i 4 RAUZA SUKMA RITA

Ao FOE L (B

oo F 5 W 488 5

AR5 HEHB O ERK27TH 3 H 18 H

FALER G OB BIRERKRFABUESR 4 &5 2 THixY

¥ EOC 4 BEBHIIE RKv2.1l Fx U xR K DA R U oIS O R & opE

PRI BT
mXEAEZEAR GEAR # &R fh oE R
& B # & & ) = 1 #EEdR #® ok 5O
WANEDEE

1 WFEEH

\oltage-dependent potassium channels are involved in repolarization of excitable cells. In
pancreatic -cells, activation of voltage-gated K* (Kv) channels possibly repolarizes cells and
attenuates glucose-induced action potentials to suppress insulin secretion. Among Kv channel
families, Kv2.1 is reportedly expressed in islet B-cells as the major component in rodents. It is
expected that inhibition of the B-cell Kv current prolongs action potentials and enhances
glucose-induced insulin secretion.

Glucagon-like peptide-1 (GLP-1)-based medicines have recently been widely used to treat
type 2 diabetic patients, while adverse effects of nausea and vomiting have been documented.
Inhibition of Kv channel subtype Kv2.1 in pancreatic 3-cells has been suggested to contribute
to mild depolarization and promotion of insulin release. This study aimed to determine the
effects of pharmacological or genetic blockade of Kv2.1 channels on the glucose-induced
increases in insulin release in islets and cytosolic Ca** concentration ([Ca?*];) in B-cells of
mice. Furthermore, | aimed to determine whether blockade of Kv2.1 channels potentiates
insulinotropic effect of GLP-1 agonists.

2 WHEJTiE

1. Animals
Wild-type C57BL/6J mice, Kv2.1*" mice, db/db mice, and NSY mice were housed in
accordance with our institutional guidelines.

2. Preparation of pancreatic islets and single -cells
Islets of Langerhans were isolated by collagenase digestion. For B-cell experiments, islets
were dispersed into single cells and maintained for 1 day at 37°C in Eagles minimal
essential medium.

3. Measurements of insulin release in mouse islets




Groups of 10 islets were incubated at 37°C in HEPES-added Krebs-Ringer bicarbonate
buffer (HKRB) solution with 2.8 mM glucose for stabilization, followed by test incubation
for 1 hr in HKRB with 2.8 or 8.3 mM glucose. Guangxitoxin-1E (GxTx), exendin-4 (Ex-4),
and GxTx with Ex-4 were present throughout the incubation. Insulin release in islets was
determined by ELISA.

4. Measurements of [Ca®']i in single B-cells
Dissociated single B-cells on coverslip were mounted in an open chamber and superfused
in HKRB. [Ca*]i in single PB-cells was measured by dual-wavelength fura-2
microfluorometry.

5. Patch-clamp experiments in mouse single B-cells
Conventional whole-cell currents were recorded using an amplifier (Axopatch 200B;
Molecular Devices, Foster, CA), in a computer using pCLAMP10.2 software. Single
B-cells were voltage-clamped at a holding potential of -70 mV and then shifted to the test
potential to 0 mV with the pulses of 100 milliseconds duration for Kv channel currents at
room temperature (25°C).

6. Intraperitoneal glucose tolerance tests (IPGTT) and oral glucose tolerance tests (OGTT)
An IPGTT were performed with male Kv2.1*" mice and wild-type littermates (10
weeks-old), db/db mice (7 weeks-old) or NSY mice (20 weeks-old) fasted overnight. One
g/kg glucose into db/db mice or 2 g/kg glucose into Kv2.1*- mice, wild-type mice and
NSY mice was injected intraperitoneally (i.p.), followed by blood sampling from the tail
vein. Saline (0.1 ml/10 g body weight), GxTx (100 nmol/kg, i.p.), liraglutide (3 nmol/kg,
I.p.) or liraglutide with GxTx was administrated 30 minutes before the glucose challenge.
In OGTT, 2 g/kg glucose was orally injected into wild-type and Kv2.1* mice. Blood
glucose concentrations were measured using a GlucoCard DIA meter (Arkray, Kyoto,
Japan), and insulin concentrations using an ELISA kit (Morinaga Institute of Biological
Sciences).
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In islets isolated by collagenase digestion, GxTx, a Kv2.1 channel blocker, significantly
increased glucose (8.3 mM)-induced insulin release without altering basal insulin release at
2.8 mM glucose. Glucose-induced insulin release from isolated islets of Kv2.1*" mice was
significantly greater than that of wild-type mice. Likewise, blockade of Kv2.1 channels by
GxTx potentiated glucose (8.3 mM)-induced [Ca®']i increases in B-cells without altering basal
[Ca?*)i levels at 2.8 mM glucose. These results suggest that Kv2.1 channels physiologically
restrict glucose-induced Ca?* influx and thereby attenuate insulin secretion in p-cells.

