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ABSTRACT: To date, many mutations, including intronic nucleo-
tide changes, in the SLC12A3 gene encoding the thiazide-sensitive
sodium-chloride cotransporter (NCCT) have been reported in Gitel-
man’s syndrome (GS) patients. However, it has not been clarified
whether intronic nucleotide changes affect mRNA content. Since
mRNA analysis is possible only after obtaining renal biopsy speci-
mens, no studies have been conducted to identify transcript abnor-
malities in GS. In the study reported here, we investigated such
transcript abnormalities for the first time by using mRNA expressed
in a patient’s urinary sediment cells. Direct sequencing analysis of
leukocyte DNA disclosed one known missense mutation (R399C)
and one known nucleotide change of the splicing acceptor site of
intron 13 (1670-1 g � t). mRNA extracted from the urinary sediment
cells was analyzed by RT-PCR to determine the pathogenic role of
the intron mutation. A fragment encompassing exon 13 to 15 was
amplified as two products, one consisting of all three exons and the
other lacking only exon 14 in its entirety. Our investigation was the
first to demonstrate exon 14 skipping in an NCCT transcript in renal
cells. This methodology thus constitutes a potential noninvasive
analytical tool for every inherited kidney disease. (Pediatr Res 61:
502–505, 2007)

Gitelman’s syndrome (GS, OMIM 263800) is an autoso-
mal recessive renal disorder characterized by hypoka-

lemia, hypomagnesemia, metabolic alkalosis, and hypocalci-
uria (1). Mild weakness, cramps, and general fatigue are
clinically observable, but they are often so slight that patients
with GS are not diagnosed until late childhood or even
adulthood (2,3). Simon et al. demonstrated that mutations in
the SLC12A3 gene encoding the thiazide-sensitive sodium-
chloride cotransporter (NCCT) are responsible for GS. The
SLC12A3 gene, which is located in chromosome 16 and
comprises 26 exons, is a 1021-amino acid protein with 12
predicted transmembrane domains (4). The lack of a func-
tional NCCT leads to a decrease in sodium and chloride

reabsorption in the distal convoluted tubule and an increase in
solute delivery to the collecting duct. These changes result in
blood volume reduction, activation of the renin-angiotensin-
aldosterone system, and increased reabsorption of sodium and
secretion of potassium and hydrogen ions in the collecting duct.

To date, more than 100 different mutations of the SLC12A3
gene have been identified throughout the gene in patients with
GS. Since a kidney biopsy is not usually performed for these
patients, the majority of studies have dealt with mutational
analyses of the SLC12A3 gene by using genomic DNA ob-
tained from peripheral blood leukocytes. Although nucleotide
changes in the intronic sequence have been reported, the exact
nucleotide pathogenic mechanism has not yet been identified. On
the assumption that SLC12A3 is expressed in urinary sediment
cells, SLC12A3 mRNA was investigated in a Japanese patient
with GS to determine whether abnormal transcripts were present.

MATERIALS AND METHODS

Case report. A 14-y-old Japanese girl was referred to our institution for
evaluation of hypokalemia. She was suffering from headaches, nausea and
appetite loss. When she contracted acute tonsillitis at 7 y of age, her family
doctor performed a blood examination and found that her serum potassium
level was low, and since it remained low, the doctor diagnosed her with
idiopathic hypokalemia. No medicine such as diuretics or laxatives had been
prescribed. Upon admission, she was 139.3 cm tall (�2.5SD) and weighed
32.4 kg. Her blood pressure was 106/66 mm Hg and physical examination
findings were normal. Laboratory results showed that serum potassium was
2.6 mEq/L (normal 3.5–4.7mEq/L), plasma renin activity was extremely
elevated (23.7 ng/mL/h: normal 0.2–3.9 ng/mL/h) and aldosterone concen-
tration was near the upper limit of the normal range (20.6 ng/dL: normal 3–21
ng/dL). Serum magnesium and urinary calcium levels were low. The main
biochemical study findings are shown in Table 1. Her parents were noncon-
sanguineous.

