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Abstract

ment of diabetes.

The HERG ion channel belongs to the voltage-gated potassium (Kv) channel family and is involved in potassium efflux
during cellular repolarization. Mutations in HERG have been linked to long QT syndrome, which is associated with ele-
vated secretion of glucagon-like peptide-1 (GLP-1). However, the precise contribution of HERG to GLP-1 secretion
remains unclear. In this study, we demonstrate the expression of HERG in GLP-1-producing L-cells within the intestinal
epithelium of rodents. Using a mouse L-cell model (GLUTag cell line), we observed that downregulation of HERG

led to a significant prolongation of action potential duration, an increase in intracellular calcium concentration,

and a stimulation of GLP-1 secretion following exposure to nutrients. These findings provide evidence that HERG plays
a direct role in regulating GLP-1 secretion in the intestine and may hold promise as a potential target for the treat-
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1 Background

The human ether-a-go-go-related gene (HERG) encodes
the HERG ion channel, which is a member of the volt-
age-dependent potassium channel (Kv) family. Muta-
tions in HERG result in reduced potassium efflux during
repolarization, leading to prolonged QT interval, poly-
morphic ventricular tachycardia, cardiac syncope, and
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sudden death (Sanguinetti et al. 1995; Hylten-Cavallius
et al. 2017). This condition is referred to as Long QT Syn-
drome (LQTS) (Curran et al. 1995) Within the broader
Kv channel family (Shi et al. 1997), the HERG ion chan-
nels are expressed in the human pancreas and have been
found to negatively regulate insulin secretion while posi-
tively regulating glucagon secretion (Hardy et al. 2009).
Studies have shown that individuals with LQTS caused
by loss-of-function mutations in HERG exhibit elevated
secretion of glucagon-like peptide-1 (GLP-1) following
an oral glucose tolerance test (OGTT) (Hylten-Cavallius
et al. 2017). However, the specific role of HERG in L-cells
remains unexplored.

Repolarizing potassium channels play a critical role in
hormone secretion within endocrine cells (Hardy et al.
2009). In pancreatic beta cells, the conversion of glu-
cose to ATP leads to the closure of KATP channels and
subsequent depolarization of the cell membrane (Ror-
sman et al. 1994; Rajan et al. 1990). This depolarization
triggers calcium influx, stimulating insulin exocytosis
(Hardy et al. 2009; Sher et al. 2003). Simultaneously, the
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membrane depolarization initiates the opening of repo-
larizing (voltage-gated) Kv channels, facilitating the repo-
larization of the action potential. Our previous research
has revealed that insulin secretion in pancreatic islet beta
cells is regulated by the interplay between depolarized
KATP channels and repolarized Kv channels during glu-
cose stimulation (Yang et al. 2018). Inhibition of Kv chan-
nel repolarization has been shown to enhance insulin
secretion in beta cells (MacDonald et al. 2002; MacDon-
ald and Wheeler 2003).

GLP-1 is a hormone secreted by intestinal L-cells that
stimulates insulin release in response to food intake. The
glucose-sensing mechanism in L-cells resembles that of
pancreatic cells (Reimann and Gribble 2002). Glucose
uptake in intestinal epithelial cells is facilitated by brush-
edge sodium-glucose co-transporters, allowing glucose
to enter the intestinal L-cells through the apical mem-
brane. Subsequently, intracellular ATP generation leads
to the closure of ATP-dependent potassium ion channels,
resulting in cell membrane depolarization and calcium
influx, ultimately triggering the release of GLP-1 (Grib-
ble and Reimann 2019; Sun et al. 2017). Given the recent
success of GLP-1 mimetics and inhibitors of GLP-1 deg-
radation in the treatment of type 2 diabetes (Drucker and
Nauck 2006), there is growing interest in targeting L-cells
to enhance GLP-1 secretion (Holst 2007; Gribble 2008).
Therefore, understanding the sensory and secretory path-
ways of L-cells is crucial for the success of this therapeu-
tic approach.

