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We used circular chromatin conformation capture (4C) to identify
a physical contact in human pancreatic islets between the region
near the insulin (INS) promoter and the ANO1 gene, lying 68 Mb
away on human chromosome 11, which encodes a Ca2+-depen-
dent chloride ion channel. In response to glucose, this contact
was strengthened and ANO1 expression increased, whereas inhi-
bition of INS gene transcription by INS promoter targeting siRNA
decreased ANO1 expression, revealing a regulatory effect of INS
promoter on ANO1 expression. Knockdown of ANO1 expression
caused decreased insulin secretion in human islets, establishing a
physical proximity-dependent feedback loop involving INS transcrip-
tion, ANO1 expression, and insulin secretion. To explore a possible
role of ANO1 in insulin metabolism, we carried out experiments in
Ano1+/− mice. We observed reduced serum insulin levels and insu-
lin-to-glucose ratios in high-fat diet–fed Ano1+/− mice relative to
Ano1+/+ mice fed the same diet. Our results show that determina-
tion of long-range contacts within the nucleus can be used to detect
novel and physiologically relevant mechanisms. They also show
that networks of long-range physical contacts are important to
the regulation of insulin metabolism.
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Mammalian genomes are organized in the nucleus into
megabase- and submegabase-sized topological domains

(1–4). Genes and regulatory elements are engaged through
chromatin interactions within and between these physical
domains to form gene regulatory networks (5–8). This genome
organization seems to play a role in gene regulation (9), given
that expression of the genes within a domain appears to be
positively correlated (2), and disruption of domain formation
leads to deregulation of expression of genes within the domain
(7). Physical interactions between gene promoters are wide-
spread as well, and interacting promoters are capable of
regulating one another’s activities in human cells (10).
Genetic linkage and association studies have revealed thou-

sands of disease-associated loci in the human genome; however,
the molecular mechanisms through which these loci contribute to
disease susceptibility are largely unknown. Because most of these
loci are either large in size or located far from coding genes, the
target genes or regulatory elements ultimately contributing to
disease susceptibility are not immediately obvious. For that rea-
son, techniques for detecting contacts between distant genomic
sites within the nucleus are valuable tools for identifying those
targets. As we and others have shown previously (5, 11–15),
chromatin conformation capture-based methods (3C, 4C, 5C, Hi-C,
and Capture-C) can be used effectively to reveal physiologically
significant contacts between distant regulatory elements and, in
principle, to uncover gene regulatory pathways that could con-
tribute to genetic susceptibility to human diseases.
In previous work, we used 4C-Seq analysis to detect the large-

scale interaction landscape of the insulin (INS) gene locus in
human pancreatic islets (14). That study uncovered a role for the
INS promoter in the long-range regulation of SYT8, a gene that

we identified as important for insulin secretion in human islets.
In the case of SYT8, physical contact was influenced by glucose
level. Our results suggested that the INS promoter can make
physical contact with distant genes, stimulating their transcription
and creating an INS promoter-associated regulatory network im-
portant for β cell function. We reasoned that, in addition to SYT8,
separated by only ∼300 kb from the INS promoter, there should
be other genes within these newly identified INS-associated loci
that could play a role in the regulation of β cell function.
Here we report the identification of such a gene, coding for

a calcium-activated chloride channel protein, anoctamin 1
(ANO1), located more than 68 Mb away from the INS gene on
human chromosome 11. In the nuclei of pancreatic islet cells, the
INS promoter contacts the ANO1 locus. We found that both the
strength of the contact and the level of ANO1 expression were
increased on the addition of glucose. Inhibiting ANO1 expres-
sion by siRNA in islets decreased insulin secretion, consistent
with a role for ANO1 in insulin metabolism. Chemical inhibition
and activation of ANO1 function had corresponding effects on
insulin secretion. Similar observations of the effect of an ANO1
inhibitor have been reported recently (16).