The Ethical Committee of Kobe University Graduate School of Medicine
approved this study and consent for this study was obtained from the patient’s
parents.

Genomic DNA analysis. Genomic DNA was isolated from peripheral
blood leukocytes of the patient as well as normal control subjects using the
Qiagen kit (Qiagen Inc., Chatsworth, CA, USA), according to the manufac-
turer’s instructions. Twenty-six pairs of oligonucleotide primers were gener-
ated to amplify all 26 exons of the NCCT gene (4). Polymerase chain reaction
(PCR) was performed with 20 �L of a solution containing 0.2 mM dNTP,
0.05 U/�L Taq polymerase, 1.5 mM MgCl2, 50 mM KCl, 10 mM Tris-HCl
(pH 8.3), approximately 50 ng genomic DNA, and 1 �M of each primer with
a thermoprofile of 96°C for 1 min, 58°C for 1 min, and 72°C for 1 min, 35
cycles each. The PCR products were separated on an agarose gel, isolated, and
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purified with a DNA purification kit (Qiagen Japan, Tokyo). They were then
analyzed, including every intron-exon boundary, by direct sequencing with a
DNA sequencer (Perkin-Elmer-ABI, Foster City, CA, USA).

RNA expression analysis. Total RNA was extracted from urine sediments.
The urine sediments were obtained by centrifugation at 1500 r.p.m. for 10 min
from 50 mL of early morning urine. Microscopic examination of these sediments
confirmed that there were sufficient renal tubular epithelial cells. RNA was
isolated by using Trizol (Invitrogen, Carlsbad, CA, USA), and was then reverse-
transcribed onto cDNA by using random hexamers and the Superscript III kit
(Invitrogen). cDNA was amplified by nested PCR with forward primers located
in exon 10 or 13, and the reverse primer complementary to exon 15 (exon 10, first
forward: CTCCAAGGGCTTCTTCAGC; second forward: TCTGGACGAC-
CATTTCCTACC; exon13, first forward: GTACCCACTGATCGGCTTCT;
second forward: TTCCTCTGCTCCTATGCC; exon 15, first reverse: TCCTCG-
GCAATGACATCC; second reverse: GGGCGGTAGTTCTTGATGT). After 40
cycles of amplification, PCR products were separated on 2% agarose. In addition,
PCR products were sequenced with a DNA sequencer (Perkin-Elmer-ABI, Foster
City, CA, USA). We used the Human Kidney cDNA Library (Invitrogen) to
obtain normal control kidney cDNA.

RESULTS

Direct sequencing of the PCR-amplified products disclosed
two peaks of C and G at position 1195 in exon 10. This
nucleotide change altered the 399th codon from arginine to
cysteine (1195 C � T, R399C; Fig. 1A) showing a heterozy-
gous missense mutation in exon 10. The second abnormality
was double peaks of g and t, that is, a heterozygous g to t
substitution at position –1 bp of the 3= acceptor splice site of
intron 13 (1670-1 g � t: IVS 13-1 g � t in one allele: Fig. 1B).
It was therefore hypothesized that exon 14 might have been
skipped in the transcript.

To confirm the inactivation of the splice-acceptor site,
mRNA extracted from urinary sediments was used to amplify
a fragment of exons 13 to 15 by RT-PCR with a pair of primers
recognizing exon 13 and 15. PCR products from the patient’s
sample showed two bands, one the same size as the control, and
the other shorter (Fig. 1C). Sequencing of the shorter product
disclosed complete absence of the exon 14 sequence: exon 13
was directly joined to exon 15 (Fig. 1D).

