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ABSTRACT

Objective: Single-cell RNA sequencing studies have revealed that the type-2 diabetes associated two-pore domain K™ (K2P) channel TALK-1 is
abundantly expressed in somatostatin-secreting d-cells. However, a physiological role for TALK-1 in 8-cells remains unknown. We previously
determined that in B-cells, K™ flux through endoplasmic reticulum (ER)-localized TALK-1 channels enhances ER Ca?* leak, modulating Ca®*
handling and insulin secretion. As glucose amplification of islet somatostatin release relies on Ca?*-induced Ca* release (CICR) from the d-cell
ER, we investigated whether TALK-1 modulates d-cell ca?t handling and somatostatin secretion.

Methods: To define the functions of islet d-cell TALK-1 channels, we generated control and TALK-1 channel-deficient (TALK-1 KO) mice
expressing fluorescent reporters specifically in d- and o-cells to facilitate cell type identification. Using immunofluorescence, patch clamp
electrophysiology, ca?t imaging, and hormone secretion assays, we assessed how TALK-1 channel activity impacts 8- and o-cell function.
Results: TALK-1 channels are expressed in both mouse and human 3-cells, where they modulate glucose-stimulated changes in cytosolic Ca?t
and somatostatin secretion. Measurement of cytosolic Ca* levels in response to membrane potential depolarization revealed enhanced CICR in
TALK-1 KO 3-cells that could be abolished by depleting ER Ca®* with sarco/endoplasmic reticulum Ca®* ATPase (SERCA) inhibitors. Consistent
with elevated somatostatin inhibitory tone, we observed significantly reduced glucagon secretion and o.-cell Ca?* oscillations in TALK-1 KO islets,
and found that blockade of a.-cell somatostatin signaling with a somatostatin receptor 2 (SSTR2) antagonist restored glucagon secretion in TALK-
1 KO islets.

Conclusions: These data indicate that TALK-1 reduces d-cell cytosolic Ca®* elevations and somatostatin release by limiting 3-cell CICR,

modulating the intraislet paracrine signaling mechanisms that control glucagon secretion.
© 2018 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (hitp://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. INTRODUCTION

Somatostatin is a potent inhibitory peptide, which regulates many
physiological processes, such as hormone secretion, neurotransmis-
sion, gastric function, and cell proliferation. Somatostatin signals
through plasma membrane Gg-coupled receptors, suppressing
cellular function through a number of mechanisms including inhibition
of cAMP-dependent pathways and activation of inward-rectifier K*
channels. In most cases, secreted somatostatin acts locally to regulate
the activity of surrounding cells [1]. This is exemplified by intraislet
somatostatin release, which inhibits glucagon and insulin secretion
[2—4]. Islet somatostatin secretion is increased by elevated blood
glucose levels [5], providing a paracrine feedback mechanism to curtail
excessive insulin and glucagon secretion and minimize large fluctua-
tions in glycemia. Although the necessity of proper islet somatostatin
secretion for glucose homeostasis is increasingly appreciated, the
molecular mechanisms underlying d-cell function remain poorly

understood. Emerging data suggest that dysregulated islet somato-
statin secretion contributes to hyperglycemia in type 1 and type 2
diabetes mellitus (T2DM), highlighting the importance of determining
the molecular physiology of d-cells [2,6—9].

Somatostatin secretion requires extracellular Ca>* influx through
voltage-dependent Ca®* channels (VDCCs) [10—12]. VDCC opening is
determined by the plasma membrane potential (If,), which is largely
controlled by the activity of hyperpolarizing K™ channels such as ATP-
sensitive K™ (Kap) channels. Pharmacological or metabolic inhibition
of Katp channels stimulates ca?t entry and somatostatin secretion
[3,9,13]. However, d-cells lacking functional Karp channels still exhibit
glucose-stimulated somatostatin secretion (GSSS), indicating that
other mechanisms in addition to Kyrp channels contribute to GSSS
[11]. Previous studies demonstrate that GSSS also relies upon para-
crine stimulation by B-cells and Ca®*-induced Ca®* release (CICR)
from the d-cell ER [9,11]. CICR is sensitive to both cytoplasmic Ca®t
and total ER Ca®* content [14—16]. Glucose metabolism accelerates
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d-cell sarco/endoplasmic reticulum Ca?*-ATPase (SERCA) activity,
resulting in elevated ER Ca®* content, which enhances CICR [11].
Pharmacological inhibition of SERCA activity and subsequent depletion
of ER Ca®* significantly reduces somatostatin secretion, indicating that
d-cell ER Ca®* stores serve a critical role in GSSS [11,17]. However,
the mechanisms which govern 3-cell Ca®* influx, ER Ca®* stores, and
CICR under different glucose conditions are largely unknown.

Recent studies demonstrate that the two-pore domain K™ (K2P) channel
TALK-1 (encoded by the KCNK16 gene) is abundantly expressed in d-
cells of the islet and gastric epithelium [18—20]. Although the function
of d-cell TALK-1 channels remains unknown, (3-cell TALK-1 channels
control Ca?* influx and insulin secretion by modulating electrical activity
and ER Ca’* homeostasis [21]. TALK-1 regulates B-cell ER Ca’t
handling by conducting K™ countercurrents across the ER membrane
which promote ER Ca’" leak; inhibiting TALK-1 channel activity aug-
ments ER Ca®* stores [22]. TALK-1 channels are also implicated in
T2DM pathogenesis through a non-synonymous polymorphism
(rs1535500, encoding TALK-1 A277E) which causes a gain-of-function
in TALK-1 channel activity [21]. The rs1535500 polymorphism is
associated with impaired insulin secretion in T2DM patients and
increased T2DM susceptibility [23—27]. These data, along with the
prominent expression of TALK-1 channels in the islet, suggest that
defects in d-cell function induced by TALK-1 A277E may contribute to
islet dysfunction and exacerbate hyperglycemia in patients with T2DM.
Given the role TALK-1 channels serve in regulating ER Ca®* stores,
prominent expression of TALK-1 mRNA in d-cells, and sensitivity of
CICR to ER Ca®* levels, we investigated whether TALK-1 channels
modulate d-cell Ca?* handling and somatostatin secretion. We found
that TALK-1 forms functional channels in mouse and human d-cells,
where it limits CICR and somatostatin secretion. CICR and ER Ca®*
stores are enhanced in d-cells lacking TALK-1 channels, leading to
increased somatostatin secretion and reduced glucagon secretion.
These findings highlight the physiological importance of TALK-1
channel modulation of d-cell Ca®*, homeostasis in regulating islet
somatostatin signaling, and contribute to an improved understanding
of the molecular mechanisms underlying GSSS.

