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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 (KCNIJS)
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 KCNJS variant (exon 2:
¢.536A>G, p.Asnl179Ser).

Conclusion: FH-IIT 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, KCNJS,
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
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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 11 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 CIC-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 KCNIJS5 testing to identify
FH-III in younger patients with PA [7]. FH-1V typically presents
in childhood. It is caused by mutations in the CACNA1H gene,
located on chromosome 16pl13, 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 KCNIJS5
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 >20xcoverage 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:
PMI1 (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 *KCNIJ5* NM _000890.5:c.536A>G, p.(Asn179Ser), with
the following parameters: genomic coordinate chr11:128911809
(GRCh38), exon 2, heterozygous, sequencing depth 112X,
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.

260

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 Dbiochemical 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
CO, 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 uIU/mL (reference for standing position:
4.4-46.1 plU/mL). No muscle soreness, numbness, vomiting,
or diarrhea was reported. Oral KCI 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), CI- (103.4 mmol/L), and CO,
binding capacity (26.3 mmol/L). The patient continued taking
KCIL. 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, CI' levels of 108.5 mmol/L, Mg** levels of
0.73 mmol/L, Ca?" 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 CO, 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 KCNJ5¢c.A536G variant (p.N179S) in
affected family members.
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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 mlIU/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
plU/mL.

An adrenal contrast-enhanced computed tomography (CE-
CT) scan revealed right adrenal hyperplasia and a 4 mm
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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, CI- levels of 144.6 mmol/L, and Na* levels of
141.5 mmol/L. Consequently, the dosage of KCI 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, CI- level
at 104.5 mmol/L, and Na* level at 141.4 mmol/L. KCl was



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 plU/mL (reference for
standing position: 4.4—46.1 ulU/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 at49.2 mmol/L. ALD was elevated (58.70 ng/dL),
and the renin level was significantly increased (83.68 nIU/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 KCNJS 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 PMI1, PM2 Supporting, and PP3
Supporting (see Methods for details). The Sanger sequencing
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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 KCNJS 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 KCNJS5 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



phenotypes, disease severity, drug response, and prognosis.
Patients carrying the p.Glyl151Glu 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.Glu145GIn 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.Glul45Gln,
p-Thr149del, p.Glyl51Glu, p.Glyl51Arg, p.Tyr152Cys,
p-lle157Ser, p.Thr158Ala, and p.Leul69Ser). 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*-al subunit of ATPase and plasma membrane Ca?*-
ATPase 3, and the a1D 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
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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 dell157 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 KCNJS 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 PPAR«
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 KCNJS 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.Glyl51Arg, 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



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 KCNIJS5 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.Asnl79Ser 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
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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-Asnl79Ser), 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.Asnl79Ser in FH-III
pathogenesis requires further validation.

Acknowledgments.

Disclosure Summary: The authors have nothing to disclose.

We thank Lisa Oberding, MSc, from Liwen Bianji (Edanz)
(www.liwenbianji.cn) for editing the English text of a draft of
this manuscript.

Conflict of Interest.
None

Funding Statement.

This research is funded by the Anhui Provincial Natural
Science Foundation (2308085MH252) and Wuhu Science and
Technology Project (2023jc27).

Data Availability.

All data generated or analyzed during this study are included
in this published article.

REFERENCES

1. RAGNARSSON O, JUHLIN C C, AKERSTR6M T, et
al. Emerging methods for subtype differentiation in primary
aldosteronism. J Intern Med. 2026;299:178-195.

2. Wang TJ, Xie LD. Interpretation of the updated key points
of the Expert Consensus on the Diagnosis and Treatment of
Primary Aldosteronism (2020 Edition). Chin J Hypertens.
2021;29:3.

3. Sutherland DJ, Ruse JL, Laidlaw JC. Hypertension, increased
aldosterone secretion and low plasma renin activity relieved by
dexamethasone. Can Med Assoc J. 1966;95:1109-1119.

4. Gordon RD, Stowasser M, Tunny TJ, et al. Clinical and
pathological diversity of primary aldosteronism,including a new
familial variety. Clin Exp Pharmacol Physiol.1991;18:283-286.
5. ARAUJO-CASTRO M, PARRA P, MARTIN ROJAS-
MARCOS P, et al. Differences in the clinical and hormonal
presentation of patients with familial and sporadic primary
aldosteronism. Front Endocrinol (Lausanne). 2024;15:1336306.
6. MIR-BASHIRI S, TETTI M, FRGBEL D, et al. Primary
Aldosteronism: Small Molecule Antagonists of Mutant KCNJ5
Potassium Channels. Hypertension. 2025.

