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Abstract:

The eligibility for kidney donation and long-term post-donation renal prognosis of patients with Gitelman
syndrome (GS) are unknown. We herein report a 44-year-old woman with GS who donated her kidney for
transplant. A gene sequence analysis revealed compound heterozygous mutations of TI180K and L858H in the
SLCI2A3 gene. Since transplantation, the renal function and serum potassium and magnesium levels of the
donor and recipient have remained stable for seven years with careful monitoring and supplementation. Pa-
tients with asymptomatic GS who have no complications can be considered eligible to donate their kidney for
transplant with proper monitoring after transplantation.
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Introduction

Gitelman syndrome (GS) (OMIM: 263800) is an autoso-
mal recessive disorder caused by inactivating mutations in
the solute carrier family 12 member 3 gene (SLCI2A3),
which encodes the thiazide-sensitive Na-Cl cotransporter
(NCC) located on the apical surface of distal convoluted tu-
bular (DCT) cells (1-4). GS is a rare salt-losing tubulopathy
characterized by hypokalemic metabolic alkalosis with hy-
pomagnesemia and hypocalciuria (3, 5) and has been widely
described as a benign or mild variant of Bartter’s syn-
drome (6). Clinical symptoms are often unremarkable or
relatively mild and include muscular weakness, fatigue, salt
craving, thirst, nocturia, and cramps. However, recent reports
have emphasized the phenotypic variability and potential se-
verity in patients with GS (7, 8). Patients with GS are at
risk of developing ventricular arrhythmias, diabetes, and
chronic kidney disease (CKD).

Living kidney transplantation from GS donors is rare;
only three cases have been reported to date (9-11). In addi-
tion, the kidney donation eligibility and long-term post-

donation renal prognosis of patients with GS are unknown.
We herein report the clinical course of a 44-year-old woman
who was diagnosed with GS by a genetic analysis during a
preoperative donor evaluation for kidney transplantation. We
previously reported the clinical course of the recipient who
received her kidney (12).

Case Report

A 44-year-old Japanese woman underwent a preoperative
evaluation for kidney transplantation donation to her hus-
band, who was a patient with type 2 diabetes receiving peri-
toneal dialysis. She showed no clinical signs or symptoms
and had no significant medical or family history. Her blood
pressure, heart rate, and body mass index were 110/70
mmHg, 68 beats/min, and 18.3 kg/m’, respectively. She had
no muscle weakness or sensory abnormalities, and her deep
tendon reflexes were normal. Biochemical analyses showed
mild hypokalemia, hypomagnesemia, hyperreninemia, and
metabolic alkalosis. Thyroid function testing was normal
(Table). Her urinary calcium-to-creatinine ratio was 0.012,
indicating hypocalciuria. Based on these findings, GS was
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Table. Biochemical Data.
Parameter Measured  Reference
value range
Hemoglobin (g/dL) 11.6 11.5-14.5
White blood cell count (/mm?) 5,400 3,300-8,600
Albumin (g/dL) 4.3 3.5-52
Creatinine (mg/dL) 0.5 0.4-0.8
Urea (mg/dL) 13 8.0-20.0
Sodium (mEq/L) 139 136-146
Potassium (mEq/L) 3.1 3.6-4.8
Chloride (mEq/L) 101 98-109
Calcium (mg/dL) 9.5 8.6-10.2
Phosphate (mg/dL) 2.5 2.6-4.6
Magnesium (mg/dL) 1.7 1.8-2.6
Bicarbonate (mEq/L) 27.3
TSH (uIU/mL) 2.28 0.34-4.04
FT3 (pg/mL) 2.60 2.36-5.00
FT4 (ng/dL) 1.12 0.88-1.67
PRA (ng/mL/hr) 4.0
Aldsterone (pg/mL) 88.6
FBG (mg/dL) 97 65-109
HbAlc (%) 53 4.6-6.2
Total urinary potassium (mEq/24h) 46.6
Total urinary calcium (mg/24h) 1.89
Urinary calcium/Urinary creatinine 0.012
Total urinary sodium (mEq/24h) 281.4
Total urinary magnesium (mg/24h) 11.97
Total urinary chloride (mEq/24h) 256.1
Creatinine clearance (mL/min) 268