2. MATERIALS AND METHODS

2.1. Chemicals
All chemicals were purchased from Sigma—Aldrich (St. Louis, MO)
unless specified otherwise.

2.2. Biological materials and study approval

The mice used in this study were 10—15 week-old males on a C57BI6/
J background. Mice were housed in a 12-hour light/dark cycle with
access to standard chow (Lab Diets, 5LOD) ad /libitum. Wild-type (WT)
and TALK-1 KO transgenic mice expressing tdRFP specifically in
somatostatin-positive cells (RFP 3-cells) were generated by crossing
mice expressing Sst-IRES-Cre [28] with mice expressing a tdRFP
fluorescent reporter preceded by a loxP-flanked STOP cassette [29].
Transgenic mice expressing GCaMP6s specifically in somatostatin-
positive cells were generated by crossing WT and TALK-1 KO mice
expressing Sst-IRES-Cre with those possessing the genetically enco-
ded Ca®* indicator GCaMP6s preceded by a loxP-flanked STOP
cassette [36]. Mouse islets were isolated by digesting the pancreas
with collagenase P (Roche) and performing density gradient centrifu-
gation as previously described [30]. We obtained human islets from
adult non-diabetic donors from multiple isolation centers organized by
the Integrated Islet Distribution Program (human islet donor charac-
teristics are provided in Table S1). Mouse and human islets were
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cultured in RPMI 1640 (Gibco) containing 15% fetal bovine serum
(FBS), 100 1U-mI~" penicillin, and 100 mg mI~" streptomycin, in an
incubator maintained at 37 °C, 5% CO0,. Although the concentration of
glucose in RPMI 1640 (11 mM) is higher than typical resting glucose in
humans (5.6 mM), human cells are more amenable to patch clamp
recording when cultured under these conditions. Moreover, we do not
observe significant differences in d-cell electrical excitability when
cultured with high (11 mM) and low (1 mM) glucose. Islets and cells
were seeded to poly-o-lysine-coated 35 mm glass-bottom dishes
(CellVis). In experiments using single islet cells, islets were triturated in
0.0075% trypsin-EDTA prior to plating. Dispersed cells were cultured
for approximately 6 h in 100 pL of medium prior to being refed with
2 mL of fresh medium. In human d-cell experiments, cells were
transfected with TALK-1 DN- or mCherry-expressing plasmids and
identified by post-staining for somatostatin as previously described
[21]. Briefly, cells were transfected for 18 h using 1 pL Lipofectamine
3000 and 1 pL P3000 (Thermo Fisher) with 400 ng DNA in a total
volume of 100 pL of the transfection mixture. After 18 h the cells were
re-fed with fresh media. For Ca®* imaging experiments using primary
human d-cells, cells were infected 48 prior to imaging with Psst-
mCherry adenovirus to facilitate identification of d-cells [31]. All
mouse procedures performed in this study were done in compliance
with protocols reviewed and approved by the Vanderbilt University
Institutional Animal Care and Use Committee, according to guidelines
set forth by the National Institutes of Health.

2.3. Immunofluorescence

Paraffin-embedded mouse and human pancreas sections were pro-
cessed and stained as previously described (human donor information
is provided in Table S2) [21]. Sections were stained using primary
antibodies against somatostatin (Santa Cruz Biotechnology sc-7819:
1:250), TALK-1 (Novus Biologicals #NBP1-83071; 1:175) or TALK-1a
(Antibody Verify AAS72353C; 1:250), glucagon (Proteintech #15954-
I-AP: 1:500), and the endoplasmic reticulum marker GRP94 (Novus
Biologicals #NB300-619; 1:100); secondary antibodies used were
Alexa Fluor 488-conjugated donkey anti-rabbit (Jackson Immunor-
esearch #711-546-152; 1:300), DyLight 650-conjugated donkey anti-
goat (Thermo Fisher #5SA5-10089; 1:250), and Cy3-conjugated donkey
anti-mouse (Jackson Immunoresearch #715-166-150; 1:500).

2.4. Calcium imaging

Ca®*t imaging was performed as previously described using epifluor-
escent or confocal miscroscopy with Ca?t dyes (Fura-2 AM, Cal520-
AM, or Cal590-AM) or genetic indicators (GCaMP3 or GCaMP6s) [22].
Further details on the protocols used to measure Ca2*. can be found
in the supplemental data.

2.5. Cross-correlation analysis

The glucose-mediated synchronization of islet B- and d-cell Ca>" os-
cillations was calculated using the cross-correlation function of Clampfit
10. Changes in the GCaMP6s signal of individual d-cells within an islet
were correlated to Cal590-AM signal in the same islet at 1 mM glucose,
11 mM glucose, and 11 mM glucose with 50 uM CPA. As Cal590-AM
was utilized as an indicator of B-cell Ca2*, areas displaying GCaMP6s
fluorescence were excluded from analysis. Correlation coefficients for
B-cell/d-cell synchronization were determined as a function of lag time
between Cal590-AM and 3-cell GCaMP6s signals [32].

2.6. Patch clamp electrophysiology
An Axopatch 200B amplifier (Molecular Devices) was used to measure
whole-cell K™ channel currents in the voltage-clamp mode; currents
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were digitized using a Digidata 1440, lowpass filtered at 1 kHz and
sampled at 10 kHz. During recording, samples were perfused with KRB
without CaCl, and supplemented with (in mM): 0.2 tolbutamide (MP
Biomedicals), 10 tetraethylammonium chloride hydrate (TEA, Thermo
Fisher Scientific), 1 EGTA, pH 7.35 with NaOH, and 11 mM glucose.
Patch electrodes were pulled to a resistance of 3—4 MQ and filled with
an intracellular solution containing (in mM): 140 KCI, 1 MgCly, 10
EGTA, 10 HEPES, and 3 Mg-ATP, pH 7.22 with KOH. For I, recordings,
pipettes were filled with an intracellular solution containing (in mM)
28.4 K»S04, 63.7 KCl, 11.8 NaCl, 1 MgCl,, 20.8 HEPES, 0.5 EGTA (pH
7.22 with KOH) and ~0.05 mg mi~! amphotericin B. d-cells were
continuously perfused with KRB solutions at 35—36 °C. VDCC currents
were recorded from dispersed mouse d-cells as previously described
[33]. Patch electrodes were pulled to a resistance of 3—4 MQ when
filled with an intracellular solution containing (in mM): 120 CsCl, 10
TEA, 1 MgCl,, 3 EGTA, 10 HEPES, 3 MgATP, pH 7.22 with CsOH. Cells
were patched in KRB solution supplemented with 11 mM glucose;
upon obtaining the whole-cell configuration with a seal resistance
>1 GQ, the bath solution was exchanged for a buffer containing (in
mM): 82 N-methyl-p-glucamine, 20 TEA, 30 CaCl,, 1 MgCly, 5 CsCl, 10
HEPES, 11 glucose, 0.2 tolbutamide, pH 7.35 with HCI, osmolarity
adjusted with sucrose. d-cells were perfused for 3 min with this so-
lution prior to initiating the VDCC recording protocol. Voltage steps of
10 mV were applied from a holding potential of —80 mV; linear leak
currents were subtracted online using a P/4 protocol. Data were
analyzed using Clampfit 10 and Microsoft Excel.