Results
INS–ANO1 Contacts in Human Islets. Examination of our previously
reported 4C-Seq data in human islets for INS contacts with
distant sites revealed that the INS promoter interacts strongly
with a region on chromosome 11q13, at a site ∼68 Mb away from
the INS gene, that was previously reported to be within a type 1
diabetes susceptibility locus, IDDM4 (Fig. 1A). Our 4C analysis
revealed within this region two strong INS-interacting sites in the
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ANO1 (also called TMEM16A) gene locus, a 250-kb region
flanked by FGF3 and FADD genes on each side (Fig. 1A). We
found that in human islets, FGF3 mRNA is not detectable,
whereas ANO1 and FADD genes are expressed at significant levels
(SI Appendix, Fig. S1). ANO1 is a calcium-activated chloride
channel protein (17–19); chloride ion levels in β cells are known
to influence insulin secretion (20–23), and it has been proposed
that one or more chloride channels contribute to the regulation
of plasma membrane electrical activity and insulin secretion in β
cells (24, 25). ANO1 protein and its closest homolog ANO2 are
expressed mainly in the plasma membrane and act as membrane
calcium-activated chloride channels (17–19), but whether other
members of the ANO family are also plasma membrane chloride
channels in vivo remains unclear (26, 27). In human islets, ANO1
is coexpressed with insulin, and its mRNA levels are twofold to
threefold higher in isolated human islets than in the whole pan-
creas (28). In addition, the mouse ortholog Ano1 is expressed at

high levels in the pancreas as well as in other electrolyte- trans-
porting tissues, whereas Ano2 is not (29). Thus, we focused the
remainder of the present study on the ANO1 gene.
To confirm the 4C results, we carried out a 3C PCR analysis in

human islets with specific primers designed to detect INS–ANO1
interactions. We examined interactions of INS with four Bgl II
restriction sites within this region, including one INS-interacting
site detected by 4C-Seq analysis (Fig. 1A). The results show that
the INS promoter physically interacts with this Bgl II site in the
ANO1 gene locus (Fig. 1B). In contrast, we detected no INS
interactions with the neighboring FGF3 and PPF1A1 genes (Fig.
1B). DNA sequencing of the 3C PCR products and TaqMan
quantitative 3C PCR analysis further confirmed the interactions
between INS and ANO1 (SI Appendix, Fig. S2). These inter-
actions were nearly fivefold weaker in human islet-derived pre-
cursor cells (hIPCs), fibroblast-like cells that largely have lost the
ability to express insulin (30), and weaker still in human primary
fibroblasts, compared with those detected in human islets (Fig.
1C). This finding suggests that the INS–ANO1 interactions are
cell type-specific.
Our earlier studies of the interaction between INS and SYT8,

which are separated by ∼300 kb, showed that the strength of the
contact and the level of SYT8 expression increased when glucose
was added to the islet culture medium. We asked whether the
INS–ANO1 interaction, extending over more than 68 Mb, be-
haved similarly. Glucose treatment indeed increased the INS–
ANO1 interactions in human islets from two donors (Fig. 1D).
Time-course experiments also revealed a 1.4- to 3-fold increase
in ANO1 gene expression at 30 min after the addition of glucose
to human islets from three donors (Fig. 1E). In contrast, FADD
gene expression was little affected in human islets from two of
three donors, but enhanced but to a lesser extent in human islets
from the third donor (Fig. 1E).
We previously reported that the INS promoter positively

regulates expression of both SYT8 and TNNI2, two genes that
physically associate with it (14). More recently, Li et al. (10)
similarly found that in human cell lines, promoter–promoter
interactions are widespread and that interacting promoters
influence each other’s transcriptional activity. To determine
whether the INS promoter could similarly regulate expression of
genes in the ANO1 gene locus, we first compared the mRNA
levels of INS, ANO1, and FADD genes in human islets before
and after dedifferentiation into hIPCs. As reported earlier, INS
gene expression was dramatically reduced in hIPCs compared
with that observed in corresponding primary human islets from
two different donors (Fig. 2A). ANO1 gene expression also was
decreased by twofold to fivefold in hIPCs, whereas FADD gene
expression was little affected. These results indicate that ex-
pression of ANO1, but not of FADD, is correlated with that of
the INS gene in hIPCs.
To directly investigate the role of the INS promoter in ANO1

expression, we treated human islets with siRNAs targeted to the
INS promoter and measured ANO1 and FADD gene expression.
We had reported earlier that INS gene transcription was reduced
by 40–60% by this siRNA treatment (14). Quantitative RT-PCR
(qRT-PCR) analysis using the same islet specimen described
above showed that ANO1 gene expression was reduced by ap-
proximately twofold after the reduction in INS gene transcription
(Fig. 2B), whereas FADD expression was slightly increased.
Thus, similar to the response of SYT8 and TNNI2 genes reported
earlier, ANO1 is also subject to transcriptional activation by the
INS promoter in human islets.
Although the mechanism by which the INS promoter activates