In this study, we investigated the involvement of HERG
in L-cells using the murine GLUTag cell line. Our results
demonstrated high expression levels of HERG chan-
nels in GLUTag cells. Upon knockdown of HERG, we
observed a significant reduction in Kv currents and an
extension of the action potential duration. Addition-
ally, downregulation of HERG expression resulted in an
increase in intracellular calcium concentration ([Ca2*]i)
and a potentiation of GLP-1 secretion from GLUTag cells
following nutrient stimulation. These findings provide
evidence that the HERG channel plays a regulatory role
in the secretion of GLP-1 in murine L-cells.

2 Methods

2.1 Animal care and cell culture

C57BL/6] mice were obtained from Jiangsu Gemphar-
matech Laboratories (Jiangsu, Nanjing, China) and
housed under controlled conditions, including a constant
temperature and humidity, a 12-h light—dark cycle, and
ad libitum access to a regular diet. Only male mice were
used for our experiments. All animal procedures were
conducted in accordance with the guidelines and regula-
tions of the Animal Care and Experimentation Commit-
tee at Capital Medical University. The murine L-cell line
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GLUTag cells have been extensively validated as models
for studying GLP-1 secretion by intestinal L-cells (Rei-
mann and Gribble 2002; Gagnon et al. 2015). GLUTag
cells, originally provided by Prof. D.J. Drucker at the
University of Toronto, Canada(Drucker et al. 1994)),
were cultured in high-glucose Dulbecco’s modified
Eagle medium (DMEM) with a glucose concentration
of 25 mmol/L and supplemented with 10% fetal bovine
serum (FBS). The cells were maintained in a humidified
incubator at 37°C with 95% air and 5% CO,.

2.2 Immunoblotting analysis

Tissues and cells were lysed in a lysis buffer contain-
ing 20 mmol/L Tris—HCl pH 7.5, 150 mmol/L NaCl,
1 mmol/L MgCl,, 1% Triton X-100, 1 mmol/L PMSE, and
a complete protease inhibitor cocktail (Roche). After cen-
trifugation at 14,000 r/min for 10 min at 4°C, the super-
natants were collected as protein samples. Western blot
experiments were performed as previously described
(Wang et al. 2020). Immunoreactive signals were
detected using ECL Prime (GE Healthcare Biosciences)
and an ImageQuant 500 chemiluminescence detection
system (GE Healthcare Bioscience).

2.3 Immunofluorescence staining

Frozen sections from C57BL/6] mice were fixed with 3%
paraformaldehyde in phosphate-buffered saline (PBS)
for 30 min and permeabilized with 0.1% Triton X-100
in PBS for 30 min. The cells were then blocked with PBS
containing 1% bovine serum albumin (BSA) for 15 min.
Coverslips were incubated with primary antibodies over-
night, followed by incubation with Alexa Fluor 488- or
568-conjugated secondary antibodies (Invitrogen; 1:500
dilution) for 60 min at room temperature. Microscopic
images were acquired using a 3D Histech Digital Pathol-
ogy System and CaseViewer software.

2.4 RNA isolation and gene expression analysis

RNA was extracted using Trizol Reagent (Invitrogen) fol-
lowing the manufacturer’s instructions. Total RNA (1 pug)
was reverse transcribed using oligo-(dT)12-18 primer
and Superscript III (Invitrogen). Quantitative PCR was
performed on a LightCycler 480 Real-Time PCR System
(Roche, Basel, Switzerland) using SYBR Green I Mas-
ter Mix reagent (Roche) and specific primers. All reac-
tions were performed in triplicate. The relative mRNA
expression level was calculated and normalized against
Rplp0/36B4 mRNA expression. The primer sequences for
mouse genes are listed in Table 1.

