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Abstract ClC-5 is a chloride channel whose gene muta-
tions have been reported to be associated with X-linked
nephrolithiasis (XRN), X-linked recessive hypophospha-
temic rickets (XLRH), Dent disease, and idiopathic low-
molecular-weight proteinuria (ILMWP) in Japanese chil-
dren. To establish more efficient screening for CLCN5
abnormalities, we developed a new diagnostic method
using reverse transcription and polymerase chain reac-
tion (RT-PCR) of cultured renal tubular cells from the
urine of patients. Using this new method, we successful-
ly detected microdeletion of ClC-5 mRNA in 
a patient and splicing abnormality of the CLCN5 Cl
channel.
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Introduction

Lloyd et al. recently identified mutations of the CLCN5
chloride channel gene in three disorders that result in
kidney stone formation, i.e., Dent’s disease, X-linked 
recessive nephrolithiasis (XRN), and X-linked reces-
sive hypophosphatemic rickets (XLRH) [1]. The human
CLCN5 gene located on chromosome Xp 11.22 consists
of at least 12 exons spanning 25–35 kb of genomic DNA
and encodes a 746-amino-acid protein [2]. CLCN5 be-
longs to a family of voltage-gated chloride channel genes
that have about 12 transmembrane domains. During the

following year, Lloyd et al. found four different CLCN5
mutations in Japanese patients with low-molecular-
weight proteinuria, hypercalciuria, and nephrocalcinosis
[3]. In previous reports, single-stranded conformational
polymorphism analysis (SSCP), direct DNA sequence
analysis, and Southern blot hybridization have been used
for the mutational screening of the CLCN5 gene. How-
ever, the mutational diversity within the 2238 basepairs
comprising the CLCN5 gene makes it arduous and time
consuming to perform mutational screening for CLCN5
channelopathy by these approaches. It has become clear
that approximately 10% of CLCN5 abnormalities are
due to gene mutations that lead to changes in the sizes of
the mRNA products of genomic CLCN5. The identifica-
tion of these changes in the sizes of mRNA products will
provide a quick and easy diagnosis of CLCN5 channelo-
pathy in a certain number of cases. Further, a combina-
tion of the conventional technique with this simple iden-
tification of the changes in sizes of mRNA products will
facilitate and confirm the diagnosis. We have tried to
identify a new diagnostic method using reverse tran-
scription and polymerase chain reaction (RT-PCR) for
the diagnosis of CLCN5 channelopathy.

We recently succeeded in regenerating a renal tubular
epithelial monolayer in an in vitro culture of exfoliated
tubular cells into urine. The tubule cells were preserved
so well that the in vitro culture even led to tubule forma-
tion and branching of the cells in a collagen gel prepara-
tion [4]. This method should be suitable to examine
whether the ClC-5 mRNA is expressed properly in the
targeted organ, the proximal tubule cells.

Therefore, we tried to identify a new diagnostic meth-
od using RT-PCR for CLCN5 channelopathy.

Materials and methods

Our initial step was to culture renal tubular cells from the urine of
an XLRH patient and an ILMWP patient. The information on
these patients and results of CLCN5 gene analysis were previously
reported [5, 6]. A genomic deletion from exons 5 to 8 was found
in the CLCN5 gene of the former [5], and an acceptor splice site
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mutation (ag-cg) in intron 4 was found in the CLCN5 gene of the
latter [6]. We collected their mid-stream spot urine specimens after
disinfecting their genital areas. For harvesting of voiding cells,
urine specimens were gently centrifuged at 1200 rpm for 10 min
and the pellets were resuspended in minimum essential medium
(MEM; Gibco BRL) containing 20% fetal calf serum (FCS; 
Summit), 100 U/ml penicillin, and 100 µg/ml streptomycin 
(Gibco BRL). The specimens were centrifuged again at 1200 rpm
for 10 min and the pellets were resuspended in the same medium.
After a third centrifugation at 1200 rpm for 10 min, the pellets
were resuspended in the following growth medium: Dulbecco’s
modified Eagle’s medium/Hams F12 (DMEM/F12) containing
10% FCS, 100 U/ml penicillin, 100 µg/ml streptomycin, 5 mmol/l
nicotinamide, 5 µg/ml insulin, 5 µg/ml transferrin, 5 ng/ml sodium
selenate, 3×10–4 M 3, 3, 5-triiodo-l-thyronine, and 10–5 M dexa-
methasone. The specimens were centrifuged under the same con-
ditions and the pellets were resuspended in the growth medium.
The cell suspension was then dispensed into six-well plates within
6 h after collecting the patient’s urine specimens and cultured at
37°C in 5% CO2–95% O2 air atmosphere. When the cultured cells
grew to 80–90% confluence, they were resuspended with 1 ml
TRIzol reagent (Gibco-BRL, Life Technologies) and then 200 µl
chloroform was added to separate the mixture into an aqueous and
organic phase. The aqueous phase was removed after centrifuga-
tion and the total RNA pellet was precipitated with 500 µl isopro-
panol. The RNA pellet was washed with 75% ethanol and allowed
to dry at room temperature, and then the total RNA was resus-
pended in 15 µl RNase-free water. A first-strand cDNA synthesis
kit (Boehringer Mannheim) was used to reverse transcribe RNA
extracted from the cultured renal tubular cells. The total RNA
(750 ng) was heated at 65°C for 15 min, rapidly chilled on ice, and
then mixed with 11.8 µl of the reagents supplied with the kit. The
reaction mixture contained 1.6 µg oligo-p(dT)15 primer, 10 mmol/l
TRIS (pH 8.3), 50 mmol/l KCl, 5 mmol/l MgCl2, 1 mmol/l
dNTPs, 50 units RNase inhibitor, and 20 units AMV reverse tran-
scriptase (RT). The reaction mixture was incubated once at 25°C
for 10 min, incubated a second time at 42°C for 60 min, and then
heated at 95°C for 5 min to inactivate the RT. The PCR reactions
were performed in a total volume of 50 µl using an Expand 
High Fidelity PCR system (Boehringer Mannheim) containing 
200 mmol/l dNTPs, 5 µl 10 × conc. Expand HF buffer, 1.5 mmol/l
MgCl2, 1 µl RT reaction mixture, 2.6 units enzyme mix containing
thermostable Taq DNA and Pwo DNA polymerases, and 50 pmol
of the specific primer pairs for CLCN5. The primer sequences
were 5’-AGG ACA AGT CGT ACA ATG GTG GAG G-3’
(sense, bp 245–269) and 5’-ACA TAT CCA TGG TCT GTA ATG
TCC-3’ (antisense, bp 2563–2586), and the expected PCR product
size was 2342 bp. The 10 µl PCR products were size fractionated
by electrophoresis on a 0.8% agarose gel in 1×TRIS-borate-EDTA
(TBE) buffer, stained with ethidium bromide, visualized under 
ultraviolet light, and photographed.

