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KEYWORDS Abstract The KCNE single-span transmembrane subunits modulate the function of voltage-
KCNE; gated potassium (K,) channels, which are critical for maintaining electrical excitability and
MiRP; signal transduction across various tissues, by interacting with different K, channel a-subunits
Multiorgan; to form diverse channel complexes with unique biophysical properties and regulatory mecha-
Potassium channel; nisms. These interactions profoundly impact physiological processes. Mutations or altered
Review expression of KCNE genes have been implicated in a range of pathophysiological conditions.

Emerging research has provided significant insights into the dynamic interactions between
the KCNE gene and K, channels, highlighting their critical roles in channel function modulation.
This increasing understanding paves the way for designing novel therapeutic strategies to
address ion channel-related disorders. To deepen the understanding of research advance-
ments, this review seeks to elucidate the roles of KCNE across various organs and to provide
constructive recommendations for future research.
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Introduction

The KCNE family is a group of small transmembrane auxil-
iary subunits that play critical roles in regulating the
function of voltage-gated potassium (K,) channels." The
KCNE gene family comprises six regulatory subunits
(KCNE1—5 and the recently identified KCNE6 isoform)
characterized by a conserved single transmembrane helix
structure. These auxiliary subunits profoundly modulate
the functional expression of multiple ion channel families,
most classically K, channels, through coordinated regula-
tion of protein trafficking kinetics, ion flux velocity, voltage
sensitivity thresholds, and pore selectivity filters, with
these shared principles extending to structurally divergent
channels, including anoctamins and hyperpolarization-
activated cyclic nucleotide-gated (HCN) channels.?” Their
capacity to alter channel activation kinetics directly im-
pacts the temporal dynamics of potassium efflux, whereas
shifts in voltage-dependent gating determine the mem-
brane potential required for channel opening. Further-
more, structural remodeling of the pore architecture
enables the selective permeation of specific ions. This
multidimensional regulation emerges from dynamic in-
teractions between KCNE proteins and K, channel a-sub-
units, allowing precise tuning of electrical signaling
pathways in excitable tissues.®’

In addition to their structural roles in channel assembly,
KCNE subunits (including KCNE1-encoded MinK and MiRP
isoforms) cooperate with «-subunits to orchestrate sys-
temic physiological regulation. Their tissue-specific in-
teractions with diverse K, complexes enable essential
functions ranging from action potential modulation to
endocrine homeostasis. However, this functional diversity
comes with clinical consequences: mutations disrupting
KCNE-mediated regulation manifest as multiorgan pathol-
ogies affecting cardiac rhythm, neuronal excitability, or
electrolyte balance.’""?

While recent advances have elucidated these molecular
mechanisms, a systematic synthesis of the organ-specific
regulatory networks of KCNE1—6 is lacking. To further un-
derstand the research progress in this area, this review
aims to elucidate the important roles of KCNE genes in
various organs and to offer constructive suggestions for
further research.

KCNE family and diverse ion channels

The KCNE gene family (KCNE1—6) encodes auxiliary sub-
units known as MinK and related peptides (MiRPs), which
are single-pass transmembrane proteins that are 103—177
residues in length.”’ These proteins exhibit highly
conserved modular structural features: an extracellular N-
terminal domain containing glycosylation sites that regu-
late membrane localization, a central transmembrane helix
that mediates conformational coupling with primarily K, a
subunits, and an intracellular C-terminal domain that in-
tegrates intracellular signaling through phosphorylation
motifs.' K, o subunits, as the core components of voltage-
gated potassium channels, adopt a six-transmembrane to-
pology (S1—S6) formed by four homologous domains. The S4
segment contains charged arginine residues that constitute

the voltage sensor, whereas the S5—S6 helices collectively
form the ion-conducting pore.’> KCNE proteins can pre-
cisely regulate the mechanical trajectory of the S4 segment
by allosterically coupling their transmembrane regions to
the voltage-sensing domains (51—54) of «-subunits. N-ter-
minal acidic residues modulate the displacement amplitude
of the S4 helix via electrostatic interactions, and C-terminal
phosphorylation dynamically adjusts channel inactivation
kinetics.'®"” This multidomain coordinated action enables
KCNE proteins to act as allosteric modulators, dynamically
altering channel activation thresholds and gating rates.
Their mechanisms include optimizing ion selectivity by
reshaping pore geometry, recalibrating activation curves by
adjusting voltage sensor sensitivity, and enabling respon-
siveness to physiological stimuli through coupling with
intracellular second messengers. Structural divergences
among KCNE subtypes, such as the negatively charged res-
idues of the N-terminus of the KCNE3 protein or the unique
C-terminal glycosylation pattern of the KCNE4 protein,
further confer tissue-specific regulatory capacities.'®"?

Besides, KCNE subunits demonstrate analogous regula-
tory potential for functionally distinct ion channels. Phos-
phorylation of the KCNE1 B-subunit may enable
transmembrane protein 16A (TMEM16A), a calcium-acti-
vated chloride channel vital for epithelial secretion, to
acquire angiotensin Il responsiveness, thereby converting
its gating modality from calcium-dependence to voltage-
dependent Cl~ conduction.?’ While KCNE2-encoded protein
MiRP1 elevates HCN4 membrane abundance and hyperpo-
larization-activated current, which is related to funny
current (If) in cardiac pacemakers, likely via stabilization of
HCN4 complexes or chaperone-assisted trafficking, the
exact mechanisms require further resolution.?"%?