2.5 siRNA transfection
GLUTag cells were seeded in 24-well plates and trans-
fected at 80% confluence with 100 nmol/L scramble
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Table1 gPCR primers of mouse Kv channels and 36B4 (as a reference)

Page 3 of 10

Forward sense (5'—3’)

Reverse sense (3'—5’)

Kir6.2 GACATCCCCATGGAGAATGG TCGATGACGTGGTAGATGATGAG
Kv1.1 AGATCGTGGGCTCCTTGTGT ACGGGCAGGGCAATTGT

Kv1.2 AGCTGATGAGAGAGATTCCCAGTT GACTGCCCACCAGAAAGCA

Kv1.3 TTGTGGCCATCATTCCTTA CCTGCTGCCCATTACCTTGT

Kv1.4 TCTACCACAGAGAGACTGAAAATGAAG TGGACAACTGACTGCGTTTTG
Kv1.5 TGAGCATTCACTGTAAGATGGATGT TTGAGTTATCCCTCTGCTGGGTA
Kv1.6 CCTGGATGAGATGCACGTTT TTACAAGACCCAGGCATGAAAA
Kv1.7 CTGGTTGGAGCCACAAGGA CTGCCACATCTTTTCCCAAGTAC
Kv2.1 CGTCATCGCCATCTCTCATG CAGCCCACTCTCTCACTAGCAA
Kv3.1 TGCCCCAACAAGGTGGAA ATGGCCACAAAGTCAATGATATTG
Kv3.3 CGGGCTGCCAGGTATGTG AGGTGGTGATGGAGATGAGGATAA
Kv3.4 TGTTGAAGTCAGTTGAAGGCAAGA GGTGGGAGGTAGAACCCCAAT
Kv4.1 GCTGCTCTCGAAGGGTCAAT CACGGCTGACAGAGGCAGTA
Kv4.3 CCTGCTGCTCCCGTCGTA GGGTGGCAGGCAGGTTAGA

Kv5.1 TATCAGATGGCCTGGCATGA ATGCTGAACAGGAGGTTTTATTGAG
Kv6.1 TGCCCCACTGCTCTATGTCA AGCGGAGATGCTGGTGAATT

Kv6.2 GGGCCCTCTGTTCACTTTAAGAT TTAAACGGCCCCCTTTGG

Kv6.3 AGTGCATCTTGACCATGTGGAA GGAGCATGTGTGTGCATCTGT

Kvo.1 GCCTACACAGCCGAAGAAGAA ACCAGCAGGCAGGGATTG

Kv9.2 TGGGACATAAGCCCTAGATTGC GACACACCATCCTCAAAAGAAAAA
Kvo.3 AATTGGCTTAGAAGGACCTGCTT AACTATCACCTAAGGAGCCATGAAA
Kv10.1 GAGAGCGTGCGGTGACTGT CAAACTGCTGGGCCTGCTTA
Kv11.1 AGAACACCTTCCTCGACACCATCAT GAGTAGCCACACAGTTCGCAGAA
Mouse 36B4 GGCCCTGCACTCTCGCTTTC TGCCAGGACGCGCTTGT

siRNAs or siRNAs targeting mouse HERG (sc-42498,
Santa Cruz) using Lipofectamine RNAIMAX (Invitro-
gen) according to the manufacturer’s instructions. After
48 h of transfection, cells were used for RNA isolation
followed by real-time PCR or reseeded on coverslips for
voltage clamp measurements.

2.6 Electrophysiology experiment

The GLUTag cells were transfected with siRNA and cul-
tured in 35 mm dishes for 48 h before the experiments.
Patch-clamp recordings were performed on single cells
using an EPC-10 amplifier and PULSE software (HEKA
Electronik, Lambrecht, Germany). Kv currents were
recorded from a holding potential of -70 mV to various
depolarizing pulses (-70 to+70 mV) in 10 mV increments
for 2 s in GLUTag cells. The extracellular solution con-
tained (in mmol/L): 10 KCI, 125 NaCl, 2 CaCl,, 2 MgCl,, 1
glucose, and 10 HEPES (pH adjusted to 7.4). The intracel-
lular solution contained (in mmol/L): 130 KCl, 10 NaCl, 2
CaCl,, 10 EGTA, 10 HEPES, 2 MgCl,, and 1 MgATP (pH
adjusted to 7.4). Action potentials were elicited by a 0.5
nA current injection for 50 ms in GLUTag cells. The elec-
trode solutions for recording action potentials contained
(in mmol/L): 76 K,SO,, 10 KCI, 10 NaCl, 55 sucrose, 1

MgCl,, and 10 HEPES (pH adjusted to 7.2) and, while the
extracellular solution contained (in mmol/L): 5.6 KClI,
138 NaCl, 2.6 CaCl,, 1.2 MgCl,, 1 glucose, and 10 HEPES
(pH adjusted to 7.4). Data were recorded using pCLAMP
software (Axon Instruments) with a 16-bit digital model
converter and analyzed with ClampFit software. Experi-
ments were performed at a temperature of 22—-24°C.

