No mutation

2 Patient 17 M 0.6 NE None W258X, homozygous

3 Patient 6 F 0.7 105 NE None W258X/ T217 M
Father 29 M 2.7 19.4 W258X. heterozygous
Mother 28 F 25 235 T217 M, heterozygous

4 Patient 16 F 0.8 67 NE None W258X, homozygous

5 Patient 13 M 0.7 55 Pre-secretory 1% W258X, homozygous
Father M 43 3.1 W258X. heterozygous
Mother F 1.7 18 W258X. heterozygous
Brother M 32 84 No mutation

6 Patient 13 M 0.5 3546 Pre-secretory 1% W258X. homozygous

7 Patient 3 M 0.7 50.6 NE None W258X, homozygous
Father 38 M W258X. heterozygous
Mother 36 F 27 W258X. heterozygous
Sister 5 F 2.5 W258X. heterozygous

* Type of renal hypouricemia determined with pharmacological examination
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Wild Allele Mutant Allele (W 238N

R D W T L
CGGGACTGUACACTG

R D A\NT L
CGG GAC TGAACACTG

DR GGAL TGARACAC T
160 Le;

fi

CGOGGAT TGGACHC TG

Fig. 1 DNA sequence analysis of SLC22A/2 from the patient in
family 5 with idiopathic renal hypouricemia, indicating homozy-
gous GG to A tranmsition at nucleotide 774 within exon 4 of
SLC22A12, which changes tryptophan 258 (TGG) to a stop codon
(TGA)

Mother (Exon 3)

M M NTM G R D WX T L

ATGATGAACAL G GGC CGG GAC TGU ACACTG
1 n

SRR AT A O
220 .

”(WWWMN:\/{ y

MM NTM G
ATGATG AACACG GGC

IR LN PR ¥ SR TN
Sy \

Father (Exon 4)

WA A

Exon 3

Patient

Fig. 2 DNA sequence analysis of SLC22412 from the patient in
family 3, indicating a heterozygous C to T transition within exon 3,
which changes threonine at codon 217 to methionine (T217 M), in
addition to the W258X mutation: one allele each was derived from
the mother and the father

The DNA sequence abnormality (W258X) was absent
in the DNA obtained from 145 unrelated normal Japanese
individuals.

Discussion

The present study demonstrates that six of the seven pa-
tients (86%) with renal hypouricemia in unrelated Japa-
nese families possess mutations in SLC22A72, which
impair hURAT1-mediated transport of urate and cause
renal hypouricemia. Among 12 mutational alleles in six
different patients, 11 were the W258X mutation (92%)
and the homozygous W258X mutation was predominant
(83%). All the patients manifest extremely low levels of
serum urate, i.e., less than 1.0 mg/dl. The present result
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clearly indicates that the homozygous W258X mutation is
the major cause of renal hypouricemia in Japanese pa-
tients, at least among patients with serum levels of urate
less than 1.0 mg/dl. The analysis of family members also
suggests that the mode of inheritance is autosomal re-
cessive. Regarding mutations in SLC22A712 in renal
hypouricemia patients, only three types, ie., W258X,
T217 M, and E298D have been described previously [14].
However, mutational analysis in a large population has
not been reported to date and the frequency of each
mutation remains te be elucidated. The present study
demonstrates for the first time the prevalence of types of
mutations in Japanese patients with renal hypouricemia.

hURATI, encoded by SLC22A412, is a membrane pro-
tein consisting of 553 amino acid residues, with 12 pu-
tative membrane-spanning domains. As is the case with
the other OAT family members, hURATI possesses a
large extracellular loop between transmembrane domain
(TM) 1 and TM2, and an intracellular loop between TM6
and TM7. Tryptophan 258 is in the intracellular loop
between TM6 and TM?7, and the nonsense mutation at this
codon produces largely truncated protein. Threonine 217
is in TMS. There is no consensus sequence around this
region, and it remains to be elucidated why the T217 M
mutation results in loss of function of hURATI. Since
there is trafficking of this mutated protein to plasma
membrane [14], binding of urate to hURAT]I might be
inhibited by -this substitution.

At present, information on urate transporter molecules
in humans is rather limited. hUAT, a human urate trans-
porter/channel, has been proposed as the voltage-depen-
dent urate channel/transporter presumably localized in the
luminal membrane of proximal tubular cells [17, 18].
hUAT might also be responsible for the secretion of urate,
while no information on the pathophysiological signifi-
cance of hUATI in humans had been reported. Thus,
demonstration of mutations in SLC22A12 in patients with
renal hypouricemia suggests the first possible genetic
cause of abnormal renal handling of urate in humans.

The incidence of renal hypouricemia in Japan is be-
tween 0.12% and 0.20% (19, 20]. The majority of case
reports are in specific ethnic groups (Japanese and non-
Ashkenazi Jewish descendants) [3]). The present study
shows that family members possessing the heterozygous
W258X mutation (carriers) also manifest relatively low
levels of serum urate, mostly less than 3.0 mg/d]l. The
levels of serum urate vary, and those with the heterozy-
gous W258X mutation may occasionally show a serum
urate level less than 2.0 mg/dl.

