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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Primary aldosteronism (PA) involves excessive 

autonomous aldosterone (ALD) secretion by the adrenal cortex, 
leading to water and sodium retention and renin–angiotensin 
system inhibition, causing hypertension and K+ imbalance. 
Familial hyperaldosteronism type III (FH-III) is a rare subtype, 
characterized by hypokalemia with hypertension and adrenal 
hyperplasia. Eight associated pathogenic potassium inward 
rectifying channel protein subfamily J member 5 (KCNJ5) 
mutations have been reported. This study reports a Chinese 
family with FH-III associated with a rare KCNJ5 variant 
(c.536A>G, p.Asn179Ser), which has been previously reported 
in cardiac genetics databases (rs147070381). Our study expands 
its phenotypic spectrum to include familial aldosteronism.

Methods: A middle-aged female presented with recurrent 
hypokalemia unresponsive to oral potassium supplementation. 
She and her family underwent comprehensive clinical 
examination, biochemical testing, imaging studies, and whole-
exome sequencing.

Results: She exhibited recurrent hypokalemia without 
hypertension, with fluctuating ALD, which were controlled with 
spironolactone. The proband, along with her sister and mother, 
were found to carry a heterozygous KCNJ5 variant (exon 2: 
c.536A>G, p.Asn179Ser).

Conclusion: FH-III symptoms vary widely, making diagnosis 
challenging in patients who solely present with recurrent 
hypokalemia. Early gene sequencing facilitates accurate 
diagnosis to guide appropriate treatment.

Key words. Hypokalemia, primary aldosteronism, KCNJ5, 
familial hyperaldosteronism issue section: clinical research 
article.
Introduction.

Primary aldosteronism (PA) is a prevalent etiology of 
hypokalemia, characterized by hypokalemia and hypertension 
[1]. It exhibits a higher prevalence in females compared with 
males and is associated with more pronounced cardiac and 
renal damage compared with essential hypertension. Familial 
aldosteronism (FH), an autosomal dominant trait involving 
germline mutations, accounts for <10% of PA cases. FH 
often presents at a young age with severe hypertension and 
hypokalemia, frequently with a positive family history [2]. 
According to the known pathogenic genes, FH can be classified 
into four types: FH-I, FH-II, FH-III, and FH-IV [3]. FH-I was 

first identified in a father–son family and is characterized by 
early onset hypertension. Low-dose glucocorticoid therapy can 
effectively reverse aldosterone secretion and thereby control 
the disease. FH-I results from a gene crossover event between 
the mitochondrial enzymes 11β hydroxylase (CYP11B1) 
and aldosterone synthase (CYP11B2), which share 93% 
sequence homology. Biochemically, patients exhibit markedly 
elevated levels of 18-oxocortisol and 18-hydroxycortisol. 
Exogenous administration of dexamethasone suppresses 
adrenocorticotropic hormone (ACTH) release, thereby reducing 
aldosterone production [4]. FH-II was first reported by Gordon 
et al. in 1991. Its diagnosis requires the exclusion of FH-I and 
the presence of at least two relatives with PA within a family. 
FH-II has recently been associated with activating variants in 
CLCN2 on chromosome 1q31, which encodes the chloride 
channel ClC-2. The clinical phenotype of FH-II resembles 
that of sporadic PA, and it does not respond to glucocorticoid 
therapy. FH-III arises from germline mutations in potassium 
inward rectifying channel protein subfamily J member 5 
(KCNJ5), resulting in severe PA and treatment resistance; 
symptom control often necessitates adrenalectomy [5-6]. 
Consensus recommendations suggest KCNJ5 testing to identify 
FH-III in younger patients with PA [7]. FH-IV typically presents 
in childhood. It is caused by mutations in the CACNA1H gene, 
located on chromosome 16p13, which encodes the T-type 
voltage-gated calcium channel. Clinically, calcium channel 
blockers are helpful in controlling blood pressure in these 
patients. This study conducted a pathogenic gene analysis on 
a family with FH-III with mild clinical manifestations. Whole-
exome sequencing analysis revealed a heterozygous KCNJ5 
variant (c.536A>G, p.Asn179Ser), which has been documented 
as rs147070381 in cardiac genetics studies, but its association 
with an aldosteronism-related phenotype has not been 
previously reported. The results enrich the knowledge base on 
the FH-III gene mutation spectrum and elucidate the phenotypic 
relationship between symptoms and FH-III genotype.
Materials and Methods.
Participants:

The patient and her sister were admitted to our hospital due to 
hypokalemia. Their mother declined further inpatient evaluation 
and only consented to genetic testing. Comprehensive data were 
collected, including medical history, physical examination, 
laboratory tests, imaging studies, and genetic testing; not 
all subjects were eligible for every analysis. All participants 
provided written informed consent before inclusion.
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Genetic Analyses:
This study was approved by the Medical Ethics Committee of 

our hospital. Peripheral blood samples were collected from the 
participants, and high-throughput sequencing (next-generation 
sequencing) combining whole-exome sequencing with 
mitochondrial genome sequencing was performed. Sequencing 
was carried out on the Illumina NovaSeq sequencing platform 
(Illumina, Inc., San Diego, CA, USA). Libraries were prepared 
using Exome Research Panel v2.0 capture probes (for whole-
exome capture) and the Human mtDNA Research Panel (for 
mitochondrial genome capture), following standard operating 
procedures. Raw fastq data were filtered using fastp software 
(quality filtering, adapter removal, and read trimming). Clean 
reads were aligned to the human reference genome (GRCh38) 
using BWA-MEM (version 0.7.12-r1039). Sambamba was used 
for duplicate removal after sorting. SNP and INDEL detection 
were performed using GATK HaplotypeCaller. CNV analysis 
was performed using XHMM and CNVkit. For the mitochondrial 
genome analysis, mitochondrial DNA reads were extracted 
from the whole-exome sequencing data, enabling coverage of 
the complete mitochondrial genome (16,569 bp). The mean 
depth of the exome sequencing data was 117.38×, and the target 
regions achieved >20×coverage with an accuracy of 99.72%. 
Variants were filtered by quality (read depth≥10×, genotype 
quality≥30), allele frequency (MAF < 0.01 in gnomAD, ExAC, 
and 1000 Genomes), and functional impact (non-synonymous, 
splicing, or frameshift variants in genes associated with PA 
or hypokalemia). Candidate variants were prioritized under an 
autosomal dominant inheritance model and further filtered by 
phenotype-based prioritization. No other candidate variants 
in genes known to cause familial aldosteronism or hereditary 
hypokalemia were identified. CNV analysis revealed no clinically 
significant copy-number variations. Structural variants were not 
analyzed, as WES is not designed for SV detection, and the 
CYP11B1/CYP11B2 chimeric gene was not investigated due to 
technical limitations of WES for fusion gene detection.

Potentially pathogenic variants were classified according 
to the American College of Medical Genetics and Genomics 
(ACMG) guidelines for variant classification. The ACMG/
AMP classification for the identified variant was Uncertain 
significance, supported by the following evidence codes: 
PM1 (located in a functional domain), PM2_Supporting (low 
frequency in population databases), and PP3_Supporting 
(multiple in silico tools predict deleterious). Variant annotation 
was performed using ANNOVAR, with validation and cross-
referencing against updated databases including gnomAD v4.0, 
ExAC, TOPMed, and ClinVar (accessed July 2026) to ensure 
current allele frequency and clinical interpretation.The variant 
was reported consistently according to HGVS recommendations 
as *KCNJ5* NM_000890.5:c.536A>G, p.(Asn179Ser), with 
the following parameters: genomic coordinate chr11:128911809 
(GRCh38), exon 2, heterozygous, sequencing depth 112×, 
and alternate allele fraction 41.67%. Putative pathogenic 
sequences were amplified by PCR and further validated by 
Sanger sequencing using the ABI3730 Genetic Analyzer. The 
sequencing results were analyzed using the SeqMan module of 
the DNASTAR software. Gene sequencing was completed by 
Beijing Hongwei Te Biotechnology Co., Ltd.