2.7. Hormone secretion

For all experiments, islets were allowed to recover for 24 h following
isolation in RPMI 1640 supplemented with 15% FBS and 11 mM
glucose. Glucagon secretion was then determined by radioimmuno-
assay from perifused islets stimulated with 1 and 11 mM glucose
(Vanderbilt Islet Procurement & Analysis Core; supported by the Van-
derbilt Diabetes Research and Training Center; P60 DK020593) [21].
Glucagon and somatostatin secretion measurements from static in-
cubations were performed as previously described [34]. Somatostatin
was measured using a fluorescent EIA kit according to the manufac-
turer’s instructions (Phoenix Pharmaceuticals #FEK-060-03).

2.8. Statistical analysis

The data are shown as recordings that are averaged or representative
of results obtained from at least three independent cultures. The values
presented are the mean 4 SE. Statistical differences between means
were assessed using two-tailed unpaired Student’s #-test unless stated
otherwise. A P < 0.05 was considered as significant.

3. RESULTS

3.1. TALK-1 channels are expressed in d-cells

We first sought to determine whether functional TALK-1 channels are
expressed in the ER of 8-cells. Somatostatin-positive cells from mouse
and human pancreas sections displayed strong intracellular localiza-
tion of TALK-1, which resembled the staining pattern for an ER marker
(GRP94). This suggests that, as with B-cells, TALK-1 may serve a role
in the ER of islet d-cells (Figure 1A—D) [22]. As TALK-1 expression has
also been reported in gastric d-cells [19], we stained paraffin
embedded sections of human duodenum and stomach for TALK-1 and
somatostatin. In agreement with transcriptome analyses, TALK-1 was
detectable in gastric somatostatin-positive cells (Figs. ST1A,B). We next
went on to test whether TALK-1 forms functional K™ channels in
mouse islet -cells using TALK-1 deficient mice (TALK-1 KO) [21]. We

dispersed these islet cell preparations and recorded whole-cell K2P
currents from single RFP d-cells, which were significantly reduced in
d-cells from TALK-1 KO mice when compared to WT (Figure 1E). To
assess whether TALK-1 also forms a functional channel in human 3-
cells, we expressed a TALK-1 dominant-negative (DN) mutant to inhibit
endogenous TALK-1 channel activity [21]. The TALK-1 DN relies on a
mutation (G110E) in the K© selectivity filter that abolishes K
conductance upon interaction with wild-type TALK-1; the TALK-1 DN
construct also possesses an mCherry fluorescent reporter separated
from TALK-1 DN by a P2A sequence, facilitating identification of
transfected cells [21]. Expression of the TALK-1 DN in single human d-
cells (confirmed by post-staining for somatostatin) resulted in inhibition
of whole-cell K2P currents (Figure 1F). These observations indicate
that TALK-1 forms K™ channels in 3-cells.

Physiological 3-cell function depends upon the islet microenvironment
which enables paracrine feedback mechanisms between B-, a-, and
o-cells [9,35,36]. Therefore, we also examined how TALK-1 channel
activity impacts 3-cell cytosolic Ca®t (Ca%*¢) homeostasis in intact
islets. This was accomplished by crossing our TALK-1 KO/Sst-IRES-
Cre mice with those possessing the genetically encoded Ca?* indicator
GCaMP6s preceded by a loxP-flanked STOP cassette [37], generating
islets with GCaMP6s expressed specifically in 3-cells. As d-cell Ca?*,
has been reported to oscillate in synchrony with B-cells [31], we
loaded GCaMP6s-expressing islets with the red synthetic ca?* indi-
cator Cal590-AM to examine the relationship between - and d-cell
Ca%*. in whole islets. As approximately 85% of islet cells are B-cells,
total islet Cal590-AM signal excluding GCaMP6s positive d-cells was
monitored as an indicator of B-cell Ca*cresponse [38]. In low (1 mM)
glucose there was no coordination between [- and d-cell
Ca®*coscillations as 66.4 & 3.9% WT and 70.0 + 6.4% TALK-1 KO 3-
cells exhibited Ca%* oscillations (Figure 2A—C,F, and K), whereas B-
cells remained quiescent. Under high (11 mM) glucose, nearly all d-
cells responded with increased Ca2*that correlated with B-cell
Ca®*oscillations (Figure 2D,G). In TALK-1 KO islets, islet
Ca?toscillation frequency is significantly accelerated [21], and this
phenotype was also observed in TALK-1 KO d-cells in intact islets
(Figure 2I). We also found that intact islet TALK-1 KO 8-cells produced
larger amplitude Ca2+ oscillations compared to WT d-cells under both
low and high glucose conditions (Figure 2J). In WT and TALK-1 KO 3-
cells, glucose increased the amplitude of Ca?t oscillations, consistent
with observations that glucose metabolism enhances d-cell CICR [11].
The height of the Ca2* oscillations in elevated glucose was reduced
to the amplitude observed in low glucose by depleting ER Cat with
the SERCA inhibitor CPA (Figure 2J) [22,39,40]. Interestingly, following
the addition of CPA Ca®* oscillations ceased in B-cells but continued
in a sub-population of 3-cells indicating a decrease in glucose-induced
coupling between - and d-cells (Figure 2E,H). This suggests that ER
Ca®*t handling may be involved in this relationship.