2.7 GLP-1 secretion assay

GLUTag cells were seeded in 24-well plates at a density of
200,000 cells per well in 1 mL of culture medium. Forty-
eight hours after plating, cells were rinsed with HBSS
and then incubated in Krebs—Ringer bicarbonate buffer
(KRBB; 120 mmol/L NaCl, 5 mmol/L KCI, 24 mmol/L
NaHCOj,, 1 mmol/L MgCl,, 2 mmol/L CaCl,, 15 mmol/L
HEPES pH 7.4, 0.1% BSA) for 30 min, followed by incu-
bation in the same buffer or a high-glucose buffer con-
taining 10 mmol/L glucose for an additional 2 h. Some
GLUTag cells were treated with 10 mmol/L glucose
KRBB containing 10 pmol/L Forskolin (Sigma) plus
10 pmol/L IBMX (Sigma) or 2 pmol/L. OEA (MCE) or
10 mmol/L glutamine (Gibco). After the 2-h incubation,
media were collected, and cells were lysed in lysis buffer.
The level of GLP-1 was measured using a total GLP-1
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ELISA kit (Millipore) and an Infinite 200 Pro Reader
(TECAN, Switzerland).

2.8 Measurement of intracellular calcium concentration
(ICa**1i)

Cells were plated on glass coverslips and incubated in
a humidified incubator for 24 h. Before the imaging
experiment, cells were loaded with 2 umol/L Fura-4 AM
(Dojindo, Japan) in KRBB (0 mmol/L glucose) at 37°C for
30 min with 0 mmol/L glucose KRBB to remove excess
Fluo-4 AM. Subsequently, cells were pre-incubated in
0 mmol/L glucose KRBB for an additional 30 min before
being stimulated with 10 mmol/L high-glucose KRBB.
Imaging experiments were performed using a DeltaVi-
sion Ultra High-Resolution Microscope (GE, USA) with
a 60X objective. Fluo-4 AM was excited at 488 nm, and
emission was collected at 525 nm. Sequential confocal
images of cells were recorded starting from 60 s before
stimulation at 5-s intervals and analyzed using Image]
software. The ratio of fluorescence change (F/F0O) was
used to reflect changes in intracellular Ca®* levels, where
F is the observed fluorescence density, and FO is the aver-
age baseline fluorescence density during the first 30 s
before stimulation.

2.9 Statistical analysis

All data are presented as mean+SEM and were com-
pared using a Student’s ¢-test or one-way ANOVA with
a Tukey’s test for multiple comparisons. A P-value of less
than 0.05 was considered statistically significant.

3 Results

3.1 Expression analysis of HERG in murine intestinal L-cells
To assess the expression level of HERG in murine intestinal
L-cells, we performed mRNA analysis using reverse tran-
scription PCR (RT-PCR) in the ileum, colon, and GLUTag
cells (Fig. 1a). The results revealed significant expression of
HERG mRNA in these tissues. To confirm HERG protein
expression, we conducted western blot analysis, compar-
ing the expression levels in GLUTag cells and murine brain
(used as a positive control) (Fig. 1b). Interestingly, HERG
protein exhibited high expression in GLUTag cells, sur-
passing even the expression observed in murine brain.

To investigate the expression of Kv channels in GLUTag
cells, we performed quantitative PCR (qPCR) profiling
(Fig. 1c). The results demonstrated substantial expres-
sion of Kv2.1, Kv4.1, Kv5.1, Kv6.2, Kv9.3, and Kvl1.1,
with Kv11.1 (encoded by the HERG gene) exhibiting the
second highest expression level among the detected Kv
channels.