Functions of the KCNE family in different
organs or systems

Heart

As a B-subunit that regulates potassium ion channels, KCNE
primarily plays a role in modulating cardiac electrophysi-
ology in the heart. Cardiac potassium currents play crucial
roles in maintaining cardiac electrophysiological stability
and normal heart rhythm.?* The primary potassium currents
in the heart include the transient outward potassium cur-
rent (Ito), the inward rectifier potassium current (IK1), the
delayed rectifier potassium current (IKr and IKs), and the
acetylcholine-regulated  potassium current  (IKACh),
whereas KCNE subunits are associated mainly with the
regulation of IKr and IKs.”*> Delayed rectifier potassium
current (IKs) is composed of K,7.1 and MinK subunits. The
current formed by K,7.1 alone features faster activation
and inactivation kinetics but with a smaller amplitude.
When the KCNE1-encoded protein MinK co-assembles with
K,7.1 channels, it markedly delays IKs activation kinetics
and prolongs cardiac repolarization by slowing voltage
sensor movement and reducing open probability. MinK
prolongs the opening time of the K,7.1 channel and slows
down the activation and inactivation dynamics, thereby
increasing the stability and sustainability of the current.?*
During cardiac repolarization, the IKs current works in
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conjunction with other potassium currents, such as IKr, to
ensure the proper termination of the action potential.
When the heart rate increases, the IKs current can rapidly
increase, thereby shortening the action potential duration
and preventing excessively prolonged action potentials that
could lead to arrhythmias.?” While the hERG current, which
conducts IKr, remains the primary target regulated by
KCNE2-encoded protein MiRP1 in the heart, MiRP1 reduces
the hERG current amplitude and accelerates its inactivation
during heart repolarization.?® Numerous mutations and
polymorphisms associated with arrhythmias have been
identified in genes encoding cardiac ion channels. Inherited
arrhythmias predominantly arise from impaired myocardial
repolarization and prolonged action potential duration due
to reduced potassium efflux through defective IKr or IKs
channels, manifesting as prolonged QT intervals on surface
electrocardiograms and significantly increasing the risk of
torsades de pointes, ventricular fibrillation, syncope, and
sudden cardiac death.?” Long QT syndrome types 5 (LQT5)
and 6 (LQT6) are caused by mutations in KCNE1 and KCNE2,
respectively. These auxiliary subunits disrupt cardiac
electrical stability by altering channel gating properties or
membrane trafficking.?® The IKs channel, formed by the «-
subunit K,7.1 and auxiliary subunit MinK, exhibits loss-of-
function mutations that reduce the repolarizing IKs current
amplitude, prolonging the action potential duration and QT
intervals. Under physiological conditions, B-adrenergic re-
ceptor-PKA signaling activated by sympathetic stimulation
phosphorylates K,7.1-MinK channels to increase their ac-
tivity and shorten the action potential duration.?® However,
these mutations impair cAMP-dependent regulatory ca-
pacity without interfering with PKA-mediated phosphory-
lation, rendering the channels unresponsive to heart rate
acceleration.?’ Critically, K,7.1 and MinK traffic via distinct
pathways to the surface sarcolemma, where they assemble
into functional channels, a delayed surface assembly pro-
cess essential for maintaining IKs as a repolarization
reserve. This assembly mechanism involves microtubule
plus-end binding protein EB1, which preferentially binds to
dimeric K,7.1 to promote surface delivery*®; LQT1-associ-
ated mutations (e.g., Y111C) disrupt EB1 binding, impairing
channel trafficking and reserve function.®" Furthermore,
MinK increases Kv7.1 sensitivity to phosphatidylinositol 4,5-
bisphosphate (PIP2) 100-fold through specific binding, sta-
bilizing channel open states, and delaying inactivation.
LQT5-associated mutations, such as C-terminal mutations
or truncations, markedly reduce PIP2 binding affinity,
accelerating channel inactivation and diminishing adaptive
responses to heart rate variations.>? These multilevel reg-
ulatory defects collectively contribute to insufficient
repolarizing currents. The reported cardiac arrhythmias
associated with mutations in KCNE genes are summarized in
Table 1.

Unlike KCNE1’s primary role in IKs regulation, KCNE2
critically modulates the rapid delayed rectifier potassium
current (IKr) through hERG channels. MiRP1 suppresses the
hERG current amplitude while accelerating its inactivation
kinetics, profoundly influencing repolarization.” Given the
high susceptibility of hERG to pharmacological blockade,
certain KCNE2 polymorphisms (e.g., T8A, Q9E) increase the
drug sensitivity of hERG—MiRP1 complexes, explaining the
elevated risk of drug-induced LQTS (type 6) or

hypokalemia-associated ~arrhythmias in carriers.**3*

Beyond potassium channel regulation, KCNE subunits criti-
cally modulate HCN channels that conduct the cardiac
funny current (If). MiRP1 co-assembles with HCN4 in sino-
atrial node cardiomyocytes, accelerating If activation ki-
netics and enhancing diastolic depolarization to stabilize
heart rate during adrenergic stimulation. This regulation is
physiologically distinct from KCNE-mediated Kv current
modulation, as HCN channels contribute to pacemaker
automaticity rather than repolarization.?""?* Despite
established associations between KCNE2 and congenital/
acquired LQTS, species differences complicate mechanistic
studies. Critically, reduced slow-delayed rectifier potas-
sium currents (e.g., IKr, IKs) typically prolong cardiac
repolarization by diminishing net repolarizing flux, a
fundamental principle observed in human LQTS pathol-
ogies. However, murine ventricular cardiomyocytes evade
this outcome through evolutionary adaptation: they lack
functional IKr (hERG/MiRP1-dependent) and exhibit mini-
mal IKs due to attenuated K,7.1 expression, yet paradoxi-
cally maintain abbreviated action potentials. This apparent
contradiction is resolved by abnormalities of Ca?* currents
or compensatory overexpression of rapid-activating potas-
sium currents such as IKur and Ito, which generate more
outward currents than in humans, thereby dominating
repolarization.>* >’ Consequently, the absence of physio-
logical slow-rectifier dependence severely limits murine
model extrapolation to human hERG—MiRP1/K,7.1—MiRP1
regulatory mechanisms. Furthermore, KCNE subunits exhibit
differential regulation of transient outward currents. MiRP2
strongly suppresses K.4.3-mediated currents in heterolo-
gous systems, reducing amplitude while decelerating acti-
vation, inactivation, and recovery kinetics; notably, K,4.3
underlies critical repolarizing currents to cardiac Ito.®
Conversely, KCNE4 expression enhances repolarizing current
density by augmenting both Ito (K,4.2-dependent) and IKur
(K,1.5-dependent), functionally paralleling ventricular
KCNE2 roles in murine models.* Given the unresolved in
vivo protein interactions and compensatory current adap-
tations in systems, the precise physiological significance of
KCNE3 and KCNE4 in cardiac electrophysiology warrants
detailed mechanistic investigation.