Ethical considerations:
This retrospective study was performed in accordance with the 

principles of the 
Declaration of Helsinki and approved by the Institutional 

Review Board (IRB) of Yijishan Hospital, Wannan Medical 
University, with the approval number (2026) IRB Research No. 
198.Written informed consent was obtained from all participants 
for the use of clinical data and genetic testing.
Biochemical Analyses:

All biochemical analyses were performed following 
established clinical standards. Plasma renin and aldosterone 
(ALD) levels were measured using the LIAISON fully 
automated chemiluminescence immunoassay analyzer.
Results.
Clinical Phenotype:

Kindred A:
A 40-year-old female patient visited our hospital on January 

14, 2022 for an outpatient examination because of limb muscle 
weakness. Blood tests showed K+ levels of 2.65 mmol/L, Na+ 
levels of 143.5 mmol/L, Cl- levels of 102.9 mmol/L, and a 
CO2 binding capacity of 30.7 mmol/L. Synchronized ALD was 
9.24 ng/dL (reference for standing position: 3.0–23.2 ng/dL), 
while renin was 8.76 µIU/mL (reference for standing position: 
4.4–46.1 µIU/mL). No muscle soreness, numbness, vomiting, 
or diarrhea was reported. Oral KCl sustained-release tablets (1.0 
g three times daily) were prescribed.

After 6 days, blood test results showed improved K+ (3.12 
mmol/L), Na+ (137.7 mmol/L), Cl- (103.4 mmol/L), and CO2 
binding capacity (26.3 mmol/L). The patient continued taking 
KCl. On February 7, 2022, she was admitted to hospital to 
determine the underlying cause of hypokalemia. The patient 
had no history of hypertension, chronic diarrhea, or kidney 
disease but had previously been diagnosed with hypothyroidism 
and was undergoing treatment with oral sodium levothyroxine 
tablets once daily. Her mother and sister had similar medical 
histories.

Physical examination upon admission revealed a body 
temperature of 36.3 °C, a pulse rate of 116 bpm, a respiratory 
rate of 18 breaths/min, and a blood pressure of 133/81 mm Hg. 
The patient was conscious and exhibited normal development. 
No skin rash or mucous membrane abnormalities were observed. 
There was no eye protrusion or palpable thyroid enlargement 
or nodules. Auscultation of the heart and lungs revealed no 
abnormalities. The liver and spleen were not palpable below 
the rib cage, and there was no edema in the lower limbs. Limb 
muscle strength was assessed as level V.

Laboratory tests showed K+ levels of 3.35 mmol/L, Na+ levels 
of 144.6 mmol/L, Cl- levels of 108.5 mmol/L, Mg2+ levels of 
0.73 mmol/L, Ca2+ levels of 2.18 mmol/L, and simultaneous 24-
hour urine K+ levels of 38.88 mmol/L. Urine routine analysis 
indicated a specific gravity of 1.032 (normal: 1.003–1.03) and 
a pH of 6.0, with no glucose or protein. Arterial blood gas 
analysis revealed a pH of 7.403, partial pressure of CO2 of 39.8 
mmHg, residual base in extracellular fluid of 0.1 mmol/L, and 
bicarbonate ions of 24.5 mmol/L. Electrocardiogram findings 
showed sinus rhythm with a heart rate of 72 bpm. Thyroid 
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Figure 1. Pedigree, adrenal computed tomography (CT) image and Sanger sequencing chromatograms of the family with a pathogenic KCNJ5 
variant. (i) Pedigree of the family. Squares represent male family members, circles represent female family members. Filled circles indicate 