ANO1 gene expression remains to be determined, we asked
whether the INS promoter, when coupled to the ANO1 pro-
moter, could stimulate ANO1 promoter activity. As shown in Fig.
2C, the INS promoter, acting in cis, did increase ANO1 promoter
activity by fourfold to sixfold in transfected mouse β cells in an

Fig. 1. 4C-Seq analysis reveals the physical association of the ANO1 gene
locus with the INS promoter in human pancreatic islets. (A) 4C-Seq analysis of
INS-associated loci in the IDDM4 locus in chromosome 11 (NCBI36/hg18) (Up-
per) and the ANO1 gene locus within the IDDM4 (Lower). The four Bgl II sites
used in 3C-PCR for confirmation of 4C results are shown. (B) 3C-PCR analysis of
the interactions of the INS promoter with the ANO1/FADD genes and the
nearby FGF3 and PPF1A1 genes in human islets cultured in the basal islet
media containing 5.5 mM glucose. (C) TaqMan quantitative 3C analysis of the
INS–ANO1 interactions in islets, islet-derived hIPCs, and primary human
fibroblasts. Data are mean ± SEM (n = 8). (D) TaqMan quantitative 3C analysis
of the INS–ANO1 interactions in islets from two donors before and after
treatment with 25 mM glucose for 1 h. Data are mean ± SEM (n = 8). (E) qRT-
PCR analysis of ANO1 (orange bar) and FADD (green bar) gene expression in
islets from three donors before and after treatment with 25 mM glucose for
the indicated times. The RNA levels are normalized to those of HPRT1. Plotted
are mRNA levels relative to those at t = 0. Data are mean ± SEM (n = 8).
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orientation-independent manner. This in vitro assay suggests
that the INS promoter might be capable of functioning similarly
if brought physically close together with the ANO1 promoter via
long-range contact, as seen in human islets (Fig. 1).

ANO1 and Insulin Secretion in Human Islets. Chloride ions are
transported by an active mechanism in pancreatic β cells (21).
Glucose increases chloride efflux in β cells, which could con-
tribute to membrane depolarization (20–23). Although the
identity of the chloride channel(s) in β cells remains unclear, it
has been proposed that certain unidentified chloride channels
expressed in the plasma membrane might be involved in the
regulation of electrical activity and insulin secretion in β cells
(24, 25). Because glucose quickly increases ANO1 gene expres-
sion, we investigated whether ANO1, the membrane calcium-
activated chloride channel gene known to be expressed at a sig-
nificant level in human islets (Fig. 1E and SI Appendix, Fig. S1),
could be involved in glucose-induced insulin secretion. We tested
this by determining the effects on insulin secretion of siRNA-
mediated knockdown of ANO1 gene expression. Treatment with
siRNA has been shown to knock down ANO1 RNA and protein
expression and to reduce cell membrane chloride currents in
various human cell lines (19, 31). We treated human islets with
ANO1 gene-specific siRNAs for 4.5 d. Incubation of human islets
with one of two ANO1-specific siRNAs caused a 50–60% re-
duction in ANO1 gene expression (Fig. 3A), but had no effect on
expression of INS or FADD.

We then asked about the effects of this depletion of ANO1
gene expression on insulin secretion. Two independent experi-
ments showed that, compared with islets treated with non-
targeting control siRNA, glucose-induced insulin secretion from
ANO1-depleted human islets was decreased by ∼45–80% (Fig.
3B), indicating that ANO1 is a positive regulator of insulin se-
cretion in intact human pancreatic islets. A similar conclusion
using an ANO1 chemical inhibitor has been reported by Edlund
et al. (16) since the completion of our work.
ANO1 protein has been shown to physically interact with

SNARE proteins, including Syntaxin 4 and Syntaxin 7 (32), which
are important components of the insulin exocytosis machinery.
Thus, reduced insulin secretion by ANO1 gene knockdown could
be attributed to either its physical interaction with SNARE
proteins or its chloride channel activity. To distinguish between
these two possibilities, we treated human islets with a chemical