The best way to prove compound heterozygous mutation
when a patient has two heterozygous mutations at the different
position is to analyze the patient’s parents. In our case,
however, we could not conduct a genetic analysis of her
parents because informed consent could not be obtained. To
confirm the presence of these two mutations in each of the
alleles, a fragment of exon 10 to 15 was also amplified by

RT-PCR and two PCR products were obtained, one the same
size as the normal control, and the other shorter. Each of the
two products was then separated and sequenced, enabling us
to demonstrate that the normal size PCR product included a
complete C to G nucleotide substitution at position 1195 in
exon 10, and the shorter one completely lacked exon 14
without the C to G nucleotide change in exon 10 (Fig. 2).
These results suggest that our patient is characterized by a
compound heterozygous mutation in SLC12A3, and that these
mutations had caused GS.

DISCUSSION

We identified two heterozygous mutations, 1195 C � T and
1670-1 g � t, in the genomic DNA from the leukocytes of a
typical case of GS. These mutations are common as previously
reported (4,5), and we supposed that these compound het-
erozygous mutations of NCCT had caused GS in our patient.
To confirm this hypothesis, we amplified SLC12A3 mRNA
extracted from urinary sediments and confirmed beyond a
doubt that exon 14 has been skipped and those two mutations
exist on different alleles.

Igarashi et al. were the first to demonstrate transcript ab-
normalities by extracting mRNA from urinary sediment cells
of patients with Dent’s disease (6). This method proved to be
very useful for analyzing mRNA expression in renal tubular
cells in various kidney diseases, but no further studies have
been reported since then and our study is the first to use this
method for GS.

The mere detection of intronic mutations is not adequate for
an accurate analysis of inherited diseases, however. It is
especially important to identify transcript abnormalities in
every target organ as well as to prove the presence of two
heterozygous nucleotide changes as a compound heterozygous
mutation. Renal biopsy specimens can be used as one source
for analyzing mRNA in inherited kidney diseases, but renal
biopsy is invasive and not needed for some kidney diseases.
Urinary sediments, on the other hand, contain cells derived
from the kidney, and genetic analysis using those cells con-
stitutes an entirely noninvasive, simple method for the diag-
nosis of inherited kidney diseases. Furthermore, measurement
of urinary mRNA expression has recently gained attention as
a potential noninvasive tool for the monitoring of certain
kidney disease activities. Some studies have demonstrated that
mRNA analysis in the urine may serve as a noninvasive tool
to assess intrarenal damage in chronic kidney disease (CKD) or
lupus nephritis activity (7,8). Genetic analysis using mRNA in
urinary sediment cells can also be used for all other inherited
kidney diseases including renal tubular disorders. We therefore
conducted RT-PCR using urinary sediment cells to confirm the
presence of both transcript abnormalities in the target organ cells
and of a compound heterozygous mutation in our patient.

In addition, we used RT-PCR to prove that two mutations in
exon 10 and intron 13 exist in different alleles. However, it
was not possible to prove this by using genomic DNA because
the two mutations are more than 3000 base pairs (bp) apart,
while in the case of cDNA, the distance is only about 700 bp
and it is easy to amplify the fragment using RT-PCR. In this

Table 1. Biochemical data of the GS patient

Parameter Normal range Value

Serum
Creatinine (mg/dl) 0.5–1.3 0.6
Urea (mg/dl) 10.0–20.0 17.6
Sodium (mEq/l) 137–146 138
Potassium (mEq/l) 3.5–4.7 2.6
Chloride (mEq/l) 99–109 97
Magnesium (mg/dl) 1.7–2.3 1.4
pH 7.35–7.45 7.461
HCO3 (mmol/l) 21–29 32.2
BE (mmol/l) 0 � 2 8.2
Renin Activity (ng/ml/hr) 0.2–3.9 23.7
Aldosterone (ng/dl) 3–21 20.6

Urine
Calcium/Creatinine 0.1–0.3 0.03
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respect, the approach using mRNA for genetic analysis offers
many more benefits.