affected individuals. The black arrow denotes the proband. Asterisks mark subjects who underwent genetic testing. Genotypes, serum potassium 
(K+), hypertension status (HTN, blood pressure values in parentheses), plasma aldosterone concentration (Ald), plasma renin activity (PRA), 

treatment regimen (Tx), and adrenal CT findings are listed below each available participant. Wt, wild‑type allele; Mut, mutant allele. (ii) 
Representative adrenal CT image of the proband. (iii) Sanger sequencing results showing the heterozygous KCNJ5c.A536G variant (p.N179S) in 

affected family members.

Figure 2. Electrolytes in previous outpatient follow-ups. The dashed line represents the serum K+ level; the solid line represents the serum NA+ 
level. Doses of spironolactone and potassium are also presented.

function parameters were normal, including thyroid-stimulating 
hormone at 3.906 mIU/L (normal: 0.55–4.78 mIU/L), free 
triiodothyronine at 4.52 pmol/L (normal: 3.5–6.5 pmol/L), and 
free thyroxine ft4 at 18.81 pmol/L (normal: 11.5–22.7 pmol/L). 
ALD levels were 16.50 ng/dL, while renin levels were 11.35 
µIU/mL.

An adrenal contrast-enhanced computed tomography (CE-
CT) scan revealed right adrenal hyperplasia and a 4 mm 

nodule in the left adrenal hyperplasia (Figure 1A). The patient 
was administered supplementary KCl (3.0 g/day) without 
spironolactone. Follow-up blood tests showed K+ levels of 
3.75 mmol/L, Cl- levels of 144.6 mmol/L, and Na+ levels of 
141.5 mmol/L. Consequently, the dosage of KCl sustained-
release tablets was adjusted to 2.0 g/day. During follow-up 1 
month later, K+ level was measured at 3.23 mmol/L, Cl- level 
at 104.5 mmol/L, and Na+ level at 141.4 mmol/L. KCl was 
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further adjusted to 1.5 g, and spironolactone was introduced (20 
mg/day). After the patient self-discontinued spironolactone in 
January 2025, follow-up tests revealed a decrease in serum K+, 
accompanied by a renin level of 7.85 µIU/mL (reference for 
standing position: 4.4–46.1 µIU/mL) and a synchronized ALD 
level of 15 ng/dL (reference for standing position: 3.0–23.2 ng/
dL). Following spironolactone resumption (20 mg/day), serum 
K+ returned to normal, with no hypokalemia during subsequent 
blood tests (Figure 2A).
Kindred B:

The proband's 41-year-old sister experienced muscle weakness 
starting at the age of 33. Laboratory tests conducted at another 
hospital revealed hypokalemia with blood K+ levels at 3.12 
mmol/L. ALD and renin were not measured. She was prescribed 
potassium citrate granules (4 g twice daily) and spironolactone 
tablets (20 mg/day). Despite treatment, her symptoms persisted. 
At the age of 39, she sought medical attention at our hospital.

Upon admission, her blood pressure was normal. Blood tests 
showed K+ levels at 3.46 mmol/L and simultaneous 24-hour 
urine K+ levels at 49.2 mmol/L. ALD was elevated (58.70 ng/dL), 
and the renin level was significantly increased (83.68 µIU/mL). 
Cortisol levels (measured from 7–9 am) were normal (447.00 
nmol/L; normal: 138–690 nmol/L), as were adrenocorticotropic 
hormone levels (29.80 pg/mL; normal: 0–46 pg/mL). Adrenal 
CE-CT scan revealed left adrenal hyperplasia (Figure 1B). The 
patient was prescribed 4 g of potassium citrate three times daily 
and 20 mg of spironolactone once daily. Subsequent K+ and ALD 
test results returned to normal, and blood pressure remained 
within the normal range. Potassium citrate was adjusted to 4 g in 
the morning, 3 g at noon, and 3 g in the evening for maintenance. 
Since the patient discontinued spironolactone in October 2024, 
hypokalemia has not recurred (Figure 2B).
Genetic Analyses:

To investigate possible genetic causes, both patients and 
their mother underwent high-throughput whole-exome and 
mitochondrial genome sequencing, revealing that all had 
heterozygous KCNJ5 mutations (NM_000890.5). The mutation 
identified was a missense mutation (c.A536G, p.N179S) in 
exon 2 of chromosome 11 (Figure 1). This variant is listed as 
rs147070381 in dbSNP, with a global minor allele frequency 
of 0.00002 in gnomAD v4.0 (exomes), and has previously 
been documented in cardiac genetics cohorts. Population 
allele frequencies across databases are as follows: ExAC 
0.00004, TOPMed 0.00006, and ESP 0.00023. ClinVar status 
shows conflicting classifications: Uncertain significance (2 
submissions) and Likely benign (1 submission). To the best of 
our knowledge, this variant has not been reported in HGMD in 
association with an aldosteronism-related phenotype.

In silico prediction tools yielded concordant results: 
PolyPhen-2 (score 0.997, probably damaging), SIFT (score 
0.03, deleterious), and REVEL (score 0.737, likely pathogenic). 
However, these computational predictions should be interpreted 
as supportive evidence only and do not independently establish 
pathogenicity. According to the ACMG/AMP guidelines, the 
variant was classified as Uncertain significance, supported 
by evidence codes PM1, PM2_Supporting, and PP3_
Supporting (see Methods for details). The Sanger sequencing 

chromatograms for all tested relatives are presented in Figure 1, 
with the heterozygous position clearly marked.
Discussion.

This article reports a family carrying a rare KCNJ5 variant 
associated with FH‑III. A 40-year-old female patient presented 
with asymptomatic hypokalemia and increased 24-hour urinary 
potassium excretion. Oral potassium supplementation showed 
poor therapeutic efficacy, raising clinical suspicion of primary 
aldosteronism (PA). The proband’s initial screening revealed 
normal plasma renin activity, aldosterone levels within the 
upper limit of normal, and an aldosterone-to-renin ratio (ARR) 
of 1.88. Notably, at the initial presentation, the patient had not 
received any antihypertensive agents or potassium-sparing 
diuretics; however, the presence of profound hypokalemia 
(K+2.65 mmol/L) may have induced hyperpolarization of 
the adrenocortical cell membrane, partially counteracting 
the depolarizing effect conferred by the KCNJ5 variant and 
reducing calcium influx, thereby transiently suppressing 
aldosterone secretion. The subsequent aldosterone measurement 
after potassium repletion (16.50 ng/dL) was higher than the 
initial level, supporting this dynamic interpretation. This case 
illustrates that a single low aldosterone measurement in a 
patient with hypokalemia does not exclude the diagnosis of PA, 
particularly in young or familial cases. ARR can be influenced 
by various factors such as age, sex, diet, blood potassium levels, 
medications, and blood sampling methods; since this patient 
had hypokalemia, false-negative results for ARR were possible.

For patient B (the proband‘s sister), she had self-discontinued 
spironolactone prior to admission and was maintained on oral 
potassium citrate only. Thus, the elevated renin and aldosterone 
levels at admission were not attributable to spironolactone 
exposure. The diagnosis of PA in patient B was supported by 
elevated aldosterone (58.70 ng/dL), elevated 24-hour urinary 
potassium excretion (49.2 mmol/L) in the setting of hypokalemia, 
and radiological evidence of adrenal hyperplasia. However, 
we acknowledge that FH-III is not conclusively established in 
every variant-positive relative, as the mother lacked complete 
endocrine phenotyping (genotype only) and the father was not 
available for testing (parents were divorced and lost to follow-
up). In this study, we define “affected” status as meeting the 
biochemical criteria for PA (plasma aldosterone>15 ng/dL 
with inappropriately normal renin, or ARR>20, confirmed by 
elevated 24-hour urinary potassium excretion) in the presence 
of a KCNJ5 variant.