The multifaceted roles of KCNE family members in car-
diac repair and electrophysiological regulation further
reveal their therapeutic potential and complexity. In gene
therapy, adenoviral KCNE3 delivery to guinea pig left ven-
tricles significantly shortens the action potential duration,
suggesting novel intervention strategies for LQTS.*® Post-
myocardial infarction heart failure is associated with KCNE2
down-regulation, ventricular dilation, and fibrosis. Sacubi-
tril/valsartan (LCZ696) improves cardiac function by
increasing KCNE1/2 expression, suggesting its therapeutic
potential.*""*? Additionally, drug-induced QTc prolongation
is a multifactorial phenomenon involving humerous medi-
cations that affect ion channels (including KCNE-regulated
potassium channels).*>** Case reports indicate that the
KCNE1—D85N mutation may predispose patients to drug-
induced LQTS. Specifically, the common anesthetic propo-
fol inhibits the IKs channel in patients with this mutation,
potentially causing unexpected severe adverse cardiac
events during anesthesia, indicating the importance of
genotyping and phenotyping to individualize drug
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Table 1 Cardiac arrhythmia associated with mutations in KCNE genes.
KCNE Disease Mutation Effects of KCNE References
KCNE1 LQT5 A8V Revealed marked bradycardia and QT interval prolongation in the 116
electrocardiogram
R98W Revealed significant bradycardia with QT prolongation during 116
exercise and reduced IKs currents in electrophysiological analyses
R32H Decreased IKs current amplitude equivalent to 78 % without any 117
changes in gating
V47F Decreased IKs current and altered gating 118
W87R
G52R Decreased IKs current to 50 % 119
S74L Decreased IKs current by shifting the voltage dependence of 120
activation and accelerating channel deactivation
Y81C Decreased IKs current and enhanced the effect of IKs activator 121
V1091 Decreased IKs current by 36 % 122
D76N Decreased IKs current and exhibited a strong dominant-negative 120
effect, with a higher risk of delayed cardiac repolarization and
arrhythmia
D85N Prolonged action potential duration in KCNE1—D85N-containing 123
induced pluripotent stem cell-derived cardiomyocytes
G38S Prolonged QT interval under conditions of hypokalemia and 124,125
hypomagnesemia
R36H Induced a 47 % reduction in IKs current with a transient QT 126
prolongation phenotype
Atrial G60D Showed a gain-of-function of IKs current 127
fibrillation G25V
G38S Reduced IKs current and decreased membrane expression of 128
KCNQ1
KCNE2 LQT6 T8A Showed slower activation, faster deactivation, and increased drug 4
sensitivity
Q9E
T10M Reduced lkr current and exacerbated by auditory stimuli or 34
electrolyte disturbances
M54T Increased drug-induced LQTS sensitivity 4,33
I57T Increased drug-induced LQTS sensitivity 4,33
V65M Reduced IKs current with accelerated inactivation 129
120N Increased susceptibility to long QT syndrome in a neonate 130
R27H
Atrial R27C Had a gain-of-function effect on the KCNQ1—KCNE2 channel 131
fibrillation
KCNE3 LQTS T4A Decreased current of KCNQ1/KCNE3 complex 132
R99H
KCNE4 Atrial E145D Had an association with the atrial fibrillation phenotype in the 133
fibrillation Chinese population
KCNE5 Atrial L65F Showed a significant concentration-dependent gain of function in 48
fibrillation IKs current
Brugada Y81H Had a gain-of-function effect on Ito in male patients 47
syndrome D92E
E93X

therapy.**® As an X-linked gene, KCNE5 remains under-
studied, with current evidence linking its variants to atrial
fibrillation and Brugada syndrome rather than LQTS.**
European male cohorts show associations between KCNE5
noncoding mutations, shortened PR intervals, and elevated
atrial fibrillation risk.** Animal models support this regula-
tory role: ventricular MiRP4 maintains electrical stability
through K,2.1 current modulation in male mice, and its
deletion enhances potassium current density, inducing
premature ventricular complexes and polymorphic

ventricular tachycardia.’® Notably, the male predominance
in Brugada syndrome suggests sex-specific KCNE5 regula-
tion, although the underlying mechanisms, such as hor-
mone-dependent expression, require further elucidation.”

Brain

The ionic homeostasis of cerebrospinal fluid is fundamental
for maintaining neuronal function and signal transmission, a
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process that relies on the coordinated activity of ion
channels and transporters in choroid plexus epithelial
cells.®? KCNE2 plays a pivotal role in central nervous system
ion homeostasis by regulating K" and Cl™ transport net-
works in choroid plexus epithelial cells. The K,7.1—MiRP1
and K,1.3—MiRP1 complexes mediate K* efflux and Cl~
secretion into the cerebrospinal fluid, and their functional
impairment (e.g., I57T/Q9E mutations) disrupts the cere-
brospinal fluid ionic balance—aberrant K* efflux and dys-
regulated Cl™ secretion collectively destabilize the
neuronal microenvironment.’®>* Animal studies have
revealed that KCNE2 knockout mice exhibit a 50% reduction
in the cerebrospinal fluid concentration of myo-inositol, a
critical osmolyte that balances osmotic gradients between
the cerebrospinal fluid and the neuronal cytosol to prevent
cellular edema and maintain electrochemical signaling fi-
delity.”> This imbalance impairs neurocellular volume
regulation, leading to neuronal hyperexcitability.®
Concurrently, these mice demonstrated increased suscep-
tibility to seizures. While exogenous myo-inositol supple-
mentation partially rescues epileptic phenotypes, the
membrane abundance of the sodium-coupled myo-inositol
transporter SMIT1 remains unaffected, suggesting that
KCNE2 maintains neuroexcitatory equilibrium through
mechanisms independent of classical transport pathways,
such as the modulation of neuronal membrane potentials or
synaptic ion gradients (Fig. 1).>” These findings elucidate
the potential mechanisms underlying neurological comor-
bidities in long QT syndrome patients harboring KCNE2
mutations. In addition, changes in MiRP2 expression can
similarly affect the gating and function of potassium
channels, including those in the K,2.1 and K,3.1b families in
the mammalian brain. These findings suggest that KCNE3
may help maintain the balance of ionic currents in the
central nervous system by regulating the function of mul-
tiple delayed rectifier potassium currents, which is essen-
tial for proper neuronal function and helps prevent
pathophysiological conditions, such as hyperexcitability
and seizure susceptibility.>®

Currently, research on the regulation of the nervous
system by the KCNE family is still very limited. Preliminary
studies suggest that the KCNE family may influence
neuronal excitability and signaling by modulating voltage-
dependent potassium channel functions,> necessitating
further investigation into their roles in the development of
neurological disorders, such as epilepsy, depression, and
anxiety.””®? Additionally, the role of KCNE in congenital
neurological disorders deserves further exploration in
human populations. It would be worth investigating
whether patients with LQTS might have potential neuro-
logical disorders caused by KCNE gene mutations and
whether the KCNE2 gene is related to channel disruptions in
familial neonatal epilepsy involving K,7.2 or K,7.3 on the
basis of our existing research foundation.®'-¢?

Kidney

The KCNE family plays multifaceted roles in renal ionic
homeostasis through isoform-specific regulation of potas-
sium channels. In the proximal tubule, MinK colocalizes

with K,7.1 to facilitate K™ delivery to distal nephron seg-
ments.®> KCNE1 knockout mice exhibit impaired proximal
tubular K* flux, leading to polyuria and increased urinary
excretion of Na*, Cl7, and glucose due to defective mem-
brane repolarization during Na*-coupled transport.®* While
overall K* excretion remains unchanged via compensatory
secretion in distal segments, these mice develop chronic
hypokalemia and hyperaldosteronism-like phenotypes
characterized by elevated plasma aldosterone and renin
levels.®%> Notably, dietary manipulations (low-K* or
high-K™ diets) reversibly modulate aldosterone secretion
without affecting adrenal synthesis, suggesting the con-
trol of aldosterone production by extracellular K* rather
than adrenal dysfunction.®® This electrolyte imbalance
parallels findings in KCNE3 knockout mice, which similarly
exhibit aldosterone elevation but distinct adrenal lym-
phocytic infiltration. However, the model shows neither
adrenal hyperplasia nor neoplasia, implicating divergent
molecular pathways in KCNE-mediated aldosterone
regulation.®’

