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Bartter syndrome (BS) is a group of uncommon genetic disorders of reabsorption 

of salt in the cortical thick ascending limb (TAL) of the Henle's loop, typically 

distinguished by metabolic alkalosis, salt loss, hypokalemia, hyperreninemic 

hyperaldosteronism and normal blood pressure. Bartter syndrome type 3, 

recognized as a classic BS (CBS), occurs because of mutations in CLCNKB gene. 

We enrolled one consanguineous Iranian family with one patient in our study. 

Targeted genomic capture and massively parallel sequencing (MPS) of all 

recognized genes responsible for BS subtypes 1–5 were carried out to recognize the 

genetic reasons of BS. 

Here, we report the recognition of a novel homozygous frameshift mutation in 

the CLCNKB gene in an Iranian pedigree. The subjects were homozygous for a 

frameshift mutation (p.Gly662GlyfsX12) within CLCNKB gene that encodes the 

basolateral chloride voltage-gated channel Kb. 

The identification of other causative mutations in CLCNKB gene 

additionally supports the important function of this gene in causing BS. To the best 

of our knowledge, this is a novel CLCNKB gene mutation in BS children. The 

accurate function of the CLCNKB Gly662GlyfsX12 mutation in the CBS 

pathogenesis  is still unknown. 
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Introduction

Bartter syndrome is a rare autosomal disorder charac-

terized by deficiencies in distal tubular NaCl reabsorption 

in the TAL of the Henle's loop (TALH) causing excessive 

urinary potassium, chloride, and sodium excretion. BS ca-

ses usually show hypokalemia, hypochloremia, metabolic 

alkalosis,hyperreninemia, hyperaldosteronemia and nor-

mal blood pressure (1). 

BS is clinically categorized into three different variants 

as follows: 1) Antenatal Bartter syndrome (ABS), also 

called as hyperprostaglandin E syndrome , is generally the 

most severe type of BS.It is related to maternal polyhy-

dramnios, premature birth, hypokalemic metabolic alka-

losis,systemic symptoms,for example, fever, diarrhea, and 

failure to thrive,and early onset of nephrocalcinosis. 2) 

Gitelman Syndrome (GS) which is associated with a 

milder clinical appearance after the age of 6 yr (1). 

Patients show with transient muscle weakness, tetanic 

episodes, abdominal discomfort, symptoms of neuro-

muscular excitability, or unexplained hypokalemia. On 

the contrary to the other forms, hypocalciuria and hypo-

magnesemia are typical (2). 3) Classic Bartter Syndrome 

which is associated with a noticeable hypokalemic salt-

losing resulting in polyuria, polydipsia, muscle weakness 

and volume contraction, and growth retardation during 

infancy (birth to 2 years old) or early childhood (3 to 

8 years old) (1, 2).  

BS is divided into 5 molecular subtypes depending on 

the mutated gene: Type I occurs because of mutations in 

SLC12A1 gene that ecncods a kidney-specific Na-K-

Cl(sodium-potassium-chloride) cotransporter NKCC2 
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(OMIM #601678); Type II occurs because of mutation in 

KCNJ1 gene,which encods the apical inwardly rectifying 

potassium channel ROMK (OMIM #241200); Type III is 

associated with a mutation in the CLCNKB (chloride 

channel Kb) gene, which encods the basolateral chloride 

channel ClC-Kb (OMIM #607364); type IVa is related to 

mutations of the BSND gene, which encode the β-subunit 

for ClC-Ka and ClC-Kb chloride channels (OMIM 

#602522),often associated with sensorineural hearing 

loss; type IVb occurs because of a mutation in CLCNKB 

and CLCNKA genes (OMIM #613090); Finally, type V is 

related to a mutation in CaSR gene, which encods the 

basolateral  calcium (Ca2+) sensing receptor 

(OMIM#601199) (3).  

In this study, we report an Iranian pedigree with persis-

tent hypokalemia caused by simultaneous homozygous 

frameshift mutation in CLCNKB.  

 

Case Report 

A 13- year-old Iranian female with BS was enrolled in 

the study. The index patient (IV-1) was the first child of a 

couple with consanguineous marriage (first cousin) 

originated from southwest Iran (Fig. 1A).The patient was 

regarded as having BS when she presented with 

dehydration with hypokalemia,alkalosis,renal salt losing 

without antenatal symptoms, no significant disturbance of 

serum calcium (Ca2+) or magnesium (Mg2+) and growth 

retardation.The patient revealed no progressive muscle 

weakness of the limbs and was of rather short stature. The 

birth history of the patient showed full-term normal 

spontaneous vaginal delivery without antenatal polyhy-

dramnios. There was no family history of BS in the 

pedigree. Written informed consent form (WICF) was 

obtained from all participants in the genetic analysis of the 

correlated genes and the publication of this report based 

on the guidelines of the Ethics Committee of Iran’s 

Ministry of Health and Medical Education. 

Blood samples were collected from the members of the 

family and genomic DNA  (gDNA)was obtained from 

blood leukocytes by using salting out methods and then 

was sent for whole-exome sequencing (WES) to 

investigate the possible cause of BS including analysis of 

the genes involved in pathogenesis of BS.The effect of 

candidate variant in protein structure was predicted by 

using standard global databases and bioinformatics tools 

like Mutation Taster , SIFT and PolyPhen to estimate the 

pathogenicity risk of the variant. Also, multiple sequence 

alignment of human CLCNKB protein by https://www.-

uniprot.org/ online tools was used to predict the 

conservation of the variant among diverse kinds of 

species. To confirm the novel variant recognized by NGS, 

direct Sanger sequencing was performed on the patient 

(IV-1). The specific PCR primers of exon 19 of CLCNKB 

gene previously reported,(4) were utilized for the 

amplification of a site in the DNA of target gene according 

to the reference genomic sequences in Gene Bank at 

NCBI (NM_000085.4) and then direct sequencing of 

PCR products (ABI 3100; Applied Biosystems) was 

done. 