Genetic testing was conducted after obtaining informed 
consent to confirm the diagnosis, identifying a KCNJ5 variation 
(Figure 1); the patient's mother and sister were also found 
to carry this mutation. According to the ACMG guidelines, 
combined with the patient‘s clinical manifestations and 
auxiliary examination findings, the *KCNJ5* variant in the 
family was classified as Uncertain significance (PM1 + PM2_
Supporting + PP3_Supporting), and the diagnosis of FH-III 
was made based on clinical and genetic correlation rather than 
definitive pathogenicity classification alone [8]. Previous case 
reports suggest that FH-III accounts for approximately 0.3% 
of patients with PA. Clinical presentations can be complex, 
and symptoms severe. Multiple mutations in the KCNJ5 gene 
have been reported, with significant heterogeneity in clinical 
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phenotypes, disease severity, drug response, and prognosis. 
Patients carrying the p.Gly151Glu or p.Tyr152Cys mutations 
typically exhibit mild clinical manifestations, which may or may 
not be accompanied by hypertension and adrenal abnormalities 
[9]. In contrast, those harboring the p.Gly151Arg, p.Thr158Ala, 
p.Ile157Ser, or p.Glu145Gln mutations often present with early 
disease onset and a poor response to antihypertensive therapy 
[10]. The absence of typical clinical symptoms and hypertension 
in the proband in this case was misleading, highlighting 
peripheral blood genetic testing as the sole dependable method 
for diagnosing atypical FH-III.

Excessive ALD secretion in PA is an independent risk 
factor for cardiovascular disease and can lead to endothelial 
dysfunction, atherosclerosis, renal impairment, and metabolic 
disorders [11-13]. Hypertension and hypokalemia are the main 
clinical manifestations of PA, although some patients may only 
present with low blood K+, which can result in misdiagnosis. PA 
can be classified into six types based on underlying causes, with 
FH being one; FH can further be divided into four subtypes. 
Originally, FH-III referred to patients with refractory adrenal 
hyperplasia who did not respond well to dexamethasone 
treatment. However, because of the wide range of phenotypic 
variations observed, FH-III now specifically denotes patients 
with PA caused by KCNJ5 mutations. The first report of FH-III 
in a family was presented by Geller et al. in 2008 [10,14,15]. 
In 2011, Choi et al. discovered that germline KCNJ5 mutations 
represent the genetic basis for FH-III. Early case reports 
often highlighted the prevalence of the G151R mutation [16]. 
However, FH-III exhibits genetic heterogeneity, with eight 
associated KCNJ5 mutations identified to date (p.Glu145Gln, 
p.Thr149del, p.Gly151Glu, p.Gly151Arg, p.Tyr152Cys, 
p.Ile157Ser, p.Thr158Ala, and p.Leu169Ser). The c.536A>G 
(p.Asn179Ser) variant identified in this study has been previously 
documented in cardiac genetics studies (rs147070381). 
However, its association with familial aldosteronism has not 
been previously described, and our findings therefore expand 
the phenotypic spectrum of this previously reported KCNJ5 
variant. The absence of a prior link to adrenal phenotypes may 
be attributable to the relatively mild functional impairment 
conferred by this variant, which may require specific genetic or 
environmental contexts to manifest clinically. 