The function of MinK extends beyond its common role in
potassium channel regulation, encompassing debated in-
teractions with anoctamin channels. Initial reports posited
that MinK co-assembles with TMEM16A chloride channels,
converting their gating mechanism from calcium-depen-
dent to voltage-dependent activation and potentially
contributing to inherited pathologies.?° However, a follow-
up study in renal proximal tubules, where TMEM16A medi-
ates critical electrolyte transport, revealed no endogenous
KCNE1 expression, with angiotensin Il and ATP activating
TMEM16A independently of MinK. When heterologously co-
expressed, MinK failed to reconfigure TMEM16A into a
voltage-gated channel or disrupt its calcium sensitivity,
challenging the proposed functional partnership.®® This
tissue-specific contradiction underscores that MinK’s regu-
latory roles require contextual validation within physio-
logical microenvironments, necessitating future studies to
resolve the molecular basis of its debated interaction with
TMEM16A chloride channels in native tissues where both
partners coexist, directly probe whether MinK modulates
channel gating kinetics or calcium sensitivity under
authentic membrane compositions and signaling contexts,
and determine if disease-associated MinK variants disrupt
chloride homeostasis through this putative partnership to
reconcile conflicting pathological models.

Transitioning to distal nephron regulation, MiRP3 mod-
ulates renal interstitial cells by co-assembling with BK
channels (big potassium channels). These channels act as
large-conductance Ca®"-activated K channels that hyper-
polarize membranes by coupling intracellular Ca** signals
to K* efflux.®” MiRP3 increases the activation threshold and
reduces the half-life of BK channels, fine-tuning flow-in-
dependent K* secretion in a species-specific manner.”® In
rats, this mechanism prevents hyperkalemia during high-K*
intake by enhancing BK-mediated K* efflux while down-
regulating secretion under hypokalemic conditions. These
findings underscore the adaptive role of KCNE4 in main-
taining potassium balance, although its full functional
spectrum in renal interstitial cells warrants further explo-
ration (Fig. 2).”°
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Figure 1 Schematic diagram of ion transport pathways in cerebrospinal fluid epithelial cells. KCNE2 can form a complex with
KCNQ1 and KCNA3, which is responsible for transferring potassium ions into the cerebrospinal fluid. Additionally, KCNE2 can also
form a complex with KCNQ and SMIT1, preventing SMIT1 from transferring inositol from the cerebrospinal fluid into the cell. When
the KCNE2 gene is knocked out, there is abnormal transport of potassium ions from inside the cell to the blood, accompanied by an
abnormal accumulation of chloride ions in the cerebrospinal fluid. The mechanism underlying which ion channels are involved in
chloride ion transport remains unclear. Furthermore, with the knockout of the KCNE2 gene, there is a significant decrease in the
inositol concentration in the cerebrospinal fluid, leading to increased susceptibility to epilepsy.
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Schematic diagram of KCNE1 regulation in renal proximal tubular epithelial cells. KCNE1 can form a complex with

KCNQ1 to secrete potassium ions from inside the cell into the renal tubule lumen. When KCNE1 is knocked out, the loss of sodium
ions, chloride ions, and glucose in the urine increases. However, inhibiting the KCNQ1 channel does not significantly disrupt ion
secretion, suggesting that KCNE1 may exert its effects by regulating other ion channels.

Skeletal muscle

The generation and repolarization of action potentials in
skeletal muscle are precisely regulated by voltage-gated
ion channels, in which K* channels accelerate repolariza-
tion by mediating outward K* fluxes, thereby maintaining a
stable resting membrane potential.”’ MiRP2 forms a func-
tional complex with the voltage-gated potassium channel
a-subunit K,3.4, which jointly regulates resting membrane
potential and muscle excitability. In KCNE3-knockout mice,
the sustained outward potassium current density is
reduced, the decay of transient outward currents is
accelerated, and the transcription and protein expression
levels of K,3.4 are decreased.””’? Additionally, the

KCNE3—R83H mutation diminishes outward potassium flux,
disrupting native skeletal muscle channel function and
altering resting membrane potential.”" Despite robust evi-
dence from murine models supporting KCNE3’s regulatory
role in skeletal muscle electrophysiology, human genetic
studies indicate limited pathological relevance.”® The fre-
quency of the R83H mutation in patients with periodic pa-
ralysis does not significantly differ from that in healthy
individuals, and most mutation carriers do not exhibit
muscle weakness symptoms.’* This discrepancy may arise
from individual differences in modifier genes or region-
specific expression of the mutation in skeletal muscle.
Thus, whether KCNE3 mutations directly cause human
skeletal muscle dysfunction remains controversial.
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Smooth muscle

Potassium channels critically govern vascular smooth mus-
cle excitability by modulating membrane potential, and
hyperpolarization reduces voltage-gated Ca** influx, pro-
moting vasodilation, whereas impaired K™ efflux induces
depolarization-enhanced vasoconstriction.”> Within the
pulmonary vasculature, KCNE4 is constitutively expressed
across the artery. Its knockdown reduces K,7.4 channel
membrane abundance, induces membrane depolarization,
and enhances vasoconstrictor responses, concomitant with
decreased total K,7.4 protein levels.”® Notably, KCNE4 is
essential for the electrophysiological effects and vaso-
dilatory actions of classic K,7 activators such as retigabine,
whereas URO-K10-induced pulmonary vasodilation remains
unaffected by KCNE4 knockdown. These findings imply that
KCNE4 modulates therapeutic responses to PAH-targeted
drugs by regulating K,7.4 membrane trafficking, under-
scoring its potential as a precision therapeutic target.”’

Extending to cerebrovascular regulation, KCNE subunits
similarly govern vascular tone. Cerebral arterial smooth
muscle relies on K,7.4 and K,7.5 complexes requiring
auxiliary subunits for stability. Here, MiRP3 enhances K,7.4
membrane localization and left-shifts voltage-dependent
activation under dihydrotestosterone regulation. Compared
with males, females exhibit compensatory doubling of K,7.4
expression, suggesting heightened male vulnerability to
cerebrovascular dysfunction upon KCNE4 deficiency. More-
over, cerebral KCNE5 dysregulation correlates with neuro-
degeneration. Tauopathy models show reduced arterial
MiRP4 alongside K,7.3, K,7.5, and K,2.1 down-regulation,
impairing K,7-mediated vasodilation. This deficit likely ex-
acerbates Alzheimer’s pathology by compromising cerebral
perfusion, positioning KCNE regulatory networks as thera-
peutic targets for neurovascular disorders. Further studies
confirmed that vascular K,7 channels are key effectors of
receptor-mediated vasodilation and that their dysfunction
disrupts neurovascular coupling, highlighting KCNE subunit
regulatory networks as novel therapeutic targets for
improving cerebral blood flow disorders.