In genetic analysis using RT-PCR, however, the problem is
sometimes encountered that the nonsense-mediated decay
(NMD) phenomenon interferes with detection of nonsense
mutations in RT-PCR (9,10). The NMD pathway is an mRNA
surveillance system that typically degrades transcripts con-

taining premature termination codons (PTCs) to prevent trans-
lation of unnecessary or aberrant transcripts. Failure to elim-
inate these mRNAs with PTCs may result in the synthesis of
abnormal proteins that can be toxic to cells through dominant-
negative or gain-of-function effects. In this study, we con-
firmed by means of RT-PCR that exon 14 was skipped in
mRNA. However, exon 14 of the SLC12A3 gene possesses
156bp and this exon skipping creates an in-frame mutation, so
that NMD does not work in this case. It is possible that
frame-shift exon skipping mutations cannot be detected with
this method, however, some frame-shift mutations could be
detected with RT-PCR methods as previously reported
(11,12,13). Riancho et al. detected exon 9 skipping in the
SLC12A3 gene by means of RT-PCR using mRNA from
peripheral leukocytes. Exon 9 extends over 85bp so that this
exon skipping causes a frame shift (11). We previously re-
ported the detection in Alport syndrome patients (12) or
muscular dystrophy patients (13) of various types of nonsense
mutations and frame-shift mutations in RT-PCR using mRNA
from peripheral leukocytes or muscle. We have also con-

Figure 1. Nucleotide changes and a transcript abnormality in SLC12A3 gene. (A) DNA chromatograms in forward (top) and reverse (bottom) frames of
the patient. A heterozygous transition (C � T) at nucleotide 1195 located in exon 10 resulted in an arginine to cystein substitution at amino acid 399 (1195 C �
T, R399C). (B) Another nucleotide change identified in the GS patient by direct sequencing analysis. A heterozygous transition (g � t) at position –1 bp of the
acceptor splice site of intron 13 (1670-1 g � t) led to the supposition that exon 14 might have been skipped in the transcript. (C) Electrophoresis of cDNA after
PCR. PCR using the forward primer located in exon 13 and the reverse one located in exon 15. Control sample (left) clearly shows a single band. The sample
from the GS patient (right) shows two bands, one the same size as the control sample (a), and the other smaller (b). (D) Fragments of the sequence of the sense
strand of cDNA from the patient. Normal product (a) shows a normal sequence. The smaller product (b), however, shows that exon 13 is followed by exon 15,
so that exon 14 has been skipped. The same result was found when the antisense strand was sequenced.

Figure 2. Confirmation of compound heterozygous mutation. Electro-
phoresis of cDNA from a GS patient after PCR using the forward primer
located in exon 10 and the reverse one located in exon 15. Two bands are
seen, both sequenced by direct sequencing. A transition (C � T) at nucleotide
1195 located in exon 10 (1195 C � T) is seen in the larger product, and the
smaller one completely lacks exon 14. These results confirm that the patient
has a compound heterozygous mutation in the SLC12A3 gene.

504 KAITO ET AL.



ducted a genetic analysis of a type III Bartter syndrome case
using the method we described in this report, and identified the
mutation type as nonsense mutation (W610�) in the CLCNKB
gene. This result demonstrated that the nonsense mutation
could be detected in the transcript (data not shown). We
should therefore keep in mind the possibility that the use of
this technique may sometimes be affected by NMD, in that
frame-shift exon skipping mutations may be missed when
using RT-PCR.

In conclusion, we report the successful use of urinary
sediment cells for the identification of a NCCT transcript
abnormality in a GS patient. This mutation was found to
eliminate a consensus splicing acceptor site, resulting in exon
14 skipping in the mRNA from the urinary sediment cells.
Although this mutation is common, as previously reported, the
functional test for the missense mutation and exon skipping of
NCCT was not conducted, so that in this case it could not be
determined whether these mutations necessarily lead to the
disease. However, the most important finding of our study is
that this transcript abnormality could be identified with such a
noninvasive method. The analysis of mRNA in urinary sedi-
ment cells can be used for all other kidney diseases, not only
for monitoring disease activities as previously reported, but
also for genetic analysis to detect transcript abnormalities in
kidney cells and this methodology may serve as a potential
noninvasive analytical tool.