Fig. 2. The INS promoter positively regulates ANO1 gene expression in
human islets. (A) qRT-PCR analysis of INS (red bar), ANO1 (orange bar), and
FADD (black bar) gene expression in islets and islet-derived hIPCs from two
donors. Plotted are mRNA levels in hIPCs relative to those in the corre-
sponding islets. Data are mean ± SEM (n = 8). (B) qRT-PCR analysis of ANO1
(orange bar) and FADD (black bar) gene expression in islets from two donors
treated with nontargeting control (Ctl) siRNA or one of the two siRNAs tar-
geting to the INS promoter (INSP). The mRNA levels are plotted relative to the
nontargeting control. (C) Promoter luciferase reporter assays in transfected
MIN6 mouse β cells. The human ANO1 promoter luciferase constructs without
(Top) or with insertion of human INS promoter in the forward (Middle) or
reverse (Bottom) orientation was transfected into MIN6 cells. Plotted are
the reporter luciferase activities relative to the ANO1 promoter luciferase
construct without the INS promoter. Data are mean ± SEM (n = 12).

Fig. 3. ANO1 is a positive regulator of insulin secretion in human islets. (A)
qRT-PCR analysis of ANO1 (orange bar), FADD (black bar), and INS (red bar)
gene expression in islets treated with nontargeting control siRNA or with
one of the two ANO1-gene specific siRNAs. The mRNA levels are plotted
relative to nontargeting control. (B) ELISA analysis of insulin levels in the
medium for islets from two donors treated separately as in A. The insulin
levels were normalized to the number of islets needed to produce 1 μg of
total RNA. Data are mean ± SEM (n = 4). (C) ELISA analysis of insulin levels in
the medium for islets from three donors treated with mock (DMSO, red
bars), 1.5 or 3 μM ANO1 channel inhibitor T16Ainh–A01 (blue bars), or 2 μM
ANO1 channel activator Ecat (green bar). Insulin levels were normalized to
the amount of genomic DNA made from the corresponding islets. Plotted
are insulin levels relative to those in islets without 25 mM glucose treatment
(column 1). Data are mean ± SEM (n = 4).
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ANO1 channel inhibitor (T16Ainh-A01) or an activator (Ecat).
These small molecules have been shown to repress or stimulate,
respectively, the chloride channel activity of ANO1 and ANO2,
but not that of the CFTR chloride channel (33, 34). Three in-
dependent experiments showed that although glucose increased
insulin secretion in mock (DMSO)-treated human islets, treat-
ment of human islets with T16Ainh-A01 caused a dose-related
reduction in insulin secretion in islets from all three donors (Fig.
3C). In the presence of 3 μM T16Ainh-A01, glucose failed to
stimulate insulin secretion in human islets (compare columns 1
and 4, Fig. 3C). In contrast to the effects of treatment with
T16Ainh-A01, addition of the ANO1 channel activator Ecat
markedly increased glucose-induced insulin secretion in islets
from two of three donors (Fig. 3C). These results suggest that the
channel activity of ANO1 contributes to glucose-induced insulin
secretion in human islets. They confirm a very recent study,
published after the present work was completed, showing that
T16Ainh-A01 inhibits glucose-induced insulin secretion in human
and mouse islets (16).

Effects of Ano1 Knockout on Glucose Metabolism in Mice. To further
evaluate the physiological significance of the ANO1 gene in
animals, we asked whether Ano1 deficiency affects insulin se-
cretion and glucose metabolism in mice. Mice deficient for Ano1
(Ano1−/−) have a reduced life span owing to abnormal tracheal
development, with fewer than 10% of mice surviving past post-
natal day 10. This low survival rate made it difficult to determine
whether the fluctuations in serum insulin and glucose levels
observed in some Ano1−/− KO mice compared with their control
littermates were a consequence of the pups’ poor nutrition or
a direct cause of the absence of Ano1 in the pancreas. To get
around this issue, we examined the phenotype of adult hetero-
zygous (Ano1+/−) male mice fed regular chow or a high-fat diet