Auditory system

The normal function of potassium channels is essential for
maintaining ionic homeostasis in the inner ear microenvi-
ronment, where they precisely regulate potassium recy-
cling to establish the electrochemical foundation for
auditory transduction.”® In this process, the KCNE1 channel
plays a central role and is specifically expressed in marginal
cells of the cochlear duct and vestibular dark cells. It me-
diates the active transport of high-concentration K* into
the extracellular fluid, establishing the unique high-K*,
low-Na* environment of the endolymph. This distinct ionic
gradient not only underpins mechanoelectrical trans-
duction in hair cells but also provides the requisite elec-
trical driving force for auditory signal generation and
propagation. Genetic deletion of KCNE1 disrupts the
endolymphatic K™ concentration, volume, and pressure,
thereby impairing hair cell and auditory neuronal function.
Notably, such K* dysregulation often coexists with cardiac
conduction abnormalities in Jervell and Lange—Nielsen

syndrome or noise-induced hearing loss, underscoring the
multisystemic importance of potassium channels.”®° The
presence of MinK subunits can partially rescue loss-of-
function mutations in heterozygous individuals, offering a
molecular explanation for certain long QT syndrome cases
without hearing impairment.®' Additionally, deficiency of
lysosome-associated membrane glycoprotein 2 (LIMP2)
indirectly disrupts K™ homeostasis by destabilizing the
K,7.1—MinK complex, ultimately leading to hearing loss.%?
Recent studies demonstrate that adeno-associated virus
serotype 1 (AAV1)-mediated gene delivery via posterior
semicircular canal injection effectively rescues hearing loss
in KCNE1 knockout mice. The viral construct employs a
hybrid CB7 promoter comprising cytomegalovirus (CMV)
enhancer and chicken B-actin (CAG) core elements to drive
strong, cell-specific KCNE1 transgene expression in cochlear
marginal cells of the stria vascularis, with high-dose
treatment in neonatal mice sustaining improved auditory
and vestibular function for at least 5 months, although
long-term efficacy and safety require further validation.®
Beyond KCNE1, KCNE3 has been implicated in auditory
processing through modulation of K,4.2 channel activity in
spiral ganglion neurons, the bipolar primary afferent neu-
rons that relay mechanoelectrical signals from cochlear
hair cells to the cochlear nucleus in the brainstem.®*% Its
deletion abolishes resting membrane potential variability
and induces age-dependent alterations in action potentials,
further corroborating the critical role of potassium channel
regulation in auditory pathways.®*

Digestive system

In pancreatic duct cells, multiple potassium channels
contribute to anion secretion by maintaining the electro-
chemical driving force, and their functional enhancement
may offer therapeutic strategies to restore impaired HCO3™
and fluid secretion in conditions such as pancreatitis.®¢
Studies have demonstrated that K,7.1 co-assembles with
MinK in murine pancreatic acinar cells and closely re-
sembles those of cardiac K,7.1—MinK complexes. KCNE1
knockout markedly attenuates K,7.1 currents and disrupts
channel membrane trafficking in the exocrine pancreas,
indicating that KCNE1 is essential for KCNQ1 functional
expression.®”  Dysregulation of this mechanism may
compromise pancreatic secretory homeostasis, providing a
molecular basis for exploring KCNE1-targeted
interventions.

Gastric parietal cells secrete H' into the lumen via
apical H"—K*—ATPase while concurrently absorbing K*.'?
Apical K,7.1—MiRP1 potassium channels sustain gastric acid
secretion by replenishing luminal K. As a regulatory sub-
unit, MiRP1 converts acid-inhibited K,7.1 into an acid-
activated complex through its extracellular NH,-terminus
and transmembrane domains, increasing channel activity in
acidic environments. The continuous supply of luminal K*
by K,7.1—MiRP1 provides the electrochemical driving force
for H* secretion.®® KCNE2 knockout mice exhibit severe
achlorhydria, parietal cell atrophy, gastric hyperplasia, and
hypergastrinemia, with hyperplasia arising from increased
nonacid-secreting cell populations. Chronic omeprazole
(proton pump inhibitor) treatment in wild-type mice
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induces shifts in the gut microbiome B diversity, which
converges toward KCNE2 knockout-like microbiota.
Notably, KCNE2 deficiency reduces Bacteroidales abun-
dance (positively correlated with human cardiovascular
risk) via suppression of acid secretion.®’

Unlike the gastric function of KCNE2, KCNE3 knockout
does not induce gastric morphological defects, but its
basolateral localization in glands suggests roles in luminal
salt, enzyme, and acid secretion.”®®' In KCNE2/KCNE3
double knockouts, K,7.1 retains its apical localization, yet
KCNE3 deficiency exacerbates gastric abnormalities,
whereas KCNE2 loss triggers compensatory KCNE3 up-regu-
lation and K,7.1 mislocalization to the basolateral mem-
brane.”> Widely co-expressed in the small and large
intestines, the K,7.1—MiRP2 complex mirrors the
crypt—villus distribution of cystic fibrosis transmembrane
conductance regulators. Functioning as constitutively open
channels with linear voltage dependence, they form the
molecular basis for colonic Cl™ secretion. cAMP signaling
activates these channels via basolateral K™ recycling and
electrochemical gradients. While cystic fibrosis attenuates
this pathway, secretory diarrhea, such as that caused by
cholera, hyperactivates it.”" Intriguingly, intestinal
epithelia retain residual anion secretion upon K,7.1—MiRP2
loss, which is primarily compensated by TASK-2 two-pore K"
channels.”® Taken together, these data indicate that es-
trogen regulates the expression of K,7.1 and MiRP2 and
affects Cl™ secretion by regulating the gating and phar-
macological properties of these ion channels, and that
dysfunction of K,7.1—MiRP2 may partly result in ulcerative
colitis and colon cancer.”*%¢

Lung

The transepithelial secretion of fluids, mucins, and elec-
trolytes by airway epithelial cells is critical for airway
surface liquid homeostasis, a process dependent on the
coordinated activation of apical Cl™ channels and baso-
lateral K™ channels.”” Cl~ channels mediate Cl~ efflux
across the apical membrane, whereas basolateral K+
channels sustain membrane hyperpolarization through K*
recycling, thereby driving transepithelial electrolyte
transport.”® In cystic fibrosis, the pathological hallmark is
defective cAMP-dependent Cl~ conductance at the apical
membrane of airway epithelia; however, Cl™ secretory
function also relies on parallel activation of basolateral K*
channels to maintain electrochemical gradients.’” Studies
indicate that the K,7.1—MiRP2 complex in murine tracheal
epithelia likely constitutes basolateral K+ channels and that
its functional impairment disrupts cAMP-dependent regu-
lation of Cl™ secretion, suggesting that MiRP2 indirectly
modulates Cl™ transport by sustaining K™ channel activity.
This mechanism provides new insights into ionic transport
defects in cystic fibrosis and identifies the K,7.1—MiRP2
complex as a potential therapeutic target. Additionally,
KCNE2 and KCNQ1 form channel complexes in the lungs,
and KCNE2 deficiency is associated with reduced KCNQ1
expression and diminished resistance to lung ischemia-

reperfusion injury, highlighting KCNE2’s role in pulmonary
homeostasis in mice.'®