Previous physiological and pharmacological studies
have suggested that urate is transported bidirectionally in
the proximal tubule, and the four-component theory has
been favored for a long time [3]. According to this theory,
urate is nearly totally reabsorbed in the early proximal
tubule after being filtrated from the glomerulus. Next,
approximately 50% of reabsorbed urate is secreted, and
then some of the secreted urate is reabsorbed in the late
proximal tubule (post-secretory reabsorption). Thus. 6%
10% of filtrated wrate is excreted into the uvrine. This
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mode! is based on pharmacological studies using uri-
cosuric (i.e., probenecid) and antiuricosuric (i.e., PZA)
drugs. Probenecid inhibits urate reabsorption via urate/
anion exchanger, while PZA inhibits secretion of urate. In
addition, pharmacological analyses in patients with renal
hypouricemia have classified this genetic disorder into
five types [3]: (A) total transport defect (no reabsorption
and no secretion), (B) total reabsorption defect, (C) pre-
secretory reabsorption defect, (D) post-secretory reab-
sorption defect, and (E) increased secretion. However,
recent studies by Roch-Ramel et al. [21, 22] using apical
membrane vesicles of the human kidney demonstrated
predominance of reabsorption of urate via uratefanion
exchange. These studies indicated that the main target of
PZA is not a separate secretory pathway, but the urate/
anton exchanger. PZA enters the proximal tubular cells
via the Na/anion cotransporter and accelerates urate re-
absorption via the urate/anion exchanger from the in-
traceullar side (trans-stimulation), resulting in decreased
urate excretion. Roch-Ramel et al. [21, 22] proposed that
reabsorption and secretion of urate coexists along the
nephron segments, and reabsorption is mainly mediated
by the urate/anion exchanger. In the present study, we
demonstrated that six patients of seven in unrelated fam-
ilies with renal hypouricemia had mutations of hRURATI,
the urate/anion exchanger. The very high incidence (86%)
of mutational change of hURAT! in patients with renal
hypouricemia suggests that the transport mechanisms of
urate in the human proximal tubular cells may not be as
complicated as proposed by Roch-Ramel et al, [21, 22]. In
the present study, pharmacological studies using probe-
necid and PZA were performed in only three of seven
patients, all of whom have the pre-secretory defect.
However, the patient in family 3 has a very high rate
of fractional excretion of urate (>100%) and might
have another type of defect, such as total transport defect.
This patient also possesses the mutational changes in
SLC22A12. Thus, it might be possible that several types
of renal hypouricemia are due to a common molecular
defect, i.e., hURATI mutation. Further genetic analyses
of hURATI will indicate the relevance of the pharma-
cological classification in renal hypouricemia,

Renal handling of urate differs widely among species
[5]). In humans and chimpanzees there is net urate reab-
sorption, while in rabbits, pigs, and goats net secretion
occurs. This difference is partly because some species
possess uricase activity, which converts urate to a more-
soluble metabolite, allantoin, while others, including hu-
mans, do not. Because of this species difference, studies
of urate transport using animal models, such as rodents,
are not applicable to humans, and the precise mechanisms
of renal handling of urate have long remained hypothet-
ical. Identification of hURAT! and genetic analyses of
patients with renal hypouricemia in this study revealed
one mechanism of tubular reabsorption of urate in the
human proximal tubule under physiological and patho-
physiological conditions. For secretion, urate must move
from the interstitial plasma through the basolateral
membrane and exit into the lumen across the apical

membrane. For each process, transporter molecules must
be present in the membrane. Other members of the QAT
family, to which hURATI belongs, are potential candi-
dates for the urate transporter {15]. Identification of novel
urate transporter molecules together with genetic analyses
will accelerate the understanding of mechanisms of renal
handling of urate.

The kidney regulates the level of serum urate, and
defects in transepithelial transport of urate in the proximal
tubule lead not only to hypouricemia but also to hyper-
uricemia, a major cause of gout. A defect in the baso-
lateral uptake of urate from the peritubular plasma and/or
a defect in the luminal secretion result in hyperuricemia.
Molecular identification of other urate transporters may
also reveal the genetic cause of gout.
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Clinical significance of the terminal complement complex in children with type 1
membranoproliferative glomerulonephritis

Yasuaki KOBAYASHI*!, Osamu HASEGAWA®*? and Masataka HONDA*?

*'Division of Pediatrics, Ohtawara Red Cross Hospital, Tochigi, **Department of Nephrology,
Nishikubo Hospital, *3Tokyo Metropolitan Hachioji Children’s Hospital, Tokyo, Japan

We measured the concentrations of terminal complement complex (TCC) in plasma(n=25) and urine
(n=13) using an enzyme-linked immunosorbent assay in pediatric patients with type I membrano-
proliferative glomerulonephritis(MPGN). Frozen tissue from 18 ‘renal biopsies was evaluated for the
presence of TCC by direct immunoperoxidase staining. In the acute phase of the diséase, TCC concentra-
tions in plasma were elevated above 0.5 AU/m/ in 14 of 25 patients(High TCC group), while the
remaining 11 patients showed less than 0.5 AU/m/ (Low TCC group). In the High TCC group, TCC was
deposited more diffusely and intensely in the glomerulus, compared to that in the Low TCC group(p=
0.034). Furthermore, urinary TCC concentrations in the High TCC group were higher than those in the
Low TCC group(p==0.0001). The High TCC group showed not only a poorer response to steroid
treatment, but also a poorer prognosis than the Low TCC group.