(HFD) for 3 mo. The HFD induced obesity and glucose in-
tolerance in both Ano1+/+ and Ano1+/− mice; however, there
was no difference in body weight, fat mass, lean mass, randomly
fed glucose and lipid levels, or insulin tolerance between the two
genotypes (Fig. 4 and SI Appendix, Fig. S3 and Table S2). In-
terestingly, after 4 wk of HFD feeding, Ano1+/− mice showed
significantly reduced serum insulin levels and insulin-to-glucose
ratios compared with WT controls (SI Appendix, Table S2),
suggesting a defect in insulin secretion. A similar trend was ob-
served after 3 mo of HFD feeding.
Glucose tolerance tests (GTTs) revealed that HFD-fed Ano1+/−

mice had an impaired early response to glucose compared with
Ano1+/+ mice fed the same diet (Fig. 4A). At 15 min after glu-
cose administration, blood glucose levels were higher and insulin
levels were lower in HFD-fed Ano1+/− mice than in HFD-fed
Ano1+/+ mice, resulting in a statistically lower insulin-to-glucose
ratio in the former (Fig. 4A, Right). This difference persisted at
that time point over the 13 wk of challenge (Fig. 4B). A three-
way ANOVA analysis of the GTT results revealed a significant
interaction effect of genotype and diet on blood glucose [F(1,62) =
6.28; P < 0.05]. Although supportive of a functional link be-
tween Ano1 and insulin secretion, the interaction effects of ge-
notype and diet on insulin [F(1,62) = 2.82; P < 0.1], as well as the
insulin-to-glucose ratio [F(1,62) = 2.92; P < 0.1] did not reach
statistical significance (SI Appendix, Table S3). A post hoc
analysis of the ANOVA results further confirmed the cumulative
effect of genotype and diet on insulin and glucose levels, sepa-
rately or as a ratio, at 5 and 13 wk of challenge (starred cells in SI
Appendix, Table S3). Taken together, these results thus indicate
that, although subtle and restricted to certain challenging condi-
tions, changes in the insulin response to glucose in Ano1+/− mice
reveal the existence of a conserved, functional link between cal-
cium-activated chloride channel Ano1 and insulin secretion.

Fig. 4. Impaired insulin response to a glucose load in HFD-fed Ano1+/− mice. Ano1+/+ and Ano1+/− mice fed either a regular diet (RD; n = 8–9) or an HFD (n = 9)
were subjected to a GTT after 5 wk (A) or 13 wk (B) of challenge. After an overnight fast, mice were injected i.p. with 2 mg/g glucose. Blood glucose (Left)
was measured before the injection (t0) and at 15, 30, 60, 120 min after the injection. Plasma insulin (Center) was measured at t0 and at 15 and 120 min after
the injection. Values are presented with respect to time (Left and Center) and as a ratio (a.u., arbitrary unit) for the 15-min time point (Right). *P ≤ 0.05; **P ≤
0.01; ***P ≤ 0.005, t test.

Xu et al. PNAS | November 25, 2014 | vol. 111 | no. 47 | 16763

CE
LL

BI
O
LO

G
Y

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1419240111/-/DCSupplemental/pnas.1419240111.sapp.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1419240111/-/DCSupplemental/pnas.1419240111.sapp.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1419240111/-/DCSupplemental/pnas.1419240111.sapp.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1419240111/-/DCSupplemental/pnas.1419240111.sapp.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1419240111/-/DCSupplemental/pnas.1419240111.sapp.pdf


Discussion
Here we report that the INS promoter interacts with and affects
the expression of the calcium-activated chloride channel gene
ANO1 (or TMEM16A) in human islets, and that ANO1 in turn is
directly involved in control of insulin secretion. Our results show
that long-range interactions, in this case over distances of more
than half a chromosome, can have significant regulatory con-
sequences. They also show that 3C and 4C methods can serve as
tools to detect such interactions, as we showed earlier for INS
and SYT8 (14). There is considerable evidence in other systems
that such interactions may have important regulatory con-
sequences (5, 10, 12, 13, 15). We find that INS–ANO1 contacts are
strengthened by the addition of glucose to islets, and that this is
accompanied by an increase in ANO1 gene expression. In contrast,
inhibition of INS gene transcription by targeting its promoter leads
to a decrease in ANO1 expression. Thus, our results suggest that,
in addition to SYT8, ANO1 is a downstream target regulated from
a distance by the INS promoter in human islets.
ATP-sensitive potassium channels (KATP channels) are essen-