Endocrine system

Extensive knockout of the KCNE2 gene results in a series of
multisystem syndromes, disrupting the systemic endocrine
system and causing endocrine disorders, such as diabetes,
hypercholesterolemia,  hyperkalemia, anemia, and
elevated angiotensin I1."%" Specifically, targeted disruption
of KCNE2 impairs thyroid iodide accumulation, halves the
T4 content in breast milk, and leads to hypothyroidism, a
50% reduction in offspring number, dwarfism, alopecia,
goiter, and myocardial dysfunction, including hypertrophy,
fibrosis, and a reduced shortening fraction.'%? In addition to
cardiac electrophysiological regulation, KCNE family mem-
bers exert systemic cardiovascular effects due to KCNE
proteins in different hormone-producing tissues in animal
models. KCNE2 deletion leads to a series of extracardiac
damage events that can, in turn, affect the heart. KCNE2
deficiency results in hypothyroidism, which alters cardiac
structure and impairs contractility, whereas mistransport of
K,7.1 in parietal cells of the intestine results in the transfer
of K" into the bloodstream, causing arrhythmogenic
hyperkalemia.'®"'%? The use of the proton pump inhibitor
omeprazole to inhibit gastric acid secretion can extend the
lifespan of heart-specific KCNE2 knockout mice.®® Notably,
KCNE2 loss paradoxically reduces infarct size during acute
myocardial ischemia while promoting atherosclerosis and
diet-dependent electrical remodeling to increase the risk of
long-term sudden death, highlighting the dualistic nature of
its pathophysiological effects.'®*'%* In contrast with
KCNE2’s metabolic-cardiac interplay, KCNE3 may modulate
cardiac electrical activity through an adrenal—cardiac axis.
KCNE3  knockout mice develop secondary hyper-
aldosteronism with adrenal lymphocytic infiltration, trig-
gering aldosterone-dependent QT prolongation and atrial/
ventricular fibrillation.®”"'% This finding suggests potential
regulation through the renin-angiotensin-aldosterone
system and warrants investigation into its role in fluid ho-
meostasis and the hematological system. Moreover, KCNE2
is essential for normal pancreatic B-cell electrical activity
and insulin secretion, as inhibiting K,7.1 can increase
glucose-stimulated insulin secretion in these cells.'%®~ "%
Although the underlying mechanisms of these diseases are
not fully understood, no other member of the KCNE gene
family has been found to regulate the body as extensively
as KCNE2 does. The precise physiological roles and molec-
ular pathogenesis of related disease states make KCNE2 a
significant target for future research.

Sex steroids critically modulate KCNE-mediated elec-
trophysiological functions across tissues in animal models,
as evidenced by divergent hormonal pathways employed by
KCNE2 and KCNE4 to establish cardiac electrophysiological
sex differences. KCNE2 expression in mice is specifically up-
regulated by 17-B estradiol during late pregnancy, implying
protective roles in gestational cardiac adaptation.'®”
Conversely, KCNE4 is strongly androgen-dependent; its
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Table 2 Effects of KCNE-related diseases on different organs and tissues.

Organs/ Disease KCNE  Effects of KCNE References

tissues

Heart LQTS KCNE1 Decreased IKs currents caused by mutations of KCNE1—-S74L, D76N, 120,134
leading to delayed cardiac repolarization
Presented the genetic test results of individuals’ risk for LQTS due 13,79,135—138
to the KCNE1 mutation in patients
Presented familial long QT syndrome in the Japanese patients 139
caused by mutations of KCNE1—S38G, D85N
Decreased concentration of K™ and increased aldosterone 66
secretion in a KCNE1-knockout mouse model, enhancing the risk of
ventricular arrhythmia
Reduced IKs currents amplitude by 50 % caused by mutation of 119
KCNE1—G52R, leading to delayed cardiac repolarization
Presented prolonged epicardial and endocardial APD90 (action 37
potential duration at 90 % repolarization), frequent epicardial
early afterdepolarizations, spontaneous ventricular tachycardia,
and action potential alternans by KCNE1 knockout
Down-regulated KCNQ1/KCNE1-D76N complex leading to 140
decreased IKs currents
Disrupted normal assembly of KCNQ1/KCNE1 complex caused by 141
mutation of KCNE1—T58P/L59P
Prolonged QT interval extremely and resulted in torsade de pointes 142
after administration of sodium channel blockers in a child patient
undergoing Fontan procedure with the KCNE—D85N mutation
Prolonged QT interval significantly and caused torsade de pointes 124
in a 72-year-old woman carrying the KCNE1—G38S mutation with
unsolved hypokalemia and hypomagnesemia
Presented the relation between KCNE—D85N and drug-induced long 143
QT syndrome

KCNE2 Enhancing the risk of drug-induced long QT syndrome caused by 33
allelic variants of KCNE2
Decreased lkr currents leading to auditory stimulus-induced 34
arrhythmia under the condition of hypomagnesaemia and
hypocalcemia caused by the KCNE2—T10M mutation
Decreased IKs by 50 % and prolonged ventricular action potential 110
duration
Manifested that additional stressors were required to induce a 144
clinical phenotype of LQTS with functional loss of KCNE2
KCNE3 Presented genetic test results of individuals risk for LQTS by 145
mutation of KCNE3 in patients
Shorten QT interval and accelerated cardiac repolarization by the 40
ectopic expression of E3 in cardiac myocytes
Delayed ventricular repolarization in an aldosterone-dependent 67
manner, leading to extracardiac arrhythmogenesis
Atrial fibrillation KCNE1 Presented the genetic test results of individuals’ risk for atrial 133,146—153

fibrillation due to the KCNE1 mutation in patients and populations
Increased outward current and shortened atrial action potentials 154
in atrial myocytes by KCNE1 knockout
Prolonged the atrial action potential and reduced the frequency 128
for alternans behavior by KCNQ1/KCNE1—38G
Enhanced potential risk of lone atrial fibrillation in patients with 125,155—157

KCNE1—G38S mutation

Enhanced potential risk of new-onset postoperative atrial 158
fibrillation after lung lobectomy with the decreased expression of
KCNE1

Revealed the relation between postoperative atrial fibrillation and 159
112G > A polymorphism of KCNE1

Enhanced IKs currents and expression of KCNE1 and decreased ICaL 160
in chronic atrial fibrillation patients due to the expression of Pitx2c
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Table 2 (continued)