We next investigated whether the absence of TALK-1 channels altered
Ca?t. handling in single d-cells. Using dispersed islet-cells, we
monitored single d-cell Ca2t. under stimulatory (11 mM) glucose
conditions in WT and TALK-1 KO 3-cells (Figure 3A,B). Under these
conditions, both WT and TALK-1 KO d-cells exhibited oscillations in
Ca2*.. Area under the Ca®* curve (AUC) analysis between 0 and 800 s
revealed that under these conditions the change in Ca?t; was
significantly greater in TALK-1 KO d-cells as compared to WT d-cells
(Figure 3C); a difference which was abolished by removal of extra-
cellular Ca?* (AUC was analyzed between 1300 and 1500 s). The
amplitude of d-cell Ca®* transients was also significantly greater in
TALK-1 KO islets (Figure 2J) and in single TALK-1 KO d-cells
(Figure 3D) than in corresponding WT islets and WT d-cells. As an
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Figure 1: TALK-1 channels are expressed in mouse and human d-cells. (A) Mouse pancreas section stained for TALK-1 (green) and somatostatin (red) (representative of N = 3
mice). (B) Mouse pancreas section stained for TALK-1 (green), ER (GRP94, red), and SST (cyan). (C) Human pancreas section stained for TALK-1 (green) and somatostatin (red)
(representative of N = 3 pancreata). (D) Human pancreas section stained for TALK-1 (green), ER (GRP94, red), and somatostatin (E) K2P currents recorded from WT and TALK-1 KO 3-
cells (M = 3 mice per genotype). (F) K2P currents recorded from human d-cells expressing TALK-1 DN or control mCherry. (N = 3 islet preparations); *P < 0.05, **P < 0.005.

elevation Ca®* is critical for somatostatin secretion, we went on to  enhanced by over 60% under stimulatory (11 mM glucose) conditions
measure somatostatin release from WT and TALK-1 KO islets. from islets lacking TALK-1 (Figure 3E).

Compared to WT islets, somatostatin secretion was increased by  GSSS relies on glucose metabolism, and inhibition of glucose meta-
approximately 20% under basal (1 mM glucose) conditions and  bolism significantly reduces depolarization-induced somatostatin
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Figure 2: Glucose synchronizes WT and TALK-1 KO 3-cell Ca* . with B-cells. (A) Recording of Ca®+ ¢ from a WT islet expressing GCaMP6s in -cells and loaded with the red Ca®* dye
Cal590-AM (black: representative WT islet Cal590-AM signal excluding GCaMP6s-positive d-cells, green: representative WT d-cell GCaMP6s signals, purple: average WT d-cell GCaMP6s
signal; lines above indicate glucose concentrations; colored regions delineate periods used for cross-correlation analysis). (B) Recording of Ca2* from a TALK-1 KO islet expressing GCaMP6s
in 3-cells and loaded with the red Ca>* dye Cal590-AM (black: representative TALK-1 KO islet Cal590-AM signal excluding GCaMP6s-positive d-cells, green: representative TALK-1 KO 3-cell
GCaMP6s signals, and purple: average TALK-1 KO d-cell GCaMPG6s signal). (C) Average correlation between WT - and d-cells at 1 mM glucose (N = 13 islets). (D) Average correlation
between WT (- and d-cells at 11 mM glucose (N = 13 islets). (E) Average correlation between WT - and d-cells at 11 mM glucose + 50 uM CPA (N = 13 islets). (F) Average correlation
between TALK-1 KO f3- and d-cells at 1 mM glucose (N = 12 islets). (G) Average correlation between TALK-1 KO 8- and d-cells at 11 mM glucose (N = 12 islets). (H) Average correlation
between TALK-1 KO B- and d-cells at 11 mM glucose -+ 50 uM CPA (V= 12 slets). (). Average d-cell Ca>* oscillation frequency in WT and TALK-1 KO 3-cells measured under the indicated
conditions (N = 3 mice per genotype). (J) Average maximum GCaMP6s fluorescence amplitude in WT and TALK-1 KO 3-cells measured under the indicated conditions (N = 3 mice per
genotype). (K) Comparison of percent of 3-cells exhibiting Ca®*+ oscillations under indicated glucose conditions (N = 3 mice per genotype); *P < 0.05; **P < 0.005.
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Figure 3: TALK-1 limits changes in d-cell Ca?* ; and somatostatin secretion. (A) Ca>*; recorded in single Fura-2-loaded WT d-cells perfused with the indicated treatments
(representative of N = 3 mice per genotype). (B) Ca2* recorded in single Fura-2-loaded TALK-1 KO d-cells perfused with the indicated treatments (representative of N = 3 mice
per genotype). (C) Increase in Ca®* ¢ (area under the curve, AUC) in WT and TALK-1 KO 3-cells (AUC with 11 mM glucose was quantified between 0 and 800 s and AUC with EGTA
and no extracellular Ca®>* was quantified between 1300 and 1500 s; N = 3 mice per genotype). (D) Maximum Ca“c oscillation amplitude (F/Fp,,) measured in WT and TALK-1 KO
d-cells (MW = 6 mice per genotype). (E) Somatostatin secretion from WT and TALK-1 KO islets at 1 and 11 mM glucose (N = 4—7 islet preparations per genotype). (F)
Representative Ca®* transients in WT, TALK-1 KO, and human d-cells subjected to depolarizing pulses in the presence of 11 mM glucose or 5 mM 2-deoxyglucose and 5 uM
rotenone. The fold increase in d-cell Ca®* in response to increasingly is quantified in (G) (N = 12 cells (WT); 12 cells (TALK-1 KO); 7 cells (human)). *P < 0.05, **P < 0.005,

***P < 0.0005; ANOVA followed by Tukey’s multiple comparison test.

secretion [11]. To assess how glucose metabolism contributes to the
amplification of 3-cell Ca2*, transients, we measured depolarization-
induced Cat changes in patch-clamped single d-cells. Application of
2-deoxyglucose, which inhibits glycolysis, and rotenone, which limits
mitochondrial ATP synthesis, reduced the increase in Ca?* following
depolarization in control, TALK-1 KO, and human d-cells (Figure 3F,G).
Additionally, the reduction in Ca®* transient amplitude caused by
inhibition of glucose metabolism was significantly greater in TALK-1
KO d-cells when compared to controls, suggesting that TALK-1
channels limit elevations in d-cell Ca2* ;. Interestingly, d-cell Ca®*
returned to baseline more rapidly following depolarization in TALK-1
KO compared to WT 3-cells. This may be due to enhanced CICR in
TALK-1 KO d-cells, which would be expected to lead to a greater drop
in ER Ca?* in TALK-1 KO compared to WT 3-cells. As SERCAs are
activated by depletion of ER Ca’® [41,42], SERCA activity would
presumably be higher in TALK-1 KO d-cells resulting in faster removal
of Ca®" from the cytoplasm. Taken together, these observations
indicate that d-cell TALK-1 channels regulate d-cell Ca2*., demon-
strate that there is significant crosstalk between B-cells and 3-cells
under glucose conditions which stimulate [B-cell ca’t influx, and
confirm that glucose metabolism exerts an amplifying effect on 3-cell
Ca?t..