When Kv2.1 channel blocker GxTx and GLP-1 agonist Ex-4 at the concentrations
ineffective on insulin release (sub-threshold doses) were added together, this combination
markedly increased insulin release and [Ca?*]i in a glucose-dependent manner in mouse islets
and B-cells. In Kv2.1*" mice, Ex-4 at sub-threshold concentration alone increased insulin



release and [Ca?']; in islets and B-cells. The [Ca?*]i response to sub-threshold Ex-4 and GXTx
in combination was attenuated by pretreatment with protein kinase-A (PKA) inhibitor H-89,
indicating PKA-dependency of the cooperative effect.

In wild-type mice, administration of GLP-1 agonist liraglutide (3 nmol/kg i.p.) failed to
significantly alter blood glucose and plasma insulin levels during IPGTT. In contrast,
administration of this low dose of liraglutide in Kv2.1*- mice significantly suppressed blood
glucose increases and enhanced insulin responses during IPGTT. In OGTT, Kv2.1* mice
exhibited improved glucose tolerance and increased plasma insulin levels after glucose
challenge, compared to wild-type mice. Furthermore, sub-threshold doses of GxTx and
liraglutide in combination markedly increased plasma insulin and improved glucose tolerance
in diabetic db/db mice and NSY mice. These results suggest a modest suppression of Kv2.1
channels dramatically raises insulinotropic potency of GLP-1 agonists, which opens a new
avenue to reduce the doses of GLP-1 agonist and associated adverse effects while achieving
the same glycemic control in type 2 diabetes.

4 BE

It has been reported that Kv2.1 channels are involved in repolarization of pancreatic -cells
and thereby limit insulin release. In this study, I examined the physiological role of Kv2.1
channel by using pharmacological and genetic blockade of Kv2.1 channel. The results showed
that either pharmacological blockade of Kv2.1 channel by using GxTx or genetical blockade
by Kv2.1*" mice, enhances the glucose-induced [Ca®']i increases and insulin release in
pancreatic islet p-cells. These results confirmed previous studies that this channel
physiologically limits glucose-induced insulin release in pancreatic B-cells.

GLP-1 agonists have been shown to improve glucose intolerance in type 2 diabetic patients
with a lower risk of hypoglycemia than ATP-sensitive K* channel blocker sulfonylureas. It
has been shown, however, that GLP-1 agonists often causes gastrointestinal adverse events
such as nausea and vomiting, and that their incidence is dose-dependent. The present study
showed that the use of Kv2.1 channel blocker, even at sub-threshold concentrations, markedly
reduces the dose of GLP-1 agonists required for their insulinotropic and blood
glucose-lowering effects. This finding opens a new clinical avenue to reduce the dose and
associated adverse effects of GLP-1 agonists, while achieving the same glycemic control in
type 2 diabetes.

The effects of GLP-1 are mediated by stimulation of adenylate cyclase and subsequent
increase in intracellular cyclic AMP, which lead to activation of PKA and/or exchange
proteins directly activated by cAMP (Epac) pathways. Present study indicates that synergistic
effect of sub-stimulatory concentrations of GxTx and Ex-4 to increase [Ca®']i in B-cells was
attenuated by pretreatment with a PKA inhibitor H-89. These results suggest that the Kv2.1
channel blockade interacts with the PKA, but not Epac, branch of cAMP signaling in B-cells.
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In conclusion, Kv2.1 channels physiologically limit glucose-induced Ca?* influx and
thereby attenuate insulin secretion in pancreatic 3-cells. Combination of low doses of GLP-1
agonist and Kv2.1 channel blocker had strong in vivo insulinotropic and blood
glucose-lowering effects in type 2 diabetic mice. Blockade of Kv2.1 channels enhances
potency of GLP-1-based drugs, which can lower their dose required to improve glucose
tolerance in type 2 diabetes and thereby reduce the frequency of their adverse effects. This
study provides a novel avenue to make the GLP-1-based diabetes therapy more effective and
reliable.
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