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Abstract

Background Familial juvenile hyperuricemic nephropa-
thy (FJHN) is an autosomal dominant disorder caused by
mutations in UMOD that encodes uromodulin. Topiroxo-
stat, a novel non-purine analog, selectively inhibits xan-
thine oxidase and reduces the serum uric acid levels and the
urinary albuminuria.

Methods Genomic DNA of a patient was extracted from
peripheral white blood. Exons and flanking sequences of
UMOD were amplified by PCR with primers. Mutation
analysis was performed by direct sequencing of the PCR
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products. The wild-type and mutant uromodulin were
expressed in HEK293 cells and analyzed by western blot-
ting, immunoprecipitation, immunofluorescence, and flow
cytometry.

Results We identified an FJHN patient who carried a
novel UMOD mutation G335A (C112Y). The levels of
both cytosolic and secreted C112Y protein were signifi-
cantly decreased compared with the wild-type, whereas the
level of ubiquitination was higher in C112Y than that in the
wild type. The half-life of C112Y was shortened and it was
restored by a proteasome inhibitor MG132. Immunofluo-
rescence revealed decreased levels of C112Y in the Golgi
apparatus and on the plasma membrane. Expression of
C112Y induced cellular apoptosis as revealed by flow
cytometry. Apoptosis induced by C112Y was suppressed
by topiroxostat.
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Conclusion C112Y causes its protein instability resulting
cellular apoptosis which could be suppressed with
topiroxostat.

Keywords FJHN - Uromodulin - Protein instability -
Apoptosis - Topiroxostat

Introduction

Uromodulin encoded by uromodulin (UMOD) gene [1, 2]
is the most abundant protein secreted in urine [3]. It is
expressed by tubular epithelial cells in the thick ascending
limb of the loop of Henle and the early distal convoluted
tubule [4, 5]. Uromodulin is targeted mainly at the apical
membrane via a glycosylphosphatidylinositol (GPI)
anchor, where it is cleaved by a cellular protease to be
excreted in urine [4, 5]. Uromodulin suppresses urinary
tract infection [6] and stone formation [7]. Uromodulin has
immunomodulatory actions as evidenced by its capacity to
activate neutrophils and monocytes [8] and to regulate
innate and adaptive immunity in Toll-like receptor-4-
dependent defense mechanisms [9].

Mutations in UMOD cause familial juvenile hyperuri-
cemic nephropathy (FJHN), an autosomal dominant dis-
order characterized by gout and hyperuricemia associated
with chronic kidney disease [1, 10]. Uromodulin is modi-
fied by formation of a large number of intrachain disulfide
bonds [11]. Most of the uromodulin mutants with alteration
of cysteine residues [1] retain in the ER [12, 13], and their
levels in urine are markedly reduced [14]. Uromodulin
mutants tends to form aggregates because of cross-linking
due to nonnative intrachain disulfide bonds [15], resulting
in programmed cell death [11]. Thus, a pathological
accumulation of the mutant uromodulin protein is the pri-
mary cause of renal damage in FJHN [11].

In the present study, we report a novel uromodulin
mutation (C112Y) in a patient with FJHN. We found that
C112Y destabilizes the protein, alters expression levels of
pro-apoptotic and anti-apoptotic proteins, and causes cel-
lular apoptosis. Apoptosis induced by C112Y could be
partially suppressed by topiroxostat, which is an orally
active non-purine analog, selective xanthine oxidase (XO)
inhibitor developed for treatment of hyperuricemia.

Materials and methods
Patients and identification of uromodulin mutation
This study was approved by the Ethical Committee of

Faculty of Medicine (approval number 82/G45), Tottori
University, and conformed to the principles outlined in the

Declaration of Helsinki. Informed consent for participation
in this study was obtained from the patient. Proband and
the family members included 7 patients in 4 generations
who presented clinical features of FJHN. Genomic DNA
was extracted from peripheral white blood cells using a
standard phenol—chloroform procedure. Except for exon 1,
all exons and flanking sequences of UMOD were amplified
using PCR primers shown in Supplementary Table 1. Exon
3 was amplified using 2 sets of primers. Mutation analysis
was performed by direct sequencing of the PCR products
(Abi Prism® 373 DNA Sequencer, Applied Biosystems,
Foster City).