3.2. TALK-1 KO d-cells are modestly depolarized

As TALK-1 produces detectable K™ currents at the plasma membrane in
d-cells, we next investigated electrical activity in TALK-1 KO 3-cells.
Islets were dispersed into clusters of cells to ensure accurate posi-
tioning of the recording pipette on RFP 3-cells. In both WT and TALK-1
KO d-cells, we found that the I, was largely insensitive to changes in
extracellular glucose (Figure 4A—E), with action potential firing in low
(1 mM) glucose. Similarly, we found no significant difference in the
plateau fraction (the ratio of time spent in electrically excitable periods

MOLECULAR METABOLISM 9 (2018) 84—97 © 2018 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

www.molecularmetabolism.com

divided by the total time examined) comparing either the effects of
glucose or genotype (Figure 4C). TALK-1 KO d-cells were slightly
depolarized in high glucose during electrically silent periods (Figure 4D),
but we detected no difference in the plateau f, from which action
potentials fire (Figure 4E). There were also no appreciable differences in
the pattern or frequency of action potentials in TALK-1 KO 3-cells when
compared to WT d-cells; however, action potential upstroke and
afterhyperpolarization (AHP) had larger amplitudes in KO J-cells
(Table 1). We also measured VDCC currents to assess whether changes
in Ca®>* channel function could account for the greater change in Ca?*
in TALK-1 KO d-cells. However, we found no difference in VDCC cur-
rents (Figure 4F,G), indicating that alterations in VDCCs per se are
unlikely a major source of increased Ca?+ in TALK-1 KO d-cells. Thus,
we went on to assess whether the increased Ca2+ observed in TALK-1
KO 3-cells was due to altered intracellular Ca>* handling.

3.3. CICR is enhanced in TALK-1 KO d-cells

One of the mechanisms proposed to underlie the glucose-induced
increase in somatostatin secretion is enhanced CICR [11]. As TALK-
1 channels modulate ER Ca®** content, we examined whether
elevated Cat in TALK-1 KO d-cells was a consequence of increased
CICR. First, we determined whether ER Ca®" stores were increased in
d-cells lacking TALK-1 channels by measuring CPA-induced ER ca?t
release. Based on d-cell current clamp Uy, recordings, the impact of
TALK-1 at the plasma membrane on ER Ca* levels was predicted to
be minimal; however, to eliminate this possibility Ca®*t influx was
clamped with high K* and diazoxide prior to removal of Ca®* from the
recording solution. Similar to our observations in TALK-1 KO B-cells
[22], ER Ca’* stores were higher in TALK-1 KO d-cells (WT:
22.9 + 4.5 AUC and TALK-1 KO: 35.7 + 4.4 AUC, P < 0.005,
Figs. S2A,B). The CPA-induced rate of ER Ca?t release was also
accelerated in TALK-1 KO compared to WT d-cells (Fig. S2C). To
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Figure 4: Electrical activity and VDCC currents in WT and TALK-1 KO d-cells. (A) I/, recording from a WT d-cell treated with indicated glucose concentrations (representative
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further examine d-cell Ca®* handling independent of glucose-induced
changes in the Vp,, we treated single WT and TALK-1 KO J-cells with a
solution containing 11 mM glucose to energize SERCAs and the Katp
channel activator diazoxide to suppress electrical excitability. Under
these conditions Ca®* oscillations were mostly abolished, but a 40-
second depolarization with high (45 mM) K* elicited a rapid in-
crease in Ca?*t that slowly returned to basal levels upon removal of
the depolarizing K™ stimulus (Figure 5A,B). To investigate the contri-
bution of the ER to changes in Ca?* under these conditions, we
repeated this experiment in d-cells pre-treated with the SERCA in-
hibitor thapsigargin (Figure 5A,B). Subtraction of the Ca2*. signal
obtained from thapsigargin-treated cells from the Ca?t. signal of
vehicle-treated cells revealed that depolarization induces a transient
uptake of Ca2* by the ER followed by ER Ca" release (Figure 5C),
similar to observations in B-cells [43]. In 3-cells, ER Ca>" release

Table 1: — Action potential characteristics in WT and TALK-1 KO d-cells.
Action potential parameters were determined over a period of 60 s in the

second oscillation of electrical activity in d-cells treated with 11 mM glucose
and are reported relative to the plateau Vi, (N = 12 cells/3 mice per
genotype).

Parameter WT TALK-1 KO P value
Peak amplitude (mV) 40.8 £ 1.3 51.0 £ 2.7 0.002
AHP amplitude (mV) —53+£07 —6.9 & 0.4 0.05
Event frequency (Hz) 1.5+ 02 1.7 £ 0.2 0.36
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preceded the end of the high K™ pulse and was substantially greater in
TALK-1 KO compared to WT 3-cells (Figure 5C). Similarly, we observed
a larger rise in Ca2*; in TALK-1 KO d-cells compared to WT d-cells
when Karp was activated with diazoxide and Ca?t was clamped with
high K™ for several minutes (WT:422.8 + 62.6 AUC and TALK-1 KO:
953.3 + 78.9 AUC, P < 0.01, Figure 5D). This is consistent with past
reports that documented sustained CICR over a period of several mi-
nutes in the presence of a stimulus [44,45]. To determine whether
increased ER Ca?* release in TALK-1 KO 3-cells is a consequence of
enhanced CICR, we next used fast imaging to measure Ca?* changes
in patch-clamped d-cells. 25—250 ms step depolarizations
(—80 mV—0 mV) induced prompt increases in Ca®*¢ which decayed
to basal levels upon stepping back to the pre-pulse potential
(Figure 5E). The depolarization-induced increases in Ca®. were
significantly greater in TALK-1 KO d-cells, a difference which could be
eliminated by depleting ER Ca?* with CPA to indirectly preclude CICR
(Figure 5F). As these data suggested that enhanced CICR contributes to
elevated Ca%*¢ in TALK-1 KO d-cells, we assessed whether depleting
ER Ca?t with CPA would return glucose-stimulated Ca?* in KO -
cells to a level comparable to WT 8-cells (Figure 5G). Indeed, whereas
Ca?*, levels were significantly higher in TALK-1 KO 3-cells in 11 mM
glucose (Figure 5G [see also Figures 2J, 3C, and 3D]), CPA treatment
resulted in comparable Ca2*; levels in WT and TALK-1 KO d-cells.
Interestingly, although ER Ca* depletion with a SERCA inhibitor
suppressed glucose-stimulated somatostatin release [11,17] and
Ca®* oscillation amplitude (Figure 2F), CPA treatment paradoxically
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Figure 5: CICR is increased in TALK-1 KO d-cells. (A, B) Average increase in Ca2* ¢ following high K* (45 mM)-induced depolarization in WT and TALK-1 KO 3-cells, treated
with vehicle or with 5 uM thapsigargin (Tg). SERCAs were energized with 11 mM glucose and Karp was activated with 125 uM diazoxide. Subtraction of the signal obtained from Tg
treated cells from vehicle treated cells reveals the contribution of the ER to the Ca®t signal (C) (N = 3 mice per genotype). (D) Average change in Ca%* ¢ in response to treatment
with diazoxide (125 M) and depolarization with 45 mM K™ in WT and TALK-1 KO d-cells (N = 3 mice per genotype); *P < 0.05. (E) Representative Ca®* transients in WT and
TALK-1 KO 3-cells subjected to short depolarizing pulses. The fold increase in 3-cell Ca2* in response to increasingly long depolarizations in the presence or absence of CPA
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CPA. (N = 3 mice per genotype); *P < 0.05, **P < 0.005.