Acknowledgments. The authors thank Ms. Yoshimi Nozu
for her help in genetic analysis.

REFERENCES

1. Gitelman HJ, Graham JB, Welt LG 1966 A new familial disorder characterized by
hypokalemia and hypomagnesemia. Trans Assoc Am Physicians 79:221–235

2. Shaer AJ 2001 Inherited primary renal tubular hypokalemic alkalosis: a review of
Gitelman and Bartter syndromes. Am J Med Sci 322:316–332

3. Cruz DN, Shaer AJ, Bia MJ, Lifton RP, Simon DB 2001 Gitelman’s syndrome
revisited: an evaluation of symptoms and health-related quality of life. Kidney Int
59:710–717

4. Simon DB, Nelson-Williams C, Bia MJ, Ellison D, Karet FE, Molina AM, Vaara I,
Iwata F, Cushner HM, Koolen M, Gainza FJ, Gitleman HJ, Lifton RP 1996
Gitelman’s variant of Bartter’s syndrome, inherited hypokalaemic alkalosis, is
caused by mutations in the thiazide-sensitive Na-Cl cotransporter. Nat Genet
12:24–30

5. Iida K, Hanafusa M, Maekawa I, Kudo T, Takahashi K, Yoshioka S, Kishimoto M,
Iguchi G, Tsukamoto T, Okimura Y, Kaji H, Chihara K 2004 A novel splice site
mutation of the thiazide-sensitive NaCl cotransporter gene in a Japanese patient with
Gitelman syndrome. Clin Nephrol 62:180–184

6. Igarashi T, Inatomi J, Ohara T, Kuwahara T, Shimadzu M, Thakker RV 2000
Clinical and genetic studies of CLCN5 mutations in Japanese families with Dent’s
disease. Kidney Int 58:520–527

7. Colucci G, Floege J, Schena FP 2006 The urinary sediment beyond light micro-
scopical examination. Nephrol Dial Transplant 21:1482–1485

8. Chan RW, Lai FM, Li EK, Tam LS, Chow KM, Li PK, Szeto CC 2006 The effect
of immunosuppressive therapy on the messenger RNA expression of target genes in
the urinary sediment of patients with active lupus nephritis. Nephrol Dial Transplant
21:1534–1540

9. Kuzmiak HA, Maquat LE 2006 Applying nonsense-mediated mRNA decay research
to the clinic: progress and challenges. Trends Mol Med 12:306–316

10. Maniatis T, Reed R 2002 An extensive network of coupling among gene expression
machines. Nature 416:499–506

11. Riancho JA, Saro G, Sanudo C, Izquierdo MJ, Zarrabeitia MT 2006 Gitelman
syndrome: genetic and expression analysis of the thiazide-sensitive sodium-chloride
transporter in blood cells. Nephrol Dial Transplant 21:217–220

12. Inoue Y, Nishio H, Shirakawa T, Nakanishi K, Nakamura H, Sumino K, Nishiyama
K, Iijima K, Yoshikawa N 1999 Detection of mutations in the COL4A5 gene in over
90% of male patients with X-linked Alport’s syndrome by RT-PCR and direct
sequencing. Am J Kidney Dis 34:854–862

13. Shiga N, Takeshima Y, Sakamoto H, Inoue K, Yokota Y, Yokoyama M, Matsuo M
1997 Disruption of the splicing enhancer sequence within exon 27 of the dystrophin
gene by a nonsense mutation induces partial skipping of the exon and is responsible
for Becker muscular dystrophy. J Clin Invest 100:2204–2210

505TRANSCRIPTS IN URINARY SEDIMENTS


	Detection of a Transcript Abnormality in mRNA of the SLC12A3 Gene Extracted From Urinary Sediment Cells of a Patient With Gitelman's Syndrome
	Main
	MATERIALS AND METHODS
	
	Case report.
	Genomic DNA analysis.
	RNA expression analysis.


	RESULTS
	DISCUSSION
	Acknowledgements
	Note
	References