Plasmid construction and expression

cDNA encoding the wild-type UMOD was ligated into a
mammalian expression vector pcDNA3.1 (4) (Invitrogen,
Carlsbad, CA, USA) at the Notl and Xbal site. C112Y
mutation was generated by using QuikChange Site-Direc-
ted Mutagenesis Kit (Stratagene, La Jolla, CA, USA).
HEK293 cells were maintained in Dulbecco’s modified
Eagle’s medium (D-MEM, Wako, Osaka, Japan) supple-
mented with 10 % fetal bovine serum (Nichirei Biosci-
ences, Tokyo, Japan) and 0.5 % penicillin—streptomycin G
(Wako, Osaka, Japan) at 37 °C in a 5 % CO, incubator.
Cells were transfected with the plasmid using Lipofect-
amine (Invitrogen, Carlsbad, CA, USA) according to
manufacturer’s instructions. 48 h after transfection, cells
and their supernatant were subjected to assays. Proteasome
inhibitors, MG132 (Calbiochem,La Jolla, CA, USA) and
lactacystine (Sigma, Saint Louis, MO, USA) were dis-
solved in DMSO. The final concentration of DMSO in the
culture medium was equal to or less than 0.01 % v/v. All
the other drugs were dissolved in a buffer.

Western blotting and immunoprecipitation

Conditioned medium was collected at 48 h post-transfec-
tion. Cells were scraped into lysis buffer (PBS/1 % NP40,
0.5 % sodium deoxycholate, 0.1 % SDS, 10 pg/ml aproti-
nin, 10 pg/ml leupeptin, 10 pg/ml pepstain, and 1 mM
phenylmethylsulfonyl fluoride), lysed by sonication, and
insoluble materials were removed by centrifugation. Pro-
tein concentrations were determined with a protein assay
kit (Bio-Rad, Hercules, CA, USA). Ten pg of proteins was
separated on 7.5 % SDS-PAGE and electrotransferred to a
PVDF membrane (Immobilon-P, Millipore, Bedford, MA,
USA). Membranes were probed with antibodies against
uromodulin (1:1000; Santa Cruz, Santa Cruz, CA, USA),
B-actin (1:2000; Calbiochem, La Jolla, CA, USA), ubiqg-
uitin (1:1000; MBL, Nagoya, Japan), p53 (1:1000; Santa
Cruz, Santa Cruz, CA, USA), Bax (1:1000; Santa Cruz,
Santa Cruz, CA, USA), cytochrome c¢ (1:500; BD
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Biosciences, Franklin Lakes, NJ, USA), Bcl-2 (1:1000;
Santa Cruz, Santa Cruz, CA, USA), Bcl-xL (1:1000; Santa
Cruz, Santa Cruz, CA, USA) or GFP (1:1000; MBL,
Nagoya, Japan) and were developed using an ECL system
(Amersham, Piscataway, NJ, USA). Immunoprecipitation
was carried out in PBS/1 % Triton X-100, 0.5 % SDS,
0.25 % sodium deoxycholate, ] mM EDTA, and protease
inhibitors for 2 h at 4 °C. Immune complexes were col-
lected with protein G-agarose (GE Healthcare, Uppsala,
Sweden) and bound proteins were analyzed by SDS-PAGE
followed by immunoblotting. Band intensities were quan-
tified using the Image J software (NIH, US).

Semi-quantitative RT-PCR

Total RNAs of transfected HEK293 cells were extracted
using RNeasy Plus Mini Kit (QIAGEN, Valencia, CA,
USA) and subjected to RT-PCR (PrimeScript RT-PCR Kit,
Takara, Shiga, Japan). RNA samples were treated with
DNasel (Promega, Madison, WI, USA) to eliminate
genomic DNA.A primer set (forward: 5'-CCAATGACAT
GAAGGTGTCG-" and reverse: 5-ACTGACCATTGG
CTGTAGGG-3') was used for amplification of a fragment
of UMOD with a product size of 323 bp. The cDNA of
GAPDH was amplified using primers (forward: 5'-CGA
GATCCCTCCAAAATCAA-3" and reverse: 5-GTCTT
CTGGGTGGCAGTGAT-3). The PCR products were
separated on an electrophoresis gel, stained with ethidium
bromide, and visualized in a UV transilluminator.

Chase analysis

To analyze degradation kinetics of the wild-type and
C112Y mutant proteins, HEK293 cells were seeded in
6-well plates and transfected with either wild-type or
C112Y plasmid. Protein extracts were prepared at the
indicated time after the addition of cycloheximide (60 pg/
ml) and subjected to anti-uromodulin Western blotting.
Band intensity was quantified using an NIH image soft-
ware. The decay rate constant (k) was estimated by fitting
first-order decay curves of the form y = ¢ *, using Sig-
maPlot (Jandel Scientific, USA). The half-life (¢,,,) of the
protein was calculated using the formula #;,, = 0.693/k [16].