To determine the cellular localization of HERG,
immunofluorescence staining was performed on fro-
zen sections of murine ileum tissue. The results showed
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colocalization of HERG with GLP-1 in the intestinal
L-cells (Fig. 1d). Furthermore, we examined the localiza-
tion of HERG protein in GLUTag cells and observed its
presence in both the plasma membrane and cytosol of
murine L-cells (Fig. le).

3.2 The impact of HERG on Kv current and action potential
in GLUTag cells

To investigate the role of HERG in GLUTag cells, we
employed siRNA-mediated knockdown of HERG
expression. qPCR and western blot analysis confirmed
a significant decrease in HERG expression in HERG
siRNA-treated GLUTag cells compared to control cells
transfected with scramble siRNA (Fig. 2a and b). To
evaluate the effect of HERG knockdown on whole-cell
Kv currents, we performed patch-clamp recordings as
described in the Methods section (Fig. 2c). The analysis
revealed a substantial reduction in Kv currents in HERG
siRNA-treated GLUTag cells compared to control cells
(Fig. 2d). Kv channels play a critical role in the repolari-
zation of action potentials, and their inhibition leads to
an extended action potential duration (APD). To assess
the impact of HERG on action potential repolarization,
we evoked electrical action potentials in current-clamp
mode and measured the APD in GLUTag cells. The
results demonstrated that HERG siRNA-treated cells
exhibited a prolonged repolarization phase compared to
control cells (Fig. 2e). These findings provide compelling
evidence that the HERG channel regulates Kv currents
involved in action potential repolarization in GLUTag
cells. The reduction of HERG channel expression leads
to a prolonged APD, indicating the crucial role of HERG
in modulating the electrophysiological properties of
GLUTag cells.

3.3 The impact of HERG on calcium concentration ([Ca%*1i)
in GLUTag cells

To gain further insights into the involvement of HERG
channels in calcium homeostasis, we examined the
impact of HERG on [Ca?']i in GLUTag cells. By utilizing
siRNA-mediated knockdown, we successfully reduced
HERG expression in GLUTag cells and subsequently
measured the [Ca*"]i response to 10 mM glucose stim-
ulation. Our findings revealed a significant increase in
[Ca®*]i upon HERG reduction (Fig. 3a), exhibiting a 1.44-
fold elevation compared to control cells (Fig. 3b). These
results indicate that the downregulation of HERG ampli-
fies the [Ca®']i response following glucose stimulation in
GLUTag cells.

3.4 The impact of HERG on GLP-1 secretion in GLUTag cells
Given that HERG reduction increased intracellular
[Ca®'], we investigated whether it would also enhance
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Fig. 1 Expression and localization of HERG in GLUTag cells and murine L-cells. a Quantitative PCR analysis showing the mRNA expression of HERG
in murine ileum, colon, and GLUTag cells. b Western blot analysis demonstrating the protein expression of HERG in murine ileum, colon, brain,

and GLUTag cells. c Relative mRNA expression of Kv channels in GLUTag cells compared to Kir6.2 (K,p channels) after normalization with an internal
control. d Immunofluorescence analysis showing the localization of HERG channel (red) in murine ileum with GLP-1 (green) as a marker of L-cells.
Nuclei (blue) were stained with DAPI. Scale bar: 50 um. e Immunofluorescence analysis depicting the localization of HERG channel (red) in GLUTag
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Fig. 2 Prolongation of action potential duration in GLUTag cells upon HERG channel knockdown. a, b GLUTag cells were transfected

with either 100 nmol/L scramble siRNA (siRNA-NC) or siRNA against HERG (siRNA-HERG) for 48 h, and the expression of HERG mRNA (a) and protein
(b) was assessed using gPCR and western blot analysis (n=3). ¢ Representative whole-cell recordings of Kv currents from GLUTag cells treated