These results suggest that, in pediatric patients with type [ MPGN, TCC in circulation may play a
certain role in TCC formation in the glomerulus and in urine. The TCC concentration in plasma could
be used as a marker of responsiveness to steroid treatment and long-term prognosis.

Jpn J Nephrol 2004 ; 46 : 419-425.

Key words | membranoproliferative glomerulonephritis, terminal complement complex, membrane attack

complex, enzyme-linked immunosorbent assay
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a ! Light microscopy of type | MPGN showing mesangial enlargement and thickening of capillary walls
(PAS, x400)
b : Immunoflucrescence microscopy. Granular deposition of complement C3 in the glomerulus (fringe
pattern) (X 400)

complement complex : TCC) OAFERFEADES iz DWW T
BERET WA AE L, 22 Thhbhld, FECS
7% TCC DFSEMBERX M S -0, /NRHIRED type
I MPGN BEfflic oW T OEIRERITL, FEDRE
R T TCC DRBAI DL THEERT- 1,

BB I

1, NREF

A&, DRBIRAED type I MPGN 25 §1(5 14 4,
TG, RIEFHOR 11 A H~14K8 A A, Fig 1088
NAARF2EAHNR)THS, PRERIOES L UEA
ROB, A7 0—YERBIHTHD, TXTOEHIC
BOTHERTAF LRBEEO L ARIEE, A48y
LHREOMEB LU A ¥y ARFAOBMSAS N, %
fo, HOEHUARETH C3 OEBRCRIES SMERE IR - T
S SN type | MPGN 285 L.7- (Fig. 1), REEM
OMFECIRL2MEM T Ho7(FP£ESD=157+134
mg/dl),

IS 5Pz onT, FIEoMmS TCC Q#lE %1%
BO22-ADHFERZED{Tol, 2O35 I8F(EIFH
ZIFNOWTREHEB LD TCCHE 2 HAD 2-BD
FHETHE L, S5 BFEEIH, Z6@iconT
HERP TCCDHIES 2-A DHEIC L D1Fo7, oL
T, EfEES L2 NRIEEREIFE (T 102 B
~13EX4ABYDMEEn=8), Rn=5)kELH >, %
TEMESONEEL LT, EREMES L EHREC
WA EFED B0 T/INRRIORE R,

SEANHEE o7 25Fi3, B4R Ttype I MPGN

EFEEZK R AFBERLLTAFLAL V0230
mg/kg/B% 3 HRISEDHE 7V ¥ = o (PSL) | mg/kg
*RHZEORS T 2 EMAV . BRENCA 7 0 — YER
HErELIMERATREORY g/ AU TicEI L
O, MRS LUVEARH LLEATRRARMSER{LR
WL REET(ED)UTIERERA SR b D% AFEHEK
EFlE Lz, RIGBITIRZQ#HPSL 22y BEC¥EKL
FuEE L —F, 2EMOARIESIC LIV EESE S
Lo e AIEFEHE, PSL % 0.5 mg/kg B % Wit 10 mg/ke
RORSE TRALTIRE#ERERLL, BE 12045858
Wiz, RN PRI DL TRERBERSTCRERR
DERDBH N EREY), HRECATIAOAZVLLO
OMRPEEARDBFEL T3 EERTEL, BigftinE
1 UBHTE A E £ 72 M B BRSBCSM 7,

2. REIEE LREHE

A, Mk sz Rh TCCHES L UZ D HE

%7 & TR O TCC i, Kusunoki 32 & b e8I
S hitE5 2% TCC O neocantigen x4 287 o—
itk IBA 2 HlL TR REERE(ELISA Y > B 4 v ¥
EI)TRIELR, Tbb, 005MEREFKPHIS T
WL 2pg/ml & L7z IBAHTH 100 o % ELISA 7L —
FEEA—Z 54 MNRSICT—HBEIE XY, 005%
Tween 20 2 A 001 M Y BB AREA pH 74 T8
BEISFOME7TL7IVBSA) T ovs v 51T
feo BUBBE 7V — bXREEZMA ITCTIHRE
gl MR E LT 1000 S5y £t b CTHIK
(=) 2 H )00 ul % 37°C, BHRGSEHBICKE
L. Zhiz 1,000 455 horseradish peroxidase(HRPO)ZE
BELY X 1gGHR(Y 00 d % 37C, 0H/RIE S €
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Too BL¥RlE, B L LT ABTS(0.05M 7 x> E§<0.1M Y
BT 018 mg/ml \ZHE Lz b D 150 1) % Al
TERTHREASE, 405m OERTHERELREL -,
BHERD TCCRERRET 2725, ¥4 T4 TEHL
LEEREE MOBELUTOLSCERLAY, T4b
B, FELMG %R A E4 > [0mg/m/ T 37°C, 2 BERSRIH
LT 2 IRMEAL, BOLElE 1004 ¥ 2580
T—70C THER & THREL 2, ¥4 T4 iEbmg
EETN 3 TCC 2 200AU/ml L LTHEROBE %1
EUTz, iz, MHEH & CRBEIEFHEOIFEFRZEE
2B &z, BFSMENN20mM 2% k5 EDTA 2 A
RTERL, BREC)RLABEEELT-70C THE
BFE CIRTF L,