Immunofluorescence

HEK?293 cells were seeded on gelatin-coated coverslips
and transfected with wild-type or C112Y plasmid together
with pDsRed2-ER (Clontech), pDsRed-Monomer-Golgi
(Clontech) or pPM-mKeima-Red (BML). 24 h later, they
were fixed with 4 % paraformaldehyde/PBS and then
permeabilized with 0.5 % Triton X-100. After blocking in
3 % albumin, they were incubated for 1 h at room
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temperature with anti-uromodulin (1:200; Santa Cruz,
Santa Cruz, CA, USA). Bound antibodies were visualized
with Alexa Fluor 488-conjugated rabbit secondary anti-
body (1:2000; Invitrogen, Eugene, OR, USA) and images
were obtained using a Bio-Rad MRC 1024 confocal
microscope. To quantify uromodulin signals, images were
cropped with regard to distribution of each marker protein
(pDsRed2-ER, pDsRed-Monomer-Golgi or pPM-mKeima-
Red) using Photoshop CS3 software (Adobe Systems,
USA). Signal intensities in cropped images were quantified
by Image J software (NIH, USA).

Flow cytometry

Transfected HEK293 cells were cultivated for 72 h. Cells
harvested by trypsinization were fixed by 70 % ethanol
overnight at 4 °C. They were centrifuged, treated with
RNase, and stained with propidium iodide. Data were
acquired by BD FACSCanto II (BD Biosciences, San Jose,
CA, USA) flow cytometer and analyzed using FACSDiva
software (BD Biosciences, San Jose, CA, USA). Apoptotic
cells were labeled using Annexin V-PE Apoptosis Detec-
tion Kit Plus according to the manufacturer’s instructions
(MBL, Nagoya, Japan).

Statistical analysis

Student’s unpaired ¢ test was carried out for difference
between two groups, while two-way ANOVA test and
Fisher’s exact test were carried out for multiple compari-
sons among groups. All data are derived from three or more
experiments and expressed as mean == SEM. A value of
p < 0.05 was considered statistically significant. Statistical
analysis was made by StatView for windows software
version 5 (SAS Institute Inc., Cary, NC, USA).

Results
A novel mutation in UMOD of a patient with FJHN

A Japanese FJHN family included seven patients in four
generations who had hyperuricemia with or without gout or
renal insufficiency (Supplementary Fig. 1A). On 1997, at
the age of 25, the proband developed recurrent arthritis
with hyperuricemia, and was diagnosed for gout arthritis.
Although his serum uric acid level was kept lower than
6 mg/dl by oral administration of benzbromarone (50 mg/
day) and allopurinol (100 mg/day), the serum creatinine
level gradually increased and at the age of 38, he developed
end-stage renal insufficiency. His family pedigree showed
an autosomal dominant trait of gout and gouty kidney. As
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Fig. 1 Protein levels of intracellular and secreted C112Y mutant and
its ubiquitination with or without treatment with MG132. Left panel
Representative immunoblot of WT and C112Y mutant. Cells were
transfected with the WT or the C112Y mutant and EGFP plasmid for
48 h, in the absence or presence of MG132 (5 uM, overnight). The
condition media were prepared 48 h after the transfection and

1B:

GFP

f-actin

shown in Supplementary Fig. 1B, in a case of FJHN,
analysis of UMOD revealed a novel missense mutation
C112Y. This mutation is located on exon 3 which encodes
the calcium binding motif of an EGF3-like domain.