FBG: fasting blood glucose, TP: total protein, TSH: thyroid-stimulating

hormone, PRA: plasma renin activity

suspected, and direct DNA sequencing of the SLCI2A3 gene
was performed for the patient and her parents, who also had
no obvious clinical symptoms. Sequencing using DNA sam-
ples derived from white blood cells showed that the patient
had compound heterozygous missense mutations in the SLC
12A3 gene with single-base substitutions at nucleotides 539
of exon 4 (ACG to AAG, T180K) and 2573 of exon 22
(CTC to CAC, L858H). A linkage analysis confirmed that T
180K was the maternal allele, while L858H was the paternal
allele (Fig. 1).

As the patient met all other donation criteria for kidney
transplantation and showed no significant symptoms or com-
plications of GS, kidney explantation was performed. To de-
termine the distribution of SLC12A3 protein expression, we
performed immunohistological staining with anti-SLC12A3
antibodies. Immunostaining was performed on formalin-
fixed paraffin-embedded sections treated by heating in 0.01
mol/L citrate buffer at pH 6.0 using an electric kettle for an-
tigen retrieval. Tissue sections were incubated with anti-SLC
12A3 antibodies (HPA028748; Atlas Antibodies, Bromma,
Sweden) overnight at 4C, according to the manufacturer’s
instructions. The secondary antibody was N-Histofine® Sim-
ple Stain MAX PO (G) (Nichirei Biosciences, Tokyo, Ja-
pan). Tissue sections were stained using DAB-H,O, as a
substrate. We found immunoreactivity in the apical surface
of the DCT cells of the transplanted kidney, similar to the
kidney of a healthy individual (Fig. 2A-D). Renal fibrosis in
the patient was evaluated using Masson’s trichrome stain;
nonspecific vacuolar lesions in the epithelial cells in the

Exon 4 (codon 539) Exon 22(codon 2573)
A(C/A)G C(T/A)C
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An SLCI12A3 gene sequence analysis of the patient showed a heterozygous transition (C-

Figure 1.

C/A)G
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to-A) at nucleotide 539 in exon 4, resulting in a Thr-to-Lys substitution at amino acid 180, and a het-
erozygous transition (T-to-A) at nucleotide 2573 in exon 22, resulting in a Leu-to-His substitution at

amino acid 858.
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Figure 2. Immunohistochemical staining of kidney speci-
mens with antibodies to SLC12A3, the sodium-chloride co-
transporter (NCC) (A-D). Staining of the membrane surface of
the distal convoluted tubule was similar between (A, B) a
healthy control and (C, D) the patient with Gitelman syndrome.
Masson’s trichrome staining of the patient’s kidney (E, F). A
light microscopic examination showed nonspecific vacuolar le-
sions in the epithelial cells of the proximal tubule (arrows) and
mild tubulointerstitial fibrosis. The right-side images (B, D, F)
are enlarged forms of the left-side images (A, C, E), respec-
tively. Scale bars=50 um (A, C, F), 20 um (B, D), and 250 pm
(E).

proximal tubule and very mild tubulointerstitial fibrosis were
observed. The interstitial damage of the kidney was not no-
ticeable, and the renal tissue showed an almost normal
structure (Fig. 2E, F).

After transplantation, the patient was treated with potas-
sium supplementation using potassium gluconate (8 mEq/
day). At the 7-year follow-up evaluation, her serum electro-

Iytes and renal function were maintained (serum magnesium
1.7-2.1 mg/dL, potassium 3.3-4.1 mg/dL, and creatinine
0.67-0.83 mg/dL) without any adverse events. Fig. 3 shows
the clinical course of the donor’s renal function and electro-
lytes before and after transplantation. Unilateral kidney do-
nation did not worsen the donor’s GS symptoms.