PA pathogenesis is multifaceted and has been linked to ion 
channel abnormalities. Various channels have been implicated, 
including TWIK-related acid-sensitive K+ ion channel, G-protein 
activated inward rectifying potassium channel 4 (GIRK4), the 
Na+/K+-α1 subunit of ATPase and plasma membrane Ca2+-
ATPase 3, and the α1D subunit of L-type voltage-gated calcium 
channel. KCNJ5, located on 11q24.3, [17] consists of five exons 
and encodes GIRK4, a channel protein expressed in the heart 
and central and peripheral neurons [14,18-20] as well as in 
normal fetal and adult adrenal tissues. Its expression levels are 
higher in the adrenal gland than in the atrium [21]. Under normal 
conditions, GIRK4 maintains a hyperpolarized state by allowing 
K⁺ outflow. However, we hypothesize that, with the *KCNJ5* 
variant, the channel may lose its selectivity for K+ ions, resulting 
in increased Na⁺ influx, continuous membrane depolarization, 
and subsequent activation of aldosterone synthase (CYP11B2), 
leading to autonomous aldosterone synthesis. The relatively 

mild clinical phenotype observed in our patients may reflect 
partial rather than complete loss of channel function, which is 
consistent with the hypothesis of a mild functional impairment. 
However, this mechanistic interpretation remains a hypothesis 
in the absence of functional electrophysiological validation.

McCoy et al. [22] demonstrated that the delI157 mutation 
disrupts the salt bridge surrounding the GIRK4 channel domain, 
which is crucial for determining ion selectivity, suggesting that 
this may be the mechanism underlying pathogenesis. Monticone 
et al. [23] also found a significant increase in the expression of 
CYP11B2 and its transcription factor NR4A2 in KCNJ5-mutated 
adrenocortical cells, promoting ALD production. Boulkroun 
et al. [24,25] found that the frequency of KCNJ5 mutations is 
higher in women than in men. In comparison with levels in wild-
type littermates, female homozygous KCNJ5 knockout mice 
showed a more pronounced decrease in circulating aldosterone 
levels than did their male counterparts. Transcriptomic analysis 
of adrenal glands using RNA sequencing identified substantially 
more differentially expressed genes in female knockout mice 
than in males (396 vs. 7). These findings suggest that PPARα 
serves as a critical regulator of aldosterone synthesis [26]. 
Female mice with Task1 knockout exhibit a higher susceptibility 
to PA than male mice do. In males, TASK-3 expression 
compensates for the loss of its normal heterodimerization 
partner, TASK-1. This finding supports a mechanism by which 
females carrying KCNJ5 mutations may be more susceptible to 
membrane depolarization and subsequently to the development 
and progression of aldosterone-producing adenomas. The 
reason why FH-III is more prevalent in females remains unclear, 
but may be attributed to the inability of female patients to 
compensate for GIRK4 dysfunction through other ion channels.