Proteasomal degradation of the C112Y mutant

The wild-type (WT) uromodulin expressed in HEK293
cells gave two bands on anti-uromodulin Western blotting
at ~100 and ~84 kDa which correspond to mature and
immature forms, respectively. The level of the mature form
of the C112Y mutant was lower than that of the WT,
whereas the level of the immature form was comparable
with that of the WT (Fig. 1). As expected, the level of the
mature C112Y secreted in culture medium was lower than
that of the WT (Fig. 1). Both the mutant and WT proteins
were recovered in a detergent-soluble fraction, excluding a
change in protein solubility (Supplementary Fig. 2). The
levels of UMOD mRNA were comparable between cells
transfected with the WT and those transfected with the
C112Y mutant (data not shown). Immunoprecipitation
experiments showed a higher level of polyubiquitination of
the C112Y mutant. MG132 increased the levels of ubig-
uitinated protein both in the WT and the C112Y mutant
(Fig. 1). The same treatment increased the levels of mature
and immature forms of the C112Y mutant (Fig. 1). Uro-
modulin was recovered in a detergent-soluble fraction
regardless of MG132 treatment, excluding MG132-induced
change of protein solubility (Supplementary Fig. 2). The
secreted protein levels of both C112Y and WT were also
increased by MG132 (Fig. 1). Lactacystin, another pro-
teasome inhibitor, had similar effects (Supplementary
Fig. 3).

WT Cl12Y

MG132 - + - +

Ubiquitin

1B:

75KDa- | i

uromodulin
75KDa-

IP: uromodulin

concentrated. The samples were subjected to immunoblotting (IB)
with the indicated antibodies. Right panel Effects of MG132 on
ubiquitination. Lysates were immunoprecipitated with anti-uromod-
ulin antibody. Anti-uromodulin immunoprecipitates (IP) were sub-
jected to IB with anti-ubiquitin or anti-uromodulin

Accelerated degradation of C112Y mutant

To investigate the stability of the C112Y mutant, we
determined a half-life of the protein by chase analysis
(Fig. 2a—c). Degradation of the immature form of the
C112Y mutant was faster with a half-life (#;,) of
3.2+ 0.02 h than that of the WT with a f1, of
6.6 = 0.11 h. MG132 prolonged 7/, of the immature form
of the C112Y mutant to 9.6 + 0.29 h (Fig. 2b, c¢). These
results indicated accelerated degradation of the C112Y
mutant through the ubiquitin—proteasome system (UPS).

Next, we examined intracellular distribution of the WT
and CI112Y mutant in HEK293 cells (Fig. 2d). The
immunoreactivity of the WT protein was localized in the
endoplasmic reticulum (ER) (nos. 1-3), the Golgi appara-
tus (nos. 7-9), and the cell membrane (nos. 13-15), as
evidenced by co-localization with DsRed2-ER, DsRed-
Monomer-Golgi and PM-mKeima-Red, respectively. The
signal of C112Y mutant was mainly localized in the ER
(nos. 4-6) and was significantly decreased in the Golgi
apparatus (nos. 10-12) and on the cell membrane (nos.
16-18). These changes were confirmed by a quantification
analysis (Fig. 2e).

Expression of C112Y mutant causes apoptosis

Expression of an unstable mutant protein alters the levels
of both pro-apoptotic and anti-apoptotic proteins and cau-
ses cellular apoptosis [16]. We examined whether this
happens with the C112Y uromodulin. The C112Y mutant
increased the levels of pro-apoptotic proteins p53, Bax, and
cytochrome ¢, whereas it reduced the levels of anti-apop-
totic proteins Bcl-2 and Bcl-xL (Fig. 3a). Flow cytometry
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Fig. 2 Accelerated degradation of the C112Y mutant and intracel-
lular localization of the WT and the C112Y mutant. a HEK cells
transiently expressing the WT or the C112Y mutant were chased for
the indicated time after the addition of cycloheximide in the absence
and presence of MG132 (5 uM, overnight). Shown are the represen-
tative blot and time-dependent changes in the density of the WT and
the C112Y mutant. b The densities of immature of WT and C112Y
uromodulin were normalized to the density at time O and B-actin
(n=3). * <005 C112Y vs WT, 1ip<0.05. C112Y s
C112Y + MG. ¢ Bar graph shows half-life of the WT and the
C112Y mutant (n = 3). *p < 0.05, ’p < 0.05. d Immunofluorescence

with anti-annexin V antibody indicated that the number of
apoptotic cells was significantly higher in cells expressing
the C112Y mutant in comparison with those expressing the
WT (Fig. 3b). The number of Sub-G1 phase cells was also
significantly higher in cells expressing the C112Y mutant
than in cells expressing the WT (Fig. 3c).