elevated bulk d-cell Ca2*; levels (Figure 5G). The CPA-induced
elevation in average d-cell Ca2t; may be due to Vy, depolarization
caused by activation of store-operated currents (SOCs). Indeed, in the
presence of V-hyperpolarizing diazoxide, basal Ca?*; in
thapsigargin-treated d-cells was not elevated (Figure 5A,B). These
observations suggest that SOCs regulate d-cell Ca2t by modulating
the If, and VDCCs, and highlight that somatostatin secretion is very
sensitive to ER Ca®" release.

3.4. Glucagon secretion is reduced from TALK-1 KO islets

The acute sensitivity of o-cells to somatostatin under low glucose
conditions is highlighted by the several-fold increase in glucagon
secretion when somatostatin signaling is blocked [3,46,47]. Thus,
somatostatin exerts an inhibitory tone on a-cells in low glucose, and

increased basal somatostatin secretion leads to reduced glucagon
secretion [3]. In TALK-1 KO islets, we found that glucagon release is
significantly impaired under low glucose conditions (Figure 6A—C).
While RNA sequencing of sorted c-cells has revealed high levels of
KCNK16 mRNA (gene encoding TALK-1), TALK-1 protein is not
detected in mouse or human a-cells [8,21,48,49]. It is not clear why
KCNK16 mRNA is present in a-cells but not TALK-1 protein; however,
Blodgett and colleagues also observed high levels of insulin mRNA but
not protein in o-cells [48]. These observations underscore the
importance of functional experimentation in support of transcriptome
analysis and that the molecular mechanisms regulating islet-cell
hormone mRNA expression are still incompletely understood. To
further verify the absence of TALK-1 channels in a-cells, we recorded
a-cell K2P currents, but we did not detect a difference between WT
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Figure 6: Reduced glucagon secretion from TALK-1 KO islets. (A) Isolated islets from WT and TALK-1 KO mice were perifused with the indicated glucose concentrations (N = 4
mice per genotype). (B) Glucagon AUC for the period corresponding to glucagon secretion in 1 mM glucose (0—18 min). (C) Glucagon AUC for the period corresponding to glucagon
secretion in 11 mM glucose (18—45 min). (D) K2P current density in WT and TALK-1 KO a.-cells (N = 3 mice per genotype). (E) Human pancreas sections stained for TALK-1 using
two different antibodies and glucagon. (F) K2P current density in human o.-cells expressing either TALK-1 DN mutant or mCherry control. Cells were post-stained for glucagon; only
glucagon-positive cells were analyzed (N = 10 a-cells per condition/five donors); *P < 0.05; **P < 0.005.

and TALK-1 KO a-cells (Figure 6D). Immunofluorescent analysis of
human pancreas sections using two different TALK-1 antibodies failed
to demonstrate TALK-1 in a-cells (Figure 6E), and expression of the
TALK-1 DN mutant in human o-cells (confirmed by post-staining) had
no effect on K2P currents (Figure 6F). As TALK-1 channels are not
expressed in a-cells, it is likely that reduced glucagon secretion from
TALK-1 KO islets was due to paracrine effects. While insulin is a
paracrine inhibitor of glucagon secretion [50], insulin secretion from
TALK-1 KO islets was indistinguishable from WT islets in 1 mM glucose
[21]. This suggests that the reduced glucagon secretion observed in
TALK-1 KO islets is a consequence of increased somatostatin
secretion.

Somatostatin receptor signaling inhibits a-cell function through mul-
tiple mechanisms, including reduction of cellular cAMP levels [50],
suppression of glucagon granule exocytosis [51], and activation of V-
hyperpolarizing K™ currents [52—54]. As Vi, hyperpolarization limits
a-cell Ca®* influx and glucagon secretion [55], we hypothesized that
increased basal somatostatin release in TALK-1 KO islets would impact
a.-cell Ca*, dynamics. We tested this possibility by measuring a-cell
Ca?t oscillations in WT and TALK-1 KO islets, using mice which
express the genetically encoded Ca* indicator GCaMP3 specifically in
a.-cells [34]. In agreement with findings that somatostatin suppresses
a-cell electrical activity and increases in Ca®* [54,56], we found that
significantly fewer TALK-1 KO o.-cells exhibited Ca+ oscillations in
low (1 mM) glucose when compared to controls (Figure 7A,B, and E).
However, disrupting intraislet somatostatin paracrine signaling by

dispersing islets into single cells normalized the oscillation frequency
of WT and TALK-1 KO a-cells (Figure 7C,D, and E). Similarly, we found
a tendency towards lower Ca®*¢ in intact islet TALK-1 KO a-cells, a
difference which was not found in single TALK-1 KO o-cells
(Figure 7F). Single a-cells were still capable of responding to so-
matostatin, as addition of 10 nM somatostatin caused a transient
suppression of Ca®*t oscillations (Figure 7C,D), consistent with its
effects on a-cell electrical activity [54]. To ascertain the relationship
between somatostatin signaling and TALK-1 KO a-cell function, we
measured glucagon secretion from WT and TALK-1 KO islets in the
presence of the SSTR2 antagonist CYN154806. Blockade of SSTR2,
which is the dominant a-cell SSTR [56,57], potently increased
glucagon secretion under both low and high glucose conditions and
abrogated the reduced glucagon secretion of TALK-1 KO islets
(Figure 7G). Together, these findings indicate that TALK-1 modulation
of d-cell somatostatin secretion impacts a-cell Ca®* handling and
glucagon secretion.