7. Scholl UI, Stolting G, Nelson-Williams C, et al. Recurrent
gain of function mutation in calcium channel CACNAI1H
causes early onset hypertension with primary aldosteronism.
Elife. 2015;4:¢06315.



8. Mulatero P, Tauber P, Zennaro MC, et al. KCNJ5 mutations in
European families with nonglucocorticoid remediable familial
hyperaldosteronism. Hypertension. 2012;59:235-240.

9. Perez-Rivas LG, Williams TA, Reincke M. Inherited Forms
of Primary Hyperaldosteronism: New Genes, New Phenotypes
and Proposition of a New Classification. Exp Clin Endocrinol
Diabetes. 2019;127:93-99.

10. Scholl U I, Nelson-Williams C, Yue P, et al. Hypertension
with or without adrenal hyperplasia due to different inherited
mutations in the potassium channel KCNJ5. Proc Natl Acad Sci
U S A.2012;109:2533-2538.

11. Monticone S, Sconfienza E, D'ascenzo F, et al. Renal
damage in primary aldosteronism: a systematic review and
meta-analysis. ] Hypertens. 2020;38:3-12.

12. Monticone S, D'ascenzo F, Moretti C, et al. Cardiovascular
events and target organ damage in primary aldosteronism
compared with essential hypertension: a systematic review and
meta-analysis. Lancet Diabetes Endocrinol. 2018;6:41-50.

13. Chang YY, Liao CW, Tsai CH, et al. Left Ventricular
Dysfunction in Patients with Primary Aldosteronism: A
Propensity Score-Matching Follow-Up Study with Tissue
Doppler Imaging. J Am Heart Assoc. 2019;8:¢013263.

14. Choi M, Scholl U I, Yue P, et al. K+ channel mutations
in adrenal aldosterone-producing adenomas and hereditary
hypertension. Science. 2011;331:768-772.

15. Geller D S, Zhang J, Wisgerhof M V, et al. A novel form
of human mendelian hypertension featuring nonglucocorticoid-

remediable aldosteronism. J Clin Endocrinol Metab.
2008;93:3117-3123.
16. Korah HE, Scholl Ul. An Update on Familial

Hyperaldosteronism. Horm Metab Res. 2015;47:941-946.

17. Monticone S, Tetti M, Burrello J, et al. Familial
hyperaldosteronism type III. ] Hum Hypertens. 2017;31:776-
781.

265

18. Marionneau C, Couette B, Liu J, et al. Specific pattern
of ionic channel gene expression associated with pacemaker
activity in the mouse heart. J Physiol. 2005;562:223-234.

19. Mintert E, Bosche L I, Rinne A, et al. Generation of a
constitutive Na+-dependent inward-rectifier current in rat
adult atrial myocytes by overexpression of Kir3.4. J Physiol.
2007;585:3-13.

20. Monticone S, Hattangady NG, Nishimoto K, et al. Effect of
KCNJ5 mutations on gene expression in aldosterone-producing
adenomas and adrenocortical cells. J Clin Endocrinol Metab.
2012;97:E1567-1572.

21. Monticone S, Bandulik S, Stindl J, et al. A case of severe
hyperaldosteronism caused by a de novo mutation affecting a
critical salt bridge Kir3.4 residue. J Clin Endocrinol Metab.
2015;100:E114-118.

22. Murthy M, Azizan EA, Brown MJ, et al. Characterization
of a novel somatic KCNJ5 mutation dell157 in an aldosterone-
producing adenoma. J Hypertens. 2012;30:1827-1833.

23. Monticone S, Hattangady NG, Penton D, etal. aNovel Y152C
KCNIJ5 mutation responsible for familial hyperaldosteronism
type III. J Clin Endocrinol Metab. 2013;98:E1861-1865.

24. Monticone S, Hattangady NG, Nishimoto K, et al. Effect of
KCNJ5 mutations on gene expression in aldosterone-producing
adenomas and adrenocortical cells. J Clin Endocrinol Metab.
2012;97:E1567-1572.

25. Chang YY, Lee BC, Chen ZW, et al. Cardiovascular and
metabolic characters of KCNJ5 somatic mutations in primary
aldosteronism. Front Endocrinol (Lausanne). 2023;14:1061704.
26. Hardege I, Long L, Al Maskari R, et al. Targeted disruption
of the Kcnj5 gene in the female mouse lowers aldosterone
levels. Clin Sci (Lond). 2018;132:145-156.

27. Marrano N, Biondi G, Borrelli A, et al. Irisin and incretin
hormones: Similarities, differences, and implications in type 2
diabetes and obesity. Biomolecules. 2021;11:286.



	Title