During the early postoperative period, the recipient suf-
fered from acute antibody-mediated rejection. The response
to the intensive immunosuppressive therapy [3 consecutive
administrations of methylprednisolone (mPSL) 500 mg/
body, intravenous immunoglobulin (IVIG) 40 g/body, rituxi-
mab 200 mg/body] was satisfactory, and the renal function
improved promptly within 2 months with a creatinine level
of 1.5 mg/dL. At present, the graft function is stable at 7
years after transplantation [sCr 1.1 mg/dL, estimated
glomerular filtration rate (eGFR) 54 mL/min/1.73 m’, and
proteinuria 0.04 g/g-Cr]. The electrolyte levels were abnor-
mal immediately following transplantation due to the acute
antibody-mediated rejection; however, at the long-term
follow-up, the serum potassium level was normal (3.7-4.5
mEqg/mL), and mild hypomagnesemia approaching a normal
magnesium level was present (1.7-1.9 mg/dL) without sup-
plementation.

Discussion

We herein report a patient with asymptomatic GS who
served as a kidney transplantation donor. The diagnosis was
made by biochemical and genetic analyses. Since kidney
transplantation, the correction of hypokalemia with low-dose
potassium supplementation has maintained her renal func-
tion for seven years.

Only three cases of successful living kidney transplanta-
tion from donors with GS have been reported (9-11). In one
of these, the donor was diagnosed after transplantation; in
two of these, the diagnosis was based on biochemical pa-
rameters alone without genetic analyses. Although the clini-
cal courses of all kidney recipients have been reported, those
of the donors are not well described, and data regarding the
long-term post-donation renal prognosis and donor eligibility
of patients with GS have been lacking.

Although GS is considered a benign tubulopathy, recent
reports have shown that GS is associated with a significant
reduction in the quality of life. Severe manifestations, such
as growth retardation, chondrocalcinosis, tetany, rhabdomy-
olysis, seizures, and ventricular arrhythmias, as well as
early-onset disease (before six years old) have been de-
scribed (6, 8, 13). A careful evaluation of kidney transplant
donors with GS is necessary to ensure that they do not de-
velop CKD. Most clinical problems in GS are linked to
electrolyte disturbances, including chronic salt loss, hypoka-
lemia, and hypomagnesemia. Due to hypokalemia, GS pa-
tients may experience mild renal impairment, impaired glu-
cose tolerance, and prolonged QT syndrome, which leads to
an increased risk of ventricular arrhythmias (14-16). CKD
may develop in patients with GS due to either chronic hy-
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Figure 3. Clinical course of the donor’s renal function and electrolytes before and after transplan-

tation.

pokalemia, which is associated with tubulointerstitial nephri-
tis, tubule vacuolization, and cystic changes known as hy-
pokalemic nephropathy, or volume depletion and activation
of the renin-angiotensin-aldosterone system, which contrib-
utes to renal damage and fibrosis (17-19). In the present
case, the patient had only mild hypokalemia (serum potas-
sium level 3.0-3.5 mEqg/L) and mild hypomagnesemia (mag-
nesium level 1.5-2.0 mg/dL) without clinically remarkable
symptoms. Abnormal electrocardiography and impaired glu-
cose tolerance were not observed, and the renal function
was maintained (eGFR 103.3 mL/min/1.73 m’). However,
continuous follow-up and management of the potassium and
magnesium levels and renal function will be necessary in
the future. Therefore, kidney donation by patients with hy-
pokalemia due to GS should be undertaken with care.

However, the electrolyte levels were abnormal in the re-
cipient immediately following transplantation because of
kidney injury caused by acute antibody-mediated rejection;
therefore, it was difficult to accurately evaluate the presence
of laboratory findings suggestive of GS (e.g. hypokalemia,
hypomagnesemia). In 3 previous reports of renal transplanta-
tion for GS (9-11), 2 recipients had hypokalemia and hypo-
magnesemia, which are laboratory findings suggestive of
GS (10, 11), and the third had a serum potassium level of
3.7 mEqg/L and a magnesium level of 1.8 mg/dL at 1 year
after transplantation (9). These levels were around the lower
limits of the normal range, similar to those of the present
case.