tial for the regulation of electrical activity and oscillatory Ca2+

signaling that subsequently induces insulin secretion in pan-
creatic β cells. KATP channels are not the sole mechanism for the
regulation of these complex processes, however. Glucose still
induces electrical activity and insulin secretion even when KATP
channels are inactivated (24, 25, 35, 36). Chloride levels in β cells
are known to be important for insulin secretion, and chloride
channel(s) have been proposed as part of the background
channels contributing to the regulation of electrical activity and
insulin secretion in β cells, although the identity of such a chan-
nel remains elusive (24, 25). It has been reported that ANO1
knockdown reduces chloride ion transport in diverse cell types
(37), although islets have not been studied. Quite recently, hu-
man islet studies using an ANO1 chemical inhibitor have sug-
gested a role for ANO1 in insulin secretion (16). Our similar
results obtained by siRNA-mediated ANO1 gene knockdown in
human islets, a more direct approach, lends further support to
this conclusion.
ANO1 is located within a previously reported type 1 diabetes

susceptibility locus more than 68 Mb away from the INS gene
(38–42), although recent genome-wide association studies
(GWAS) have not confirmed this association (43). Nonetheless, we
note that ANO1 (TMEM16A) overexpression has been shown to
suppress proinflammatory cytokine expression in human cystic fi-
brosis bronchial epithelia (44). Another study identified an activated
immune response specific to the pancreas in newborn pigs with
cystic fibrosis (45). It seems possible that defects in the ANO1 gene
or in its expression in pancreatic islets could affect cytokine ex-
pression and evoke an immune response resulting in β cell death.
Our results demonstrate that ANO1 has a positive role in

insulin secretion, suggesting that it contributes to β cell function.

Furthermore, the interaction between the INS promoter and the
ANO1 gene provides an example of a network system, based on
long-range physical contacts, for the regulation of β cell function.
Because the physical interactions are affected by glucose levels,
this regulatory network might act in response to glucose to in-
tegrate various environmental and cellular signals in human β
cells. It seems reasonable to expect that other such networks
involving physical contact and regulatory interaction with INS
exist, and that their identification may shed light on both normal
and abnormal function in human pancreatic β cells.

Materials and Methods
Culture of Human Islets and hIPCs. Human pancreatic islets from independent
cadaver donors were obtained through the Integrated Islet Distribution
Program. Human islets, hIPCs, and normal human primary fibroblasts were
cultured essentially as described previously (14). Human islets were main-
tained in the basal islet medium containing 5.5 mM D-glucose (99-663-cv;
Cellgro) except in the glucose treatment experiments, in which additional
25 mM D-glucose was added to make the stimulating islet medium mimic a
supraphysiological condition, allowing examination of the transient effects
of glucose on insulin secretion and gene regulation.

4C-Seq and 3C Analyses. 4C-Seq and 3C analyses of INS-associated loci in
human islets have been reported previously (14).

ANO1 Gene Knockdown in Intact Human Islets. Human islets were mixed with
1 μM nontargeting control siRNA duplexes (D-001910–10; Dharmacon) or
either one of the two ANO1 gene-specific siRNA duplexes (5′-CCAUUAUG-
CAGGGAAUAUU-3′ and 5′-GGCUGAUCUUCAAGGCUUU-3′), and cultured at
1,000 islet equivalents (IEQ)/mL of the basal islet medium for 4 d, 20 h. siRNA-
treated islets on cell strainers were washed twice with fresh islet medium and
cultured in the fresh medium for 6 h before total cellular RNAs were prepared.

qRT-PCR Analysis. SYBR Green qRT-PCR analyses were performed as described
previously (14). The steady-state levels of ANO1, FADD, and INS mRNAs were
determined by qRT-PCR and normalized to those of HPRT1, whose expres-
sion is stable in human islets before and after glucose treatment (SI Ap-
pendix, Fig. S4).

Analysis of Insulin Secretion in Human Islets. siRNA-treated islets were cultured
in stimulating islet medium for 1 h. The supernatants were collected for
measurement of the insulin levels using a human insulin ELISA (IS130D;
Calbiotech), and the pellets of human islets were used to prepare total
cellular RNA. Human islets were also treated for 3 h or overnight with mock
(DMSO), 1.5 or 3 μM ANO1 channel inhibitor T16Ainh-A01, or 2 μM ANO1
channel activator Ecat.
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