with siRNA-NC or siRNA-HERG. d Current-voltage relationship curves for Kv currents determined by normalizing the data to the maximum current
(siRNA-NC, n=10; siRNA-HERG, n=10). e Bar graphs representing the Kv current at a potential of 70 mV. f Representative action potentials recorded
from GLUTag cells in current-clamp mode. g Bar graphs showing the action potential duration (SiRNA-NC, n=10; siRNA-HERG, n=10). Statistical
significance was assessed using a Student’s t-test. *P < 0.05, ***P<0.001
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Fig. 3 Effect of HERG knockdown on intracellular calcium concentration ([Ca?*]i) in GLUTag cells. Intracellular calcium concentration ([Ca®*1i)
was measured using 2 umol/L Fluo 4-AM and a DeltaVision Ultra High-Resolution Microscope equipped with a 60 x objective at 37 °C. Readings
were taken every 5 s for a total of 31 min, with 1 min recorded before and 30 min following glucose stimulation (10 mmol/L). a The fluorescence
change ratio (F/F0) was recorded for GLUTag cells treated with scramble siRNA (n=23 cells) and HERG siRNA (n=23 cells). b The average area
under the curve (AUC) of the HERG siRNA group was significantly higher compared to the control group (P<0.01). Statistical significance

was determined using a Student’s t-test. **P < 0.01

GLP-1 secretion in GLUTag cells. Firstly, we assessed
the total amount of GLP-1 in siRNA-treated GLUTag
cells and found no significant change, indicating that
HERG inhibition did not affect the expression of GLP-1
in L cells (Fig. 4a). Subsequently, we evaluated GLP-1
secretion under various stimulation conditions. We
found that while HERG reduction had no impact on
GLP-1 secretion under basal conditions (0 mmol/L
glucose), it significantly increased GLP-1 secretion
upon 10 mmol/L glucose stimulation (Fig. 4b) (Rei-
mann et al. 2008). To further examine the effect of
other stimulators, we stimulated GLUTag cells with
10 mmol/L glutamine to mimic amino acid stimula-
tion (Tolhurst et al. 2011), 2 pmol/L GPR119 agonist
2-oleoylglycerol (OEA) to mimic fatty acid stimulation
(Lauffer et al. 2009; Hodge et al. 2016), and 10 pmol/L
forskolin plus 10 pmol/L 3-isobutyl-1-methylxan-
thine (IBMX) to mimic cAMP stimulation (Simpson
et al. 2007). Our findings revealed that glutamine and
cAMP stimulation significantly enhanced GLP-1 secre-
tion in HERG reduction cells (Fig. 4c and e), whereas
OEA stimulation resulted in only a slight increase in
GLP-1 secretion (Fig. 4d). Lastly, we examined the pro-
tein expression of HERG in GLUTag cells treated with

different nutrients and found no significant changes
compared to untreated cells, suggesting that nutrients
did not regulate HERG expression in L cells (Fig. 4f
and g). Collectively, these findings suggest that HERG
reduction enhances GLP-1 secretion in GLUTag cells.

4 Discussion
In this study, we investigated the expression and func-
tional role of HERG potassium channels in GLUTag cells.
Our results demonstrated that downregulation of HERG
led to a prolongation of action potential duration and an
increase in intracellular calcium concentration. Addition-
ally, we observed that the deficiency of HERG enhanced
the secretion of GLP-1 in response to glucose and amino
acid stimulation. These findings suggest that HERG is
involved in the release of GLP-1 from intestinal L-cells.
The nutrient-stimulated secretory pathways in L-cells
and f cells have been reported to share a common glucose
sensing mechanism. Upon nutrient intake, such as glu-
cose and amino acids, there is an increase in ATP produc-
tion, leading to the closure of KATP channels and plasma
membrane depolarization. This depolarization results in
the opening of voltage-gated calcium channels and subse-
quent calcium influx, which triggers hormone exocytosis
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Fig. 4 Enhancement of GLP-1 secretion in GLUTag cells upon HERG knockdown. GLUTag cells were transfected with either 100 nmol/L scramble
SIRNA (siRNA-NC) or siRNA against HERG (siRNA-HERG) for 48 h. a Total GLP-1 levels in treated cells were evaluated. GLUTag cells were stimulated
individually with 10 mmol/L glucose (b), 10 mM glutamine (c), 2 umol/L OEA (d), and 10 umol/L forskolin plus 10 umol/L IBMX (e), and the levels
of GLP-1 were detected using ELISA analysis. Protein levels of HERG from control GLUTag cells with or without stimulation were evaluated using