B. B TCC o osat

1) 1B4 itk & @ Fab S3E DR - EERER

HHRYO HECHEVy, TCC 0 neoantigen iz #14 2 41 2
o—>H & IB4 Iml 2 001M Y »BREEAEAK I ml,
BB | ml 202 4C T 1 BR#IR L 7o BL0 M
(10,000 [@#z, 1043, HEERD, Zh®iml DY >
AR RIEAK L | m/ OSIHIFRERICHEL 4°C T 1 R
e, BEZRLAM L, ZOWLEIZ05m! @ Na-K
phosphate buffer pH 7.5 2%, % &z 0.1 m! @ 50mM
EDTA-2Na, 025m/ @& 0.1 M cystein-HCI, 14ml! O 7&
Ak, I mg/m! @334 2 015ml 2Exns Tk <EM
Lz, ZHhE3TCC20RHMMmEL, 0lm/DO05SM 3 —
F7¥ b7 3 FEREMAASR LT | BRI L, Bl
DL THEEE N B % Sephadex G-100 # 3 AT v
HWRL, 280 om TOWMEEEAEL Fab 2S00 L H
iz, KiZ, I % Protein-A sepharose &1 5 A (¥ 1
miNZAEL, RRGESEEED 280 mm TORXEELHE
Lize BIRE T Fab Z dmg/ml iz 2 L3 I\EL, =
NE2ID002M KBty 77 —pH S T—8FEIR L 120

Xua, Wilson and Nakane?OFH et TRBI v E
BERiC L BBETAN R 1T o 72, T4 B, HRPO 6mg %
Im! OFBAKICERL, 0.1m/ @ OISME3 V2 E N
AREBTOSRICE T, 0% | mM EREREE#HE pH
44T —BENRL, EAOFabBEW Iml N2 FBT2
BRRIH IR L oo R TR THEIL 4225 5 kB bR 7 H

F RV AFEOIml 2h0Z 6 BERIERE Ly TP Se-

phadex G-150 % 3 A2 T VB USRI 23R L 12,
2) BHSOBENARA (TEE)
Periodate-lysine-paraformaldehyde (PLP} THE X h 72

HEBERBEZ VA 259 L CAum YL 305

KB TRER, U CBEEEREAKTS S8 3 ERRL,
THIZ 1% BSA EEANY VEEEHAEAT 0SERL
LREFRER IBATEL 02m/ BT L. EETIBER
IGa e VUBREEREAKTISHM 3EKE:
fIofze Th DAB-HO,FEHICRET S HHE X,
KREL LD BHIK « HARTOER UL, ERRARE I
BHBECH, BB, B (W0 3BBISTEE
REVICRHE L 72

C. ¥y b REERKEIE (Laurell )iz & 2 M35
Cs DHlE

SOml DR F-AEHHEpHI I R MNEFR(F—
H=YeT7THO—A%ThTHLERENL 12%E L, &
DERINVERBIEFE4ASCEREES T, HCS5HE
05ml 2oz X <L, KERCEEEKE 7L — Mz
LB o¥72, BRGBHICHERE Imm O/NFLE HiT I
Bk 6 VICEEAMBEE AN T 7 V/em T 120 3ENL
7o REDREREO D7 v kiGN OER R,
EEAM¥EOCyy bOES N T 2 H(% normal) 3%
iz,

3. #EHFE

SHEMITFEE R RE TR L, T2, HEHER
FE gk & L T one-factor ANOVA, Scheffé 3%, Mann-
Whitney’s U test, Pearson M*FR{%%, Fisher QFERER
SHIIEERY, p<00s 2 FEE LIz,

I & % I

1. M TCC OREiERE

Type I MPGN 25 @l TCC fi i 0.06~2.11 AU/
m/ R mLiz, 20D HMH TCC {E#80.5 AU/ml %8
Z % 14 % High TCC 8, #hLITFd 11 % Low TCC
Bf& L7z, High TCC Horith TCC & 1.0620.57 AU/
mi, Low TCC 3 o Ifl # TCC & {1 0.15+0.08 AU/m! T
Hotr, W HESHIIE0.06+0.04 AU/mI T b7z, (flth
TCC {#izB8L High TCC B L xiEf, High TCCHE
Low TCCEHOMIZZTATHETRENRED s hi(p<
0.0001), Low TCC Rt LfEE M TCC {1 3 HEE
ia skl (Fig. 2),

2. B~ TCC it

Type I MPGN I8flic B 2 BHEB TCCHLBENE R
# Table 1 {27 "3, High TCCE 13 H]45 & Low TCC
BSPRAFIT, AV rF7L8ME X ULRBEERHE
BT TCCOHLHFHED sz (Fig 3), thF0BE I
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4z2 PR BRI W 45T 150 2 fth TCC OER

AU/ml
2.5
*
24 .
* x
1.5 .
L}
1 .
0.5 '
L 4
0 = . l : .
control High TCG group Low TGC group
(n=8) (n=14} (n=11}
Fig. 2, TCC concentrations in plasma in patients with
type I MPGN

* p<0.00C! vs Low TCC group, Control

¥Fig. 3.