The DNA sequence analysis of the genes involved in 

pathogenesis of BS in the family by using Whole Exome 

Sequencing (WES) based on Next Generation Seque-

ncing (NGS) showed one novel mutation in CLCNKB 

gene cosegregating in the affected member of the family. 

The mutation was a novel homozygous frameshift 

mutation, c.1984insG, in exon 19 of CLCNKB gene (Fig. 

1B) which resulted in a frameshift and the substitution of 

a glycine to glycine substitution with different codonat 

codon 662 leading to a truncated protein of CLCNKB m-

RNA. 

DNA sequence analysis of the other genes failed to 

detect any disease causing sequence variants in the family. 

Then, the detected novel mutation was confirmed by 

using Sanger sequencing. The novel mutation alters 

evolutionary highly conserved amino acids (Fig. 1C). 

Also, we confirmed that the her unaffected parents and 

sister (IV-2) had the CLCNKBc.1984insG frameshift 

mutation in heterozygous state.  
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Figure 1. (A The pedigree of family for the c.1984insG mutation. The black symbol indicates affected individual. B). Sanger 

sequencing show the CLCNKB c.1984insG mutation in the proband. Black arrows indicate the mutation.C) Multiple alignments 

of the CLCNKB in different species. The amino acid sequence of human CLCNKB is aligned with sequences of other species. The 

=arrow marks the p.G662Gfs*12 mutation. 

 

Discussion  

Type 3 BS is linked to the mutation in the chloride 

voltage-gated channel Kb gene that encodes a chloride 

channel protein, a member of the CLC family, called 

ClC-Kb. ClCNKB is supposed to have twelve trans-

membrane domains (TM) and intracellular N and 

cytoplasmic C terminal. It is expressed in the TALH, 

cortical collecting tubule and distal convoluted tubule 

(DCT) (the most distal segment of the renal tubule) 

and regulates the reabsorption of Cl−in the kidney (5).  

Studies have shown that the CLCNKB gene is 

conserved in different species such as the human, the 
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chimpanzee, Rhesus monkey, dogs, mice, rats, and 

zebrafish (6). As a consequence, mutations inactivate 

ClC-Kb, decreasing sodium and chloride tubular 

reabsorption. Furthermore, the low NaCl and water 

stimulates the renin-angiotensin-aldosterone system 

(RAAS)leading to the potassium (K) loss and 

kidney fibrosis (5, 7). 

Growth delay is a frequent medical appearance in 

patients with BS. The basic mechanisms of growth 

delay in this disease is not fully clear, but empirical 

studies has revealed hypokalemia could be a growth 

hormone (GH) deficiency factor (8). Rats on a  low-

potassium diet show significant decrease with low 

concentrations of serum GH and insulin-like growth 

factor 1 (IGF-1), suggesting that K+ deficiency (hypo-

kalemia) may have a negative-feedback impact on 

pituitary GH secretion (3, 9). While hypokalemia can 

play a significant role in growth delay in hypokalemia 

diseases, for example BS, several patients still have 

developmental problems after the serum electrolytes 

normalization. 

In the present study, we identified a novel 

homozygous CLCNKB mutation to be the underlying 

causeof the impairment in an Iranian family with BS. 

BS caused by CLCNKB mutations is inherited in two 

modes of autosomal recessive and digenic recessive.  

Human CLCNKB gene (MIM 602023) has been 

located at 1p36.13 chromosome and contains 20 exons 

and encodes a peptide of 687 residues (10). The 

proband was a 13-year-old female. Clinical history and 

biochemical evaluation of the affected patient were 

indicative of BS. This family is affected by a novel 

homozygous mutation in exon 19 of CLCNKB gene 

(c.1984insG, p.Gly662GlyfsX12) in the cytoplasmic 

domain of the protein that is expected to produce a 

reading frame shift and bring a termination codon at 

location 674. It is positioned in the similar site of other 

variant  p.Arg595Ter  and p.Glu566Argfs*6 from two 

published cases with the BS that are found in one of the 

cystathionine-β-synthase (CBS) domains intricated in 

channel prevalent gating and trafficking can reduce or 

eliminate normalized conductivity of ClC-Kb (11-12). 

We speculate that this homozygous mutation can lead 

to loss-of-function (LOF) of CLCNKB gene related to 

the CBS earlier onset in the proband (6,8, 13). 

This was implicated as a pathogenic mutation 

causing BS. The mutant amino acid sequences are 

positioned in the highly conserved cytoplasmic domain 

of CLCNKB that includes a domain in residues 521–

687.The C-terminal cytoplasmic domains of CLC are 

essential for the CLC channel role (14). The position of 

a homozygous mutation in the exon 19 of CLCNKB 

gene can lead to mRNA helix instability that results in 

a loss of translation of protein. Furthermore, it is 

probable that the homozygous mutation interrupts a 

straight relation to the membrane domain. So far, over 

30 CLCNKB mutations have been described in BS (15). 

 

 

Conclusion 

Taken together, SAC is capable of alleviating LPS-

Here for the first time (to our knowledge) a novel 

homozygous mutation has been described in CLCNKB 

gene in southwest Iran. The patient demonstrates the 

importance of molecular analysis in the differential 

diagnosis and recognition of CBS. Additional surveys 

of the genetic mechanism of the gene mutation may-

present targets for precise treatment in BS patients.  
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