Organs/
tissues

Disease

KCNE

Effects of KCNE References

Pancreatic
B cells

Skeletal
muscle

Thyroid

Stomach

Colon

Brugada syndrome

Heart failure

Sudden cardiac
death

Type 2 diabetes

mellitus

Periodic paralysis

Hypothyroidism

Achlorhydria

Gastric cancer

Achlorhydria-induced
iron-deficient anemia
Colorectal cancer

KCNE2

KCNE3

KCNE5
KCNE2

KCNE3

KCNE5

KCNE1

KCNE2

KCNE2

KCNE2

KCNE3

KCNE2

KCNE2

KCNE2

KCNE2

KCNE4

Presented genetic test results of individuals’ risk for atrial 131,152,161,162

fibrillation due to the KCNE2 mutation in patients and populations

Enhanced activity of K4.3/KCNE3 and K,11.1/KCNE3 causing faster 163

cardiac action potential repolarization by KCNE3—V17M mutation

Enhanced IKs currents of KCNQ1/KCNE1/KCNE5—L65F 48

Increased Ito current density and slowed the inactivation rate by 164

KCNE2—M54T, 157T

Increased Ito intensity of KCND3/KCNE3—R99H and KCND3/ 165

KChIP2b/KCNE3—T4A

Exhibited a Brugada-pattern electrocardiogram in a patient with 166

KCNE3—T4A mutation

Increased Ito currents of KCND3/KCNE5—D92E, E93X 47

Augmented currents mediated by Ky1.5 and Ky2.1 channels, 50

resulting in increased ventricular current density and enhanced

susceptibility to arrhythmias

Presented the association between KCNE1—-S38G and heart failure 167

in two populations

Delayed progress of terminal heart failure using the proton-pump 89

inhibitor in a cardiac-specific KCNE2-knockout strain

Generated a multisystem syndrome including diabetes mellitus, 101,104

hypercholesterolemia, hyperkalemia, anemia, atherosclerosis, and

elevated angiotensin Il in KCNE2-knockout mice, causing a

predisposition to sudden cardiac death

Attenuated acute heart ischemia/reperfusion injury by KCNE2 103

knockout

Disrupted the glucose tolerance in a Western diet and insulin 107

secretion, reduced the expression of insulin receptor in skeletal

muscle tissue, and decreased the B-cell peak outward K* current

by KCNE2 knockout

Resulted in less outward current and a diminished capacity to set 71,168

resting potential in the K,3.4/KCNE3—R83H complex, compared

with the wild-type, leading to the dysfunction of the muscle

Resulted in abnormal development of skeletal muscle and loss of 72

the typical biphasic decline in contractile force with decreased

expression of KCNC4 and KCNH2 and increased expression of KCNK4

in the gastrocnemius of KCNE3-knockout mice

Resulted in enhancing susceptibility to thyrotoxic hypokalemic 169

periodic paralysis in one sporadic case of KCNE—R83H

Revealed that no significant difference in KCNE3—R83H between 73

periodic paralysis patients and the healthy population was found

A multiple syndrome including hypothyroidism, dwarfism, 102,170

alopecia, goiter, and cardiac abnormalities, mainly caused by

abnormal thyroid iodide accumulation in KCNE2-knockout mice

Disrupted the proton secretion, parietal cell morphology, gastric 88

glandular, and KCNQ1 distribution, leading to achlorhydria and

hypergastrinemia in KCNE2-knockout mice

Exhibited a gastric preneoplastic phenotype, including gastritis 10

cystica profunda, increased stomach mass, increased expression of

Ki67 and nuclear Cyclin D1 expression, and TFF2- and cytokeratin

7-expressing metaplasia

Down-regulated the expression of KCNE2 significantly in gastric 171

cancer tissues

Decreased plasma iron with KCNE2-knockout and exhibited 172

developed anemia only in males

Promoted tumor-promoting phenotypes in cancer progression by 115,173

up-regulating the expression of KCNE4 and contributed to the radio
(continued on next page)
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Table 2 (continued)

Organs/ Disease KCNE  Effects of KCNE References
tissues
resistance through the PI3K/AKT signaling pathway
Liver Nonalcoholic fatty KCNE2 Resulted in nonalcoholic fatty liver disease mainly through iron 174
liver disease deficiency, which could be reversed by iron supplementation in
KCNE2-knockout mice
Hepatic ischemia— KCNE4 Exacerbated liver damage in aged male mice in the context of 175
reperfusion injury ischemia-reperfusion injury, influenced by hormonal and gender-
specific factors, by KCNE4 knockout
Lung Pulmonary ischemia— KCNE2 Decreased expression of KCNQ1 and KCNB1 and resistance to 100
reperfusion injury pulmonary ischemia/reperfusion injury
Pulmonary arterial KCNE4 Enhanced activity of the KCNQ1 channel with the up-regulation of 176
hypertension KCNE4
Brain Alzheimer’s disease = KCNE3 Inhibited Abeta peptide-mediated cell death by suppressing K,3.4/ 177
KCNE3
KCNE5 Decreased KCNE5 expression in tau transgenic mice, with a 178
decrease in the expression of K,7.3, K,7.5, and K,2.1
Seizure KCNE2 Decreased myo-inositol concentration in cerebrospinal fluid, 57
resulting in higher stress and seizure susceptibility in KCNE2-
knockout mice
Ear Meniere’s disease KCNE1/ Increased susceptibility to Meniere’s disease by variants of KCNE1 179—181
KCNE3 and KCNE3, but with no association in caucasians
Lymph Metastatic melanoma KCNE4 Promoted the metastasis of the metastatic murine melanoma cell 182
nodes line from the tongue to the lymph node with upregulated
expression of KCNE4
Testis Testis atrophy KCNE1 Disrupted the process of germ-cell development through KCNEQ1/ 183

KCNE1 due to the lack of expression of KCNQ1 and KCNE1

expression in male hearts significantly exceeds that in fe-
male hearts, with 5a-dihydrotestosterone directly inducing
transcription.®’ Although MiRP3 was reported to inhibit
K,7.1 in heterologous systems,’ elevated cardiac KCNE4
expression in males correlates with enhanced repolarizing
current density through augmentation of both the transient
outward potassium current (Ito) and ultrarapid delayed
rectifier current (IKur), generated by K,4.2 and K,1.5 sub-
units, respectively, paralleling the functional roles of
KCNE2 in murine ventricles.>®""%""" Such polarized hor-
monal regulation becomes clinically relevant under patho-
logical conditions: KCNE2 deficiency may exacerbate
arrhythmia risk during estrogen fluctuations, whereas
KCNE4 deletion could eliminate androgen-mediated K,
regulation, causing marked repolarization impairment and
age-dependent ventricular arrhythmia susceptibility in
males.>*'% This tissue-specific hormonal modulation ex-
tends to the colon, where estrogen critically regulates the
Ky7.1—MiRP2 channel complex. This complex has been
shown to mediate cAMP-activated Cl™ secretion by recy-
cling K*.""% In females, K,7.1—MiRP2 expression fluctuates
with the estrogen cycle, and 17-f estradiol rapidly disso-
ciates K,7.1 and MiRP2 subunits, reducing channel currents
to form an anti-secretory effect. Male intestinal epithelia
exhibit higher MiRP2 expression and greater sensitivity to
Kv7.1 inhibitors. A phosphorylation-sensitive mutation in
KCNE3 (S82A) alters estrogen responsiveness, confirming
direct hormonal control of channel function.’ Dysregula-
tion of this pathway may contribute to sex-biased pathol-
ogies, including ulcerative colitis and secretory diarrheas.

