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continuous oral potassium chloride tablet administration 
(7.5-10 g/d). Once the drug was discontinued, the patient 
developed severe hypokalemia (1.4 mmol/L).

Discussion
The diagnosis of GS is usually based on clinical 

symptoms and biochemical abnormalities. Genetic tests 
are also required, especially in cases presenting with 
atypical clinical manifestations. Identifying biallelic in-
activating mutations in the SLC12A3 gene is an indis-
pensable criterion for establishing the diagnosis of GS1. 
To date, more than 400 mutations of SLC12A3 have been 
identified3.

Three different mutations were detected in our patient, 
including a novel splicing mutation of c.2285+2T>C. 
Among this patient’s three gene mutation sites, 
p.Gly800Arg and p.Ala370Pro are missense mutations. 
In 2019, a previous study performed genetic analysis on 
SLC12A3 in patients with GS in China and revealed that 
more than 72 % of mutations in SLC12A3 were missense 
mutations4. The sp486asn and arg913gln have also been 
confirmed as frequent mutations, with a frequency of >3 
%4. The missense mutation in the reported patient did not 

include the frequent mutation gene loci commonly re-
ported in Chinese patients, and its frequency in the popu-
lation is less than 0.005. 

In addition to the two missense mutations, a new 
splice site mutation (c.2285+2T>C) was discovered in 
this patient, which has not been included in the human 
gene mutation database (HGMD) or Clinvar database. 
It is speculated that the newly discovered splice site 
mutation may affect the splicing of SLC12A3 exon 18 
and intron 18, trigger nonsense-mediated mRNA decay 
(NMD), and affect gene expression. The current inci-
dence of splice site mutation in Chinese GS patients is 
low, around 6 %4.

Although it is rare to observe patients with GS com-
bining triple genetic mutations, cases were reported do-
mestically and in other countries. Two genetic investiga-
tions in Chinese patients with GS were conducted in 2015 
and 2016, indicating an incidence of 9.52 % (4/42) and 
5.97 % (4/67) in triple-mutation, respectively5,6. Fifteen 
percent of GS patients were reported with three gene mu-
tations in Taiwan7, and 7 % were reported abroad8. Three 
gene mutations combined with new splice site mutations 
are unique to the patient, reflecting the disease’s great ge-
netic heterogeneity.

In terms of clinical manifestations, the degree of 
hypokalemia in the reported patient was particularly 
prominent. Under treatment with high-dose oral potas-
sium chloride sustained-release tablets combined with 
spironolactone, the hypokalemia could only be partially 
restored and was destabilized immediately after drug 
withdrawal. The clinical manifestations of GS patients 
are different. Gene phenotype studies of GS patients in 
Mainland China9, Taiwan7, and Europe10 have confirmed 
that male patients have more severe hypokalemia and 
clinical symptoms than female patients. The discrepancy 
in sex hormones may explain this particular gender dif-
ference. It has been confirmed that the density of sodium-
chloride cotransporter (NCC) in distal convoluted tubule 
(DCT) is affected by sex hormones11. Estrogens can reg-
ulate renal sodium and chlorine excretion by increasing 
the density of NCC. Meanwhile, more experiments have 
confirmed that in rat models, estradiol substitutes can re-
pair the ultrastructure of distal convoluted tubules and the 
expression of NCC in the apical membrane of distal con-
voluted tubules12. Therefore, it can be speculated that es-
trogens can improve the clinical symptoms of female GS 
patients through their positive effect on NCC. In addition, 
some studies have documented the prevalence of splic-
ing mutations in GS patients with severe clinical mani-
festations to be significantly high10. Transcript analysis 
demonstrated that splicing mutations of SLC12A3 lead 
to frameshifted mRNA subject to degradation by NMD. 
In conclusion, the patient’s gender and shear defective 
genes may be the determinants of severe hypokalemia.

Hypomagnesemia is one of the typical clinical mani-
festations of GS; however, the patient’s blood magne-
sium often remains normal. Thus, hypomagnesemia is 
a GS characteristic but not a necessary condition for its 

Table 1: Biochemical investigations of the 33-year-old 
man genetically confirmed Gitelman syndrome with tri-
ple mutation and complicated with renal calculi showing 
hypokalemic alkalosis, hypocalciuria, and renal potas-
sium wasting.

value reference 
range

Serum
Sodium 141.5 mmol/L 135–145
Potassium 2.28 mmol/L 3.5-5.3
Calcium 2.38 mmol/L 2.10-2.70
Chloride 95.1 mmol/L 95.0-105.0
Phosphorus 1.19 mmol/L 0.83-1.48
Magnesium 0.75 mmol/L 0.70-1.15
uric acid 527 mmol/L 155-428
Arterial blood
pH 7.494 7.35-7.45
HCO3 32.6 mmol/L 22-27
base excess 8.3 mmol/L -3-+3
Spot urine
Potassium 61.22 mmol/L
Sodium 57.9 mmol/L
Magnesium 1.65 mmol/L
Calcium 0.18 mmol/L
Chloride 109.7 mmol/L
Calcium-to-
creatinine ratio 0.038 mmol/mmol

pH 7.5 5-7
24h urine
Calcium 0.52mmol 2.5-7.5
Potassium 141.07mmol
Uric acid 3.49mmol