4. DISCUSSION

Although it is increasingly clear that islet d-cells serve an important
role in glucose homeostasis, our understanding of the mechanisms
underlying d-cell stimulus-secretion coupling has lagged behind that
of B- and a-cells. CICR contributes to GSSS [11], but the molecular
components which tune d-cell CICR have remained largely unknown.
Recent observations identified TALK-1 channels as important
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cells

(A) Recordings of intracellular Ca* responses in WT a-cells, in islets expressing the

genetically encoded Ca®* indicator GCaMP3 specifically in o-cells (representative of islet ai-cells from A = 3 mice). (B) Recordings of intracellular Ca®* responses in TALK-1 KO a-
cells, in islets expressing the genetically encoded Ca®* indicator GCaMP3 specifically in a-cells (representative of islet a-cells from N = 3 mice). (C) Recordings of intracellular
Ca®* responses in single WT a.-cells expressing the genetically encoded Ca?* indicator GCaMP3 (representative of o-cells from N = 3 mice). (D) Recordings of intracellular Ca®*
responses in single TALK-1 KO a-cells expressing the genetically encoded Ca®" indicator GCaMP3 (representative of a-cells from N = 3 mice). (E and F) Comparison of percent
oscillating o.-cells and Ca%*™ AUC determined from WT and TALK-1 KO a.-cells under the indicated conditions (N = 3 mice per genotype). (G) Islets were incubated for 1 h with the
indicated treatments (SSTR2 antagonist: 500 nM CYN154806); N = 10 mice per genotype (glucose only); 3 mice per genotype (+CYN154806); *P < 0.05.

regulators of B-cell ER Ca>* homeostasis and demonstrated promi-
nent expression of TALK-1 in d-cells [18,19,22]. Here, we assessed
the functional roles of d-cell TALK-1 channels and examined how
TALK-1 modulation of 3-cell somatostatin secretion impacts paracrine
regulation of a-cells. Our data suggest that d-cell TALK-1 channels
limit CICR, reducing somatostatin secretion and increasing glucagon
release. These observations highlight the importance of CICR during
GSSS and demonstrate that TALK-1 channel participate in the regu-
lation of this distinct mode of Ca?t handling.

Ca?* influx through VDCCs is critical for d-cell exocytosis. Indeed,
removal of extracellular Ca®*, Vi hyperpolarization, and pharmaco-
logical VDCC blockade all reduce or inhibit d-cell somatostatin
secretion [9—11,58]. While VDCC-mediated Ca* influx provides the
trigger for exocytosis in 3-cells, GSSS is augmented by metabolically
enhanced ER Ca®* release [11]. Accordingly, depletion of ER ca?t (by
inhibiting SERCAS) strongly inhibits somatostatin secretion [11,17,58].
The results presented here demonstrate that glucose metabolism
augments d-cell Ca2* through increased CICR, as hypothesized by
Zhang and colleagues [11]. We also found that depletion of ER Ca®*
stores significantly blunted depolarization-induced Ca?t, transients,
strongly supporting the hypothesis that Ca* release from the d-cell
ER makes a substantial contribution to GSSS [11]. These data
emphasize that metabolic enhancement of 3-cell ER Ca®" stores and
subsequent CICR is critical for somatostatin secretion.

Our findings indicate that TALK-1 channels provide a control mecha-
nism for §-cell ER Ca®* handling and somatostatin secretion. In f3-
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cells TALK-1 channels act as a countercurrent for ER Ca®* leak [22].
The data suggest that TALK-1 may also modulate d-cell ER Ca®*
handling and thereby reduce ER Ca®* content. Similar to B-cells
lacking TALK-1, ER Ca* stores were increased in TALK-1 KO d-cells,
presumably due to reduced ER Ca®* leak [22]. However, despite
increased ER Ca®" storage in TALK-1 KO d-cells, the rate of ER Ca®*
release following SERCA inhibition was faster. One possible explana-
tion is that the driving force for ER Ca?* extrusion is increased in
response to higher ER Ca?* stores. ER Ca* stores are also strongly
correlated with CICR [14—16], therefore, greater CICR occurs with
elevated ER Ca®" storage. The importance of countercurrents in this
process is exemplified in muscle cells lacking ER K+ countercurrents
mediated by TRIC-A channels, which results in augmented ER ca’t
stores and enhanced ligand mediated ER Ca®* release (e.g. CICR)
[59,60]. An analogous phenotype was found in TALK-1 KO d-cells,
which exhibited significantly higher ER Ca>* stores compared to WT -
cells and larger glucose- and depolarization-induced Ca2™ ; transients.
Elevated Ca?* fluctuations in d-cells lacking TALK-1 channels were
normalized by ER Ca?* depletion, demonstrating that increased ER
Ca®" release was responsible for augmented TALK-1 KO 3-cell Ca2+,
transients. The observation that TALK-1 channels modulate d-cell ER
Ca’* handling is consistent with the role of TALK-1 in limiting ER Ca’*
leak in B-cells and underscores the importance of ER Ca>" homeo-
stasis in tuning d-cell CICR [22].

CICR provides a glucose-dependent mechanism to amplify d-cell
Ca?* levels and somatostatin secretion, and is conceivably tuned by
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ATP-sensitive proteins such as SERCAs and ER Ca?* release channels
[11]. The findings presented here suggest that TALK-1 could have
multiple effects on d-cell ER Ca?* homeostasis which influence CICR
and somatostatin secretion. As discussed above, TALK-1 channel
activity modulates ER Ca>* handling, controlling ER Ca* levels which
determines the driving force for Ca* to exit the ER. Under conditions
of increased ER Ca®* stores, such as in TALK-1 KO d-cells or in high
glucose when SERCAs are energized, elevated ER Ca®* content would
be predicted to enhance Ca?t currents through ER Ca?* release
channels. In addition, changes in ER Ca®" levels may also shift the
sensitivity of d-cell ER Ca>* handling proteins. For example, the open
probability of both ryanodine receptors and inositol trisphosphate re-
ceptors are influenced by the free Ca?t concentration in the ER,
modulating the sensitivity and magnitude of CICR [61,62]. Therefore,
up- or downregulation of TALK-1 channel activity may provide a
mechanism to control the dynamic range of d-cell CICR, scaling Ca>*
release and somatostatin secretion to maintain glycemia. It remains to
be determined whether gastric d-cells share the stimulus-secretion
mechanisms of islet d-cells, although TALK-1 is highly expressed in
both. Adriaenssens and colleagues found that several incretin hor-
mones elicit Ca®" release from intracellular stores in gastric d-cells
[19], and the findings of this study suggest that TALK-1 channels may
serve a role in regulating these responses. Interestingly, one of the few
known physiological regulators of TALK-1 currents is extracellular pH
[63]. While pH fluctuations around the islet are not expected to be of
sufficient magnitude to impact islet cell TALK-1 currents, pH changes
in the gastrointestinal tract could regulate gastric 3-cell Ca>* handling
and somatostatin secretion. Future studies will define the mechanisms
which control the expression and activity of both islet and gastric d-cell
TALK-1 channels to better understand the mechanisms which regulate
somatostatin secretion.