Future perspective

Since the discovery of almost all KCNE isoforms, increasing
research has spurred interest in the investigation of the
KCNE gene family. As modulators of various ion channels,
KCNE genes have become particularly important in the
pathogenesis of various cardiac arrhythmias. Early studies
focused primarily on their roles in heart and hereditary
arrhythmia syndromes. The recent identification of KCNE6
in zebrafish, a novel KCNE member that co-assembles with
KCNQ1 to generate slow-activating IK-like currents despite
its sequence homology to KCNE3, highlights evolutionary
divergence in channel modulation. In addition to their
regulatory roles in the heart, extrinsic cardiac regulation by
KCNEs can also induce significant arrhythmias, making it
valuable to study the regulation of KCNEs on the heart and
arrhythmias from a broader perspective.®® Furthermore,
arrhythmias induced by mutations and structural changes in
KCNE genes are often associated with these genes. For
example, variations, such as long and short KCNE3 and
KCNE4 variants, are known to influence the induction of
arrhythmias, which warrants further investigation in the
future.'"

With the in-depth study of the functional roles of the
KCNE gene family, the potential of KCNE in disease diag-
nosis and treatment is gradually becoming apparent (Table
2). KCNE plays a crucial role not only in the regulation of
cardiac electrical activity but also in its widespread distri-
bution in various tissues, including blood vessels and tu-
mors. No KCNE-targeting drugs have reached clinical use to
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Auditory
Meniere's disease (KCNE1/3)

Neurological T e
Neurodegenerative diseases (KCNE3/KCNE5) Metastatic melanoma (KCNE4)
Seizure (KCNE2)

Thyroid Cardiac
Hypothyroidism (KCNE2) LQTS (KCNE1/2/3)

Respiratory

Pulmonary ischemia-reperfusion injury (KCNE2/4)
Pulmonary arterial hypertension (KCNE4)

Endocrine

{J_.’ %

)

Atrial fibrillation (KCNE1/2/3/5)
Brugada syndrome (KCNE2/3/5)
Heart failure (KCNE1/2)

Sudden cardiac death (KCNE2)
Liver

Type 2 diabetes mellitus (KCNE2)

Digestive

Achlorhydria (KCNE2)

Gastric cancer (KCNE2)

Achlorhydria-induced iron-deficient anemia (KCNE2)
Colorectal cancer (KCNE4)

Figure 3

Nonalcoholic fatty liver disease (KCNE2)
Hepatic ischemia-reperfusion injury (KCNE4)

Reproductive
Testis atrophy (KCNE1)

=

Musculoskeletal
Periodic paralysis (KCNE3)

Knocking out different KCNE genes may lead to multisystem or tissue diseases throughout the body. Knockout of the

KCNE gene may cause cardiac conduction abnormalities and congenital long QT syndrome, whereas deletion of the KCNE2 gene may
result in abnormal gastric acid secretion and associated gastrointestinal issues. Additionally, the knockout of other KCNE genes
could be linked to respiratory dysfunction or neurological disorders. As shown in the figure, the wide-ranging impact of these gene
knockouts on multiple systems underscores the critical role of KCNE genes in maintaining normal physiological function.

date, highlighting a critical gap between mechanistic un-
derstanding and therapeutic translation. Future research is
expected to uncover deeper mechanisms of KCNE in car-
diovascular diseases, cancers, and neurological disorders,
paving the way for its development as a disease biomarker
or therapeutic target. For example, the specific expression
of KCNE3 in angiogenesis offers a new avenue for the
diagnosis of vascular diseases,’' whereas the up-regulation
of KCNE4 in colorectal cancer suggests its critical role in the
tumor microenvironment and immune evasion, potentially
providing new breakthroughs for cancer treatment.'’™
Despite promising preclinical compounds that modulate
interactions of KCNE and K, at the cellular level, their
therapeutic efficacy and specificity in vivo remain un-
proven. Additionally, with the discovery of various regula-
tory molecules, the prospects for drug development
targeting KCNE regulatory mechanisms are promising.
These studies may not only lead to precise treatment

strategies based on ion channels but also provide more
effective solutions for improving patient prognosis and
reducing drug side effects. Therefore, the application
prospects of KCNE in disease diagnosis and personalized
therapy warrant further exploration. Various compounds
have been investigated at the cellular level to validate the
potential regulatory value of KCNE as a therapeutic target
for potassium ion channel modulation. These compounds
act through specific mechanisms involving interactions be-
tween KCNE subfamily members and Kv, thereby influ-
encing the electrophysiological properties of cells. The
further development of these compounds not only has the
potential to improve ion channel function but also may
offer therapeutic prospects for reversing electrophysiolog-
ical abnormalities caused by genetic mutations.

In-depth exploration of KCNE’s role in interorgan in-
teractions and the upstream and downstream regulatory
mechanisms of KCNE gene expression is lacking. The
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expression of the KCNE gene family not only plays a crucial
role in individual organs but also coordinates regulation
between different organs through complex signaling path-
ways and molecular networks. The interaction between the
heart and gastrointestinal tract may influence cardiac
electrical activity and gastrointestinal function via KCNE-
regulated ion channels. Understanding these cross-organ
interactions will help reveal the pathological mechanisms
underlying various systemic diseases. Furthermore, identi-
fying and analyzing the upstream signaling molecules and
downstream effectors that regulate KCNE gene expression,
such as transcription factors, microRNAs, and protein ki-
nases, could lead to comprehensive therapeutic strategies
for complex diseases such as cancer. Therefore, systematic
research on the regulation of KCNE gene expression and its
interactions across different organs and tissues holds great
potential.

Conclusion

In summary, as B-subunits regulate ion channels, the pri-
mary function of the KCNE gene family is to regulate K,.
Members of this gene family have been confirmed to play
significant regulatory roles in various organs and tissues,
including the heart, gastrointestinal tract, thyroid, choroid
plexus, and vascular endothelium. By influencing K, chan-
nels in these tissues, the KCNE gene family plays crucial
roles in both physiological and pathological processes
(Fig. 3).

Owing to the different roles that KCNE gene family
members play in various K, channels, they present signifi-
cant challenges as drug targets. Each KCNE subunit in-
teracts with a specific K,, altering the electrophysiological
properties and drug sensitivity of the channel. Thus,
developing drugs that target KCNE requires a precise un-
derstanding of the specific mechanisms of each subunit and
their expression and function in different tissues. Although
we have gained some understanding of the functions of the
KCNE gene family, our current knowledge remains limited.
Through further research, we hope to develop more
effective therapeutic strategies to address various diseases
caused by abnormalities in KCNE genes.
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