Previous case reports suggest that FH-III is more commonly 
observed in children, with early onset typically occurring before 
age 7. It often presents with severe aldosteronism and exhibits 
resistance to drug treatments, including spironolactone and 
oral potassium supplementation; adrenalectomy is necessary 
in such cases to control symptoms. Severe phenotypes have 
been associated with p.Gly151Arg, p.Thr158Ala, p.Ile157Ser, 
and p.Tyr152Cys mutations; however, there are also reports 
of well-controlled hypertension and hypokalemia through 
drug treatments such as spironolactone and amiloride. In this 
case, the initial patient presented with hypokalemia without 
hypertension, and blood K+ levels were effectively controlled 
within the normal range through medication. Laboratory 
findings in patient A revealed an increase in aldosterone levels 
following treatment. This phenomenon may be attributed to 
several mechanisms. Severe hypokalemia at admission likely 
induced hyperpolarization of the mutant cell membrane, which 
partially counteracted the depolarizing effect conferred by 
the mutation and reduced calcium influx, thereby temporarily 
suppressing aldosterone synthesis. Although aldosterone levels 
remained within the low-normal range, they were higher than 
expected for a healthy individual under similar degrees of 
severe hypokalemia. Potassium repletion partially alleviated 
this hyperpolarized state, resulting in the restoration of 
depolarization-driven calcium influx and increased aldosterone 
secretion in mutant cells. This case demonstrates that a single low 
aldosterone measurement in a patient with hypokalemia does not 
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exclude the diagnosis of primary aldosteronism, particularly in 
young or familial cases. Dynamic assessment of the potassium–
aldosterone relationship combined with genetic testing is 
essential to avoid misdiagnosis. In patient B, plasma renin and 
aldosterone levels at admission were elevated compared with 
baseline, with a more pronounced increase in renin. This may 
be attributed to the pharmacological action of spironolactone 
as a mineralocorticoid receptor antagonist, which competitively 
binds to aldosterone receptors in the distal renal tubules, thereby 
blocking the sodium-retaining and potassium-excreting effects 
of aldosterone. Following spironolactone therapy, the enhanced 
excretion of sodium and water leads to normalization or even a 
mild reduction in plasma volume, thereby relieving the chronic 
suppression of the renin–angiotensin system. Consequently, 
renin secretion, which had been maintained at low levels, begins 
to recover, manifesting as an increase in plasma renin activity. 
The subsequent elevation in renin accelerates the conversion of 
angiotensinogen to angiotensin II. As the primary physiological 
stimulator of aldosterone secretion, angiotensin II contributes 
to the observed post-treatment rise in aldosterone levels 
relative to baseline. Adrenal hyperplasia was observed in both 
sisters, but their conditions were mild. Although both patients 
had previously received oral potassium supplementation, the 
therapeutic response was suboptimal. Following admission, 
the dosage of potassium replacement was increased based on 
their prior regimens, and subsequent adjustments were made 
according to serial serum biochemical measurements. These 
individualized modifications ultimately enabled the patients 
to maintain their serum potassium levels within the normal 
range. This finding suggests that effective management of 
this condition requires dynamic optimization of the treatment 
regimen guided by laboratory parameters, rather than adherence 
to fixed standard doses of potassium supplementation alone. 
The p.Asn179Ser variant seen in this family is associated with 
mild clinical symptoms, possibly because of partial rather 
than complete functional impairment of the channel protein. 
However, further research is necessary to better understand the 
pathogenesis of KCNJ5 variants, providing a basis for diagnosis 
and the development of targeted therapies.
Study Limitations.

Several limitations of this study should be acknowledged. 
First, functional experiments, including patch-clamp 
electrophysiology to assess ion selectivity and calcium imaging 
to evaluate downstream signalling, were not performed. 
Consequently, the proposed causal relationship between 
the p.Asn179Ser variant and GIRK4 functional impairment 
remains a hypothesis requiring further validation through 
heterologous expression systems and electrophysiological 
assays. Second, the family pedigree is limited: the mother 
lacked complete endocrine phenotyping (genotype only), 
the father was not tested (lost to follow-up), and no clearly 
unaffected relatives were available for analysis. This restricts 
the statistical power of the co-segregation analysis and FH-III 
is therefore not definitively established in every variant-positive 
relative. Third, the sample size is small, and the findings may 
not be generalizable to broader populations with FH-III. Fourth, 
structural variants and the CYP11B1/CYP11B2 chimeric gene 
were not assessed due to technical limitations of WES. Future 

studies incorporating functional assays and larger family cohorts 
are needed to confirm the pathogenicity of this variant and its 
role in aldosterone dysregulation.
Conclusion.

In conclusion, a rare KCNJ5 missense variant (c.536A>G, 
p.Asn179Ser), previously reported as rs147070381 in cardiac 
genetics cohorts, was identified in a Chinese family with FH-III 
and exhibited a strong relationship with the clinical phenotype. 
This study expands the phenotypic spectrum of this previously 
reported variant to include familial aldosteronism, providing a 
scientific foundation for precise clinical diagnosis and treatment. 
However, due to the absence of functional experiments and the 
limited family pedigree, these findings should be interpreted 
with caution, and the causal role of p.Asn179Ser in FH-III 
pathogenesis requires further validation.
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