Results

The cultured renal tubular cells were positive for γ-gluta-
myltransferase (γGTP) staining (data not shown), so it
was confirmed that these cells were derived from the
proximal tubules. RT-PCR procedures using specific
primer pairs for CLCN5 have demonstrated the expres-
sion of ClC5 mRNA in cultured renal tubular cells from
the urine of the XLRH, ILMWP, and IgA nephropathy
(control) patients. Figure 1 shows the PCR products sep-
arated on a 0.8% agarose gel and visualized after stain-
ing with ethidium bromide. As seen in Fig. 1, when the
coding region of the CLCN5 gene was amplified using
specific primers in the IgA nephropathy (control) pa-
tient, a band of the expected molecular mass (2342 bp)
could be visualized. However, in the XLRH and ILMWP
patients, abnormal transcripts shorter than the expected
size sequencings were identified (954 bp and 123 bp
shorter, respectively). The specificities of the three PCR
products were confirmed by sequencing (data not
shown).

Discussion

In 1991, Racusen et al. succeeded in culturing the renal
tubule cells collected from voided urine of patients with
cystinosis [7]. They characterized the properties of the
primarily cultured renal tubule cells and came to the con-
clusion that their preparation only cultivated the proxi-
mal tubule cells. Quite recently, we also succeeded in
culturing the tubule cells in urine and analyzed the nor-
mal acid-extruding mechanism of these cells by physio-
logical and molecular biological techniques. The cul-
tured renal tubular cells were positive for γ-glutamyl-
transferase (γGTP) staining (data not shown), so it was
confirmed that these cells were derived from the proxi-
mal tubules. We examined the ClC5 mRNA in two unre-
lated Japanese patients with XLRH and ILMWP using
RT-PCR analysis and detected abnormal transcripts. To
date, more than 40 disease-associated CLCN5 genetic
abnormalities have been reported in Dent’s disease,

Fig. 1 Detection of ClC5 mRNA in cultured renal tubular cells
from the urine of the XLRH, ILMWP, and IgA nephropathy (con-
trol) patients: lane 1 molecular weight marker (λ/StyI digestion),
lane 2 control (2342 bp), lane 3 acceptor splice consensus se-

quence mutation in intron 4 (2219 bp), lane 4 microdeletion from
exons 5 to 8 (1388 bp). Abnormal transcripts shorter than the ex-
pected size sequencings were identified in the ILMWP (lane 3)
and XLRH (lane 4) patients
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XLRH, XRN, and ILMWP patients [1, 3, 5, 6, 8–11].
The CLCN5 mutations were found to be spread through-
out the gene, although a clustering of mutations was ob-
served in some regions. The original methods for the
screening of the CLCN5 gene using SSCP, direct se-
quencing, and Southern blot analysis are time consum-
ing. In comparison with the conventional method for di-
agnosing the abnormalities in the CLCN5 gene, our new
method is suitable for the screening of microdeletions
and splicing abnormalities. Recently, Cox et al. investi-
gated CLCN5 mRNA processing by the detection of ille-
gitimate transcription of the CLCN5 gene in EBV-trans-
formed lymphoblastoids [12]. We succeeded in detecting
a similar type of splicing abnormality of CLCN5 using
the voided tubule cell culture system. Before performing
the screening of exons 2–12 of the CLCN5 gene for the
mutations using SSCP or direct sequencing, our newer,
easier diagnostic method will provide us with informa-
tion about the splicing abnormality and the mutational
problem in the CLCN5 promoter region. At the very
least, more than 10% of patients with large deletions or
splicing abnormalities of the CLCN5 gene will be detect-
ed by this new method. This method can also be used to
partially check the abnormalities of the promoter gene
cascade since it enables direct examination of the expres-
sion of the CLCN5 gene in the renal tubule cells.

The present paper is the first to report the applicabili-
ty of this method to the diagnosis of abnormalities in the
expression of the messages for the membrane transport
system in the voided urine cells. From our present expe-
rience, we conclude that our new method will be suc-
cessfully applied to patients with CLCN5 abnormalities,
as well as various other renal tubular disorders.
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