Table 1. TCC deposition in the glomerulus in
patients with type I MPGN

High TCC group™  Low TCC group'

No. of patients 13 5
TCC deposition
(2+) 6 0
(1+) 7 4
(=) 0 !

t TCC concentrations in plasma >0.5 AU/m!
' TCC concentrations in plasma 0.5 AU/m/
* p=0.034 vs Low TCC group

Direct immunoperoxidase staining with

1B4 (monoclonal antibedy against a neoan-
tigen of the human terminal complement
complex)

a ! strongly positive staining(2+) (% 400)

b : weakly positive staining (+) (% 400)

High TCC 4% Low TCC BICHEEB M FAINT
Wiz (p=0.034), HEEHTI THEBIM () TH o7,

3. R TCC nAlESE

Type I MPGN 13 Bliz 81} 3RS TCC DT 21T,
High TCCE @ R H TCC 2 0.73+0.33 AU/m/, Low
TCC BT 0.03+£007 AU/m! TH o7z, WS Fit 002
+004 AU/m! %R L %2, RB TCC 2B L T High TCC
HEIMEROMICITEREZSED S i (p=0.0002), %
7z, High TCCE ¥ Low TCC OB 4 FEENAL R
72 (p=0.0001), —7F, Low TCC Bt & #BHORIC KE
h TCC KFEZRED sk d- - (Fig. 4),

4, MAPTCCELMFCSHEENEE

Type I MPGN 25 fiic 813 M TCC {f & I C5 18
EORBEERMT S b, MEOMI IR OHMAMRG
(r=—0.70) 1 5N, High TCCETIE Low TCC Eiz
HeImas CS pHEME % L 2R 4 & iz (Fig. 5), High
TCCB(n=14) DMHF C512 29+17%, Low TCC E(n=

AU/ml

1.2 .t
t L

0.8 -

0.6+

0.4 .

0.2 . o

L]
0l weee? r . t'-—i——\
Control High TCC group Low TCC group
(n=5} (n=7) (n=6)
Fig.4. TCC concentrations in urine in patients with
type Il MPGN

* p=0.0001 vs Low TCC group
¢ p=0.0002 vs Control

INOmFECSRI03X21%THY, fiEREEICH~ME
CS BEEIZEM* & -7 (p<0.0001),
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1401 o
n= 25
o 120{es r= —0.73
T 10iSe p<_ 0. 0001
g .
» 80 4 L] .
8 601 o .
-
E 404 ce o
.
@ 204 ™ :c . . o.
% 0.5 1 1.5 2 2.5

TCG concentrations in plasma {(AU/xl)

Fig. 5. Correlation between the TCC concentrati-
ons in plasma and the serum C5 levels in patients
with type I MPGN

5. M TCC{ll L ARMRICHL LUICTFREOEE
(Table 2) .

Type I MPGN 255 % High TCC B FRIGHE
BTRTHY, Low TCCR LT 2 LGRS CEA
ShRENAESRT(p=0007), R FHIZD>VWTIE
High TCC Ef+ Low TCC BRIz RBETOESBFTH o1
72 (p=0013), T4bb, METRIKFAROUBENRE L
HULAEBKEDLDTHo T,

| se

TR L ETERRIC L DD S h 2 MEEEOE
i C3TEWML, SLEBRBRIERATHZ C505
CO MAREMRIL AN, B S TR IXI0kDa Ll ED
B A 7 i E & 44 (membrane attack complex : MAC)
DERKEND, CSb-9 DHEESETH 3 MAC, C5b-7icH
HHBEFTH D S-protein(RPFREF, BEERFO

vitronectin & [{— D F E1) & & L 7z soluble MAC 1%
TCC L #EHEh 208, BESEE LD MAC IHFRWIEE
HYERAAHT 5 L 3h, soluble MAC iz DWwTH S-pro-
tein BN D L EESRENAEEY LI bR TN 3,
MAC il #0H L THIEMELsRE I T EnTE
D, AEARCBWTRZOBES RS (ELIEY, 8
Mk, MAMRPERERL P TREYEELPEED Ry S
FUYYDEENENT S EbRT 5,

EbDtype I MPGN BFGT 2B CIMELXET S Z
s, TOREBAOWMEOMYIREINRTVL S, KE
BizBi 3 TCC OBMBLTIX, ThETAY VY
LR X ERIEREEREA MAC b U < iX poly C9 DTLE #3588

Table 2. Correlation between TCC levels in plasma
and response to steroid treatment(a), and long-
term prognosis (b) in patients with type I MPGN

High TCC group* Low TCC group?