Effects of xanthine oxidase inhibitor, topiroxostat,
on apoptosis induced by the C112Y mutant

Since xanthine oxidase (XO) inhibitor is well known to
reduce apoptosis, effects of XO. inhibitor topiroxostat on
instability and apoptosis induced by C112Y mutant were
examined. As shown in Supplementary Fig. 4, topiroxostat
30 uM increased the mature form of the C112Y mutant
associated with an increase in its secreted form. Figure 4a
shows effects of topiroxostat on the expression level of
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of the WT and the C112Y mutant expressed in HEK293 cells. Cells
were cotransfected with the WT or the C112Y mutant plasmid
together with pDsRed-ER, pDsRed-Monomer-Golgi or pPM-mKe-
ima-Red for 24 h. They were stained with anti-uromodulin and Alexa
Fluor 488-conjugated secondary antibody (UMOD, Green). Shown
are representative images obtained by a confocal microscope. Bar
50 pm. e Quantification of anti-uromodulin immunoreactivity. His-
togram summarizing the ratios of Alexa 488/pDsRed-ER, pDsRed-
Monomer-Golgi or pPM-mKeima-Red fluorescence (n = 3)
*p < 0.05

pro- and anti-apoptotic proteins. Topiroxostat significantly
decreased the protein levels of p53, Bax, and cytochrome c,
while it significantly increased the protein levels of Bcl-2
and Bcl-xl. As expected, topiroxostat significantly
decreased Annexin-V positive cells (Fig. 4b).

Discussion

In the present study, we identified a novel mutation C112Y
in UMOD in a Japanese patient with FJHN. The levels of
the mature and immature forms of the mutant protein were
remarkably reduced in transfected HEK293 cells in com-
parison with the WT. The C112Y mutant had a shorter
half-life and a higher level of polyubiquitination, resulting
in a decreased steady-state level of the protein, suggesting
its instability and proteasomal degradation [2]. The C112Y
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Fig. 2 continued D
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mutant was mainly distributed in the ER, and it was
reduced in the Golgi apparatus and on the plasma
membrane.

The mature form of C112Y was less abundant than that
of WT, suggesting impaired maturation. The maturation of
uromodulin from its 84 kDa precursor to 97 kDa glycos-
ylated form depends on the retention time in the ER. The
rate-limiting step is the formation of the correct sets of
disulfide bonds in that component [13]. C112Y mutation is
expected to inhibit the disulfide bond formation between
C112 and C126 in the EGF-like domain [17]. A part of the
C112Y mutant reached the cell membrane and was secre-
ted into the culture medium. Similar secretion was
observed for another mutant (C217G) [18].

Since the proper folding of uromodulin requires various
factors such as protein-disulfide-isomerase, peptidyl-pro-
lyl-cis—trans-isomerases, and molecular chaperones,
C112Y might mature via these factors in the ER [19].
Proteasome inhibitors MG132 and lactacystine restored not
only the cellular levels of the mature and immature forms
of the C112Y mutant but also the levels of the secreted
protein. These results indicated that UPS plays a pivotal
role in degradation of the C112Y mutant and that inhibition
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of its degradation by proteasomal inhibitors prolonged the
life-span of the C112Y mutant as well as the retention time
of the C112Y in the ER to facilitate its interaction with
molecular chaperons. Jennings et al. [20] reported that
treatment with MG132 decreased the secreted N128S
mutant uromodulin without changes in the cytosolic
N128S, indicating the action of proteasomal inhibitors
might be different among the mutations.

It is well known that misfolded proteins form aggregates
through cross-linking via nonnative intrachain disulfide
bonds [15] in the ER, causing cellular apoptosis [21]. We
and other group previously reported that the instable
mutant of cardiac myosin-binding protein C (MyBPC)
(E334K) caused cardiac cellular apoptosis which was
associated with increases of p53, Bax and cytochrome
¢ and decreases of Bcl-2 and Bcl-xl [16]. In the present
study, the expression of the C112Y mutant caused cellular
apoptosis by increasing the levels of pro-apoptotic proteins
and by decreasing the level of anti-apoptotic proteins. The
findings observed for the C112Y mutant seem to be com-
parable with those for the cardiac MyBPC mutant.