TALK-1 modulation of ER Ca®* handling regulates distinct cellular
responses in B-cells (e.g., modulation of Ca*-activated K* currents
and electrical activity [21,22]) and d-cells (€.g., control of CICR). While
the role of d-cell TALK-1 channels in CICR-dependent modulation of
the Uy, is unclear, we found minimal defects in TALK-1 KO d-cell
electrical activity. It is important to note that our I;, recordings of
TALK-1 KO d-cells were performed in clusters of islet cells, whereas
our B-cell Vi, recordings [21] were performed in intact islets. Under
these conditions, paracrine interactions between f3-, 8-, and a.-cells
which affect d-cell ER Ca’" handling may be perturbed. It is
increasingly clear that signaling between - and d-cells serves an
important function in synchronizing islet hormone secretion, and our
findings indicate that islet TALK-1 channels participate in this process.
The functional coupling of - and d-cells is demonstrated by obser-
vations of simultaneous oscillations of insulin and somatostatin release
from perfused pancreas [64] as well as synchronized islet 8- and d-
cell Ca2* oscillations [31]. “Chemical coupling” of B- and d-cells is
mediated by the peptide hormone urocortin3 (Ucn3), which is co-
released with insulin to stimulate d-cell type 2 corticotropin
releasing hormone receptors (Crhr2) [9]. The effects of Ucn3 on d-cell
ca?t handling have not been determined, but Crhr2 activation can
trigger IP3R-dependent ER Ca* release in heterologous expression
systems and neurons [65,66]. This suggests the possibility that - to
d-cell signaling incorporates d-cell ER Ca’" release, the magnitude of
which is controlled by TALK-1 channels. In agreement with such a role
for ER Ca®* release, we found that depletion of ER Ca®* (via SERCA
inhibition) disrupted the coordination of B- and 3-cell Ca2* . oscilla-
tions. We also observed an increased frequency of d-cell Ca2*; os-
cillations in TALK-1 KO islets, similar to TALK-1 KO B-cells. This
phenotype is likely due to increased B-cell electrical and Ca®*,

oscillations [21], as we found no difference between WT and TALK-1
KO d-cell Ca2t; oscillation frequency in low glucose when B-cells
are quiescent. In addition to a possible alteration in chemical coupling
between TALK-1 KO B- and d-cells, TALK-1 may also influence
electrical coupling between - and d-cells; indeed, gap junctions have
been detected between [B- and d-cells [67—69]. Although the
mechanisms and hierarchy of - and d-cell functional coupling remain
to be determined, TALK-1 control of the integration of inputs from [3-
and d-cells likely serves an important role in modulating glucagon
secretion.

Inhibition of islet TALK-1 channel activity inhibits glucagon secretion
while stimulating insulin and somatostatin secretion. Therefore, inhi-
bition of TALK-1 channels could be beneficial in patients with T2DM.
Indeed, TALK-1 KO mice fed a high-fat diet exhibit reduced fasting
glycemia [21]. The findings described here suggest that the lower
fasting glycemia in TALK-1 KO mice may arise due to elevated so-
matostatin secretion and reduced glucagon secretion, in addition to
increased insulin secretion. Increased glucagon secretion at 1 mM
glucose in the presence of an SSTR2 inhibitor highlights the importance
of d-cell paracrine signaling to the inhibitory action of TALK-1 on
glucagon secretion. While the basis for this effect remains to be
determined, it is likely related to decreased a-cell Ca2*; and cAMP
levels. SSTR2 signaling in a-cells inhibits adenylyl cyclase synthesis of
cAMP and also activates G protein-coupled inwardly-rectifying K*
channels, which hyperpolarize f, and inhibit VDCCs [70]. Interestingly,
SSTR2 signaling has been shown to reduce a-cell CAMP only at low
glucose [71]. Our observations together with these previously published
data highlight that o-cells are very sensitive to somatostatin at low
glucose, but that alternate mechanisms predominate at high glucose.
Taken together, these data also indicate that defects that lead to in-
creases in TALK-1 channel activity may contribute to fasting hyper-
glycemia under metabolically stressful conditions. In agreement with
this hypothesis, a gain-of-function polymorphism in TALK-1
(rs1535500, encoding TALK-1 A277E) is associated with an
increased risk for T2DM [24,25,27]. This polymorphism would be
predicted to reduce ER Ca" levels [22]. In 3-cells, increased TALK-1
channel activity would diminish CICR and lower somatostatin secre-
tion. In turn, decreased somatostatin secretion would be expected to
increase glucagon secretion and contribute to hyperglycemia. In addi-
tion, rs1535500-induced defects in B-cell function may impair B-cell to
d-cell signaling, further contributing to hyperglycemia by allowing
inappropriately elevated glucagon secretion. Further studies are needed
to understand TALK-1 regulation of 3-cells and the intraislet feedback
mechanisms which contribute to glucose control in health and disease.
In conclusion, this study reveals that TALK-1 channels serve a key role
in shaping d-cell Ca2*; and controlling somatostatin secretion by
modulating d-cell ER Ca?* handling. We find that TALK-1 channel
activity regulates d-cell CICR, limiting elevations in Ca®*; and so-
matostatin secretion. Our data also suggest that defects which lead to
increases in TALK-1 channel activity (such as those induced by
rs1535500) may participate in the pathogenesis of T2DM by negatively
impacting d-cell function, contributing to elevated glucagon release.
These observations improve our understanding of the molecular
mechanisms controlling d-cell stimulus-secretion coupling and high-
light the potential clinical utility of TALK-1 channels as a therapeutic
target to reduce elevated glucagon secretion in patients with T2DM.
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