No. of patients 14 It
{a}* Response 5 . 10
Non-response 9 I
{b)}* Remission 5 10
Abnormal urinalysis 5 0
Chronic renal failure 4 |

¥ TCC concentrations in plasma >0.5 AU/m/ (foltow-up
period : 5.7~15.0yrs, average : 9.5yrs)

! TCC concentrations in plasma =0.5 AU/m/ (follow-up
period : 2.7~27.0yrs, average : 16.5yrs)

* p=0.007, High TCC group vs Low TCC group

Y p=0.013, High TCC group vs Low TCC group

Stz Ewv S FHENOP, FESO—F TP TCC Hi#
BEZERLEWIREBLEN L, L L/ANEI
RELEFERBICBIT S TCCOEMR, &6 TCC L
K FEEOEEIZ DL TORGEDP R, 2O, b
hbhiEERICBIT5 TCC DIRENER L I DL H
A HETERRET T,

Mf TCCOEEBRZDOTRINETTUTOLS i
HahT&h, T4bb, Hugo SR ERAD 2/3 TR
0.1~0.6 ug/m! OEEHIZH D, |3 THRHEBERUTT
HolzkHBEL T3, oA 4> THEELLLM
T (ZAS) iz 13 TCC 8 220440 pg/mi FELE L 72 L B~
720 % 72 Kusunoki 5¥2 21 FlD EH A DM P TCC it
0.155~0.525 AU/m/! TH-Tzx Licds, #5i2 ZASH o
TCC %200 AU/m! L U THEFHORERRE LI,
i 0.17~0.58 pg/m! WHHE T 3, — K, Matsell 59
WIE¥ER A QIR TCC % 0.1940.10 gg/m! L #8451,
+3SD TH5 049 pg/m! XA LEXEBEE Lz, bh
bhOXE 8 Flod TCC 3 0.06+0.04 AU/m/ (0.066+
0044 yg/m) TH Y, EROWEILAED TH > 722,
Zh e T Matsell 5 DG CiTrot, DI &
25, SEOEN T Matsell & i2# 7 ifith TCC OIF
HLEREZ205AU/mI L, ZhEBiro{Es a8
High TCC 3, ZhLIT#% Low TCCEE L.

SEO¥MD S, PNRERED type | MPGN 155
o TCC iz X v High TCC# L Low TCC Bz 4>
Weons I LoEEAN, High TCC Bt Low TCC Bz
ERAFEBRAORIGHFR TRIATFEHELTE L Z L85
Wizt otz, Type I MPGN OifEic AFI0iFws N2
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424 FHER TR S 51 20k TCC F#

3BT RIMTACEREONENES iz R

D, FRIZEERE LTL{ AR TS, B0
i TCC{E L AHIRIGH: & OB D XM 41T/ b
D INnETHOEN R, SEDEE»S, M
TCC fEiz/NEf type I MPGN 2 57 2 ARIRIGIE DS
BuksbprEZ o,

XKiz, type I MPGN iz 83 % fith TCC {F & B4AH
TCC th# & @M 2 W TR L, SEORHTIL,
High TCCHfit Low TCCHIZH~ELRREIZBIT2
TCCHFMBB|EHRD S hi, FEMED TCC ki
PALTH, ThEiTszEIhiBREBLETORENRSLS
npwesE, Unl, MM TCC & B0 TCC i &
OE#WDWTHELRBL S5 Twi v, Kusunoki
LI ELERFARARCBI 2P TCC &£ L& LD
TCCHHm 2 #at L, MPTCCWIZ Dvs TIHSLE®
MPGN TEHE*FTHARA LN D b OO, BEHEELE,
BRI, 1gA B, fMUNEREETIRIER &R
B3 U, —F, REMAEBIFS TCC DS IE SLE
2 MPGN iE» 0 T <, BHEE SUREREELE,
[GABETY oG 2 EDRE 0 7Y % C3 o ERER
SLIBRERON Y- TED SN ERE LR, BEOD
MBI X o TCC kRERED TCCHE &£ DBERICH
EvAashlBhe LT, #isik, M9 TCC DI
S LT TCC i MB35 R i %L
T LATREME R TEFG L 72, & &2 immune deposit 2% SLE ®
MPGN T AHREESHMMEONERE T, 1gA BET
A ¥y AGUIC, BEHEE TRARRE EERRET
Fr@Hohs e, FELERMLIRDRERETD
D ERE L TWwD L HE L2, REE LK TCC 251k%E
THEFICEL T, Okada ', TCC DA FRHH
IX10°kDa k &b TAE { REREIEE D size barrier
2EBT5I L RELVWED, SEEEF#RTC TCC
DIH 5% 5 N3 FECIHERIMFE R D TCC A3 rap & 1y
ZOTIRLTS, BHEELTTCCHERSI W2 AEEENE
WEBRRTVSE, £/ Ogawa 5¥tE MEHEBEFECE D
2 MBS T vitronectin, C5b-9 3 X 1 vitronectin  rece-
ptor DELE % B3 L, vitronectin 73 C5b-9 i i5& T 2 &
fidmep itk { BB EORTEEM STV Bk, Ui
DT, BEBEED X D EEAR T REESEROTE
NHENAHFATR, TCCREELTEHB FTRERS
h2TEEXEWEHZ LR, SEOKE T, High
TCC i3 Low TCC BT b B RERIE D TCC L35 38
BurEHentd, Zhid, typel MPGNI BT 3

immune deposit B HELLD size barrier OPEE T
BOWHNEMB T TETTbhTwa L LBFENH2 1 F
ZAoid, Thbb, REBTHEHETHCEREAN
ZTCCHITRL, BROBEPOTCCHLEHETO
TCCUBI—EDEHERL L THIAEMITRE 2 A
%,