The most prominent finding is the action of a XO
inhibitor, topiroxostat, on apoptosis induced by C112Y.
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Fig. 3 Expression of pro- and
anti-apoptotic proteins and
cellular apoptosis. a The levels
of pro- and anti-apoptotic
proteins in HEK293 cells
expressing WT or C112Y
mutant for 72 h. Left
representative Western blot with
the indicated antibodies; right
quantitative densitometric

Bel-XL | mm——
analysis of the indicated
proteins (n = 4-6). *p < 0.05. GFP —— eeem
b Flow cytometric analysis of
the cell population stained with fractin | em——

annexin V. Two hundred
thousand cells expressing either
WT or C112Y mutant for 72 h
were analyzed by FACscan. Left
the representative plot of
annexin V-positive cells; right
the % of annexin V-positive
cells expressing C112Y mutant
normalized to those in WT

(n = 3). *p < 0.05. ¢ FACS
analysis of the cell population in
the sub-G1 phase. Left the
representative plot of cell
population in each cell cycle
phase; right the percentage of
sub-G1 phase of cells
expressing WT or C112Y
mutant (n = 3). *p < 0.05.
Data are shown as

mean + SEM, calculated by
unpaired, two-tailed Student’s

t test
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The accumulation of misfolding protein causes ER stress to
produce the reactive oxidative species (ROS) in ER and
mitochondria [22]. Mitochondrial dysfunction via exten-
sive generation of ROS activates the mitochondria-depen-
dent apoptotic machinery by directly triggering the release
of the apoptogenic molecule cytochrome ¢ from affected
mitochondria in protein misfolding disease pathogenesis
[23]. While ROS is reported to be produced via activation
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of either XO as well as NADPH oxidase, an authentic XO
inhibitor oxypurinol has been reported to decrease ROS to
protect mitochondrial dysfunction in the desmin-related
myopathy, which supports the idea that reduction of ROS
by XO inhibitor might reduce cytochrome c release from
mitochondria, suppressing apoptosis. In the present study,
topiroxostat, an XO inhibitor, reduced expression of pro-
apoptotic protein cytochrome c in cells expressing C112Y
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Fig. 4 Effects of topiroxostat
on the pro- and anti-apoptotic
proteins and apoptosis. a Protein A

levels of p53, Bax, cytochrome WT

Cl12Y

WT[J

WTEA Topiroxostat
ci2y @
C112Y B4 Topiroxostat

¢, Bcl-2, and Bcel-xL with or

. Topi
without treatment of opiroxostat - +

(30uM)
pS3

topiroxostat (30 pM, 24 h) in
HEK?293 cells expressing WT or
C112Y mutant for 72 h. Shown

are representative blots (left);

quantitative densitometric Bax

analysis of the indicated

Pro-apoptosis proteins

proteins (right) (n = 4-6).

toch
*p < 0.05. b Flow cytometric cytochrome ¢

analysis of the cell population

stained with annexin V. Two Bcl-2

hundred thousand cells

expressing either WT or C112Y

150 *

mutant for 72 h with or without Bel-xL -~
treatment of topiroxostat

120 A

(30 uM) were analyzed by
FACscan. Left the
representative plot of annexin

GFP

90

(% to WT)

60

V-positive cells; right the % of
annexin V-positive cells
expressing C112Y mutant

f-actin

30 1

Anti-apoptosis proteins

normalized to those in WT
(n = 3) with or without

i * T
topiroxostat. *p < 0.05, B Vehicle

[ Vehicle

300 A

p <0.05

WT 2.6%

PE-A

Topiroxostat (30uM)

Topiroxostat
* il

1.5%
' 200 I

IO T T 11T

!

< 5.2%
crizy g

NN LN RTR RN TR R TR N T Ay FYYY FTTTIRTITI IRTTI IR TTIITNT

100 I T

Apoptosis Levels
by Annexin V(% to WT)

2.3%

: 2.

LU Y R R

-
FITC-A

and reduced apoptosis, indicating that topiroxostat inhib-
ited the mitochondria-dependent apoptotic pathway. Choi
et al. [11] reported that allopurinol failed to reduce apop-
tosis in cells expressing mutant uromodulin, whereas col-
chicine and sodium 4-phenylbutyrate were effective.
Further study is necessary to clarify the different actions of
topiroxostat and allopurinol.

Although the precise mechanism of action of topiroxo-
stat is unclear, the clinical implication is obvious. Topi-
roxostat can be administered to patients with even
moderate renal failure for treating hyperuricemia, since
pharmacokinetics of neither unchanged topiroxostat nor of
its metabolite is not affected by moderate renal dysfunction
[24]. Recently, topiroxostat has been reported to reduce
both the serum uric acid levels and the urinary albuminuria
in chronic kidney disease at stage 3 with hyperuricemia
[24]. Since the present study showed that topiroxostat
could protect mutant uromodulin-induced cellular

-

FITC-A wT

Cl12Y

apoptosis, this agent can be applied to the patients with
FJHN for not only controlling the serum uric acid level but
also to attenuate their kidney damage.
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