western blot analysis. n=4 for (a), (b), (c), (d), and (e); n=3 for (f). Statistical significance was assessed using a Student’s t-test for (a), (b), (c), (d),
and (e), and One-way ANOVA with a Tukey's test for g. *P<0.05, n.s. indicates not significant

during action potential firing (Reimann and Gribble 2002;
Reimann et al. 2008). Kv channels, including HERG, play a
crucial role in regulating hormone secretion (MacDonald
and Wheeler 2003) by repolarizing the action potential.
GLP-1 is secreted by intestinal L-cells in response to die-
tary components, including carbohydrates, amino acids,
and fats (Elliott et al. 1993; Herrmann et al. 1995). These
cells are distributed throughout the gut, with higher abun-
dance in the ileum and colon (Eissele et al. 1992; Larsson
et al. 1975). Positioned with their apical protrusions facing
the gut lumen, L-cells directly sense the concentration of
fats and carbohydrates. The glucose sensing mechanism
in L-cells shares similarities with pancreatic { cells. Our
quantitative polymerase chain reaction screening for Kv
channel isoforms revealed that HERG channels were the

second-highest expressed in the murine L-cell line, sug-
gesting a potential role of HERG potassium channels in
regulating GLP-1 secretion from L-cells.

Mutations in HERG can lead to reduced potassium
efflux during repolarization, resulting in prolonged QT
interval and long QT syndrome (LQTS) (Babcock and Li
2013). In patients with LQTS-2, HERG mutations have
been reported to increase GLP-1 and insulin secretion
by over 50% and cause defects in glucagon secretion. This
can lead to an increased risk of low blood sugar levels and
symptomatic hypoglycemia following glucose ingestion.
Dofetilide, a HERG receptor blocker, exhibits a similar
effect by inhibiting HERG in both p and L cells, leading to
increased insulin and GLP-1 secretion (Hylten-Cavallius
etal. 2017).
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L-cells are open enteroendocrine cells with apical pro-
trusions facing the intestinal lumen, believed to play a role
in nutrient sensing. They respond to various luminal com-
ponents, particularly the products of carbohydrate, fat,
and protein digestion (Elliott et al. 1993; Herrmann et al.
1995). 1t is proposed that the electrical uptake of glucose
or amino acids triggers membrane depolarization, electri-
cal activity, calcium influx via voltage-gated calcium chan-
nels, and GLP-1 secretion in L-cells (Gribble 2008; Gribble
et al. 2003; Reimann et al. 2005; Reimann et al. 2004).

Our study employed patch-clamp electrophysiology and
HERG gene silencing in GLUTag cells, revealing a reduc-
tion in HERG channels, which prolonged action potential
durations and resulted in increased calcium influx. Cal-
cium imaging further confirmed the elevation of intracellu-
lar calcium [Ca®*]i following glucose stimulation in HERG
downregulated GLUTag cells. Moreover, we observed that
downregulation of HERG enhanced GLP-1 secretion in
response to nutrient stimulation in GLUTag cells. These
findings support the role of HERG channels in repolariz-
ing intestinal L-cells and highlight the critical involvement
of HERG potassium channel activity in regulating GLP-1
secretion. Further studies using HERG-specific knockout
mice in L-cells will provide additional insights into the
in vivo function of HERG in GLP-1 secretion.

Understanding the mechanisms underlying GLP-1
secretion is of great interest due to its therapeutic poten-
tial for the treatment of metabolic disorders, including
type 2 diabetes and obesity. The modulation of HERG
channel activity may present a promising avenue for the
development of targeted interventions aimed at enhanc-
ing GLP-1 secretion and improving glycemic control.

In summary, our study highlights the role of HERG
potassium channels in regulating GLP-1 secretion from
intestinal L-cells. The downregulation of HERG leads to
alterations in action potential duration, intracellular cal-
cium levels, and GLP-1 secretion. These findings con-
tribute to our understanding of the complex mechanisms
underlying GLP-1 release and provide a basis for further
exploration of HERG channels as potential therapeutic
targets for metabolic disorders.
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