R TCC i oW T DS E O Tk, High TCC R
Low TCC Ffizth~ kL D% L 2 A8 AL o hi, B
TCCiz 8 L Pruchno &2, HMEBEE 7L TH 3
Heymann 4 TitRdic TCC M nTEL, 0
RITREBREAOREHESHORERCHEL T/ s 8
Lico RPic TCC MMt S 2 BF L LT, IRNEE=
THVTRERTHEDHOTCCH ERHBRP D
multivesicular body i % D HIFIANEBEIL, % DIREE -
Y ERFERIT exocytosis T2 2 L HEFHE LT 220,
—H, MPGNZ Xt ' OBRC BT 2FEP TCC OFK
BF B S » Ty, Kusunoki 6™ X if SLE
PMPGN a2 5T, MPTCCH LRABH L7
BEM T BRRRETEE A BECBW T LRE
TCC PR E RT3, TCC T BV TMHE T 2
RepfEt D H &2, HERVERED M icH -~ 3 »
KEWI LS, H6IRPO TCC HRERIEND 3 ik
FhEOREBTERANLZ TSRS L L, 56,
High TCC Bk Low TCC Bz bb~, BHHE~D TCC it
ERERTRITTCCOHMLELEH o, TOI L
HEMHEEFEETFVEREE £t FOtype | MPGN iz 5
THHHELD TCC T E L IR TCC OHEfE & DO
WEENSLLETTHOEELLND, .

Type I MPGN i1} % 13 C5 & & M TCC DB
FiZ oL THEEOMcFEOADHEMSEY s, =
hETBLI BT CS kit TCC DR B~
W& LY v, &0k & T Horigome 5%, SLE %
MPGN iz 8T CH50, C3, C5 % ¥ DA &
TCCEDOMIZAEDADIEM A S h, SLE Tk classi-
cal pathway 25, ¥ 7z MPGN T i alternative pathway ¢
B TCCEE T HEEZGH 2R LTL LM%
BIEL-, SEORN T, type I MPGN 2 BWL T i
WIS QW R A L 7 5 I CS OiEtkbbifng o TCC
EEETOVWTWE I EHHEa AT,

| . n |

/NRHASER type I MPGN @It (n=25), B (n=
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AEETE 24 425

18) 5 & FRP(n=13)TCC 2 MHREESH L & NI
#kREarALTRI L,

1} Type I MPGN 25#lix, it TCC it 0.5 AU/m/
%# 2z 2 High TCCEE 14 & 0.5 AU/ml L F® Low
TCC B 11 Fliz 4343 & #t7:, High TCC Bt Low TCC Bt
wHAREEIC BT S TCCHBEBERTRP TCC 08
HuE L ALNT,

2) High TCC #tX Low TCC FBicH~A F U4 N4
T A RICHSEL RATFERLTARTH o 12

3) Type I MPGN 25 @l Mg C5 & e TCC {iEin)
Rz R A OHBEMESH B s,

LIEORR,S, type | MPGN w3v>»-Tiid TCC 1t
BHBR S VCRPTO TCC EEC—E0RHE R+
borEREN, 7, HPROMIH TCC {HiAF o
A FHEFAOREHPRATROERIC L 2 2 LR S
iz, )

H OB

FEEHADICHLD, BT THE5 L e T LcdtisEak
FEEMANEEE B s, RS I ES L LT,

X ®
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C HENRT HD @A A v,

ANy HD Tt HD Wbz, Bank:, B, %00,
Yav s YOS L R, $RICKE 30kg
RGTIZEOERO WA I MM L, RO 15kg
Al T 1M 3 1] 4~5 BER &N TIIIEIRD B4 L
I S RNEETH LY, [RANTAL E 10ml/
kg/hr WL ETHBAREDSNS 4 B, aSHT I o0 fR T 10 It
B 5% Fif, BT O BUN % 100mg/dt LT OH&
ENhoEROMBIRIZEA YRS LW, Rk
BN Y OERREEN SV, LIz Ky, &
Sr & HIRR L C O ICAERRIE &R IE 27 b oo AR MEIUR X
% e B, 30kg AT 1 HAEERINIEA 3 MEN Tit
ERFRIZ 5% (25g/kg/day) ##Z 5. T HFIHE
A 15g/kg/day &1 4 B & 1f1—-[1 T BUN i1 100mg/
dl 2825 (15g/kg/day DRI E LT 2 H T 70mg
/Al B, 5 30kg KiliTid 15g/kg UL E D&
WRAFLEE 2L, MENSERONRTOEN
AT 3 OENEIZNETHE, LLES &
L, AT 4 W Lo &R & 5T A R R
TTIHILENH ), EEHFEFHELL, 35135
TRELER&EAMEE RS, Z0LDEEEN T
PD ASHatHidIn & 2 5,