Our case report provides at least four explanations as to
why our recipient did not show severe hypokalemia or hy-
pomagnesemia: (1) a reduced kidney function (CKD3T), (2)
the effect of the calcineurin inhibitor, (3) no evidence of
proteinuria-associated renal magnesium wasting, and (4) no
evidence of hyperaldosteronism. First, the risk of hypoka-

lemia is decreased because most patients become CKD stage
2 or 3 after kidney transplantation (20-23), and our patient
also showed CKD stage 3. Second, the calcineurin inhibitor
induces the side-effect of hyperkalemia due to NCC overac-
tivation while causing hypomagnesemia via renal magne-
sium wasting (24). Third, no evidence of proteinuria-
associated renal magnesium wasting arose in our case. In
general, 15% of patients with CKD stage 3 show hypomag-
nesemia, and this effect is associated with proteinuria.
Proteinuria-associated renal magnesium wasting causes hy-
pomagnesemia (25). Fourth, hyperaldosteronism was not ob-
served in our case (serum aldosterone 88.6 pg/mL). A previ-
ous report showed that a high aldosterone level during GS is
likely to cause hypomagnesemia due to TRPM6 downregu-
lation (26). Therefore, in the post-transplant management for
recipients transplanted from a donor with GS, it is necessary
to follow the progress with special attention to electrolyte
imbalances. It is important to note the degree of electrolyte
imbalance in GS cases and the risk of hyperkalemia and hy-
pomagnesemia due to the use of calcineurin inhibitors.

GS is caused by biallelic inactivating mutations in the
SLCI2A3 gene, which encodes a NCC that is expressed on
the apical membrane of cells lining the DCT (1). The nature
of homozygous and intronic or nonframeshift mutations in
the SLCI2A3 gene may influence the phenotype and cause
more severe hypokalemia (18, 27). In the present case, the
compound heterozygous missense mutations of T180K and
L858H in the SLCI2A3 gene were detected by a genetic
analysis. While some reports have shown that the T180K
mutation is pathogenic (28), one previous report suggested
that the T180K variant is simply a polymorphism and not
functionally responsible for GS-related salt loss (29). There-
fore, the pathogenicity of the TI80K mutation is controver-
sial. The L858H mutation is a missense mutation, and al-
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though unlike nonsense mutations it produces protein, it
may be pathogenic and may cause a functional abnormality.
In our patient, immunostaining showed immunoreactivity for
the NCC along the apical membrane of the DCT. Previous
reports have suggested a correlation between clinical func-
tional defects and tissue NCC expression, indicating that pa-
tients with NCC expression defects along the apical mem-
brane of the DCT exhibit more severe clinical symp-
toms (7, 30). Women are less severely affected than men be-
cause of the estrogen-induced up-regulation of NCC in the
DCT (8). Thus, the present patient here may have had a
mild phenotype of GS.

Although our patient was initially asymptomatic and had
mild hypokalemia, we were able to confirm GS by a genetic
analysis. Furthermore, we confirmed kidney transplantation
eligibility and conducted long-term follow-up. Strict moni-
toring of the potassium and magnesium levels after kidney
transplantation showed that the renal function was main-
tained even seven years later. In general, the long-term prog-
nosis of GS is good with proper treatment (31). Therefore,
we anticipate excellent results, provided kidney donors with
GS have their potassium and magnesium levels monitored
and properly managed.

In conclusion, we herein report a case of successful living
kidney transplant donation by an asymptomatic patient with
GS who harbored a compound heterozygous mutation of the
SLCI12A3 gene. This is the first report of a patient with GS
who has maintained a good long-term renal function after
serving as a kidney transplant donor. It is important to care-
fully monitor the renal function and serum potassium and
magnesium levels in donors with GS, taking the potential
severity of GS into account.
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