= FLROESMERIC & 2 it

PDATE LS L VI AETA LTI AR
& DML EIZ 2 DA% FFIC LI T Low,
OGS LAERERI BT E D TH I
A,

BT LR ELEL DL E 100ml/kg L Lok
SALETHDH., TOLOIZEREMOBRAIZEL W
TELEBh % PR BR O N TR T, RERN DM
HD, & %\WIZFFRMiksEd (CHF) , 6k i 8%
#t (CHDF) 2145, ¥4 754% (740 %)
B AN O 03m* LT L D& Mv b, T xHIFEH
HETHEDTHRILEAD 10% LTIl b X518
TTh. YTAL—ArDHF—F L TERIZNE
ARV D CRBEMRERIZIT SR R iR, ST T
MRIZIFED HD EFD 2 v & MERIZHE, 75 —F 1
KWL L TAND EBMUAS LA e, HD Clt
M B IE 3~5ml/kg/4r, 6 FERILLLEII T (B
FEr VT 5 AlE3~4ml’kg/5r). CHF % CHDF ¢
2 1~2mi‘kg/4MTIr 9. ZHGITIFRNTH D, 18z
U A & A ARAHE L ZPEFF A4 Ro 1-45 2 IR
HH L obE, LI OMEFLELFIZHL TS,
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IR MR ML WI08% 45 5

£ 1 WBEEH LU PD #E0E

IBF A (%)

i 1 3 5 7
2 (1.012) 97 92 87 83
AN
1990 AR (424) 9 88 82 77
1991 LU (588) 97 93 91 89
E®E (O] SELUBE) **
6 Al (180) 94 89 87 50
6 EEEL L (408) 99 96 95 87
PD i (%)

EH 1 3 5 7
g/ (1012 95 84 72 56
iAW+
1990 LLAT (424) 92 78 64 55
1991 FLLFE (588) 47 89 82 57
SERE (91 LR
6 WA (180) 93 88 80 70
6ELLE (408) 98 89 78 .55
() = Byt
**= p< 00!l generalized Wilcoxon method

100% HAEPD
25 W)
90%
80% 0-4 i)
H#&PD
70% \ (0-1 M)
e 3o L
60% (0-44)
Rl 1 2 3 4 5

M4 FLARGE TR

RIFTH S (K4),

2) EREEPIERED

FERE 9l FEiREThRET S & 90 FLATO 424 Firp
72 FIOFETIH L, 91 LRI 588 FIrh 40 I TH -
Fo. Wodedi, BERNE, BiR4 EORYAEA 91 FELLANT
23 % (33%) (kL. 914ELIERE 7 (18%) TH -
Foo CORMIRBREOETA N HNS0 L0, i
MHEDFE A 10 A6 3PN LT EHRI W,
—HAAAE, Wik, EmOEMERGE, Wit
MY ROTEAC 19 Bl (26%) A5 15§ (38%) & A
EHZEILTw A, Zhno 2 KR RO #E
ERBTHLA, MRIZI IR LD
PEOHMTHL., L LMFRIECD 6 8L
£2<, HIZAYDRDLMITROECTHE W IHMET
HH, ThEREKIZ L Z0mE, LA Eod

NiHEEZLNR, HROKROEDLETHIRLE
PEELNS., HTH/NRERETAS L 91 FURETIES
HAETEHAL 6 WML 100%, 6 MK 91% THh, iF
e A REEIZE LARIZR W, F#E/NEMRE
DM AFICREERT 143 Fih 8 FIATHEE L Tv 245,
LIEF RO G IHEIS & B THIL 1 6 TEiny A b
it ahkfloiTh ), PD H AR EHOEIEIE, 0
EHMEZ Lo LT LIS RO CIEH» %2
NEIYL L Bhbhs. EX»SHBASRTL S
WAoo PD B cEmmEtbGHEY R &R, Th
HOEF TR T L MAEA 150mmHg UL E 3 5B
HAEMICHCTWAED S L MERUKREE R
LAMTHSE, HHDBHRRTPDIZHALZEAD
ABHMEBEALE VFE A (FIY3E) 204
7o 52 b 7T AN ARHET L Ty /e d®, RAABE Tt
2EERRWTIEL, IIE, ARSI 2 THARTNEE
HIPD CHLMMAR VIR HE L™

L7 — & T 9l ELAEMALENT (HD) (281frL
7= 73 B 32§ (4490 AR R D 72T, 15 §1(21%)
BEALRADLDTH -7, MEEICL 2hE0HE
MO ELHD64% S ERDPLTEN, ZHhAPD
DEFAEOYLHIIFGI L TwD, ~HRATRIZO
LR 1025 21% ~ LW S RIIML T3, PD
I8 5 E ROk 58% AR RIC X b, 12%
AERARAEIZE L, 5 E TR KD 26% %Ik
AJL 32% HGEE L TwWaA. T b b IEHFo®imne
IZERARA BRI, b3 2 SRR LA %

- 351 -



